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Patented Jan. 27, 1948

2,435,016

UNITED STATES PATENT OFFICE

...Charles A. Pitts, Duncan, Okla., assignor to Halli-
. burton Oil Well Cementing Company, Duncan,

- 0Okla.

;- Application:June 5, 1944, Serial No.-538;848
(C1,°166-~1)

-3 Claims.
.1 _
This invention trelates to the .cementing -of .0il
wells and more particularly to.an.arrangement
for cementing leng strings of .casing d4n.stages
so that the.cement which fills.the annular.space
around the casing may. be supplied thereto with-
out all of it passing-around the bottom .of: the
casing. The multiple .stage cementing of wells is
now well known .to. those .skilled..in. -the.. art.
Methods and apparatus for. accomplishing this
are disclosed in the United .States. patent..to
Halliburton, Reissue . No. . 19,570, ;granted.:May
14,°1935,
In the multiple stage.cementing of wells, a
valve structure, usually called the multiple stage

unit, is made up. with the .casing... The.2rrange- .

ment. is such that, at the. proper time, the valve
in the umnit is opened so that.cement .can. flow
outwardly therethrough .into. the annular space
around the casing. The valve may be a.sleave
valve, as it is in_the above.mentioned. reissue
batent to Halliburton, and. the sleeve.may -be
moved to,open position by -one of the.cementing
plugs used in the cementing .operation.

It is very important in carrying.on multiple
stage cementing operations, to. . hrovide. some
means for sealing the ports.in the, multiple stage
unit after the cement is.discharged therethrgugh.
In the reissue patent to Halliburton,cited.above,
poppet valves actuated by leaf springs are.pro-
vided on the outside of the unit to accomplish
this purpose.” Another.type of valve, also.spring
actuated, is -disclosed in.the patent- to..Owsley
et al,, No. 2,201,299, granted May .21, 1940.. The
use of springs for. actuating. poppet: .valves .or
other valves on the outside .of the multiple. stage,
unit is not entirely satisfactory. . There is.danger
that the springs may be broken..or.the valves
damaged as the casing. is:lowered into the well,
and there is danger. that. some.obstruction may

lodge in the ports and:-prevent the valves.seating.

properly. - If .the-valves.do.not-seat preperly, -after
the .well is-completed water may:seep -along ithe
cement: and..enter the:casingsthrough-the ports
of .the multiple stage:unit. :<Some operators-pre-
fer-to pump the:cement aroundthe entire string
of -casing rather-than usethe multiple stage:ce-
menting. -process-because ‘of* the -dangers  men-
tioned -above.

It is an object of the present invention-to pro-
vide -a- multiple-'stage -cementing unit in-which
sleeve -valves -are-provided bothfor gpening and
for closing -the -ports-through which the .cement
is discharged and in which the sleeves.are posi-
tively actuated by the.cementing.plugs, used .in,
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t2
carrying on.the multiple stage cementing opera-
tion.

Other objects and.-advantages reside .in certain
novel features.of the arrangement and.construc-
tion of parts, as will be apparent from the follow-
ing description taken in.connection-with the.ac-
companying drawings, in which
. Figure 1 is a vertical cross-sectional view of an
oil well with casing therein, the casing being pro-
vided with a multiple stage cementing unit. con-
structed in accordance.with the principles of the
invention, the view. also showing a body of cement
being pumped into the casing with two .cement-
ing plugs capable of cooperating with the mul-
tiple stage cementing unit to actuate the same;

“Figure.2 is an.enlarged vertical cross-sectional
view of the multiple stage cementing unit of Fig-
ure 1 and_ illustrating the. position of the parts
before either of the plugs .enters the ‘multiple
stage unit; .

Figure 3'is g transverse cross-sectional view’ of
the multiple stage unit taken on the line 3—3
of Figure 2;

Figure 4 s a vertical cross-sectional. view of

the multiple stage unit’ of Figure 2, showing the
position of the parts after .the first or lower
cementing plug has performed.its function in the
multiple’ stage unit but. prior to. the time that
the second or upper cementing plug has reached
the unit, this view illustrating the position .of the
parts-as-cement is being discharged. through the
ports of the multiple stage unit; and
—Figure ‘5 is a vertical cross-sectional view of
the-multiple -stage  unit of Figures 2 and 4 and
illustrating the position of the parts after both
cementing -plugs have performed their function
in the multiple stage -unit and showing the posi-
tion ‘of the parts as they exist after the cement
has been discharged from the multiple stage unit.
~Referting -to the drawings in ‘detail, and first
to the -arrangement of Figure 1, it will be seen
that a bore hole is there illustrated at 11. With-
in:'the hole there is a casing 12 in which is in-
corporated a multiple stage unit consfructed in
accordance with the principles of the present in-
vention, together -with g guide shoe 13, and a
float -valve 14,

