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The present invention relates to subsurface well ap paratus, and more particularly to well packers, apparatus 
for setting such packers in well bores, and devices for 
dumping cementitious material upon the set packers. 
An object of the invention is to provide an improved 

well packer having an inflatable packing element capable 
of being expanded to a larger extent, for the purpose of 
Sealing against the wall of an enclosure, such as a well 
casing, or an open or uncased well bore. 
Another object of the invention is to provide a well 

tool having an initially retracted element expandible 
hydraulically against the wall of a confining enclosure, 
and embodying improved check valve means for pre 
venting back flow of the fluid under pressure. 
A further object of the invention is to porvide a well 

packer having an improved back pressure valve for in 
suring that the packing element of the packer will re 
main in an inflated condition. 
Yet another object of the invention is to provide a 

well packer having an inflatable packing element, in 
which the pressure on the element, due to the hydro 
static head of fluid in the well bore, is equalized auto matically internally and externally of the element. 

Still a further object of the invention is to limit auto 
matically the maximum pressure differential that can 
be imposed upon an inflatable packing element to a 
safe value; so as to preclude bursting or rupturing of the element. 
Yet a further object of the invention is to limit auto 

matically, to a safe value, the volumetric expansion of 
an inflatable packing element of a well packer. 

Another object of the invention is to provide a setting 
tool and well packer combination capable of being 
lowered in a well bore on a running-in string, such as 
a wire line, in which a pumping mechanism for inflat 
ing a packing element of the packer is contained with 
in the setting tool itself, allowing such mechanism to 
be retrieved from the set packer and used repeated 
ly in setting other packers in the same or other well bores. 
A further object of the invention is to provide a set 

ting tool and well packer combination, in which the 
pumping mechanism of the setting tool is released auto 
matically from the packer when the latter has a prede 
termined inflating pressure differential imposed upon 
it, or when its packing element has been inflated to a predetermined volumetric extent. 

Still another object of the invention is to provide a 
setting tool and well packer combination, in which the 
setting tool embodies a pumping mechanism for inflating 
the packing element of the packer, and also a dump bailer 
for depositing cementitious material on the set packer. 

This invention possesses many other advantages, and 
has other objects which may be made more clearly ap 
parent from a consideration of several forms in which 
it may be embodied. Such forms are shown in the 
drawings accompanying and forming part of the present 
specification. These forms will now be described in 
detail, illustrating the general principles of the invention; 
but it is to be understood that such detailed descrip 
tion is not to be taken in a limiting sense, since the 
scope of the invention is best defined by the appended claims. 

Referring to the drawings: 
Figure 1 is a longitudinal section through an apparatus 

disposed in a well bore, with the parts in position for 
lowering the equipment in the well bore; 
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Fig. 2 is an enlarged fragmentary longitudinal sec 

tion of part of the equipment illustrated in Fig. 1; 
pfl:"?? 3 is a cross-section taken along the line 3-3 on 

19. Z. 
Fig. 4 is a cross-section taken along the line 4-4 on Fig. 2; 
Fig. 5 is a fragmentary longitudinal section, on a still 

further enlarged scale, illustrating the check valve mecha 
nism used in preventing return flow of fluid from the 
interior of the inflatable packing element; 

Fig. 6 is a view similar to Fig. 1, illustrating the 
packer set against the wall of an open well bore; 

Fig. 7 is a view similar to Fig. 1, illustrating the 
setting tool released from the set packer and the con 
tents of the bailer dumped upon the packer; 

Figs, 8 and 8a together constitute a longitudinal sec 
tion through another embodiment of well apparatus dis 
posed in the well bore, Fig. 8a constituting a lower con tinuation of Fig. 8: 

Fig. 9 is a view similar to Fig. 8a, illustrating the 
packer expanded against the wall of the well bore; 

Fig. 10 is a view similar to Fig. 8a, illustrating the 
setting tool released from the packer and the contents of 
the dump bailer portion of the setting tool deposited upon the set packer. 

In the form of apparatus disclosed in Figs. 1 to 7, 
inclusive, a well packer A is provided which is releasably 
secured to a setting tool B, which is, in turn, attached 
to the lower end of a running-in string C, such as a 
wire line. The lower portion of the setting tool may 
be constituted as a bailer or container D capable of 
retaining cementitious material E for deposit upon the 
packer after the latter has been set in the well bore F. 
The combination of apparatus disclosed is so devised 

that the setting tool B will expand and set the packer A 
in the well bore, then become released when the set 
ting pressure reaches a predetermined value, or when 
the setting tool pumps a predetermined volume of fluid 
into the packer; and upon such release, the contents E 
of the bailer D are deposited upon the set packer. 
As illustrated, the well packer includes a central main 

body portion 10 having an annular flange or shoulder 11, 
upon which a lower body abutment 12 rests. An upper 
body abutment 13 is threadedly, or otherwise, attached 
to the upper end of the central body portion 10 in 
longitudinally spaced relation to the lower body abut 
ment, providing a space around the central body for 
the accommodation of an inflatable packing element 4 
of rubber or rubber-like material. The upper end of 
this element 14 is mounted between a depending upper 
abutment skirt 15 and the central body 10, while the 
lower end of the packing element is similarly confined 
between the central body and an upwardly extending 
skirt 16 of the lower abutment 12. 
The packing element 14 has upper and lower inward 

ly directed flanges 17 having internal generally cylin 
drical surfaces 18 adapted to snugly engage the cylin 
drical surface of the central body 10. These flanges also 
have inclined surfaces 19 facing each other and co 
operable with companion surfaces on a spaced and 
clamp sleeve 20 disposed around the central body with 
in the inflatable element 12 and between the flanges 17. 
It is apparent that tightening of the upper body abut 
ment 13 on the central body clamps the upper packing 
flange 17 between the upper body abutment and spacer 

