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This invention relates to well cementing ap-_ 
'paratus adapted to form part of a casing string; 

It is an object of the present invention to pro 
vide an apparatus capable of forming part of a 
casing string, having an internal sleeve valve of 
sturdy construction and improved drillable char 
acteristics, which can be shifted to valve opening 
position against, the resistance of ‘frangible or 
similar locking devices’ tending to hold it in valve 
closing position. ' 
A further object of the invention is to provide 

a well apparatus embodying a composite inter 
nal sleeve valve formed predominantly of readily ~ 
drillable material and secondarily of ,a less read 
ily drillable material capable of more e?icient 
shearing of frangible means tending to prevent 
movement of the sleeve valve. 
This invention has other objects that will be 

ous ‘forms of apparatus; shown in the drawings 
accompanying and forming part of the present 
speci?cation. These forms will now be described 
in detail to'illustrate 
the inventiqn,,butiteisto'be‘ilnderstood that such 

,. sdetailed‘de’scription is not to be taken in a limited 25 
sense, since the scope of the invention is best de 
scribed by the claims appended hereto. ' 

Referring to the drawings: _ V 
Figure 1 is a longitudinal view, partly in section 

and partly in elevation, of one form of apparatus 
with its sleeve valve in one position; ' 

Figure 2 is a view similarto Figure l with the 
sleeve valve in another position; ‘ 

Figure 3 is a cross section taken along the line 
3-3 in Figure l; - ' 
Flgure ‘iris a longitudinal view, partly in section 

and partly in elevation, of another embodiment 
of the invention with its valve in one operative 

Figure 5 is a view similar to Figure 4 with the 
valve in another operative position; ‘ ' 

Figure 6 is" a longitudinal view similar to Fig 
invention; '‘ 

Figure 7 is a longitudinal view of the apparatus 
in Figure 6 with the sleeve valve in another oper- 45 the in?uence of ?uids passingtherethrough. Any ' 
ative position; > _ _ V . tendency jggspchl?uids to now back'through the 

Figure -8 is a view similar to Figure 1,,of still preventedby theerubber sleeve ll snugly 

another form of the invention; and 
, F1gu1'e9 is a longitudinal view of the 

sleeve valve in another: oper 
apllal'atus ' 

atlve position. - _- ‘ _ 

_Thesame referencenumerals refertolikeperts 
throughmlt the several views and embodiments 
of theinvention. - . V 74/; . .belowthe’loivef" end ottlie ?exiblesleeve. and 

_Initsgen aspectatheinventionisdirected “the 1mm’ 
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to an apparatus designed to form part of a casing 
string, which embodies a- sleeve valve‘ for con 
trolling the" passage of ?uids through ports or 
openings in the apparatus. The sleeve valve is 
made of a readily drillable material, which is 
much easier to drill up than cast iron, aluminum, 
and similar materials heretofore used, Such 
more readily drillable ‘materials as are available 
are incapable of ef?ciently rendering locking 
means ineffective that normally hold the sleeve 
valve in a particular position with respect to the 
ports of the apparatus, usually due to the com 
paratively brittle properties of the material em 
ployed. It is therefore proposed to overcome this 
di?iculty by incorporating a 
the sleeve valve construction designed to operate 
on the locking devices in concert with thecom 
paratively brittle. material to render the devices 
ineffective when thesleevevalve is to be shifted, 
as by hydraulic action. The comparatively 

- brittle material forms ‘E138 Dllidominant part of 
thg’sleevemalverandtthe?less readily drillable 

Tiraterial, such as cast iron, aluminum, etc., forms 
a comparatively minor part of the sleeve valve 
construction. As a result, after the sleeve valve 
has performed its desired functions in the appa 

' ratus, it can be more read‘ly removedby va drill 
bit thanif the entire sleeve valve were made of 

- cast iron and similar materials. 
The forms of invention disclosed in the draw 

ar collar l0 adapted to form 
' part of a casing string by being threaded at its 

opposite ends to upper and lower casing sections 
ll, l2. This collar is provided with lateral ports 
or ‘outlets l3 through which ?uids may pass from 

ings consist of a tub 

between its exterior and the wall of the borehole. 
If desired,, return flow of such-.?uids-is prevent 
ableby any suitable back pressure valve device, I 

ible sleeve valve 14 
whose lower end is iixed to the exterior of the 
collar and whose remaining upper portion is free 
to ?ex outwardly away-fgpmfthe ports l3 under 

embracing theported‘collar arem ‘‘ 
The action of the .?exible sleeve valve can be 

