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5 Clais. (CE. 75-4.5) 

This invention relates to apparatus for cutting tubing 
and more particularly, to a shaped charge apparatus for 
cutting small diameter tubing which is suspended in a 
well bore. 

Shaped charge apparatus for cutting tubing are com 
monly referred to as "tubing cutters' and are used, for 
example, in drilling operations where it is desired to de 
tach a bull plug or other obstruction from the lower end 
of a tubing in a well bore by severing the tubing above 
the bull plug. Tubing cutters are also used to salvage 
the tubing from an abandoned well or the part of the tub 
ing above a stuck point. 

Normally, tubing cutters, used in tubing for the above 
described operations, are retrievable. With expendable 
tubing cutters which disintegrate in the well bore, it is 
desirable to minimize debris left in the well bore by con 
structing the tubing cutter so that only part of the appara 
tus is broken into debris with the remainder being re 
trievable from the well bore. 
A tubing string, through which the cutter can be low 

ered into the well bore, often contains a pump seating 
nipple or landing nipple which forms a partial constric 
tion in the tubing by reducing the size of the bore. This 
landing nipple may be located at a point intermediate the 
surface and the part of the tubing to be cut. In tubing 
cutters which are constructed to be partially recovered, 
the forces generated by an explosion of a shaped charge 
in the tubing cutter causes parts of the cutter which are 
not disintegrated to become expanded within the tubing. 
This expansion oftentimes prevents the retrieval of the 
expanded part through the landing nipple of the tubing. 

Also, it is desirable that the cutter be constructed so 
that the debris from the disintegrated portion of the 
cutter is small in size and minimal in amount. Being ex 
pendable, the cost of the cutter becomes significant and 
therefore construction features which reduce this cost are 
desirable. Because of the time and expense involved in 
lowering the tubing cutter into a well bore it is also de 
sirable that the arming of the cutter be reliable, ensuring 
the proper performance of the cutter. 

It is therefore an object of this invention to provide a 
new and improved explosive apparatus for cutting tubing 
which may be easily removed from the well bore follow 
ing the cutting operation. 
Another object of the present invention is to provide 

a tubing cutter which is of a simple design and easily 
assembled. 

Still another object of this invention is to provide an 
explosive charge apparatus for cutting tubing which has 
a simple and reliable arming operation, leaves a minimum 
of debris in the well bore, and which minimizes expan 
sion of the parts of the cutter that are retrievable from 
the well bore. 
A still further object of this invention is to provide a 

new and improved method and apparatus for ensuring 
reliable arming of a tubing cutter. 
With these and other objects in view the present inven 

tion contemplates an explosive charge apparatus for Sev 
ering tubing in a well bore and a method and apparatus 
for reliably arming the explosive charge. More partic 
ularly the apparatus includes upper and lower cylindrical 
ly shaped housing members which when assembled to 
gether provide a chamber therein for housing an explosive 
charge assembly. The explosive charge assembly is posi 
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tively positioned in the chamber so that it is longitudinal 
ly spaced from a groove formed in one of the housing 
members at a distance calculated to be the expansion or 
bulge point in the housing upon detonation of the charge. 
The shaped charge assembly is held in this positive posi 
tion by a resilient ring member positioned adjacent the 
charge assembly in the chamber which holds the charge 
assembly against a notch formed in the upper housing. 
A removable hollow plug is provided at the lower end 
of the lower housing and a tube is provided between the 
upper part of the upper housing and the shaped charge. 
A detonating cord may be threaded through the tube and 
the shaped charge so that a cap or ferrule may be crimped 
on the lower end of the detonating cord. The assembled 
apparatus may then be closed and sealed by inserting the 
plug in the lower housing with the hollow portion fitting 
over the capped detonating cord which has been threaded 
through the charge. A tubular shooting mandrel which 
threadably attaches to the upper end of the cutter has a 
bore for housing a connection between a firing circuit and 
the detonating cord. A tubular insert is positioned over 
the connection to prevent the connection from becoming 
jammed in the cutter and twisted with the threading of 
the cutter on the mandrel. 
A complete understanding of this invention may be 

had by reference to the following detailed description 
when read in conjunction with the accompanying draw 
ings illustrating an embodiment thereof, wherein: 

F.G. 1 is a vertical sectional view of a shooting man 
drel shown attached to a tubing cutter; and 

FiG. 2 is a vertical sectional view of a tubing cutter 
embodying the invention. 