... sleeve 20, and also secures the lower packing flange 17 
between the lower body abutment 12 and spacer sleeve 
20. The direction of inclination of the tapered surfaces 
on the spacer sleeve and packing flanges is such as to 
urge the flanges 17 inwardly against the body 10, and thereby preclude leakage therealong. 
The packing element 14 is designed for outward ex 

pansion under the influence of fluid G under pressure 
pumped or forced into its interior. Such fluid under pres 
sure passes into a central passage 21 in the body 10, 
and through radial body ports 22 and spaced sleeve ports 
23 to the interior of the packing 14. The subjecting of 
the fluid in the passage 21 and ports 22, 23 to a suffi 
ciently high pressure will stretch and inflate the packing 
sleeve 14 in a lateral outward direction toward sealing 
engagement with the wall of the confining enclosure, such 
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as the wall of an uncased well bore F. However, once 
such inflation takes place, the inflating fluid or fluent 
material G must be prevented from flowing back out 
of the inflated sleeve 14. This action is forestalled by 
providing a check valve 24 across the body ports 22. 
As illustrated, the body ports 22 open into a peripheral 

or circumferential body groove 25 having tapered side 
walls 26 converging inwardly toward each other. A 
back pressure valve in the form of a round rubber seal 
ring 27, or O ring, is disposed in the groove 25 and tends 
inherently to contract into snug sealing engagement with 
the tapered walls 26 of the groove. Such engagement 
preferably occurs with the O ring disposed somewhat 
outwardly of the outer ends of the body ports 22. 
When fluid under pressure is forced through the body 

passage 21 and ports 22, it will enter the inner portion of 
the peripheral groove 25. This pressure will then stretch 
the back pressure valve ring 27 outwardly, to allow the 
fluid to pass around the ring into the outer, large portion 
of the tapered groove 25, from where it can flow through 
the clamp sleeve ports 23 to the interior of the pack 
ing sleeve 14. When the internal pressure is relieved, 
the elastic valve member 27 contracts into snug engage 
ment with the tapered walls. 26 of the groove and pre 
vents the fluid from flowing in a reverse direction through 
the body ports 22. 
The back pressure valve element 27 is capable of with 

standing comparatively high pressures. The back pres 
sure urges the ring into the narrow portion of the tapered 
peripheral groove 25 and effectively wedges it into firm 
sealing engagement with the groove walls 26, thereby 
insuring against leakage back through the body ports 
22. Actual tests have shown that the valve ring can 
withstand several thousand pounds unit back pressure, 
without leaking or becoming fluid cut. 
The packing sleeve 14 is inflatable to a considerable 

extent. As an example, it may be expanded to a diameter 
of two to three times its initial retracted diameter with 
safety. For this reason, a well packer A can be lowered 
through a well casing (not shown) having a diameter 
much less than the diameter of the well bore F in which 
the packer is to be set. 
The inflation of the packer A is accomplished through 

use of a setting tool B lowered with the packer in the 
well bore. This setting tool includes a cylinder 28, con 
sisting of a cylinder sleeve 29 threaded onto an upper 
head 30, and also onto a lower head 31. The lower 
head is threaded into a coupling 32 threadedly receiving 
a lower setting sleeve or bailer barrel or container 33, 
having a sleeve 34 threaded on its other end encompass 
ing a cylindrical portion 13a of the upper body abut 
ment 13. This sleeve 34 is initially detachably secured 
to the body abutment by one or more shear screws 35. 
Leakage between such sleeve 34 and the body abutment 
13 is prevented by a suitable seal ring 36, such as an 
O ring, mounted in the abutment and engaging the in 
ner wall of the sleeve. 
The cylinder 28 contains a fluent material G, such as 

a liquid, which also fills the passage 37 through a com 
pression tube 38 extending centrally through the lower 
head 31. This compression tube is threaded onto the 
upper end of a tubular extension 39, which is, in turn, 
threaded into a coupling 40 secured to a thrust tube 
or nipple 41 extending into the upper end of the packer 
body 10. The nipple has a lower pilot portion 42 of 
reduced diameter forming a shoulder 43 engaging a com 
panion shoulder 44 in the body 10. 
The upper end of the compression tube 38 is thread 

edly Secured to a pressure piston, 45 located a short dis 
tance above the lower cylinder head 31. Leakage along 
the exterior of this piston is prevented by suitable seal 
or piston rings 46 engaging the wall of the cylinder 
sleeve 29. - As stated above, the liquid G fills the cylinder sleeve 
29 and also the central passage 37 through the com 
pression tube 38, tubular extension 39, nipple 41 and body passage 21, as well as the ports 22 in the latter, 
the tapered peripheral groove 25 and the sleeve ports 
23. A floating or pumping piston 47 rests upon the up 
per end. of the liquid G in the cylinder sleeve, suitable 
piston rings 48 being provided on the piston for slidable 
Sealing engagement with the cylinder sleeve 29. It is 
apparent that as the floating piston 47 is forced down 
Wardly in the cylinder sleeve 29, the liquid G is forced 
out of the cylinder 28 and through the tubular mem 
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4. 
bers 38, 39, 41 into the packer body 10, from where 
it will unseat the back pressure valve member 27 and 
pass into the interior of the packing sleeve i4, inflating 
the latter to the extent desired. 
The pressure imposed on the liquid G acts downwardly 