~“The :multiple stage unit is shown in detail in
PFigures 2 to 5. It includes an elongated collar
£5,-internally threaded at:its upper end, as illus-
trated at 16;-to-make-connection with the casing,
and internally-threaded at-its lower end, as illus-
trated .at 17,.to make connection with a short
coupling 18, which-is screw threaded-into-one-of
the regular collars .19 :of .thecasing. It will be
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seen that in the arrangement illustrated the in-
ternal diameter of the coupling {8 is the same
as the internal diameter of the casing, and that
the outer diameter of the elongated collar 15 of
the multiple stage unit is somewhat greater than
the outer diameter of the regular casing col-
lars 19,

The elongated collar 15 is provided with ce-
ment discharge ports 2i, Sleeves are provided
on the interior of the collar (5 for controlling
the passage of the fluid through these ports. The
lower of these sleeves is designated 22, and when
the device is made up with the casing and low-
ered into the well this sleeve covers the ports
and prevents the passage of fluid therethrough.
The sleeve 22 may be held in the position shown
in Figure 2 by three shear pins 23 in the collar

15 as illustrated in Pigure 3. It may also be pro--

vided with three vertically extended guide slots
24 to cooperate with the guide pins 25 in the col-
lar 18. At its lower end the sleeve 22 is provided
with a ring 26 made of drillable material such as
“Bakelite,” this being positively.secured to the
sleeve 22 by an annular nut 27. The inner sur-
face of the ring 26 is tapered to provide a seat
as illustrated at 28. The bottom edge of the
sleeve 22 is provided with a slot 28 while the top
edge of the coupling 18 is provided with a Tug
30 so that when the sleeve 29 is moved down-
wardly to the position shown in PFigures 4 and 5,
the sleeve 22 cannot then be rotated with respect
to the casing even though the guide pins 25
should shear, It will be seen that the outer sur-
face of the sleeve 20 is eylindrical and that it
fits snugly within the collar 15. Two packing
glands are provided on the cutside of the sleeve
22, those near the top being designated 31 and
the lower ones being designated 32. Thus, when
the sleeve 22 is in the position shown in Figure
2, an effective seal is maintained to prevent the
passage of fluid through the ports 21, and when
the sleeve 22 is in the position shown in Figure 5,
there can be no flow of fluid between the sleeve
22 and the collar 5 at a point beneath the ports
2f.

The interior of the sleeve 22 may be provided
with a tapered surface as illustrated at 33. Above
the taper additional packing is provided as illus-
trated at 34, for the purpose of effecting a seal
with the skirt of the upper sleeve 35 of the multi-
rle stage ynit. -

The upver sleeve 35 is he'd in the position
shown in Figure 2, while the multiple stage umit
is made up with the casing and lowered into the
well, by means of one or more shear pins 36.
This sleeve may be provided with a guide slot
37 cooperating with a guide pin 28 fixed to the
collar 5. The main porition 39 of the upper
sleeve 35 is of the same outside diameter as that
of the lower sleeve 22, At its upper portion,
however, the sleeve 25 is of reduced outside diam-
eter and is provided at its upper end with a split
latch ring 40. It will be seen that the collar {5
has two diameters. As shown in Figure 2, the
upper portion of the collar 15 has an internal
diameter the same size as the outside diameter
of the upper portion of the sleeve 35, but from
& point just above the pin 28 on down, the inside
diameter of the collar 15 is slightly larger. This
provides a shoulder 41 inside the collar (5. Whean
the sleeve 35 is moved downwardly to the posi-
tion shown in Figure 5 the latch ring 48 expands
beneath the shoulder 4! and prevents upward
movement of both sleeves 22 and 35. i

5
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4

The portion 39 of the upper sleeve 35 is pro-
vided with packing 42, which effects a seal with
the interior of the collar i5. This seal is of no
importance when the sleeve is in the position
shown in Figure 2, but when the sleeve 35 is
moved to the position shown in Figure 5 the pack-
ing 42 then functions to prevent flow of fluid
through the ports 21, and upwardly between the
sleeve 35 and the interior of the collar 5.

