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7 Claims. (CL 166—154)

The present invention relates to subsurface well bore
equipment, and more particularly to apparatus especially
useful in cementing well casing, liners, and similar con-
duit strings, in well bores.

An object of the present invention is to provide well
cementing apparatus adapted to form part of a casing
or similar conduit string to be disposed in a well bore,
and- embodying a plurality of shiftable internal sleeve
valves for opening and closing one or more: side ports
in the apparatus, in which the sleeve valves are shiftable
by devices extending inwardly of the casing which can
be readily drilled out after cementing operation has
been completed without requiring the drill bit .to op-
erate upon the sleeve valves themselves, and thereby
potentially disturb the positions to which they have béen
shifted relative to the one or more side ports.

Another object of the invention is to provide well
cementing apparatus of the character indicated, in which

fluid leakage around the sleeve valves is prevented by

sealing devices that are protected during the cement-
ing operation, so as to remain in proper condition for
efficient sealing against one of the sleeve valves to com-
pletely close the one or more side ports.

A further object of the invention is to provide well
cementing apparatus adapted to form part of a casing or
similar conduit string to be disposed in a well bore, and
embodying a plurality of shiftable internal sleeve valves
for opening and closing one or more side parts in the ap-
paratus, one or more of the sleeve valves being held
initially in predetermined positions by shear devices that
do not require the use of holes through the apparatus,
thereby avoiding potential paths of fluid leakage be-
tween the interior and exterior of the apparatus,

An additional object of the invention is to provide
well cementing apparatus adapted to form part of a
casing or similar conduit string to be disposed in a well

bore, and embodying lower and upper shiftable internal
sleeve valves for initially and finally closing side potts:

in the apparatus, in which improved means are provided
for retaining the upper sleeve valve in a closed _position
dcross the side ports.

Yet another object of the invention is to provide well
cementing apparatus adapted to form part of a casing
or similar conduit string to be disposed in a well bore,
and embodying lower and upper shiftable internal sleeve
valves for initially and finally closing the side ports
in the apparatus, the lower and upper sleeve valves being
shiftable by lower and upper plug devices, respectively,
the upper plug and upper sleeve valve being shiftable
to port closing position without the necessity for com-
pressing fluid in the apparatus between them and the
lower sleeve valve and lower plug device.

Still a further object of the invention is to provide
well cementing apparatus adapted to form part of a
casing or similar conduit string to be disposed in a well
bore, and embodying lower and upper shiftable internal
sleeve valves for initially and finally closing the side
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ports in the apparatus, the lower and upper sleeve valves
being shiftable by lower and upper plug devices, re-
spectively, the plug devices fitting within the sleeve valves
in a manner to minimize the possibility of leakage there-
between. S
This invention possesses many other advantages, and
has other objects which may be made more clearly ap-
parent from a consideration of a form in which it may
be embodied. This form is shown in the drawings ac-
companying and forming part of the present specifica-
tion. It will now be described in detail, for the pur-
pose of illustrating the general principles of the inven-
tion; but it is to be understood that such detailed de-
scription 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 combined side elevational and longi-
tudinal section through a ported apparatus, with the ports
initially closed;
Fig. 2 is a longitudinal section through the apparatus
of Fig. 1, with the ports open;
" Fig. 3 is a view similar to Fig. 2, with the parts in a
position preparatory to final reclosing of the ports;
Fig. 4 is a view like Fig. 1, with the ports fully re-
closed;
Fig. 5 is.an enlarged quarter section of the -major
portion of the apparatus in the position shown in Fig, 1;
Fig. 6 is an enlarged cross-section taken along the line-
6—6 in Fig, 1;
Fig. 7.is an enlarged cross-section taken along the line.
7—1 in Fig. 1;
Fig. 8 is an enlarged cross-section taken along the line
8—8 in Fig. 4. .
. The embodiment of the invention disclosed in the.
drawings is essentially a collar A adapted to connect
upper-and lower casing sections B, C of a casing’ string.
in’ spaced relation, the casing string normally extending
to the top of a well bore. The casing string may extend-
a substantial distance below the collar and may have
a shoe (not shown), or the like, at its lower end through
which cement slurry, or other cementitious material, is’
to. be forced for upward bassage around the lower- por-
tion of the casing string toward the collar A itself. The-
collar is initially closed, being: opened when desired to:
permit subsequent ejection of cementitious material, such
as cement slurry, laterally outward for upward passage:
around the casing string, whereupon the collar is re-:
closed and retained in such closed position. After the
cement ejected through the collar A has set and hard-
ened, the portions of the apparatus lying inwardly of-
the internal circumference of the casing string are drilled.
out, to leave an unobstructed passage through the collar
apparatus itself. :
As specifically disclosed in the drawings, the collar
includes an outer tubular member 10 having a lower
threaded box 11 threadedly receiving the upper pin-end:
12 of the lower casing section C. The upper portion 13
of the tubular member is threaded to threadedly receive-
an adapter nut 14 having an internal thread 15 recejv-'
ing the lower pin 16 of the upper casing section B.. In-
advertent loosening of the adapter nut 14 from the tu-’
bular member 19 may be prevented by integrating these
parts, as by use of welding material 17. In addition,
leakage between the adapter nut 14 and the tubular -
member 10 may be prevented by thread seals in the”
form of rubber or rubber-like O rings 18 disposed in-
grooves 19 in the lower portion of the adapter ‘nut and -
bearing against the inner wall 20 of the tubular member
10. ) i : : B
. The tubular member has one or a plurality of circum-*
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'ferentrally spaced srde ports 21 through 1ts wall through 7