over the cross-sectional area of the pressure piston 45, 
urging the latter downwardly, together with the various 
tubular members 38, 39, 41 attached thereto. in view 
of the engagement of the nipple shoulder 43 with the 
body shoulder 44, a downward thrust is imparted upon 
the packer body 10. Such thrust is resisted by the shear 
screws 35 attaching the body to the lower sleeve 34, 
which is rigidly secured to the cylinder 28 through the 
barrel 33 and coupling 32. 
The parts are originally held in the assembled rela 

tionship illustrated in Fig. 1, with the shear screws 35 
intact, the appropriate location of the parts being in 
sured by engagement of a shoulder 49 on the compres 
sion tube 38 with the underside of the lower cylinder 
head 31. In addition, the hydrostatic head of fluid in 
the well bore is allowed to act on the underside of the 
pressure piston 45, passing through an upper window or 
opening 50 in the setting tool barrel 33, and through a 
longitudinal bleeder port 51 extending through the lower 
head 31. 
Downward movement of the floating piston 47, for 

the purpose of forcing the liquid G downwardly and in 
flating the packing element 14, is produced as a result 
of the combustion of a power charge or railway flare 52 
containing its own source of oxygen. This power charge 
rests upon the floating piston 47 and is initially disposed 
within a combustion chamber 53 in the upper cylinder 
head 30. The upper end of the power charge is ignitable 
by firing a cartridge 54 disposed within a gun barrel 55 
that is clamped between the cylinder head 30 and a cable 
head 56 threaded into the latter. The wire line cable 
C is attached to the cable head 56 in a known manner, 
and has an electrically conductive wire or core 57 con 
nected to a heating filament 58 in the cartridge. 

During the lowering of the apparatus through the fluid 
in the well bore, the hydrostatic head acting on the ex 
terior of the packing element 14 increases. It is preferred 
to neutralize this hydrostatic head, and for this reason 
the well fluid is allowed to enter the tubular members 38, 
39, 41 through ports 59 that may be provided in the 
compression tube 38 below the lower cylinder head 31. 
Thus, the well fluid can pass through the window or open 
ing 50, and thence through the ports 59, this pressure 
being exerted upon the liquid G in the tubular members, 
as well as within the packer itself. However, when pres 
sure is being applied by the floating piston 47 to the 
liquid G in the apparatus, the ports 59 are to be closed, 
so as to prevent escape of fluid from the apparatus. For 
this reason, the ports 59 are controlled by a one-way 
check or back pressure valve. 60, which may be similar to 
the check valve 24 located in the packer A, although act 
ing in a reverse direction. 

Thus, the compression tube 38 may be provided with 
an inner circumferential groove 61 communicating with 
the radial ports 59. This groove has tapered side walls 
62 converging in an outward direction toward each other. 
Arubber O ring check valve member 63 is disposed in this groove 61, and inherently tends to expand outwardly 
into engagement with the tapered side walls 62. Pressure 
exerted within the compression tube 38 in excess of the 
hydrostatic head externally thereof seats the O ring 63 
against the tapered side wall 62, and prevents fluid pas 
sage outwardly through the ports 59. However, when 
the hydrostatic head of fluid in the well bore overbalances 
the fluid pressure within the cylinder 28 and tubular 
members 38, 39, 41, the O ring 63 is urged inwardly out 
of Sealing engagement with the tapered side wall seats 62 
and allows the hydrostatic pressure to be exerted upon 
the liquid in the apparatus. 
The apparatus is assembled with the parts occupying 

the relative positions illustrated in Fig. 1. Prior to attach 
pnent of the setting tool B to the well packer A, the liquid 
Gis placed in the setting tool with the floating piston 47 
adjacent the upper cylinder head 30. The liquid is pre 
vented from dropping out of the cylinder 28 and the 
tubular members 38, 39, 41 by jamming a soft rubber 
ball 64, or equivalent cork element, into the lower end 
of the nipple 41. The setting tool B is then assembled appropriately in place on the packer A, the nipple 41 
being piloted into the central body portion 10 until its 
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shoulder 43 engages the body shoulder 44, and with a 
seal ring 65 on the nipple engaging the wall of the body 
passage 21 to prevent leakage in an upward direction 
from the latter. The shear screws 35 then are threaded 
into the setting sleeve 34 and upper abutment 13. 
The apparatus is then lowered into the well bore F. 

In the event that the bore hole contains fluid, the hydro 
static head is equalized by the fluid pressure being imposed 
upon the liquid G in the tool through the expedient of 
passing through the ports 59 and unseating the upper 
check valve 63. As a result, the pressure, both internally 
and externally of the packer portion of the apparatus, 
as well as the setting tool portion, is equalized until the well packer A is to be set. 
When the setting location in the well bore is reached, 

the electric circuit through the cartridge filament 58 is 
completed, firing the cartridge 54, and causing the flame 
issuing therefrom to ignite the upper end of the power 
charge 52. This latter combustible fuel commences burn 
ing and generates a gas at a gradually increasing pres 
sure. This gas under pressure acts downwardly on the 
floating piston 47, which begins to move downwardly in 
the cylinder sleeve 29, forcing the liquid G ahead of it. 
The liquid first ejects the soft rubber ball 64 from the 
nipple passage, the latter coming to rest in the body 
passage 21 below its ports 22. The liquid G in the tool 
is subjected to a pressure, as a result of the movement 
of the floating piston 47, greater than the hydrostatic 
head of fluid in the well bore. This pressure holds the 
upper check valve ring 63 in closed position against the 
tapered walls 62 of the circumferential groove 61, and 
effectively closes the upper ports 59. The pressure also 
acts in an outward direction upon the lower check valve 
O ring member 27, urging it away from its seats 26 
and allowing the fluid G to pass through the body ports 
22 and clamp sleeve ports 23 into the interior of the pack 
ing element 14. As the pressure increases, the fluid G 
pumps or inflates the packing element 14 in a lateral out 
ward direction until it comes in contact with the wall of 
the well bore F, whereupon the packing element may 
elongate along the well bore wall in up and down direc tions (see Fig. 6). 
As the floating piston 47 moves downwardly, because 