The lower portion of the sleeve 3% is provided
with a skirt 43 of reduced outside diameter. The

" lower edge of the skirt may be slightly tapersd
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as illustrated, the angle of the taper being about
the same as that on the surface 33 of the lower
sleeve 22, It is desirable that the upper edge
of the lower ring 22 be provided with a lug shown
in dotted lines at 44, and that the lower edge of
the-portion 38 of the sleeve 35, outside of and
above the skirt 43, be provided with a recess ss
shown in dotted lines at 45 to cooperate with the
lug 44 to prevent rotation of the sleeves 22 and
35 relative to each other after they have heen
telescoped together as illustrated in Figure 5.
If such an arrangement is provided when the
parts are in the position shown in Figure 5,
neither sleeve 22 nor sleeve 35 can be rotated with
respect to the casing, The purpose in providing
means for preventing rotation of the sleeves 22
and 35, is to prevent damage thereto, or to the
packing around and between them, when cement
is being drilled out of the interior of the multiple
stage unit. It will be observed that the internal
diameter of the sleeve 35 is the same as the inter-
nal diameter of the casing 12. Likewise the in-
ternal diameter of the sleeve 22 at the thickest
portion thereof is the same as the internal diam-
eter of the casing, Hence these sleeves are not
dril'ed out after the cementing operations are
completed.

To provide means for shearing the pins 36 and
for forcing the upper sleeve downwardly at the
desired time, a ring 46, made of drillable mate-
rial such as “Bakelite” is provided in the multi-
ple stage unit. In the arrangement shown, this
ring rests loosely upon the upper edge of the
sleeve 35. Ring 46 is provided with 2 seat 41
adapted to receive and form g tight seal with
the lower portion of the second or ypper cement-
ing plug. .

The cementing plugs used in connection with
the multiple stage unit of the present invention
need not differ materially from those hereto-
fore used in carrying out multiple stage cement-
ing operations, except that care must be exer-
cised in the selection of the proper dimensions
to cause the first or lower cementing plug to
pass through fhe ring 46 o seat and maintain
a seal on the lower ring 26, while the second
or upper cementing plug must seat and maintain
a seal on the upper ring 486.

The first or lower cementing plug is illustrated
in the drawing at 48. As shown, it is constructed
of a eylinder of wood to which is attached 4t the
lower end one or more flexible disks of  belting
or the like, as shown at 50, while at the top
a tapered valve portion 51 is provided to main-
tain a seal with the seat 28 of the ring 26. Above
the valve portion 51 additional belting 52 may
be secured. )

