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The present invention relates to improvements 
in apparatus for plugging wells, and particu 
larly to devices for setting bridging plugs in a 
well. 
This application is a continuation-in-part of 

my copending application Serial No. 12,523, filed 
March 2, 1948, for Method and Apparatus for Plugging Wells. 

In the Said Copending application the method 
therein disclosed, generally stated, comprised 
inserting a hollow metallic plug into a well pipe, 
and applying fluid pressure internally of the plug 
to effect expansion thereof into plugging engage 
ment with the pipe wall. The magnitude of the 
fluid pressure applied was of an Order to expand 
the plug material beyond its elastic limit so that 
the plug became permanently deformed and 
Set in its expanded condition. The explosion of 
a charge of a suitable chemical explosive within 
the plug was employed to develop the requisite "" 
fluid pressure, in accordance with one embodi 
ment disclosed in said co-pending application, 
Another embodiment employed hydraulic pres 
Sure to accomplish the desired degree of expan 
sion of the plug. Thus, in each embodiment 
expansion of the plug was effected by the ap 
plication of fluid pressure directly upon the in 
terior of the plug. 
The improvements contemplated by the pres 

ent invention employ the previously disclosed 
principle of expansion of the plug beyond the 
elastic limit of the material of which it is con 
structed to thereby effect permanent deforma 
tion and set the plug in its expanded condition. 
However, in accordance with the present inven 
tion, the application of fluid pressure is indirect, 
in that the fluid pressure is applied to drive 
a mandrel into expanding contact with the walls 
of the plug to thereby accomplish the same end 
result as that contemplated by the earlier ap 
plication. In accordance with the present inven 
tion, the requisite fluid pressure is preferably 
generated by explosion of a chemical explosive 
charge and is employed to actuate a piston carry 
ing the expanding wedge or mandrel to drive the 
latter into expansive relationship with the plug. 
The various objects and advantages of the 

present invention will become apparent from 
the following detailed description when read in 
conjunction with the accompanying drawings 
which illustrate several useful embodiments in 
accordance with this invention. 

In the drawings: 
Figs. 1 and 1A comprise a longitudinal gen 

erally sectional view showing the expanding de 
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vice and plug in accordance with One embodi 
ment of this invention inserted in a well pipe 
preparatory to plugging the same; 

FigS. 2 and 2A comprise a view similar to Fig. 
1 showing the positions of the parts at Com 
pletion of the plugging operation; 

Figs, 3 and 3A comprise another view similar 
to Fig. 1 showing the parts of the device at a 
later stage of Operation; and 

Figs. 4, 5 and 6 are views showing additional 
embodiments of the plug after setting. 

Referring to Fig. 1, the plug comprises a gen 
erally cylindrical metallic body 0, the external 
diameter of which is normally somewhat less 
than the internal diameter of a well pipe P in 
which the plug is to be set so that the plug may 
be readily insertible through the bore of the 
pipe. The metallic materials employed for the 
construction of the plug may be any metallic 
material possessing a sufficient degree of ductility 
or plasticity such that when subjected to the 
requisite expansive pressure, the walls thereof 
will expand to the desired extent without rup 
ture or cracking and will become permanently 
set in their expanded condition. Many metals 
and their alloys possess these characteristics, 
Some of the more useful examples of which are 
aluminum and magnesium and their various 
alloys, copper and its alloys including various 
brasses and bronzes, mild steels, etc. General 
ly speaking, the metallic materials will be emi 
ployed in their non-heat-treated form which are 
generally softer and have greater ductility and 
plasticity than their heat-treated forms. It will 
also be found more generally desirable to emi 
ploy metals having a relatively wide spread be 
tween their elastic limits and their ultimate 
strengths, this spread, of course, being to some 
extent a measure of the ductility or elongation 
characteristics of the particular metal. Ordi 
narily, metallic materials capable of elongation 
of 15 percent or more in two inches, as deter 
mined by standard test methods, will be found 
to be preferable, although materials of lesser 
elongation characteristics may be used in par 
ticular cases. Generally speaking, the type and 
character of the metallic material selected in 
any instance will normally depend upon the par 
ticular conditions to be met, Such as the degree 
of expansion required, the pressures to be with 
stood by the seal, etc. 
Body 9 is provided with an axial bore f which 

tapers inwardly and downwardly from the up 
per end thereof toward the lower end which is 
closed. Adjacent its lower end bore f is re 
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duced somewhat in diameter to provide a shoul 
der 2 and to form an axially straight portion 
3 below shoulder 2. A passageway 4 extends 