50. simplemented bya plurality of closely spaced lon 
7 tudinal lea! springs l5 extending circumfere 
entially 
ends of thesesprlngsare welded to the collar ll 

different material in» 

the interior of thecasing string into the annulus’ 

of rubber or similar material - 

around the ?ex?lle'sleeve ll. The lower ' 
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this point of attachment to the collar extend over 
and engage the ?exible sleeve valve I4 to add its 
spring action to the inherent elasticity of the 
?exible sleeve tending to hold it in closed .posi 

. tion over the ports I3. It is therefore necessary 
for the ?uid under pressure within the casing 
string to overcome both the elasticity of the rub 
ber sleeve valve I4 and leaf springs I5 in open 
ing the ports I 3. Not only do the leaf springs 
I5 assist in the functioning of therubber sleeve 
I4 as a back pressure valve, but they also serve 
to protect it against damage during lowering of 
the casing string in the well bore. ' 
Passage of ?uids through the ports I3 is con 

trolled by a sleeve valve I6 slidable within the 
collar I0. This valve is initially held over the 
ports by frangible means, such as shear screws 
H, which position its upper and lower side seals 
I8, I9 on opposite sides of the ports to prevent 
?ow of ?uids in either direction between the ex 
terior 0f the sleeve and wall of the collar for pas 
sage outwardly through the ports I3. A tripping 
or'briclging ball 20 introduced in the casing string 
can gravitate through the casing ?uids until it 
engages a valve seat 2I in the sleeve I6 to close 
its central passage 22, thus enabling pressure to 
be built up in the casing ?uid and cause it to 
exert a downward force on the sleeve I6 of suf‘? 
cient degree to shear the screws I1 and move 
the sleeve I6 downwardly in the collar to a po 
sition in which the upper seal I8 is below the 
ports I3. Fluids may then pass outwardly 
through the open ports to the exterior of the 
casing string. The ?uids must follow this direc 
tion since they are incapable of passing down 
wardly through the sleeve I6 by the bore closing 
action of the tripping ball 20. It is to be noted 
that downward movement of the sleeve I6 is lim 
ited by engagement of its lower end with the 
upper end of the lower casing section I2 (as in 
Figures 2, 5 and 9). 
The sleeve valve I6 is of composite construc 

tion. It is made primarily of a readily drillable 
material, such as a phenolic casting resin, known 
as “Baker”- casting resin or “Catalin.” The sleeve 
valve can be cast in suitable molds to a sufficiently ' 
accurate degree permitting its use in the appa 
ratus without ‘the performance of any subse 
quent machine work. This material has the req 
uisite strength for use as a sleeve valve, and, after 
the well casing has been cemented, it can be 
drilled up much more readily than materials 
heretofore used, such as cast iron or aluminum. 
However, the material appears to be more brittle 
than cast iron or aluminum, and therefore does 
not operate .‘as efficiently in effecting a clean 
shear of the screws when they are threaded 
directly into the. material. 
The di?iculty'noted has been overcome in the 

embodiment disclosed in Figures 1, 2 and 3 by in 
serting a plurality of cast iron or aluminum plugs 
23 at spaced points circumferentially around the 
sleeve and by screwing the shear pins I'I into the 
threaded bores of these plugs. The plugs 23 may 
be threaded into the resin sleeve material after 
drilling and tapping the latter following the 
molding operation, Or they may be molded di 
rectly into this material. Regardless of the 
method of manufacture employed, the engage 
ment of the tripping ball 20 with the seat 2| to 
close the sleeve bore 22 enables the hydraulic 
force on the ball and sleeve to be transmitted to 
the shear screws I‘I through the agency of the 
cast iron or aluminum plugs 23, thus obtaining 
a clean fracture or shearing of the pins and al 
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lowing the sleeve I6 to be moved downwardly 
to port opening position. The plugs 23 are of 
much larger size than the shear pins I‘! and do 
not crush the comparatively brittle material of 
which the sleeve is primarily formed. 
As was described above, downward movement 