of the continued burning of the power charge 52, it forces 
the liquid G ahead of it and approaches the pressure piston 45. 
The downward force on the liquid G is being trans 

mitted in a downward direction through the pressure pis 
ton 45 onto the compression tube 38, and also onto the 
packer body 10 through the abutting shoulders 43, 44. 
In the event that the floating piston 47 develops suf 
ficient pressure in the liquid G, before engaging the pres 
sure piston 45, to overcome the shear value of the screws 
35, the latter will be disrupted and the setting tool B 
automatically released from the well packer. A. Fol 
lowing such release, the setting tool can be elevated, which 
removes the nipple 41 from the packer body 10. How 
ever, the check valve member 27 in the packer immediate 
ly contracts against or remains in engagement with its 
tapered seats 26, and precludes any of the liquid in the 
inflated packing element 14 from passing back into the 
packer body 10 through the ports 22. In other words, the 
packing element 14 remains in an inflated condition, be 
cause of the closing of the back pressure valve 24. 

In the event that the floating piston 47 does not exert 
a sufficient differential pressure on the liquid G in the 
apparatus to overcome the strength of the shear screws 
35, it will eventually make physical contact with the pres 
sure piston 45. Thereafter, the pressure of the liquid G 
cannot be increased to any further extent. However, the 
power charge 52 is continuing to burn and build up an 
increasing pressure in the cylinder 28 above the float 
ing piston 47. This pressure first acts downwardly on the 
floating piston 47, and, in view of its abutment against the 
pressure piston 45, exerts a downward force on the latter 
and the tubular members 38, 40, 41, which is transmitted 
to the body 10. The gaseous pressure force eventually 
exceeds the shear strength of the screws 35 and disrupts 
the latter, thereby releasing the setting tool B from the well packer A. 

It is, accordingly, apparent that the well packing 14 
cannot be inflated to any greater extent after the floating 
piston 47 engages the pressure piston 45. As a result, 
the liquid G in the equipment is predetermined so that the 
volume displaced by the floating piston 47 in moving be 
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6 
tween its uppermost and lowermost positions will be 
insufficient to pump the packing sleeve 14 to an inordi 
nately high extent and cause it to burst or rupture. A 
definite limit is placed on the extent the volume of the 
packing element can be increased by pumping fluid into 
it. Regardless of this fact, a predetermined limit is also 
placed upon the pressure of the fluid that can be imposed 
on the packing sleeve 14, as described above. Accord 
ingly, assurance is had that the packing sleeve will not be 
inflated to too great an extent or subjected to too great a 
pressure differential, insuring against its failure while be 
ing set in the well bore F against the wall of the latter. 

After the shear screws 35 have been disrupted, the 
setting tool B may be elevated to the top of the hole, and 
used again in connection with the setting or inflation of 
another well packer. - 
The setting tool B may include a bailer portion D for 

dumping cementitious material E upon the set packer A 
immediately upon release of the setting tool from the 
packer. Thus, the lower portion D of the tool connected 
to the cylinder 28 may be filled with cementitious material 
E, such as cement slurry or a liquid synthetic thermo 
setting resin, the material being inserted into the barrel 
33 through the window 50, to fill the annular space be 
tween the tubular elements 39, 41 and the barrel. After 
the setting tool B has expanded the packer A against the 
wall of the well bore F, the shear screws 35 are disrupted, 
which not only releases the setting tool B from the packer 
A, but opens the lower end of its bailer portion D and 
allows the cementitious material E to be dumped upon the set packer (see Fig. 7). 

It is to be noted that the valve control bleeder holes 
59, for equalizing the hydrostatic head internally and ex 
ternally of the apparatus, are located above the bailer 
window or opening 50; so that the cementitious material E 
in the bailer cannot be forced into the setting tool B by the hydrostatic head. 
The well apparatus illustrated in Figs. 8 to 10, inclusive, 

is essentially the same as disclosed in Figs. 1 to 7, inclu 
sive. The well packer A includes a central body portion 
10a having a lower head 11a upon which a lower abut 
ment 2a rests. The packing sleeve 14 encompasses the 
central body 10a and is disposed within the lower abut 
ment skirt 16, as well as within the depending skirt 15 
of an upper abutment 13a resting upon a body shoulder 
80. As in the other form of packer, a spacer and clamp 
sleeve 20a is provided having ports 23a communicable 
with the body ports 22a, which open into the central 
body passage 2a. In the present instance, however, in 
stead of the O ring check valve element closing the body 
ports, a tapered groove 25a is formed in the periphery 
of the spacer sleeve 20a, and contains the seal ring type 
of check valve member 27a. In addition, leakage along 
the body 10a is prevented by providing suitable seal rings 
81 in the abutments 12a, 13a and spacer sleeve 20a on 
opposite sides of the ports 23a engaging the wall of the body 10a. 
The packer parts are held in proper assembled relation 

on the body 10a by a two-part or split collar 83 received 
within a peripheral groove 84 at the upper end of the 
body 10a, and resting against the upper end of the upper 
abutment 13a. This collar is held in position by a plu 
rality of cap screws 85 extending through it and threaded 
into the upper abutment 13a. 
The setting tool B includes a cylinder 86 consisting of a 