which fluid “may pass -when such’ side ports-are i an’
ope‘led ‘condition. . Initially, the side ports are closed by
a lower. internal sleeve valve 22 havrng a cyllndrlcal
periphery 23, the sleeve valve extending across. the side

ports and belng in  sealing engagément with an upper. seal -

ring 24 disposed in an internal groove 25 in the: tubular
member ‘above-the ports 21. The lower portion of the

- lower sleeve 22-.is alsg .in slidable sealrng engagemernt - ‘

“with ‘a lower-seal ring 26 disposed in'd lowér internal
groove 27 in:the- tubular member. 15, prefelaoly closely

‘adjacent the side ports 2. The Tower sleeve is' retained’
mmally in" closéd posrtron across  the side ports 21, and ’

10

s

than the shearing pressure of the shear rmg 28 initially
holdinig  the’ Jower: sleeve valve 22 across the: ports 2L

Such higher shear pressure’.is preferred although it is
not-essential, inasmuch as’ the shéar rings 28,743 are dis-
rupted 1ndependently of ‘one another.

Following opening of the side ‘ports 21 and the pump-
ing :of fluids and other matetials, such as cement slurry,
therethrough, -it s desired to.- close such ports. - Such
closing action'is performed: by an upper slegve valve 45
slidably ‘mounted . within the +ubular’ membeér 16,: and:
preferably. initially:: occupying- a- position 1mmed1ately

" “above the lower. sleeve -valve 22 when' the latter is*in

is- prevented ‘from moving downwardly relative- to the“. ‘

tubular ‘member -16, by a’ split shear rmg 28 which in-

herently tends {o’contract, and which is disposed within:

a lower ‘peripheral recess' 29 in the lower sleeve valve,

the inner surface 30 of the spht ring preferably being’
serrated or” roughened to grip the compamon external -

surface of the lower sleeve valve. - The inner portion 28a

~closed posmon across the side”ports. 21.-

‘In-fact, the
lower end’ of the upper sléeve valve 45 can ‘contact the
upper end: of .the fower sleeve valve: 22, When this oc-:
curs; the periphery of the upper. sléeve valve 45 is:in seal-

" “ing engagement with a seal rmg 46, such as.a rubber or

20

of the split shear ring; when mounted on 'the sleeve valve -

22, has an external diameter no greater than the internal
diameter’ of the tubular member: 10, and: such-inner por-
tion 'is mtegraI with ‘a relatively thin outer portion 285
extending within" an internal -groove 31 in-the tubular

member, the outer portion 285 rmtrally bearing upon the’

lower side 32 of ‘'such groove.

.As explained hereinbelow, the engagement of the rela-

tively- thinouter portron 28b- of the shear ring, which

may be made of cast iron, with the lower side 32 of the

rubber-like - O - ring, disposed .in an internal ‘groove. 47
in-the tubular. member 10. :

The upper portion of the sleeve vaIve 45 has an elon-
gate . perrpheral groove - 48 - therein, in which - a. split
ratchet ring 49 is disposed.- This ratchet ring hascircum-
ferentral tatchet teeth 50 thereon facmg in an upward
drrectron, stich teeth initially engaging the smooth cy- -

; }lmdmcal wall 20 of -the tubular member, when the upper
sleeve valve is in its upper position, such ‘as disclosed in

Figs.. 1 and 5. Such'teeth 50 are adapted to coact with

- internal’ circuniferential ratchet ‘teeth: 51 facing in-a

30

- groove:prevents the lower sleeve valve: 22 from shrftlng -

downwardly along the tubiilar member to a port opening’
posmon Thé shearing of . the outer portion 28b from.
the inner portion 28 permits the lower sleeve valve 22

to-shift: downwardly to & port opening posmon - Such

' shearmg will- occur when a predetermined - downward’

force-is itiiposed on the:lower sleeve valve 22.

For the purpose of shifting the lower sleeve valve: 22

downwardly, a lower shifting sleeve 33 is disposed: there-

_within. The-periphery of ‘this shifting sleeve conformsj &
to the internal diameter of the lower sleeve valve 22; the’
shifting sleeve’ being adapted to-move the’ lower sleeve

valve: 22 downwardly by-virtue “of a split- cast iron: tie" -
ring: 34, mounted inan upper peripheral groove 35 in the -~

shrftmg sleeve, engaging an'upwardly facing shoulder 36

i the lower ‘sleeve valve defining the lower end’ of an
upper counterbore -37 in-the latter.