raidially through the wall of body to above shoul 
der 2 and is adapted to provide communication 
between bore and the exterior of body 0. A 
spring-loaded check valve 5 of conventional de 
sign is installed 1n passageway 4 and arranged 
to open only in the outward direction, that is, 
for the discharge of fluid from bore to the ex 
terior of the body. A piston rod 6 extends aX 
ially into bore and is provided adjacent its 
inner end with an enlargement 7 adapted to 
seat on shoulder 2 and a straight end portion 
8 adapted to be slidably inserted in straight por 

tion 3 of the bore. A plurality of radially ar 
ranged shear pins 9 extend through the wall of 
body to into locking engagement with end por 
tion 8 of the piston rod. Piston rod 6 has slid 
ably mounted on an intermediate portion thereof 
a conical wedge or mandrei 20 which is down 
wardly and inwardly tapered to complement the 
slope of bore f f but which is of larger base di 
ameter than the upper end of bore , so that 
when the mandrel is driven downwardly into 
bore it will effect radial expansion of the 
walls thereof. Mandrel 20 will normally be con 
structed of metal which is harder than that of 
body O. The lower end of mandrel 20 normally 
extends part-way into bore f and a compressible 
packing ring 2, such as a conventional O-ring, 
is arranged circumferentially between the adja 
cent surfaces of bore f and mandrel 20 to form 
a fluid-tight seal therebetween. Piston rod 6 
extends into a cylinder 22 through an end wall 23 
and sealing rings 24 and 25 are arranged between 
the cylindrical surface of piston rod 6 and the 
adjacent surfaces of mandrel 20 and end wall 
23, respectively. The end of piston rod 6 ex 
tending into the bore of cylinder 22 carries a pis 
ton 26 by means of which piston rod f6 is re 
ciprocated in a manner to be described herein 
after, Piston 26 is removably mounted on the 
end of piston rod 6 by means of threads 26a. 
and is provided in its upper face with Wrench 
sockets 26b by which the piston may be screwed 
on or off the rod. Piston 26 is preferably di 
mensioned so that a small amount of annular 
clearance will be provided between the periphery 
of the piston and the bore of cylinder 22. An 
annular shoulder 27 is provided at an inter 
mediate portion of the bore of cylinder 22 to 
limit the extent of downward movement of the 
piston and thereby provide an explosion cham 
ber 28 between the lower end face of the piston 
and end wall 23 of the cylinder. The upper end 
of piston rod 6 is provided with a narrow axial 
bore 29 extending to a point below the lower face 
of piston 26, where it is intersected by a plural 
ity of radial passageways 30 providing communi 
cation between bore 29 and the interior of ex 
plosion chamber 28. The upper end of cylin 
der 22 is provided with a threaded socket 3 
adapted to receive the threaded end of a con 
nection member 32, commonly termed in the art 
a "rope socket,' to which is connected a cable 
33 through which is threaded an electrical con 
ductor 34 which extends through a suitable bore 
35 in the rope socket to the lower end thereof 
where it is connected to a conventional electri 
cally-fired detonating fuze 36, which is directed 
toward the interior of cylinder 22 and arranged 
in general axial alignment with bore 29 in the 
end of piston rod 16. It will be understood that 
cable 33 and conductor 34 extend to the Surface 
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the bore. 

4. 
at the top of the well and that conductor 34 will 
be connected to a suitable source of electric cur 
rent, such as a battery (not shown) by means 
of a conventional initiating circuit (not shown) 
for firing fuze 36. 
A charge 37 of a suitable chemical explosive 

is placed in explosion chamber 28 for actuating 
the expanding device in the manner to be herein 
after described. Charge 37 may consist of any 
of the Well known chemical explosive substances 
including the various detonating and defiag 
rating types. The detonating type explosives 
may be exemplified by trinitrotoluene, penta 
erythritol tetranitrate, "Pentolite," “Amytol,' 
"Cyclonite,' "Tetry,” “Tetrytol,' and the like. 
The deflagrating types include the various 
Smokeless nitrocellulose base explosives and the 
various black powders. These explosives may be 
employed in granular, plastic, or molded and 
compressed pelletized form. The pressure gen 
erating characteristics of all such explosives are 
Well understood and readily determinable for 
each particular case. It will be understood that 
the quantity of explosive used will depend in gen 
eral upon the particular explosive material and 
the pressures to be developed in each particular 
CaSe. The apparatus may be assembled in the fol 
lowing manner: Piston rod 6 will be inserted into bore f of the plug body and straight por 
tion of the rod seated in straight portion 3 of 