of the sleeve I6 is limited by its engagement with 
the upper end of the lower casing section I2. Its 
upward movement is limited by providing a 
shoulder 24,011 the sleeve engageable with a cor 
responding stop shoulder 25 formed in the col 
lar I0. In addition to limiting the extent of up 
ward movement of the sleeve I6 and preventing 
upwardly directed forces on the sleeve from be 
ing transmitted to the shear pins H, the engaged 
shoulders 24, 25 also assist in locating the plugs 
23 with respect to the holes in the collar I0 
through which the shear pins I 1 are inserted. 
The form of invention disclosed in Figures 4 

and 5 is similar in most respects to the one just 
described. However, the construction is simpli 
?ed through the omission of the threaded plugs 
23. Instead of employing the plugs, the cast 
phenolic main portion of the sleeve I6 rests upon 
a cast iron or aluminum ring 26, forming another 
portion of said sleeve, into which is threaded the 
shear screws I'I, whose purpose is to position the 
valve seals I8, I9 on opposite sides of the ports 
I 3. After the tripping ball 20 engages the seat 
2|, an increase in the hydraulic pressure of the 
?uids above the sleeve shears the screws I ‘I and 
moves the sleeve downwardly, as limited by en 
gagement of the ring 26 with the end of the 
lower casing section I2, in which position the col 
lar ports I3 are open. As in the other form of 
invention, upward movement of the sleeve is pre 
vented by engagement between the sleeve shoul 
der 24 and collar shoulder 25. 
The form of invention disclosed in Figures 6 

and 7 is similar to that shown in Figures 4 and 5. 
However, sometimes a shoulder cannot be pro 
vided in the collar to engage with a cooperable 
shoulder on the sleeve to prevent upward move 
ment of the latter, as when the entire casing 
string must be internally ?ush. Such upward 
movement is prevented in the Figures 6 and 7 
form of invention by interlocking the sleeve I6 
with the cast iron or aluminum ring 26. The cast 
iron ring has an inturned ?ange 27 forming an 
internal circumferential groove in which is re 
ceived an external ?ange 28 at the lower end of 
the phenolic portion of the sleeve, thus forming 
an interlocking fit. The ring portion 26, 21 of 
the sleeve and phenoliccast portion of the sleeve 
may be secured together by inserting the ring in 
the mold and casting the remainder of the sleeve 
thereto. 
Inasmuch as the entire casing string is inter 

nally ?ush, downward movement of the sleeve 
I6 by hydraulic action after shearing of the screws 
I1 is limited by an inwardly extending, drillable 
stop ring 29 secured at any suitable point below 
the sleeve, as by positioning it between the collar 
I0 and lower casing section ‘I 2. 
The form of invention shown in Figures 8 and 

9 is also similar to Figures 4 ‘and 5. However, 
other features have been added, such as provid 
ing a back pressure valve in the slidable sleeve 
valve I6, which allows the casing string to be 
?oated in the well bore, and also prevents ?uids 
from below the sleeve from passing upwardly 
through it. This back pressure valve consists of 
a ball 30, preferably buoyant in cement slurry, 
movable upwardly to engage a seat 3| in the 



X slurry has been ejected through 

also readily 
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its bore 22 agamstu — / sleeve valve It to close 

ward passage of fluids. yDownward movementof 
the ball 30 is limited by its engagement with 
spaced stop ?ngers 32 extending inwardly from a 
ball stop ring 33 positioned between the cast iron 
shear ring 26 and the remaining phenolic por 
tion of the sleeve Hi. This ring” and its ?ngers 
32 are formed integrally fromv the same material 
as the upper portion of the sleeve, vbut is made 
as a separate unit to permit insertion of the'ball 
30 within the sleeve l6. ' 

Instead ‘of limiting upward movement of the 
sleeve by the engagement of an external phenolic 
resin shoulder with an internal shoulder in the 
collar, as in the Figures 4 and 5 embodiment, the 
greater loads imposed on the sleeve l6 due to'its 
supporting the casing string while the latter is 
being run in the well bore require the vuse of a 
cast iron or‘ aluminum stop ring 34 molded into 
the resin portion of the sleeve and engageable 
with the collar shoulder 25. Stop rings 34 made 
of this material have a greater crushing strength 
than the phenolic material from which the ‘sleeve 
l6 and ball stop ring 33 are made. 