The-lower” shlftmg'
sleeve has a “central passage 38 therethrough, the “inner:
surface: 39 of the shrfung sleeve being cylindrical from’
its upper end: to- @ - Tegion- adjacent its lower end. ‘Near
its. lower portion’ the shifting' sleeve has-an- inwardly. di--

45

50

rected. flange. 40 defining an upwardly. facing shoulder- 41" -
adapted fo be’engaged by’ a Jower: plug 42  whichis to. .

close the: passage 38 through the shifting sleeve:
such:plug:42.is disposed-within the lower. shifting sleeve

33.in: engagement with its shoulder or flarige 41, the pres-

sure of ‘the fluid in the casing may be:increased: to an ex-
tent sufficient to shear the inner portion 284 of:the shear

ring: 28 from -its-outer’ portron 28b, the plug 42; lower,
shiftinig sléeve 33, and. Tower sleeve valve 22 then being’

moved downwardly, to opefr:the side ports 21, the extent
of downward- movement being at first limited by engage-
ment. of the. lower sleeve valve with 4 split stop-'and

shear ring 43 disposed: within an internal groove. 44 m’_

. _the tubular member 19, =~ Such-stop rmg is located in:a
position to arrest the lower sleeve Valve:22; with its'upper
end disposed below; the side: ports 21 bue wnh the sleeve

When'

60

~bular miember.,

downward direction’ within the tubular member and be-

_low its cyhndrrcal portion 20, when the upper. sleeve

valve 45 is shifted’ downwardly to port. closing posmon,
as’ “described” hert 'nafter, the ‘ratchet ring 49 preventing

feturn upward’ movement of the upper sleeve valve 45
fiom the downward position to which' it lias been shifted.

The xalche ring 49 ‘has” longrtudmally spaced cam sur-
faces 52 tapermg in an upward and inward: dlrectron co-

’actmg with' compamon cam surfaces 53 on the ‘upper

sleeve’ valve 45, so that the. tendency of the upper sleeve
valve 45 to shrft upwardly relative to the ratchet ring 49
forces the lafter: outwardly to hold its ‘teeth 50 firmly’
meshed with, the. companion " ratchet teeth 51 “of ‘the tu-
However, the sleeve valve 45 can move
downwardly, carrying the ratchet sleeve 49 along w1th ity

the: ‘Iatter ratcheting freely over the interfial ratchet:teeth
-510f the tubular’ member, in the manner ‘described here-

inafter.
"For the purpose of shlftmg the: upper sleeVe valve 45:

'downwardly to port closing posrtron, an- upper shrftmg L

sleeve 54 fits  smugly *within the: upper “sleeve- valve 45;.

‘haviag: an external drameter correspondmg to the inter-

nal.-diameter of the upper’ ‘sleeve valve. The upper head’
portion 557 of this shifting sleeve’ 54 extends outwardly
across the’ upper: end-of the upper sleeve: valve, 415 to:

o provrde 4 downwardly facing’ shoulder. 56 engaging the
upper “end of the upper sleeve valve.

Downward shrft-‘.
ing, of the- shlftmg sleeve 54 and- the upper sleeve 45 is:
at fitst prevented by an upper shear . ring” 57 disposed.

within' @ peripheral groove 58 in the shifting sleeve: head’
and .defined-between said head and thie upper ‘end of the’
upper sléeve valve 45. This ring- 57:is 'split, to enable..
it to'be. mounted wrthm thie groove. 58, and has_its: inner -

‘portlon 574 with a-diameter no. greater. than. the internal -

E 'dlameter of the tubular’ member wall 20. ~An outer por-

valve: itself. still: covering ‘the- lower seal ring 26. By .
virtue of this arrangement; any fluids-or fluent’ matenals'

that are pumped through the side: ports 21 cannot act”

uipon -the séal-ring 26 and possibly damage it or flush' it

out of the groove 27, whereupon it would-be unavailable.
- for: subsequent sealing purposes.. The:stop ring:43 is also’ '
a-shear-ring, ‘and is preferably of such thickness and type:
of material as to:shear at-a: substantially higher presgure.

70°

tior 574 i mtegral therewith, which"is relatrvely thin

1 and ‘which:is disposed’ within an 1nternal clrcumferentxal

groove 59 in the tubular member 10. Thxs outer por-
tion“*57b is: adapted to- engage the lower srde 60-of the.
mternal groove and can be sheared from the- inner-por-

tion 574 when 4. sufficient downward force is “imposed:

on the upper. slnftmg sleeve 54, whlch will then allow

...the shifting sleeve' 54, inner portlon 874 of the shear

(e}

““'ring, and. upper sleeve valve 45 to. move. downwardly
.- within the; tibular ‘member .10. Preferably, a dirt or:
sand-‘seal 61 in: the . Aform of ‘a: Tubber or rubber—llke'

0 rmg, is: dlsposed 0. an’ mtemal grOOVE: 62 m the’
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tubular member 10 to seahngly -engage the periphery of
the head 55, to prevent foreign materials from possibly
being depos1ted around the head, which might bind it
and interfere with its downward movement. To equalize
the pressures internally and externally of the shifting
sleeve 54, so as to avoid any pressure differentials there-
across that might tend to deform the sleeve, a bleeder
hole 63 is provided through the shifting sleeve immedi-
ately below the head 55, which establishes communica-
tion between the ‘internal and external surfaces of the
shifting sleeve.