Referring first to FIG. 1 of the drawings, a tubular 
shooting mandrel 1, which may be suspended in any 
well-known manner into a well bore, is shown having an 
internally threaded portion 12 at its lower end. The 
threaded portion 12 of the shooting mandrel a provides 
an attaching means for an upper threaded end 13 of a 
tubing cutter 14. 
As shown in FIG. 2, tubing cutter 14 has an upper tu 

bular housing member 21 and a lower tubular housing 
member 22 which form a sealed housing assembly with 
a hollow interior 23. In the lower end portion of the 
hollow interior 23 is an annular shaped charge device 24, 
the upper end portion of the hollow interior forming an 
expansion chamber. The expansion chamber has suffi 
cient volumetric space to permit attenuation of shock 
forces generated upon detonation of the shaped charge 
device. 
A tubular member 26 passes through the expansion 

chamber 23 from the upper end of the housing assembly 
to the shaped charge device and provides a conduit for 
guiding a blasting cord 27 to the shaped charge device. 
The blasting cord 27 also passes through a central aper 
ture 28 in the shaped charge device 24 and its lower end 
is attached to a boot or ferrule 29. The lower end of 
housing member 22 has an opening 31 in which a closure 
member 32 is threadedly and sealingly received. Closure 
member 32 permits access to the housing member 22 for 
attachment of the boot to the blasting cord after insertion 
into member 22. 
Upper housing member 2 has upper, intermediate and 

lower sections 33, 34, 36 the upper and intermediate sec 
tions 33, 34 having different outer diameters to form an 
upwardly facing shoulder 37. Above shoulder 37, the 
upper housing section 33 has a threaded portion 38 and 
an uppermost portion 39 of still smaller diameter form 
ing another upwardly facing shoulder 41. Portion 39, 
intermediate of its length, has an O-ring groove receiving 
an O-ring and terminates with an upwardly facing flat 
surface 42. 
A central, small-diameter bore 43 through upper sec 



3,245,485 
3 

tion 33 is counterbored at 44 and opens to the expansion 
chamber 23 formed in intermediate section 34. The ex 
pansion chamber 23 is formed by the wall of the housing 
section 34, between inner and outer wall surfaces 46, 47. 
The thickness of the wall being substantial to withstand. 
explosive forces generated upon detonation of the shaped 
charge device without substantial distortion. 
The intermediate housing section 34, at its lower end 

has an internal counterbored recess 43 with a conical 
taper 49 for seating the conically shaped, upper plate. 
50 of the shaped charge device 24. Below the recess 48. 
is still another counterbore 51 with a tapered end surface 
52, the counterbore 51 forming the thin-walled lower 
housing section 36. The outer wall surface of lower 
housing section 36 has a similar diameter to the diameter 
of intermediate housing section 34. 
The lower housing member 22 has upper and lower 

portions 53, 54 with different outer diameters forning 
a shoulder 56, the upper portion 53 being slidably re 
ceived within the counterbore 51 of housing section 36 
and having an O-ring in an O-ring groove 57 for sealing 
the housing members 2, 22 relative to one another. 
The shoulder 56 on housing 22 below the O-ring abuts 
the terminal end of housing section 36 and the housing. 
members 21, 22 can be secured to one another by any 
suitable means such as pins 58. The upper end 59 of the: 
lower housing member 22 terminates short of the tapered 
end surface 52 of the counterbore 51 to provide a thin 
walled portion of housing section 36 adjacent to the. 
shaped charge device 24, which portion can be easily sev- : 
ered by the perforating jet of the shaped charge device. 
The lower housing member 22 has a central bore 6A. 