cylinder sleeve 87 that is threaded onto the upper head 
30a and also onto a lower head 88. A piston 89 is 
slidable downwardly in the cylinder 86 and is secured 
to a piston rod 90 extending through the lower head 88 
and into the central bore 91 of an actuating mandrel 92. A cross-piece 93 extends through the lower portion of the 
piston rod 90 and through opposed longitudinally ex 
tending slots 94 in the actuating mandrel 92 into a set 
ting ring 95 that is threaded on the upper end of an actu 
ating sleeve 96. This sleeve extends downwardly along 
the mandrel 92 and into the cylinder 28a of a fluid pump, 
where a pump piston 47a is secured to it. The cylinder. 
28a has an upper head 97 secured to a cylinder sleeve 
98, and also a lower head 31a secured to the lower end 
of the latter. A bailer barrel or container 33a is threaded 
into the lower head 3a, and has a sleeve 34a secured to 
its lower portion and encompassing the abutment 13a, 
leakage between the latter two elements being prevented, 
as before, by a suitable seal 36 in the abutment engaging 
the sleeve. The bailer D also has a suitable opening or 
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window 50 in its upper portion through which cementi 
tious material E may be placed. 
A tension member or rod 99 extends upwardly through 

the pump piston 47a, being threadedly attached to the 
lower end of the actuating mandrel 92. This rod extends 
downwardly through the pump cylinder head 31a, and 
also through the bailer barrel 33a, being threaded into 
a lower coupling 100 attached to a tension stud 101 
which is threaded into the upper end of the packer body 
10a. This tension stud 101 functions as a releasable 
connection for detachably securing the setting tool B to 
the well packer A, as described hereinafter. Initially, the pump piston 47a is disposed in the upper 
portion of the cylinder 28a, Leakage around the exterior 
of the piston is prevented by suitable piston rings 48a en 
gaging the wall of the cylinder sleeve 28a; whereas, leak 
age within the piston 47a is prevented by suitable rod 
packing rings 102 engaging the exterior of the tension 
member 99. Similarly, leakage between the lower cylin 
der head 31a and rod member 99 is prevented by one or 
more seal rings 103 in the head engaging the exterior 
of the rod member. 
The cylinder 28a is filled with liquid between its lower 

head 31a and the pump piston 47a, this liquid being ca 
pable of passing into the lower portion of the tension mem 
ber 99 through an inlet port 104 above the lower cylinder 
head 31 that communicates with a central passage 05 
in the member 99. This passage also communicates 
with a passage 106 through the tension stud 10 that 
opens into the central packer body passage 21a. 
As in the other form of the invention, the hydrostatic 

head of fluid in the well bore can be equalized by passing 
inwardly through the check valve arrangement 60 formed 
in the tension member 99, preferably below and adjacent 
the cylinder head 31a and above the bailer window 50. 
A filler pipe 107 extends through, and is secured to, 

the pump piston 47a and through a hole 108 in the upper 
pump cylinder head 97. The liquid G in the cylinder 
is introduced through this filler pipe 107, which can then 
be closed by a suitable pipe plug 109. Downward move 
ment of the pump piston 47a is also facilitated by the 
provision of a suitable bleeder hole 110 in the cylinder 
sleeve 29a above the piston 47a and adjacent the upper 
cylinder head 97. The setting tool piston 89 is moved downwardly as a 
result of combustion of the power charge 52, which is 
fired by the cartridge 54 and through the use of parts that 
correspond to those employed in the other form of the in 
vention. The apparatus is made up with the parts occupying the 
relative positions illustrated in Figs. 8 and 8a. The liquid 
G is introduced into the pump cylinder 28a through the 
filler pipe 107, which is then closed by the threaded pipe 
plug 109. The apparatus is lowered in the well bore by 
means of the wire line C until the desired setting location is 
reached. The cartridge 54 is then fired to ignite the power 
charge 52, gas pressure being generated in the combustion 
chamber 53 and upper end of the cylinder 86 to urge the 
piston 89 and piston rod 90 downwardly, and to reactive 
ly urge the cylinder 86 in an upward direction. Since 
the cylinder 86 is connected to the actuating mandrel 
92, which, in turn, is attached to the tension member 
99, secured to the tension stud 101 and body 10a, the 
upward force on the cylinder 86 is transmitted to the 
packer body 10a. This upward force is resisted by a 
downward force imposed on the body 10a, transmitted 
from the piston 89, through the piston rod 90, cross-piece 
or anvil 93, setting ring 95, and actuating sleeve 96, to 
the pump piston 47a. The downward force on the pump 
piston is transmitted to the liquid G, and through the 
latter acts downwardly on the pump cylinder head 31a, 
which is secured to the bailer barrel 33a. From the 
barrel, the downward force is exerted on the setting 
sleeve 34a, which is engaging the upper body abutment 
13?. 
As the pressure in the combustion chamber 53 in 

creases, the downward force on the pump piston 47a 
increases, urging the latter downwardly in the pump 
cylinder 28a and forcing the liquid G down through the 
tension member passage 105 and tension stud 101 into 
the body passage 21a, from where it passes outwardly 
through the body ports 22a and spacer sleeve ports 23a, 
displacing or opening the check valve 27a and flowing 
into the interior of the rubber packing sleeve 14. As the 
pump piston 47a moves downwardly, the fluid G is 
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8 
forced into the packing sleeve 14, inflating the latter into 
engagement with the wall of the well bore F. 
The pump piston 47a continues to move downwardly 

until the pressure imposed on the liquid G exceeds a value 
that corresponds to the ultimate strength of the reduced 
diameter portion 101a of the tension stud 101. When this 
value is exceeded, the downward force on the cylinder 
head 31a, bailer barrel 33a, sleeve 34a and packer body 
10a pulls the stud apart at its reduced diameter portion 
101a and disconnects the setting tool B from the well 
packer A. When this action occurs, the inflation pres 
sure is discontinued. However, the check valve 27a closes 
over the spacer sleeve ports 23a, and prevents the fluid 
from escaping from the interior of the packing sleeve 
14, holding the latter expanded against the wall of the 
well bore. In the event that the pressure corresponding to the 
ultimate strength of the reduced diameter portion 101a 
of the tension stud 101 is not reached, The pump piston 
47a will engage the cylinder head 31a, the gas pressure 
generated by the power charge 52 then acting directly on 
the lower cylinder head 31a, and, through the bailer 
barrel 33a and setting sleeve 34a, upon the packer body. 
This pressure will eventually increase to a point exceed 
ing the tensile strength of the stud 101, pulling it apart 
and releasing the setting tool B from the well packer A. 