- The upper shlftmg sleeve 54 has a central passage 64
therethrough, the inner wall of the upper shifting sleeve
having two main internal diameters 65, 66, the lower
diameter 66 being greater than the internal diameter 39
through the lower shifting sleeve 33. The upper shlftmg
sleeve has an upper internal diameter 65 which is sub-
stantially greater than the lower internal diameter 66,
to provide an upwardly facing shoulder or seat 67 in
the upper shifting sleeve for the reception of an upper
plug 68, such as a top cementing plug, which is adapted
to seat within the upper shifting sleeve 54 and enable
pressure to be applied to the fluid in the casing string
thereabove of sufficient value to shear the outer shearing
portion 575 of ring 57 from the inner shearing poruon
57a and shift the upper shifting sleeve 54 and the upper
sleeve vilve 45 downwardly within the tubular member
10 to a position in which the upper sleeve valve is dis-
posed completely. across the side ports 21, to closé the
same. Actually, the downward shifting will at first occur
only to the extenf at which the upper sleeve valve 45
éngages the upper-end of the lower sleeve valve 22, after
the Jatter has been shifted to port opening position, rest-
ing upon the lower split stop and shear ring 43. When
this occurs, the subjecting of the fluid in the well casing
to ‘a still higher pressure will cause the upper or top
cementing plug 68, upper shifting sleeve 54, and upper
sleeve valve 45 to exert a downward force on the split
stop and shear ring 43, through the agency of the lower
sleeve valve 22, shearing the ring 43, which will allow
the entire mechanism within the tubular member to shift
downwardly as a unit to the extent limited by engage-
ment of the lower sleeve valve 22 with an inwardly
directed shoulder 7€ provided in the lower portion of
the tubular member 10, or limited by engagement of the
sheared ring 43 with such shoulder, with the lower sleeve

valve 22 resting théreon.

When the parts are in this latter posmon, the upper
sleeve 45 is disposed -across-the ports 21 in engagement
with both the upper and the lower seals 24, 26, insuring
against leakage of fluid- through the side ports 21, and
with the ratchet ring 49 engaging the companion teeth
51 in the tubular member to prevent upward or return
‘movement of the upper sleeve valve. Thus, the upper
sleeve valve 45 cannot be shifted upwardly to port open-
ing position, its downward movement being prevented
by engagement with the lower sleeve valve 22 and the
engagement of the latter with the sheared ring 43, which
is, in turn, resting upon the upwardly directed shoulder
‘76 of the tubular member 18, . )

In order to minimize frictional resistance to movement
-of the lower sleeve valve 22 in a downward direction,
the portion 71 of the tubular member 18 below the
groove 31 receiving the shear ring 28.is recessed or en-
larged in diameter along a substantial portion of its
length and above the location of the stop and shear ring
43,. so that the surface of contact between the lower
sléeve valve 22 and tubular member 10 will be substan-
‘tially decreased during its downward movement. Sim-
dlarly, another enlarged circumferential recess 72 is pro-
vided in the tubular member below the location of the
stop and shear ring 43, enabling the lower sleeve to shift
-downwardly with a lesser frictional resistance to move-
ment. As the inner portion 284 of the lower shear ring
*28 comes opposite the recessed portions 71 or 72 of the
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'pamon groove 31 in the tubular member.

6

-member 18, it will remain adhered to thé lower slééve

valve 22, in view of the fact that the split shear ring 28
is inherently contractible and tends to grip the base of
the recessed portion 29 of the lower sleeve. valve, the
orlppmg action being enhanced by the serrating or rough-
ening of the surface 30 of the split ring.

The upper and lower sleeve valves 45, 22 are made
of steel, to remain permanently in the tubular member
16. Their internal diameters are no less than and pref-
erably greater than the internal diameter through the
casing string B, C.. However, the upper and lower shift-
ing sleeves 54, 33 have internal diameters substantially
less than the normal internal diameter through the cas-
ing sections themselves, extending inwardly thereof to
some extent. This is particularly true of the smaller-
internal diameter portions 66, 39, 40 of the upper shift-
ing sleeve 54 and of the lower shifting sleeve 33. The
shifting sleeves are preferably made of readily drillable
material, such as magnesium, aluminum or cast iron, in
order that such portions may be disintegrated- and flushed
from the well casing by a drill bit (not shown) after
the cementing operation has been completed, including
the operation of shifting the upper sleeve 45 to a fully
closed position across the side ports 21, and the harden-
ing of the cement slurry pumped through the side ports.