forming a chamber and an upper counterbore 62 sized 
to receive a lower plate 63 of the shaped charge device. 
24. An O-ring 64 is also disposed between the lower 
plate 63 of the shaped charge device 24 and shoulder 68 
formed by the counterbore 62 for reasons which will 
hereinafter become more apparent. 
The shaped charge assembly 24 is comprised of upper 

and lower mirror image sub-assemblies respectively in 
cluding upper and lower plates 50, 63 and shaped charge 
explosives 65, 65a. Since the sub-assemblies are identi 
cal only the upper sub-assembly will be described in de 
tail. The plate 50 is disc shaped and is sized to be re 
ceived within the counterbore 48 in the intermediate wall 
section 34 of the upper housing. The upper surface of 
the plate has a frusto-conical shaped, peripheral rim sur 
face 70 which extends from a vertical outer edge 66 
formed on the piate to a flat portion 67 extending radi 
ally from a recessed bore 68 through the center of the. 
plate. This tapered surface 70 cooperates with the 
tapered surface 49 of the counterbore to center the plate. 
50 in the housing. The lower surface 69 of the plate is 
flat and extends outwardly from a central, frusto-conical 
surface 71 to the vertical edge 66 of the plate. The bore. 
28 extending through the plates of the charge device 24. 
has a counterbore 68 extending inwardly from the outer 
surface 67. Counterbore 68 is sized to receive the lower 
end of tube 26. A bevel 72 is formed on the upper rim. 
of the counterbore 68. 
The shaped charge explosive 65 is formed on the plate: 

53 to conform to the lower surface of the plate and has 
a lateral frusto-conical surface 73 inclined from the edge 
66 of the plate toward the center of the charge. The 
shaped charge explosive is fitted with a thin-wail metal 
liner 77 which is complementary in shape to the lateral 
frusto-conical surface 73 formed on the charge. The ex 
plosive charge includes a central annular primer portion 
78 through which the bore 28 extends. The liner, ex 
plosive and primer portion has a lower face 81 formed 
on a plane parallel to the upper flat Surface of the plate 
and which fits in mirror image abutment with a face 3 
on the lower-sub-assembly when they are assembled. 

In the assembly of this apparatus to form a tubing 
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4. 
together in mirror image relation with the lower faces 
81 of the liner, explosive, and primer abutting. Next, 
the detonating cord tube 25, which nay be constructed 
of cardboard or other suitable material, is inserted into 
the counterbore 44 of the bore 43 in the upper housing 
section 33. The tube 26 serves to guide the detonating 
cord through the expansion chamber above the shaped 
charge device during the arming operation. The counter 
bore 68 of the upper plate 56 of the shaped charge de 
vice is next fitted over the depending end of the detonat 
ing cord guide tube 26 until the frusto-conical peripheral 
rim 73 and the vertical edge 65 of the shaped-charge as 
seinbly are fitted into the annular locating notch 43 
formed in the inner bore of the intermediate wall section 
in the upper housing. Note that tube 26 has a length 
sufficiently short enough to permit positioning of the 
piate 50 in the recess and long enough to provide a guide 
between bore 43 and 28. 
The resilient annular ring member 64 is next placed 

‘on the frusto-conical peripheral rim surface 76 of the 
lower plate 63 which forms the lower part of the shaped 
charge device. The lower housing member 22 is then 
fitted into the upper housing member with the outer wall 
of the lower housing member sliding within the cylindri 
cal counterbore 51 of the thin-wall section 36 of the up 
per housing until a pair of holes 82 in the lower hous 
ing are aligned with the holes 83 formed through the 
thin-wall section of the housing section 36. The inser 
tion of the lower housing member 22 into the upper 
housing 21 causes the horizontal surface 60 and a radius 
84 of the counterbore 62 in the lower housing member 
22 to push or compress the resilient ring member 64 
against the shaped charge assembly to hold the shaped 
"charge assembly in a fixed position against the locating 
ilotch 48 formed in the upper housing. This also permits 
easy alignment of the upper and lower housings 21, 22 
while always ensuring proper positioning of the charge 
'device within the housing. Pins 58 are than inserted 
through the holes 83 in the thin-wall section of the up 
per housing into the holes 82 formed into the wall of the 
lower housing to hold the housing members in assembly. 