After engagement of the tripping ball 20 with 
the upper seat 2| in the sleeve valve, pressure 
built up in the ?uids thereabove shears the screws 
l1 and shifts the entire internal construction 
downwardly to a position limited by engagement 
of the cast iron or aluminum shear ring 26 with 
a lower casing section l2. Fluids may then be 
displaced through the collar ports I3. Were there 
any tendency for ?uids to pass upwardly into the 
casing below the 
ball 3ll'would'engage its seat 3| to prevent such 
passage, and if the upwardly directed ?uidforces 
were great enough, the back pressureball 30 and 
the upper sleeve valve body would then be moved 
upwardly until the .stop ring 34 engages the col 
lar shoulder 25, preventing further‘ movement 
from occurring. As a result of this upward re 
turn movement of the sleeve valve l6, it would 
again be positioned over the ports l3 and assist 
the ?exible sleeve'valve H on the exterior of the 
collar ill in preventing return passage of ?uids 
through the ports l3 into the casing string. 

In all forms of the invention, after cement 
the ports l3 and 

sleeve valve, the back pressure 
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gible means upon imposing sumcient force on 
said valve. , ' , 

2. Apparatus of the character described, in 
cluding a tubular member having ports adapted 
to form part of a casing string, a sleeve valve 
within said member for controlling passage of 
?uids through said ports, said, sleeve valve being 
made of readily 

‘ ring of less ‘readily drillable material, and releas 

s15 

20 

25 

30 

40 

has set and hardened, a suitable drill bit can be _ 
run“ in the casing and the internal valve mecha 
nism drilled out; This can be done very readily 
in view of the relative predominance of the phe 
nolic casting material from which most of the 
sleeve valve' I6 is made. The cast iron or alumi 
num parts of the sleeve valve construction‘a‘re 

drillable, butnot as easily as the 
remainder of the sleeve valve. As a result, the 
entire portion within the collar is removable much 
.easier and in much less time than would be the 
case were it to be made entirely of cast ‘iron or 
similar materials. - 

We claim: -- . .1. Apparatus of the character described, in 
cluding a tubular member having ports adapted 
to form part of a casing string, a sleeve valve 
within ‘said member-for controlling passage‘ of 
?uids through said ports, said-sleeve valve being 
made ofreadily drillable material and having 

(30 

circumferentially spaced inserts in said material ' 
ofless, readily drillable material, and frangible 
means .‘extending into said member and inserts 
for holding said sleeve valve in position closing 
said ports, said ?rst-mentioned'readily drillable 
material having such 
capable alone of e?ectively dis pting said fran 

characteristics as to be in» 

70 

ytioned readily 

?uids through said ports-said 
made predominantly of readily drillable material ' 4 

'gible. 

able meansron said member cooperable with said 
ring for holding said sleeve valve in a ?xed posi-' 
tion .with respect to said ports, said ?rst-men 

drillable material having such 
characteristics ‘as to be incapable alone of releas 
ing said means upon' subjecting said valve to 
pressure. . 1 ' ~ 

3. Apparatus of the character described, in 
cluding a tubular member having ports adapted 
to form part of a casing string, a sleeve valve 
within said member for controlling passage of 

sleeve valve being 

and secondarily of less readily drillable material, 
frangible means connected to said tubular-‘mem 
her and less readily drillable material for hold 
ing said sleeve valve over said ports, said pre-' 
dominantly readily drillable material having such 
characteristics as to be-‘incapablealone of efe 
fectively disrupting said frangible means upon 
imposing su?icient force on said valve, and co 
operable means on said sleeve valve and member 

of said sleeve 
member in one direction. 

4. Apparatus of the character described, in 
cluding a tubular member having ports adapted 
to form part of a casing string, 

for limiting the extent of movement 
valve within said 

?uids through said ports, said sleeve valvelbeing 
made of readily drillable material and also of a 
ring of less readily drillable material,‘ and fran 

means extending into said member and 
ring for holding said sleeve valve in a position 
closing said ports, said ?rst-mentioned readily 
drillable material having such characteristics as 

- to be incapable alone of effectively disrupting 
said frangible means upon imposing su?lcient 
force on said valve. 