It is to be noted, as in the other form of the invention, 
that the engagement of the pump piston 47a with the 
lower cylinder head 31a prevents any further inflation of 
the packing element 14. As a result, only a predetermined 
maximum volume of inflation can take place, which is 
the volume of the liquid displaced by the piston 47a from 
the pump cylinder 28a prior to its engagement with the 
lower cylinder head 31a. This precludes the packing 
sleeve 14 from being inflated to too great an extent, that 
might cause its failure. 
As in the other form of invention, cementitious mate 

rial E may be contained within the barrel portion D of 
the setting tool B. Upon disruption of the stud 101, the 
Setting tool B may be elevated to dump the contents E 
of the bailer D upon the set packer A, which will harden 
and form a plug in the well bore supplementing the packer 
or bridge plug A. Following such dumping, the setting 
tool B can be elevated to the top of the well bore F. 
The invention described herein and relating to the check 

valves 24 and 60 forms the subject matter of the continua tion-in-part application of Martin B. Conrad, Serial No. 
186,883 filed September 26, 1950, for “Check Valves", 
now Patent No. 2,671,466. 
The inventors claim: 
1. In well apparatus: a well packer having an inflatable 

packing element; a setting tool embodying a fluid pump; 
means for conducting fluid from said pump into said pack 
ing element to inflate the same; and releasable means con necting Said setting tool to said packer and releasable in 
response to a predetermined force imposed by said pump 
on said releasable means when operating in a direction 
to force fluid into said packing element to detach said set 
ting tool from said packer. 

2. In well apparatus: a well packer having an inflatable 
packing element; a setting tool embodying cylinder means 
and piston means slidable in said cylinder means; means 
for conducting fluid from said cylinder means into said packing element; fluid pressure power means for moving 
said piston means in said cylinder means to apply pressure 
to said fluid and inflate said packing element; and releas 
able means connecting said setting tool to said packer 
and releasable in response to a predetermined force im 
posed by said pump on said releasable means when operat 
ing in a direction to force fluid into said packing element 
to detach said setting tool from said packer. 

3. In well apparatus: a well packer having an inflat 
able packing element; a setting tool embodying a cylinder 
and a piston slidable in said cylinder; means releasably 
connecting said cylinder to said packer; means for con 
ducting fluid from said cylinder into said packing element; 
and fluid pressure power means for moving said piston in 
said cylinder to apply pressure to said fluid and inflate 
said packing element. 4. In well apparatus: a well packer having an inflatable 
packing element; a setting tool embodying a fluid pump; 
means for conducting fluid longitudinally from said pump 
and into said packing element; means engaging said packer 
and subject to the pressure of said fluid to exert a longi 
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tudinal force on said packer; and readily disruptable means 
releasably connecting said setting tool.to said packer and 
disruptable by the force of said fluid under pressure when 
said pressure reaches a predetermined maximum value. 
5.In well apparatus: a well packer having an inflatable 

packing element; a setting tool embodying a fluid pump; 
means for conducting fluid from said pump into said pack 
ing element to inflate the same; and means for preventing 
return flow of fluid from within said packing element, 
said preventing means comprising opposed side walls taper 
ing toward each other to provide a circumferential groove 
and an elastic ring in said groove movable inherently into 
sealing engagement with said side walls; and releasable 
means connecting said setting tool to said packer and 
releasable in response to a predetermined force imposed 
by said pump on said releasable means when operating 
in a direction to force fluid into said packing element to 
detach said setting tool from said packer. 

6. In a well packer: body means; a packing element 
on said body means inflatable by fluid under pressure; 
said body means including a spacer sleeve within said 
packing element clamping said packing element to said 
body means, said spacer sleeve allowing fluid to pass into 
the interior of said packing element; said body means 
having an opening for conducting fluid under pressure 
past said spacer sleeve into said packing element; said body 
means having a circumferential groove communicable with 
said opening and defined by opposed side walls tapering 
toward each other; and an elastic ring in said groove mov 
able inherently into sealing engagement with said side 
walls to close said opening. 

7. In a well packer: body means; a packing element 
on said body means inflatable by fluid under pressure; 
said body means including a spacer sleeve within said 
packing element clamping said packing element to said 
body means, said spacer sleeve allowing fluid to pass into 
the interior of said packing element; said body means 
having an opening for conducting fluid under pressure 
past said spacer sleeve into said packing element; said 
body means having a circumferential groove communi 
cabie with said opening and defined by opposed side walls 
tapering inwardly toward each other; and an elastic ring 
in said groove contractible inherently into sealing engage 
ment with said side walls to close said opening. 

8. in well apparatus to be disposed in a well bore: a 
well packer having an inflatable packing element; a setting 
tooi connected to said packer and embodying a fluid pump; 
means for conducting fluid from said pump to said pack 
ing element to inflate the same; means providing a passage 
opening into said pump and the well bore to provide fluid 
communication between the well fluid and said pump and 
conducting means; and a check valve in said passage pre 
venting outward flow of fluid therefrom. 