Shear pins 9 will then be inserted 
through the wall of body fo to lock the plug to 
the end of the piston rod. Mandrel 20 will then 
be slipped over the end of the piston rod and in 
serted into the upper end of bore if to whatever 
distance may be permitted by the relative nor 
mal dimensions of these parts. The upper end 
piston rod 6 will then be slipped through the 
opening in end wall 23 of cylinder 22. Explosive 
charge 37 will be inserted into chamber 28 about 

Screwed 
into the end of the piston rod. 
With this arrangement it will be seen that 

plug body O will be suspended from piston rod 
f6 which is, in turn, suspended from pistori 26 
by the engagement of the latter with shoulder 
27. Rope Socket 32 is then inserted in the lip 
per end of cylinder 22 and the device is thus 
assembled preparatory to running into pipe P. 
The method of plugging a well in accordance 

with this invention, using the above-described 
apparatus, may be performed as follows: Charge 

of the selected explosive material in the pre 
determined quantity to generate the desired 
pressure Will have been introduced into chamber 
28 in the manner previously described and the 
device assembled as noted. The device will then 
be lowered on cable 33 into pipe P to the point at 
which it is desired to set the plug. Initiating 
current will then be transmitted through con. 
ductor 34 to set-off fuse 36. The explosion of the 
latter will act in the conventional manner to Send a high pressure, high temperature blast or 
flame through bore 29 and passageways 30 into 
chamber 28 where the blast will set-off charge 
37. The resulting explosion of the latter will 
practically instantaneously generate a high pres 
sure body of gases which, being confined within 
chamber 28, will act in all directions, driving pis 
ton 26 upwardly and cylinder 22 downwardly. 
The upward movement of piston 26 will tend to 
pull body fo over mandrel 20 while the opposite 
movement of cylinder 22 will tend to drive man. 
drel downwardly into the bore of the body. The 
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resultant of both actions will be to forcibly drive 
the mandrel; downwardly into bore f l and ex 
pand the walls of body to outwardly into tight 
engagement with the wall of pipe P, as illustrated 
in Fig. 2. Check valve 5 will allow escape of any 
air or other fluid trapped in bore below the 
end of mandrel 20, thereby avoiding development 
of back-pressure which might tend to restrict the 
downward movement of the mandrel. Due to the conical shape of the mandrel, the expansive 
pressure thereof on the wall of body will be sub 
stantially uniformly distributed circumferen 
tially of the body so that a tight circumferential 
seal will be effected between body O and the 
wall of pipe P. As noted previously, the quantity 
and character of the explosive material Selected 
will be predetermined to develop pressure exerted 
through mandrel 20 to apply an expansive form 
on the Wall of body ?o such as to exceed the 
elastic limit of the material of which body to is 
constructed but which will not attain the rup 
ture strength of the body. Under such a force, 
the wall of body O will be permanently deformed 
and become permanently set in its expanded po 
sition. So that a tight seal with pipe P will be 
maintained even after mandrel 20 is withdrawn 
from the bore of body 0. 
Shear pins 9 will be designed to withstand 

the force driving mandrel 20 into body O but 
Will be at least partially sheared, as indicated 
in Fig. 2A. Thereafter, by applying a jerk or 
sharp pull on cable 33, shearing of the pins f 9 
may be completed. An upward pull on cable 33 
will then draw piston rod 6 upwardly through 
mandrel. 20 until enlargement strikes the 
lower end of the mandrel (see Fig. 3). Engage 
ment of enlargement, f with the mandrel will 
cause the latter to be pulled upwardly and out 
of the bore of the plug, whereupon the plug 
setting structure may be withdrawn from the 
well, as illustrated in Fig. 3. 
By the method and device in accordance with 

this invention, it will be seen that plugs of the 
character described may be set very quickly and 
in very tight engagement with the pipe. Due to 
the relative softness and ductility of the plug 
metal, the expansive pressure will extrude the 
metal into pits, cracks or crevices in the pipe 
Wall which serves to increase the efficiency of 
the seal and to lock the plug to the pipe Wall. 