Referring now to FIG. 1 of the drawings a shooting 
mandrei is is shown secured to the cutter assembly 4. 
The shooting mandrel 11 is constructed of a tubular 
housing 36 which has internally threaded portions 15 and 
f2 on the upper and lower ends respectively thereof. A 
restricted portion 87 is formed in an inner bore of the 
housing, the restricted portion having a reduced bore 
83 therethrough, to divide the housing into upper and 
lower bores 9 and 92. 
The method of arming the tubing cutter is as follows: 

a pair of wires 93, 94 of a blasting cap 99 are connected 
to contacts 96, 96.a formed on the ends of a well tool 
mandrel 97, the well tool mandrel being threaded at 98 
and sized to be received within the threaded end 15 of 
the maidrel. Next, the blasting cord 27 is attached to 
the blasting cap 99. Housing 85 is passed over the blast 
ing cap and cord and attached to mandrel 97. A tubing 
member 8 i, which may be constructed of cardboard or 
any other suitable material, is then inserted over the end 
of the detonating cord and the blasting cap and into the 
lower bore 92 of the mandrel until an upper edge 102 
of the tube gathers the two wires 93, 94 which are con 
nected to the upper end of the blasting cap. As the tube 
is further inserted into the lower bore 92, the edge 102 
of the tube gathering the wires causes the cap 99 to re 
main Suspended within the tube 0; because the residual 
stiffness of the wires prevents the wires from falling into 
the tube it), thereby preventing the cap 99 from shifting 
downwardly within the tube. The lower end of the 
detonating cord is then threaded through the axially 
aligned bores 43, 28 and guide tube 26 in the tubing cutter 
until the detonating cord extends through and out of the 
threaded bore 3 of the tubing cutter lower housing. The 

cutter, the shaped charge sub-assemblies are first placed 75 tubing cutter A4 is then threadably secured to the lower 
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end of the mandrel by threading the stub on the upper 
housing into the mandrel A. The operator observes, 
during the threading of the cutter to the mandrel, whether 
the lower end of the detonating cord which projects from 
the lower housing is twisting or rotating with the thread 
ing operation. If the detonating cord tends to rotate the 
operator may grasp the lower projecting end of the cord 
to prevent same from rotating within the tubing cutter 
and thereby preventing the blasting cap 99 from rotating 
and twisting away from the wires 93, 94 attached to the 
opposite end of the blasting cap. As the tubing cutter 
is being threaded into the lower end 2 of the mandrel 
the shoulder 42 formed on the stub portion of the upper 
housing abuts against a lower edge 183 of the tube i8 
which is slidably received within the lower bore 92 of 
the mandrel and positions the tube within the maindrel 
so that the blasting cap 99 does not drift downwardly 
within the mandrel to become lodged in the bore 43 formed 
in the upper housing of the tubing cutter and thereby ro 
tate with the tubing cutter as it is being threaded into 
the mandrel. After the tubing cutter has been tightened 
on the mandrel, any excess on the end of the detonating 
cord may be cut away from the detonating cord and the 
cap or ferrule 29 is secured or crimped to the end of 
the detonating cord 27 to prevent the cord from pulling 
back through the tubing cutter. The plug 32 having a 
cup-shaped recessed area and a sealing member 106 
thereon is then threaded into the internally threaded end 
31 of the lower housing of the tubing cutter to seal the 
lower end of the cutter assembly. 