To facilitate the drilling out of the shiftable sleeves 54,
33, their rotation is prevented. Thus, the lower portion
of the lower shifting sleeve 33 has an cutwardly extend-
ing flange 80 and a plurality of circumferentially spaced

‘radial slots 81 providing ligs 82 adapted to engage com=

panion keys 83 received in longitudinal - keyways 84 in
the tubular member, the: keys being brazed within such
keyways and extending upwardly above the shoulder 70
of the tubular member, Such-engagement will key or
lock the lower shifting sleeve 33 to the tubilar member
against rotation. Similarly, the lower portion ‘of ‘the
uppper shifting sleeve 54 is providéd with circumferential
radial slots 85 thereacross adapted to receive upwardly
extending lugs or keys.86 provided at the upper portion
of the lower shifting sleeve 33. - When the lower shifting
sleeve 33 and lower sleeve valve 22 occupy their lower-
most position in the tubular member, with the lugs 82 in
engagement with the keys 83 fixed to the tubular member,

‘and following the shifting of the upper shifting sleeve 54

and upper sleeve valve member 45 to their final loweér
position, the upper lugs or keys 86 of the lower shifting
sleeve will be received in the slots 85 in tha upper shift-

ing sleeve 54, the lower shifting sleeve thereby preventing

rotation of the upper shifting sleeve. In' this manner,
both shifting sleeves 54, 33 are prevented from rotating,
allowing a drill bit to turn relatlve to them and eﬂect thelr

<ready disintegration.

- In the use of the apparatus A, 1t is connected at' the
proper location in the casing strmg, attaching the upper
and lower casing sections B, C in spaced relation. .. In-
itially, the upper sleeve valve 45 and uvpper shifting sleeve
54 occupy their uppermost posmons with. the upper shear

ring 57 disposed in the companion groove 59 in the tubu-

lar member 10, the lower shlftmg sleeve 33 and lower
sleeve valve 22 being dlsposed in their uppermost posi-
tions, with the lower shear ring 28 disposed in its com-
At this. ume,
the stop and shear ring 43 is intact within ‘its groove 44
in the tubular member (Figs. 1 and 5). The string of well
casing is run in the well bore to the desired setting. _point,
after which it is usual to properly condition the well and
then pump a first charge of cement slurry down the cas-
ing string, such cement slurry and cementing plugs, if
such are used, passing through the. _passages 64, 38 in the
shifting sIeeves 54, 33 without moving the latter, and .the
cement slurry being dlscharged through the casing shoe,
or other point in the casing string below the collar A.
‘The cement slurry will pass upwardly arcund the casing
‘string toward the collar, and may, in fact, rise above. the
closed side ports 21 in the tubular member,
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. -Following the puﬁlping‘of the cement slurry out of the. -

casing to perform the lower :cementing operation, a Ce-
menting plug 42, -or fripping member, is dropped -down
the casing string, ‘gravitating through the fluid in the well
casing and passing freely-through the upper shifting-sleeve
54, coming to. rest upon the shoulder. 41 -of the lower
shifting -sleeve -33.:and in:sealing -engagement therewith:
The ipressure ‘of the fiiid in-the well-casing-can new be

sncreased, ssuch préssure sacting upon the:lower-plug-42,
lower shifting sleeve 33,’and lower sleeve 22, and when it

rédches a sufficient value to shear ‘the inner -portion 28«
of the ‘lower ‘shear ring .28 from its outer portion 285,

the tower plug, tower -shifting. sleeve . and -lower sleeve.”

valve are-moved downwardly to the extent limited by en-

gagement. 6f the inner portion 28a of the lower shear ring - '

28 “with the split 'stop and.shear ring 43 (Fig. 2). At

this timie, the side ports. 21 will be open, ‘with the upper :

end ‘of ‘the ‘sleeve: valve 22 disposed therebelow -and: with
its upper ;portion still. disposed across the lower seal ring
24 ‘to protect the same.

.. Circulating fluid may now be pumped down the casing
string, passing outwardly through the open side ports 21
to :wash -any cément slurry- therearound from-the. lower
‘ stage ‘cementing -operation. upwardly- toward- the top of

the well bore.. Afterthe-well bore has been properly con- -2

_ditioned, ‘the required cliarge of cemeént slurry.is pumped
‘down ‘the casing, passing out through the :side ports.21
and then upwardly around the casing string: - Such charge
‘of .cement slurry usually carries a- top. cementing plug 68

-atits upper end to separate it from the displacement fluid-30

thereabove, ‘this cementing plug béing appropriately ‘di-
prensioned ‘as-to pass within the upper shifting sleeve 54

id comingz to rest-upon: the shoulder 67 of said shifting.