9. In well apparatus: a well packer having an inflatable 
packing element; a setting tool embodying cylinder means 
engaging said packer and a piston slidable in said cylinder 
means; means for conducting fluid from said cylinder 
means into said packing element to inflate the same, said 
conducting means engaging said packer; means releasably 
connecting one of said means to said packer; the other 
of said means being engageable and movable by said 
piston relative to said means releasably connected to said 
packer to release said releasable means. 

10. In well apparatus: a well packer having an inflat 
able packing element; a setting tool embodying a cylinder 
and a piston slidable in said cylinder; means releasably 
Securing said cylinder to said packer; means for conduct 
ing fluid from said cylinder into said packing element to 
inflate the same, said conducting means engaging said 
packer; and means for moving said piston in said cylinder 
into engagement with said conducting means to move the 
same relative to said cylinder to release said securing. 
CalS. 

11. In well apparatus: a well packer having an inflat 
able packing element; a setting tool embodying a cylinder 
engaging said packer and a piston slidable in said cylinder; 
means for conducting fluid from said cylinder into said 
packing element to inflate the same; means releasably 
securing said conducting means to said packer; and means 
for moving said piston in said cylinder into engagement 
with said cylinder to move said cylinder relative to said 
conducting means to release said securing means. 

12. In well apparatus: a well packer having an inflat 
able packing element; a setting tool embodying a cylinder 
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10 
and a piston slidable in said cylinder; readily disruptable 
means detachably securing said cylinder. to said packer; 
a tubular member extending into said cylinder and packer 
for conducting fluid in said cylinder into said packing 
element; means for moving said piston in said cylinder to 
force the fluid in said cylinder into said tubular member 
and packing element to inflate said packing element; said 
piston being movable into engagement with said tubular 
member to move the same relative to said cylinder to dis rupt said readily disruptable means. 

13. In well apparatus: a well packer having an inflat 
able packing element; a setting tool embodying a cylinder 
and a piston slidable in said cylinder; means including a 
readily disruptable connection detachably Securing said 
cylinder to said packer; a tubular member extending into 
said cylinder and packer for conducting fluid in said 
cylinder into said packing element; said tubular member 
being mounted in said packer in force transmitting rela 
tion thereto; means for moving said piston in said cylin 
der to force the fluid in said cylinder into said tubular 
member and packing element to inflate said packing ele 
ment; said piston being further movable into engagement 
with said tubular member to exert a thrust on said tubular 
member to thereby move said packer relative to said 
cylinder to disrupt said readily disruptable means; and 
valve controlled means in said tubular member for allow 
ing fluid flow from the exterior to the interior of said 
tubular member, said valve controlled means preventing 
return flow of fluid in the reverse direction. 

14. In well apparatus: a well packer having an inflat 
able packing element; a setting tool embodying a cylinder 
and a piston slidable in said cylinder; a container member 
adapted to hold a substance to be deposited in the well 
bore and having an upper inlet opening and a lower 
outlet, said container member being secured to said cylin 
der and engaging said packer; means for closing said 
lower outlet; a tubular member extending through said 
container member into said cylinder and packer to con 
duct fluid from said cylinder into said packing element, 
one of said members being connected to said well packer; 
means for moving said piston in said cylinder to force 
the fluid in said cylinder into said tubular member and 
packing element to inflate the packing element; and valve 
controlled means in said tubular member above the lower 
most portion of said opening for allowing fluid flow from 
the exterior to the interior of said tubular member, said 
valve controlled means preventing fluid flow in the reverse direction. 

15. In well apparatus: a well packer having an inflat 
able packing element; a setting tool embodying a cylinder 
and a piston slidable in said cylinder; a container adapted 
to hold a Substance to be deposited in the well bore and 
having an upper inlet opening and a lower outlet, said 
container being secured to said cylinder and engaging 
said packer; means for closing said lower outlet; a tubular 
member extending through said container into said cylin 
der and packer to conduct fluid from said cylinder into 
said packing element, means for moving said piston in 
said cylinder to force the fluid in said cylinder into said 
tubular member and packing element to inflate the pack 
ing element; valve controlled means in said tubular mem 
ber above the lowermost portion of said opening for 
allowing fluid flow from the exterior to the interior of 
said tubular member, said valve controlled means pre venting fluid flow in the reverse direction; and readily disruptable means detachably securing said container to said packer. 

16. In Well apparatus: a well packer having an inflat 
able packing element; a setting tool embodying a cylinder 
and a piston slidable in said cylinder; a container mem 
ber adapted to hold a substance to be deposited in the 
well bore and having an upper inlet opening and a lower 
outlet, said container member being secured to said cylin 
der and engaging said packer; means for closing said 
lower outlet; a tubular member extending through said 
container member into said cylinder and packer to con 
duct fluid from said cylinder into said packing element; 
means for moving said piston in said cylinder to force 
the fluid in said cylinder into said tubular member and 
packing element to inflate the packing element; valve 
controlled means in said tubular member above the lower 
most portion of said opening for allowing fluid flow from 
the exterior to the interior of said tubular member, said 
valve controlled means preventing fluid flow in the reverse 
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direction; and readily disruptable means connecting one 
of said members to said packer. 