The second or upper cementing plug is shown
in the drawing at §3. If also may be constructed
of a cylindrical body of wood with disks of belt-
ing at the top and bottom as shown at 55 and
§6. In this case the tapered valve portion 51
which maintains a seal with the cooperating ring
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167 issymountedz bénsathizthesplug.s: Abdvethers is.eﬁected;tlfe cemmt slurry: can no longer ﬂow o
uppers:flexiblacdisk: 555 oz therplug 53z acflefm
iblevcup: 58 may hexprovigedi: slemze,s anck smcezzhe slurry is substanmally -+
The operationzof threamultiple stagerunifiillasss:  compressible therplug:§3ican notomove downs:
tragediisigs=follows:s.. swardlyygnyfurtherr: (Note! thatin Figure 5;:the:-
With thespartsin th& position shownsinFigure::  plugiidisnot restingwnthe ring 46.).. The sleeves:
2. :the multiplesstagesunitiisimadesupiwiths the 22:and: 85 axersorconstructed: dnd-arranged-with <
casing i 2 and:lowereduinto: therwell: . Inmevords  respett:toithe:parts:21 -thatsuch-relative fluid::
anceswithethesusual: practice:mudrisi themeircux:  pressurssiare:developedras:to cause the sleeve-35:
lated: downwardly:-through thecasing:{2 andrup-<:-106ito-imove on:downwardly:to ;the:-finak-position::
wardly:through:the. annularsspaces: Thefirstsy  shown in Figure 5, oncesthe-pressureron-the plug::
stagez?of;éement:slurryfiS'thennmixed:amdspumn?ed 53-has:caused:-therskitt:46: 40 effect-a :seal-with
into: therwell this: body;:of:slurry: flowing  owns the. sleave-22.as-deseribed above: It-will; berseen~:
wardly:ithiough-the:shoe ¥ ofsthercasing: and thatzwhen thevplugsyare in-thevposition:shown:;
up around the lower portion thereof. Thisufirst ysin. Figure 4; exceptrfon variationsiidue:to.flows
stagerof:slutry-is followed:by auneasuredyguar=. the fluid pressure above-theplug-53-is the same.:
tity: of-mudsor-water:» The:second:stage of:flusryes  as that below the plug 83, and the same: asthat
isstherspumped#into the iwell:behindthe first:-  outside of-the~multiple :stage -unit.:: Whensthe
or-ilower plug: 48:- This ssecond-:stage:is fal- skirt.'43- effects-its~initial- seal-with <the- lower::
lowed:-by: the:isecond: or-upper: plug::53:». As thespg:sleeve 22;a .difference-in fluid-pressures is.then.:
plugs:48rand 53 with-the:body :of :cerirent: SIUTTS, set- up- between .the. interior.and exterior- of-the -
therebetweers:pass.-downwardly: into theiwell th multiplerstage-unit:» From::that point-on; fuid:
first or-lower: plug: enters-the: multiple:stage:uni can:not:fow through:the-ports: 2{- and-the exs:
and-seats upen-the-ring: 26 : The pump Pressur terior of-the.casing:is:not-subjected-to pump pres=:-
then- shears the:-pins-23 and:the-lowel Ting:i22:vogsure,s The-fluid pressure-beneath-the- plug: 83«
ysuntils it rests:uponithe:to; then-becomes-equal to.that-above’it and the plug::.
of-thercoupling 18:: Thesparts-are-then “irithe:s 53-stops-moving...However, dueito-the. particular-.
position- shown «in: Figure:4. - With :thevparts:ing construetion.ef-the.sleeves:22-and 39, therdiffep---
this.position;..the-second:stage-of scement: flowss  ence-in. fluid-pressure- between. the:inside and
outwardly.-through: the-ports+24 ofi-the multiple:-sp:toutside. :of -the=collar |5-causes the-sleeve 35: 10~
stage-unit.- move -on-downto-its:-final -position..s: A.downward:
After mostofithe.cement:slurryhas dischargeds:  foree:equalibo the-difference «in:the.-fluid. pr,es-v -
through-the:ports-2i:the second-or upper:cement: sure:inside.and-outside.the: collar :15,times-the:.:
ing..plug-53-comes:-to rest upon-the ring:46. Thi area.-of.the.annular sspace:equal:-to..the:area of::
causes the. pins:36-to shear-and:the upper-sleeve85:the: upper-edge of the.sleeve 22-is. exerted -upon
35.to.move-downwardly:. The.parts:then-take th the-sleeve -35.-at.this-time.-. This foree:-added-to.
position. shown .in-Figure 5. It will-be: seen thab-: the. momentum .imparted- to -the-sleeve 35 upon:
in- Figure-5 .the:.skirt ~43 sof-sleeve35-has tele-v« the-shearing of -the. pins-36--drives-the-sleeve 35
scoped-into-the lower sleeve-22-and $hat the:latehs:  info. tight.wedging engagement-with:the tapered-:
ring 40. has-expanded beneath-the.shoulder:4i.-- 40:portion -33- of - sleeve 22,

The;ports 21 are.permanently.sealed because thes: - From.this-description. it .will ‘be-clear: to:those::
latch ring 49 prevents upward movement of eithen:- skilled in the art that the sleeves 22 and 35 pro=:
sleeve-22-or 35,-and-the:various packing prevent- vide.. what-may. be.-referred..to-as a -differentisl

ing leakage. After the cement has hardened the valvé:.. That-is,-these -sleeves function. to:cover:
plugs 48 and 53together withetlerrings 26 and 45;0r Uncover ‘the discharge.-ports-in-the -collar--in:-

46 and the small body of cement .within the response. to-fluid .pressure -conditions. existing-in::-

multiple stage unit remajning Bétween theplugs. the collat or.to the-differential pressure-existing ::
48 and 53, is drilled out, leaving the interior ™  ab-timés.between the.interior.and-exterior of the::
of the multiple stage unit:clearand: tnebstructed. colla¥..

In constructing a multiple stage unit in.ac--ggs The: difféfential. pressure- between- the-interior::
cordancewith-the principles of the.present.inven-r and.éxterior. of. the-.collar at:the time when the -
tion; care ‘must be exercised to provide -for thé-  skirt of the upper sleeve is just beginning. itsrtele~

eseape of: fitid’ from- certain” postions: of the' ap-s scopic, movement into -the lower sleeve-is-instru-
paratus. to permit tHe desired telescopic..action.  mental ih causing the upper sleeve:-35 to. moveson-
of the slekves 22 and 35. 558 down  fafther ‘and.effect.a permanent-seal bes=..