In the construction of the components comprising the 
cutter apparatus, the upper housing is preferably made of 
steel but could, of course, be made of other suitable mate 
rials. The lower housing, the plates in the explosive 
charge assembly, and the plug which is threaded into the 
lower housing are preferably made of a graphitized light 
weight fluid tight cast iron, such as that sold under the 
trademark “Meehanite.” More particularly, a Meehanite 
type GM is preferably used, this type having the proper 
ties of high compressive strength, high tensile strength, 
dense fine-grain structure, and a low ductility or brittle 
ness. This material meets the requirements outlined in 
the following specifications: 
ASTM A48-56 class 50-60, ASTM A278-56 class 60, 

and QQ-1-652a class 50-60. The high compressive and 4 
tensile properties of this material render the cutter as 
sembly structurally sound when subjected to the pressures 
usually encountered in a well bore and the low ductility 
and fine grain structure properties render the cutter fran 
gible when subjected to an explosive attack so that the 
charge assembly and lower housing disintegrate into small 
pieces which may be easily drilled through. 

In the operation of this device the blasting cap is 
exploded by a surface controlled firing circuit connected 
to the cap through wires 93, 94. The firing circuit is 
energized by any well-known electrical firing means and 
includes, of course, the electrical cable suspending the 
cutter in the tubing. Detonation of the blasting cap 99 
subsequently detones the detonating cord 27 which in 
turn, detonates the primer booster of the shaped charge 
device. The booster explosion wave travels radially out 
wardly through the booster to detonate the main explosive 
of the charge. The explosive detonates radially outward 
ly in a symmetrical pattern and the liner forms a cutting 
jet. The space between the liner and the thin section of 
the lower housing wall, being at atmospheric pressure, 
permits full development of the jet before it exits through 
the thin housing wall and continues outwardly to cut the 
tubing surrounding the cutter. 
As the resulting forces generated by the explosive 

charge, which do not form a part of the jet, radiate from 
the exploding charge, they are transferred through the 
frangible Meehanite plates to be attenuated and dissipated 
in the large air space formed above the shaped charge 
assembly. These same resulting forces disintegrate the 
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6 
Meehanite plates of the charge assembly and, although 
partially attenuated by the air space between the shaped 
charge assembly and plug 32, also disintingrate the lower 
frangible housing and plug. The air spaces above and 
below the charge serve to attenuate the explosive force. 
A significant feature of this invention may now be best 

understood by reference to FIG. 1. I have found that the 
severing of the thin-wall section 36 adjacent the shaped 
charge and the charge detonation also fiares out or ex 
paids the lower end of housing section 34. Therefore, 
an important feature of this invention is the provision of 
an annular V-shaped notch i06 in the housing section 34 
just above the thin-wall section 36. The notch 109 is 
made deep enough and spaced relative to the shaped 
charge so that the explosive forces also sever the inter 
mediate wall section 34 of the upper housing at the notch 
190. The severing of the upper housing section at this 
point removes any flared portions of housing section 34 
So that housing section is easily retrieved through the 
usual landing nipples located within the production tub 
ing. It can easily be determined by one skilled in the 
art that the position of the notch 30 relative to the shaped 
charge device 24 is dependent upon the amount and shape 
of explosive in the shaped charge assembly and is located 
in a straight-forward manner. 
While a particular embodiment of the present inven 

tion has been shown and described, it is apparent that 
changes and modifications may be made without depart 
ing from this invention in its broader aspects and, there 
fore, the aim in the appended claims is to cover all such 
changes and modifications as fail within the true spirit 
and scope of this invention. 
What is claimed is: 
i. An apparatus for suspension in a well tubing includ 

ing: an upper tubular housing member having upper, 
intermediate, and lower wall sections about a hollow in 
terior, said upper housing section having means adapted 
for Securing the apparatus to a lowering device, said lower 
wall section having a thin-walled section, a lower tubu 
lar housing member sized for reception into said lower 
housing Section and adapted to be telescopically received 
therein, said lower tubular housing member having a cen 
tral opening for external access thereinto, annular shaped 
charge means having a bore therethrough and arranged 
for positioning in said upper and lower housing members 
to face the thin-walled section of said upper tubular 
housing member, the intermediate wall section of said 
upper housing member defining a lengthwise extending 
expansion chamber above said shaped charge means, a 
tube member extending through said expansion chamber 
for guiding a blasting cord therethrough from said upper 
housing Section into the shaped charge bore, and a closure 
member sized for reception into said central opening 
in said lower housing member. 