-gleéve, with appropriate seals 90 engaging the inner wall

-65.of the shifting sleeve to fully close the passage 64 there- -

" through. © With the plug 68 engaging the :shoulder 67,
the :pressure of -the fluid above-the plug ‘can.be increased,
this jpressure ‘being ‘exerted -downwardly on the-plug,.as

well as on the upper shifting sle¢ve 54, When it-reaches’

- valie ‘exceeding the shear strength of ‘the:outer portion
57b .of ithe’ upper shear ring 57, the outer- portion- is
sheared from the inner portion-57a, whereupon the upper
cementing -plag 68, upper-shifting sleeve 54 and upper

sleeve value ‘45 will: move ' downwardly to the extent

- {imited by engagement of the upper sleeve valve 45 with
the Tower-sleeve valve 22 (Fig. 3). During this time, the
satchet ring 49:can ratchet freely in a-downward direction

cover the ratchet:teeth 51 of the tubular member 10. - After .

the ‘uppersleeve valve 45 engages the Iower sleeve valve
22, ‘athe fluid ;pressure-is.increased until the shear strength
of ‘the stop-ring 43 is exceeded, which shears the inner

portion of the latter from its outer portion, ‘allowing the -

upper plug 68, upper shifting sleeve 54; and upper sleeve
‘valve 45 to-move downwardly as a-unit, pushing the lower

plug 42, Jower:shifting sléeve 33, and lower sleeve valve -
22-ahéad ‘of -it ‘until - the lower ‘sleeve valve 22 engages.
the inner portion. of the split-shear ring 43, which is-now ..

resting upon’ the tubular-meniber ‘shoulder 70, with the
Tigs 82 in a position to-engage the teeth or keys 83." At

this time “also, ‘the upper lugs or ‘keys 86 of the lower

‘shifting sleeve are received within the radial ‘slots 85 in
the “upper “shifting sleeve 54 to engage the latter sleeve
‘and prevent its rotation (Fig. 5).

_During ‘the downward movement of the various -ele-
“trgnts in the tubulir tietiber 10 to. their final position,
‘the tipper. sléeve Valve 45 ‘moves completely across the
“gide ports 21 and ‘across the lower seal ring 26, being
$imultaneously engaged with the §eal rings 24, 26 on op-
“posite sidés ‘of ‘the side ports, préventing. leakage between
“thee ‘tubular member 10 and the upper slecve valve 45 in
‘both fongitudinal diréctions. The ratchet ring 49 tatchéts
freely over the ‘téeth 51 of ‘the tubular member during
‘thie downward shifting of the upper sleéve valve 45 to its

" firial Position. However, such ratchet ring will prevent 5
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“uponthéem.

<

upward of return movement of the sleeve 45 from its
closed position completely dcross. the side ports 21. :
 Following the hardening of ‘the cement that has been
forced out through the side ports. 21, the portions of :the
apparatus extending inwardly of “the- casing -string - may

" be disintegrated :by a drill bit.- To Tacilitate this opera-

tion, .the upper and -lower cementing plugs 68, 42 are
preferably .made .of :readily  drillable. material, and this
factor, coupled with the .making of :the upper ‘and:lower
shifting .sleeves 54,33 of readily drillable material, .en-
ables the drill bit to’ disintegrate substantially all of the
mechanism inwardly.of the apper andrl'owcr ‘sleeve valves
45,22, to leave-the well: casing in a free and unobstructed

> condition. - The engagement: of the lugs 82 ‘with the keys -

83 prevents rotation of the lower shifting sleeve 33, where-
as the .engagement of ‘the upper -lugs:or keys:86 with the
upper- shifting sleeve .54 prevents ‘rotation of ‘the latter

- under the action of the_drill bit;:so as:not to impede the
““progress of the latter in disintégrating the internal mecha-

nism.. The internal diameters of the upper: and-lower
sleevé valves 45, 22, however; are-such as to be substan-
tially untouched by thedrill bit, “which cannot-operate

It is to be noted that the upper sleeve valve 45 en-

5 gages the lower sleeve valve 22 before the upper sleeve

valve moves into sealing relation to the lower. seal ring

'26, and that the -upper sleeve valve 45 and lower sleeve

valve 22, togethier with the.shifting sleeves 54,:22 and the
plugs 68, 42 within" the laiter, ' move downwardly -asa
unit. as" the ‘upper ‘sleeve valve 45-is being shifted to .its.

" final, closed position across the side ports 21. Any liquid" -
* ‘or fluid entrapped within ‘the ‘sleeves .and between the

upper and lower cementing plugs -68, 42 are, therefore,
moved downwardly as‘a unit with the downwardly move-
ing parts within:the tubular member 10, avoiding. the

“necessity - for compressing ‘suchmass of -liquid; or fluid:

Ordinarily, the fluid:inthe ‘wall casing below the lower

-plug 42 and lower sleeve valve 22-must be: compressed

to .some extent, but, usually, the. length “of the fluid
column in the apparatus below the apparatus A is so great

" that the required amount of compression can occur with-
-out difficulty-and without requiring substantial pressures

for the downward. shifting. of the ‘sleeves 45, 22 to their
final .positions.” It is, accordingly, evident that by stop-
ping the lower sleeve valve 22 in-an intermediate .port
opening position, and ‘then. shifting it -downwardly to.its
final position:under ‘the action of .the upper.sleeve valve
45, the necessity for shifting the upper sleeve valve toward -
the lower sleeve valve is -avoided, which also obviates
the necessity for compressing any ‘trapped fluid -between

“the upper-and lower plugs 68, 42.