Figs. 4, 5 and 6 illustrate alternative embodi 
ments of the form of the plug element showing, 
in each case, the plug in position in pipe P after 
expansion in the manner previously described. 
In Fig. 4 the upper portion of the exterior of 
body fo is provided with a circumferential com 
pressible sealing ring 40, which may be con 
structed of rubber or rubber like composition, 
and a plurality of circumferentially arranged 
toothed slip segments 4. Upon expansion of 
body O in the manner previously described, seal 
ing ring 40 will be compressed tightly between 
the plug and the pipe to assure additional seal 
ing efficiency, while slips 4 will be driven into 
gripping engagement with the pipe wall to pre 
vent displacement of the plug in the pipe. In 
Fig. 5 only the compressible sealing ring 40 is 
employed, while in Fig. 6 only the toothed slips 
4 are employed. In each case, the principal 
plugging seal is formed by the permanent de 
formation of body to in compression against the 
pipe wall, while sealing ring 40 and slips 4 are 
employed as supplemental sealing and gripping 
means, respectively. 
: Due to their very simple construction, the plugs 
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herein described may be easily and readily 
drilled out whenever it is desired to remove them 
from the pipe, . . . . . . is 

It will be understood that various changes and 
alterations may be made in the details of this 
invention and in the various embodiments there 
of herein described without departing from the 
scope of the appended claims but within the 
spirit of this invention. . . . . . . 
What I claim and desire to secure by Letters Patentis: . . . . . . . . . 
1. A well plugging device of the character de 

scribed, comprising, a ductile metallic body in 
sertible in a well pipe, a downwardly and in 
wardly tapering bore in said body, a Wedge mem 
ber similar in shape to said bore longitudinally 
movable interiorly of said bore to expand the 
wall of said body, a piston rod slidable axially 
through said wedge member, means for anchor 
ing the inner end of said piston rod to said body 
below the inner end of Said Wedge member, a 
cylinder enclosing the outer end of Said rod, a 
piston mounted on the outer end of said rod 
within said cylinder, and explosive material dis 
posed in said cylinder below said piston. 

2. A well plugging device of the character de 
scribed, comprising, a hollow ductile metallic 
body insertible in a well pipe, a downwardly and 
inwardly tapering bore in said body, a wedge 
member similar in shape to said bore longitudi 
nally movable interiorly of said bore to radially 
expand the wall thereof, an outwardly opening 
valved passageway through the Wall of Said body 
communicating with the bore thereof below the 
inner end of said wedge member at its most ad 
vanced inward position in said bore, and means 
for actuating said wedge member. 

3. A well plugging device of the character de 
scribed, comprising, a generally cylindrical duc 
tile metallic body insertible in a well pipe, a 
downwardly tapering generally conical bore in 
said body closed at its lower end, a wedge mem 
ber similar in shape to said bore movable longi 
tudinally therein to radially expand the wall 
thereof, circumferential sealing means mounted 
on the exterior of said wedge member for slidable 
sealing engagement with the wall of said bore, 
a passageway through the wall of said body com 
municating with said bore below the inner end 
of said wedge member at its most advanced in 
ward position in said bore, an outwardly opening 
check valve in said passageway, and explosive 
means for actuating Said wedge member. 

4. A well plugging device of the character de 
scribed, comprising, a generally cylindrical duc 
tile metallic body insertible in a well pipe, a 
downwardly and inwardly tapering generally 
conical bore in Said body closed at its lower end, 
a wedge member similar in shape to said bore 
longitudinally movable therein to radially ex 
pand the wall of Said bore, annular seal means 
arranged between the exterior of said wedge 
member and the bore wall, an outwardly opening 
valved passageway through the wall of said body 
communicating with Said bore below the inner 
end of said wedge member at its most advanced 
inWard position in Said bore, a piston rod slid 
ably axially through said wedge member, frangi 
ble means anchoring the inner end of said piston 
rod in Said bore below the inner end of said 
Wedge member, a cylinder enclosing the outer 
end of Said rod, a piston mounted on the outer 
end of Said rod reciprocable in said cylinder, an 
explosive charge disposed in said cylinder below 
Said piston, and means for firing said charge. 
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-: 5. A well plugging device according to claim 4, References Cited in the file of this patent 
wherein said firing means comprises, a passage UNITED STATES PATENTS: 
way extending through the outer end portion of 
said rod to provide communication between the , Nare . . . . Date portions of said cylinder above and below said is 88.3 Alender---------- ne. son, and means for firing an initiating ex- E enterson -----------, plosive charge in the portion of Said cylinder 2,189,937 Broyles ------------ Feb. 13, 1940 
above said piston. 221219 Roe-------------- Aug. 27, 1940 

6. A well plugging device: according to claim 4 2,214,226 English ------------ Sept. 10, 1940 
wherein said piston rod has an enlargement on 30 
its lower end engageable with the lower end of 
said wedge member. 

2,373,006 , Baker --------------- Apr. 3, 1945 

LESER. W. OELKE. 