5. Apparatus of the character described, in-_ 
cluding a tubular member having ports adapted 
to form part of a casing string, a sleeve valve 
slidable within said member for controlling pas 
sage of ?uids through said ports, said sleeve valve 
being made of readily drillable 
of a ring at the lower end of such 
readily drillable material, and frangible means 
extending into said member and ring for holding 
said sleeve valve in a position closing said ports, 
said ?rst-mentioned readily drillable material 
having such characteristics as to be incapable 
alone of effectively disrupting said frangible 
means upon imposing su?lcient force on said 
valve. » ‘ 

6. Apparatus of the character described, in, 

material of less 

cluding a tubular member having ports adapted _ 
to .form part of a casing string, a sleeve-valve 
slidable within said member for controlling pas 
sage of ?uids through said ports, said sleeve 
valve being made of readily drillable material and 
also of a ring ‘at the lower endof such material 
of less readily drillable material, frangible means 
extending intosaid member and ring for hold 
ing said sleeve valve in a position closing said 
ports, said?rst-mentloned readily drillable mate 
rial having'su'ch characteristics as to be inca 
pable alone of le?ectively~disrupting saidfran 

drillable material, and also of a 7 

, a sleeve valve 

within said member for controlling passage of‘ 

material and also ‘ 
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gible means upon imposing su?icient force on said 
valve, and means on said sleevevalve engageable 
with said member for limiting movement of said 
sleeve valve within said member in an upward 
direction. ' 

'7. Apparatus of 
cluding a tubular 

terial and secondarily of less readily drillable ma 
terial, frangible means connected to said tubular 
member and less readily drillable material for 
holding said sleeve valve over said ports, said 
predominantly readily drillable material having 
such characteristics as to be incapable alone of 
effectively disrupting said frangible means upon 
imposing su?icient force on said valve, cooper 
able means on said sleeve valve and member for 
limiting the extent of upward movement of said 
sleeve valve Within said 
sure valve means movable upwardly against said 
sleeve valve to close a central passage there through. 

8. Apparatus of the character described, in 
cluding a tubular member having ports adapted 

casing string, a sleeve valve 
within said member for controlling passage of 

' ports, said sleeve valve being 
made of readily drillable material and also of a 
ring at the lower ‘end of such material of less 
readily drillable material, frangible means ex 
tending into said member and ring for holding 
said sleeve valve in a position closing said port's, 

member, and back pres-r 
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said sleeve valve to close a central passage there 
through. ‘ 

9. Apparatus of the character described, in 
cluding a tubular member having ports adapted 
to form part of a casing string, a sleeve valve 
within said member for controlling passage of 
?uids through said ports, and releasable means 
for holding, said sleeve valve in a ?xed position 
with respect to said ports, said sleeve valve com 
prising predominantly readily drillable material 
of such characteristics as to be incapable alone, 
of eifectively releasing said means upon subject 
ing said valve to pressure and secondarily of less 
readily drillable material engaging said means 
and operative to release said means when said 
valve is subjected to sufficient pressure. 

10. Apparatus of the character described, in 
. cluding a tubular member having ports adapted 
to form part of a casing string, a slidable sleeve 
valve within said member for controlling passage 
of ?uid through said ports, and frangible means 
for holding said sleeve valve over said ports, said 
sleeve valve being composed predominantly of 
readily drillable material of such characteristics 
as to be incapable alone of e?'ectively disrupting 
said frangible means upon imposing a longitudi~ 
nal force on said valve and secondarily of less 
readily drillable material connected to said fran 
gible means to e?fect disruption of the latter up 
on longitudinal movement of said sleeve valve. 

11. Apparatus of the character described, in— 
cluding a tubular member having ports adapted 
to form part of a casing string, a sleeve valve 

made predominantly of a comparatively brittle 
synthetic resin, and secondarily of a material that 
is less brittle than said resin, and frangible means 
connected to said tubular member and less brittle 
material for initially holding said sleeve valve 
over said ports. 

CLARENCE E. BURT. 
S. AL'I'HOUSE, JR. 