17. In well apparatus: a well packer having an inflat 
able packing element; a setting tool embodying a cylinder 
and a piston slidable downwardly in said cylinder; a con 
tainer member adapted to hold a substance to be depos 
ited in the well bore and having an upper inlet opening 
and a lower outlet, said container member being secured 
to said cylinder and engaging said packer; means for 
closing said lower outlet; a tubular member extending 
through said container member into said cylinder and 
packer to conduct fluid from said cylinder into said pack 
ing element; readily disruptable means connecting one 
of said members to said packer; means for moving said 
piston downwardly in said cylinder to force the fluid in 
said cylinder into said tubular member and packing ele 
ment to inflate the packing element, said piston moving 
downwardly into engagement with one of said members 
to move the same relative to the other of said members 
to disrupt said readily disruptable means. 

18. In well apparatus: a well packer having an inflat 
able packing element; a setting tool embodying a cylinder 
and a piston slidable downwardly in said cylinder; a 
container adapted to hold a substance to be deposited 
in the well bore and having an upper inlet opening and 
a lower outlet, said container being secured to said cylin 
der and engaging said packer; means for closing said 
lower outlet; a tubular member extending through said 
container into said cylinder and packer to conduct fiuid 
in said cylinder into said packing element; readily dis 
ruptable means connecting said tubular member to said 
packer; means for moving said piston downwardly in 
said cylinder to force the fluid in said cylinder into said 
tubular member and packing element to inflate the pack 
ing element, said piston being movable downwardly into 
engagement with said cylinder to move the same relative 
to said tubular member to disrupt said readily disruptable 
ICIS. 

19. In well apparatus: a well packer having an inflat 
able packing element; a setting tool embodying a cylinder 
and a first piston slidable in said cylinder; said cylinder 
having a head below said piston; means including a read 
ily disruptable connection detachably securing said cylin 
der to said packer; a tubular member extending into said 
cylinder and packer for conducting fluid in said cylinder 
into said packing element; a second piston secured to 
said tubular member within said cylinder and above said 
head; said tubular member being inserted in said packer 
in force transmitting relation thereto; means for moving 
said first piston in said cylinder to force the fluid in said 
cylinder into said tubular member and packing element 
to inflate said packing element; said first piston being 
further movable into engagement with said second piston 
to shift said second piston and tubular member relative 
to said cylinder and disrupt said readily disruptable 
II1&aI1S: 

20. In well apparatus: a well packer having an inflat 
able packing element; a setting tool embodying a cylinder 
and a first piston slidable in said cylinder; a cylinder 
having a head below said first piston; a container adapted 
to hold a substance to be deposited in the well bore and 
having an upper inlet opening and a lower outlet, said 
container being secured to said cylinder and engaging 
said packer; means for closing said lower outlet; readily 
disruptable means detachably securing said container to 
said packer; a tubular member extending through said 
container into said cylinder and packer for conducting 
fluid in said cylinder into said packing element; a second 
piston secured to said tubular member within said cylin 
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der and located above said head; means for moving said 
first piston in said cylinder to force the fluid in said cylin 
der into said tubular member and packing element to 
inflate said packing element, said first piston being fur 
ther movable into engagement with said tubular member 
to exert a thrust on said tubular member to thereby 
move said packer relative to said cylinder to disrupt said 
readily disruptable means. 

21. In well apparatus: a well packer having an inflat 
able packing element; a setting tool embodying a cylinder 
and a first piston slidable in said cylinder; said cylinder 
having a head below said first piston; a container adapted 
to hold a substance to be deposited in the well bore 
and having an upper inlet opening and a lower outlet, 
said container being secured to said cylinder and engag 
ing said packer; means for closing said lower outlet; 
readily disruptable means detachably securing said con 
tainer to said packer; a tubular member extending through 
said container into said cylinder and packer for conduct 
ing fluid in said cylinder into said packing element; a 
second piston secured to said tubular member within said 
cylinder and located above said head; means for moving 
said first piston in said cylinder to force the fluid in said 
cylinder into said tubular member and packing element 
to inflate said packing element; said first piston being 
further movable into engagement with said tubular mem 
ber to exert a thrust on said tubular member to thereby 
move said packer relative to said cylinder to disrupt said 
readily disruptable means; and a valve controlled means 
in said tubular member above the lowermost portion of 
said opening for allowing fluid flow from the exterior to 
the interior of said tubular member, said valve controlled 
means preventing fluid flow in a reverse direction. 

22. In well apparatus: a well packer having an inflat 
able packing element; a setting tool embodying cylinder 
means and piston means slidable in said cylinder means; 
means releasably connecting one of said means to said 
packer; means for conducting fluid from said cylinder 
means into said packing element; and fluid operated 
means for moving said piston means in said cylinder 
means to apply pressure to said fluid to inflate said pack 
ing element and release said releasable means. 

23. In well apparatus: a well packer having an inflat 
able packing element, a setting tool embodying cylinder 
means and piston means slidable in said cylinder means; 
means releasably connecting one of said means to said 
packer; means for conducting fluid from said cylinder 
means into said packing element; and means providing 
a motivating gaseous medium under pressure in said 
cylinder means for moving said piston means in said 
cylinder means to apply pressure to said fluid to inflate 
Said packing element and release said releasable means. 

References Cited in the file of this patent 
UNITED STATES PATENTS 

Number Name Date 
1,196,920 AStrOm ------------------ Sept. 5, 1916 
1,515,066 OchS ------------------- Nov. 11, 1924 
1,693,619 Sandford --------------- Dec. 4, 1928 
1,720,993 Belyavin -------------- July 16, 1929 
1,850,218 Thomas --------------- Mar. 22, 1932 
2,177,601 Smith ----------------- Oct. 24, 1939 
2,186,230 Bald ------------------- Jan. 9, 1940 
2,202,173 Straub ----------------- May 28, 1940 
2,370,832 Baker ----------------- Mar. 6, 1945 
2,373,005 Baker ----------------- Apr. 3, 1945 
2,618,344 1952 Turechek et al. --------- Nov. 18, 