2. An apparatus for suspension in a well tubing from 
a shooting mandrel, and for receiving a detonating cord 
emanating from the lower end of the mandrel, the appara 
tus comprising: upper and lower tubular housing mem 
bers telescopically fitted together to form an interior hol 
low chamber, each of said members having thin, inter 
mediate, and thick cylindrical wall sections, said thick 
walled upper housing section having a threaded portion 
for securing the apparatus to the shooting mandrel, said 
thick-walled lower housing section having a central open 
ing providing external access therethrough, a shaped 
charge assembly received in said chamber and having a 
bore therethrough, said bore for receiving the detonating 
cord emanating from the lower end of the mandrel, a 
tube extending from said thick-walled upper housing sec 
tion into the shaped charge bore for guiding the detonating 
cord from the thick-walled section into the shaped charge 
bore, said housing members having means for receiving 
the shaped charge assembly between the intermediate wall 
sections of said housing members when assembled, and 
a hollow plug sized for reception into said central open 
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ing in said lower housing member for receiving the lower 
end of said detonating cord. 

3. An apparatus for suspension in a well tubing from a 
shooting mandrel and for receiving a detonating cord 
emanating from the lower end of the mandrel, the ap 
paratus comprising: upper and lower tubular housing 
members fitted together to form an internal hollow cham 
ber, said upper housing member adapted for connection 
with the shooting mandrel, a shaped charge assembly 
received in Said chamber and having a bore therethrough, 
said shaped charge assembly being held in said chamber 
by said lower housing member, said bore for receiving 
the detonating cord emanating from the lower end of the 
mandrel, a central opening in said lower housing mem 
ber providing external access therethrough into said lower 
housing member, and a plug sized for reception in said 
central opening. 

4. In an apparatus for cutting tubing wherein a shaped 
charge assembly having a threaded portion is threadably 
secured to an axially bored mandrel containing firing 
circuit wires, a blasting cap means, and a detonating 
cord, the combination of means for reliably arming the 
apparatus, which means comprises: a tubular sleeve re 
ceived within the bore of said mandrel, said sleeve fitting 
over said cord and cap means with the end of said sleeve 
gathering said wires, a shoulder formed on the threaded 
portion of the shaped charge assembly, said shoulder being 
in abutting relationship with said sleeve for maintaining 
said sleeve against said wires to prevent said cap means 
from shifting from the mandrel into the shaped charge 
assembly. 

5. A method of arming a shaped charge tubing cutter 
apparatus having threaded upper and lower end portions, 
the upper threaded end portion for connecting with a 
shooting mandrel and the lower threaded end portion 
having a bore adapted for closure by a plug comprising 
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the steps of: positioning a blasting cap means having 
upper and lower ends and with conductor wires extend 
ing from the upper end and detonating cord means ex 
tending from the lower end in the axial bore of the shoot 
ing mandrel which has threaded ends, positioning a tubu 
lar sleeve over the lower end of the detonating cord means, 
running the sleeve up on the detonating cord means and 
blasting cap means and into the mandrel bore until the 
sleeve gathers the conductor wires which extend from 
the upper end of the blasting cap means to support the 
blasting cap means within the mandrel bore, threading the 
etonating cord means through a bore in a shaped charge 
member positioned in the tubing cutter and out of the 
bore in the lower threaded end portion of the tubing 
cutter apparatus, threadably securing the shaped charge 
apparatus to the shooting mandrel, and pushing the lower 
extending end of the detonating cord means back into the 
tubing cutter apparatus while threading a plug into the 
lower end of the shaped charge apparatus. 
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