_'The shoulders 67, 41.on which the upper. and-lower
plugs 68, 42 come to rest are disposed:a substantial dis-

‘tance below-the upper ends of the upper-and lower -shift-
ing sleéves 54,33, and the -inner walls 65,°39° of .the

shifting sleeves above the shoulders are cylindrical, which

insures appropriate sealing engagement:of the sealing de-

vices of the plugs against such wall.- The sealing devices
ordinarily engage the shifting sleeves.54, 33 .substantially
below their upper ends, insuring-a-coaxial position of the
plugs 68, 42 in the sleeves -and their appropriate sealing
engagement with the inner ‘walls 65, 39 of the shifting
slegves. . S :

By virtue -of the -ratchet arrangement:disclosed, «it is
not:essential that the-upper sleeve valve be shifted .down-
wardly to the maximum:extent. - If, for some reason; the
upper sleeve .valve 45 cannot be shifted.downwardly: to

-such ‘a “‘maximum extent, it will sstill remain in closed "
:position across the side:ports.21, .insealing engagement

with both the upper:and-lower seals:24, 26, the ratchet

- .1ing 49.preventing-upward-or  return :movement ‘of ‘the

upper: sleeve valve 45 from the lowermost:position.to
which- it may -have-been shifted, although:such lowermost
_position- is.not the-maximum position to ‘which it could

“be -shifted within the design ‘limits .of .the apparatus.
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Whatever the. final position of rest of the upper sieeve
valve 45, it will completely close the side ports 21 and
prevent leakage therethrough, so long as it simultaneoiis-
1y engages the seals 24, 26 on opposite sides of the- side
ports.

The shear rmg arrangement 28, 57 employed in the
present case avoids the -necessity for providing threaded
holes, or the like, in the tubular member 10, such as
occurs when shear pins or shear screws are used. . Such
holes are sometimes the sotirce of undesired fluid leak-
age between the interior and exterior of the casing dur-
ing the life of the well.” The only passages provided
through the tubular member with the present cementing
apparatus are the side ports 21 themselves, and’ these
are completely and permanently closed by the upper
sleeve valve 45 ‘at the 'end of the well cementing opera-
tion. ,

The inventor claims:

1. In apparatus of the character described: a tubular
member adapted to form part of a conduit string to be
disposed in & well bore, said member having a side port; a
lower sleeve valve member in said tubular member; re-
leasable means initially retaining said lower sleeve valve
member across said port to close the same, said valve
member, when released, being slidable downwardly to
port opening position; seal means on said tubular mem-
ber below said port and engaging said.valve member; an
upper sleeve valve member in said tubular member; re-
leasable means initially retaining said upper sleeve valve

member above said port, said upper sleeve valve member, &

when released, being slidable downwardly to a position
across said port and said seal means; releasable stop means
engageable by said lower valve member to limit its down-
ward movement to a position in which said port is open
and said lower valve member remains engaged with said
seal means; said lower valve member being shiftable
below said seal means and said upper valve member be-
ing movable to close said port and into sealing engage-
ment with said seal means upon release of said stop
means.

2. In apparatus of the character described: a tubular
member adapted to form part of a conduit string to be
disposed in a well bore, said member having a side port;
a lower sleeve valve member in said tubular member;
releasable means initially retaining said lower sleeve valve
member across said port to close the same, said valve
member, when released, being slidable downwardly to
port opening position; seal means on said tubular mem-
ber below said port and engaging said valve member; e~
leasable stop means engageable by said valve member
to limit its downward movement to a posxtlon in which
said port is open and said valve member remains engaged
with said seal means; an upper sleeve valve member in
said tubular member; releasable means initially retajning
said upper sleeve valve member above said port, said up-
per sleeve valve member, when released, being slidable
downwardly into engagement with said lower valve mem-
ber when said lower valve member is in engagement with
said stop means; and means for imposing a downward
force on said upper valve member and through said lower
valve member to release said releasable stop means and
shift said lower valve member below said seal means and
to shift said upper valve member into sealing engage-
ment - with said seal means to close said port.

3. In apparatus of the character described: a tubular
member adapted to form part of a conduit string to be
disposed in a well bore, said member having a side port;

a lower sleeve valve member in said tubular member;’

releasable means initially retaining said lower sleeve valve
member across said port to close the same, said valve
member, when released, being slidable downwardly to
port opening position; seal means on said tubular member
below said port and engagmg said valve member; an
upper sleeve valve member in said tubular member; re-
Jeasable means initially retaining said upper sleeve valve

10

member abové said port said upner sleévé valve membet,
when released, being slidable downwardly to a position
across said port and seal means; frangible stop means
engageable by said lower valve memiber to limit its down-
ward movement to a position in which said port is open
and said lower valve member remains engaged with said
seal means; and means for exerting a downward force
on said upper and lower valve members to disrupt said

. frangible stop means and shift said lower valve member

10

below said seal means and to move said upper valve mem-

- ber into sealing engagement with said seal means to
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close said port.. .
4,-In apparatus of the character described: a tubular

. member adapted to form part of a conduit string to be

disposed in a well bore, said member having a side port;
a ‘lower sleeve valve member in said tubular member;
releasable means initially retaining said lower sleeve valve
member across said port to close the same, said. valve
member, when released, being slidable downwardly to
port opening position; seal means on said tubular mem-
ber below said port and. engagmg said valve meémber; an
upper sleeve valve member in said tubular member; re-
leasable means initially retaining said upper sleeve valve
member above said port, said upper sleeve valve member,
when released, being slidable downwardly to a posmon
across said port and said seal means; a- frangible ring
secured to said tubular member and engageable by said
lower valve member to limit its downward movement to
a position in which said port is open and said lower valve
member remains engaged with said seal means; and means
for exerting a downward force on said upper and lower
valve members to disrupt said frangible ring and shift
said lower valve member below said seal means and to
move said upper valve member -into sealing engagement
with said seal means to close said port.

5. In apparatus of the character described: a tubular
member adapted to form part of a conduit string to be
disposed in a well bore, said member having a side port;
a lower sleeve valve member in said tubular member; a
first frangible ring engaging said valve member and
tubular member to locate said valve member across said
port to close the same; seal means on said tubular member
below said port and engaging said valve member; a
second frangible ring secured to said tubular member and -
engageable with said valve member to limit its downward
movement to a position in which said port is open and
said valve member remains engaged with said seal means;
an upper sleeve valve member in said tubular member; a
third frangible ring engaging said upper valve mémber
and tubular member to locate said upper valve member
above said port; means for imposing a downward force
on said lower valve member to disrupt said first frangible
ring and shift said lower valve member downwardly
into engagement with said second frangible ring; and
means for exerting a downward force on said upper valve
member to disrupt said third frangible ring and shift said
upper valve member to a position across said port and
in engagement with said lower valve member, said last-
mentioned means being adapted to then exert a downward
force on said upper and lower valve members to dlsrupt
said second frangible ring and shift said lower valve
member below said seal means and move said upper
valve member into sealing engagement with said seal
means to close said port.

6. In apparatus of the character described: a tubular
member adapted to form part of a conduit string to be
disposed in a well bore, said member having a side port;
a lower sleeve valve member in said tubular member dis-
posed initially across said port.to close the same; a readily
drillable lower shifting sleeve within and coupled to said
sleeve valve, said lower shifting sleeve having a substan-
tially cylindrical central bore terminating at an inwardly
directed shoulder against which a plug can seat to close
the passage through said shifting sleeve; an upper sleeve
valve member in said tubular member disposed initially
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" central bore terminatiﬂg at an inwardly directed shoulder

‘within and coupled to said upper sleeve valve, said upper. .

-$hifting §leeve ‘having a substantially. cylindrical central
bore terminating at an inwardly directed shoulder against
which 2 plug can seat to close the passage through.said
upper shifting sleeve, the passage through said.upper
shifting sleeve having -2 minimum diameter Which_is no
smaller than the diamefer of the central bore throtigh said
lower shiffing sleeve.- . L SR

7. In.apparatus-ef.the character fdéégﬁhed:;gi ‘tibular

 against which-a plug can seat'to close the ‘passage through
_said upper:shifting ‘sleeve, ‘the passage ‘through sdit upper

- shifting Sleeve ‘having a minimum diameter which s ‘o

5
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member adapted-to form part of .a conduit stfingto be -

disposed in"a well bore, ‘said member having a side port;

.a lower sleeve valve member in said tubular, member dis--

posed ‘initially :across said: port to close the sapie; 3.1éad-
ily drillable lower shifting.sleeve within and coupled to
said sleeve valve, said lower shifting sleeve Thaving a.sub-

15

stantially «cylindrical central bore -terminating at an_in-" -

wardly directed shoulder .against which a plug can.seat

1o close- the,passage through said shifting sleeve; an upper:

§leeve valve member in said tubular member : disposed
initially above-said port; a readily drillable uppershifting
sleeve wifhin-and coupled to said upper sleeve valve, said
upper shifting sleeve having a substantially . cylindrical

smaller than the diameter of the central bore through-said
lower shifting sleeve; said lower shifting sleeve: extend-

-ing along “substantially “the “entire length “of ‘said lower

sleeve “valve,”the ‘shoulder ‘theréin “being .disposed in ‘the
lower pottion ‘of -said “lower: shifting ‘sleeve; said . upper

shifting ‘sfeeve extending along substantially the -entiré

length of said upper sietve valve, the “shodlder “in-said
upper. shifting sleeve being. dispoysed in ‘the lower ‘portion
thereof. oo e o
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