Attentionis“called to” the™ fact that after the tween a point above the ports and the lower
pins 23 have sheared the lower sleeve 22 which sleeve 22, Since the lower sleeve is then below
is then in the position shown in Figure 4, takes the ports, the ports are permanently covered.

such a position that the upper edge of the sleeve It will be apparent to those skilled in the art
is flush with or just beneath the ports 21. Thus that the principles of the present invention may
no fluid is trapped in the small gnnular space out- be carried out In a variety of ways. Devices

side the skirt 43 and within the collar 15 as the other than the sleeves may be used to cover and
sleeve 35 moves down to its final position shown uncover the ports. Various means other than
in Figure 5. the shear pins may be used for holding the

When the upper cementing plug 53 comes into gy Sleeves temporarily against sliding movement so
engagement with the ring 46, the fluid pressure that they may be successively released to per-
shears the pins 36 and forces the upper sleeve form the intended action of controlling the flow
35 downwardly a short distance, i. e. the dis- of fluid through the ports. In lieu of the cement-
tance necessary to cause the skirt 43 of this sleeve ing plugs shown and described herein for actuat-
just to enter the upper portion of the lower 7 ing the sleeves, other objects such as balls may

sleeve 22, and effect a seal with the packing 34 be caused to pass down through the casing.
on the interior of the sleeve 22. This completes Furthermore, it will be apparent that the in-
the function of the plug 53, but at this instant vention is not confined to the use with cement
the telescoping action of the sleeves 22 and 35 but may be employed in any case where it is

is not completed. As soon as the initial seal ¢g desired to limit the amount of fluid which is to
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flow through the ports by passing two objects
successively down the casing. Packing rings of
various kinds may be used instead of those par-
ticularly illustrated in the drawing. In the ap-
pended claims where the words “normally” or
“normal position” are employed in connection
with the position of the sleeves or other devices
which cover and uncover the ports, it will be
understood that this has reference to the posi-
tion of the parts as the multiple stage unit is
being lowered into the well.

Thus, while only one embodiment of the in-
vention has been shown and described herein, it
is obvious that various changes may be made
without departing from the spirit of the inven-
tion or the scope of the annexed claims.

I claim:

1. Apparatus for use in the multiple stage
cementing of casing in wells ecomprising an elon-

gated collar adapted to be made up with the.

casing and having one or more ports therein for
the discharge of cement slurry therethrough, a
differential valve arrangement mounted in said
collar and consisting of two sleeves mounted one
above the other for sliding movement within said
collar for controlling the flow of fluid through
said ports, means for holding, temporarily, each
of said sleeves against sliding movement in said
collar with one of said sleeves covering said
ports, and means operable by the passage of
objects successively down through the casing for
releasing successively the means holding said
sleeves against sliding movement and for causing
said sleeves to uncover said ports and subse-
quently again cover said ports, the upper of said
sleeves having a portion of the same outer di-
ameter as the lower of said sleeves, and another
portion adapted to telescope snugly within the
lower of said sleeves thereby providing areas
on said sleeves subjected to different total fluid
bressures tending to cause said sleeves to tele-
scope.

2. Apparatus for use in the multiple stage
cementing of casing in wells comprising an elon-
gated collar adapted to be made up with the
casing and having one or more ports therein for
the discharge of cement slurry therethrough, a
differential valve arrangement mounted in said
collar and consisting of two sleeves mounted one

above the other for sliding movement within-

said collar for controlling the flow of fAuid
through said ports, the upper of said sleeves hav-
ing a portion of the same outer diameter as
the lower of said sleeves and a depending skirt

adapted to telescope snugly within the lower :
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of said sleeves, means for holding, temporarily,
each of said sleeves against sliding movement
in said collar with the lower of said sleeves cov-
ering said ports, and means operable by the
passage of objects successively down through the
casing for releasing successively the means hold-
ing said sleeves against sliding movement and
for causing a sequence of operation in which the
lower sleeve moves down to uncover said ports
to permit the flow of fluid therethrough and
then the upper sleeve moves down to cause the
skirt thereof to telescope within and maintain a
seal with said lower sleeve thus covering said
ports and preventing the flow of fluid there-

‘through,

3. Apparatus for use in the multiple stage
cementing of casing in wells comprising an elon-
gated collar adapted to be made up with the
casing ‘and having one or more ports therein
for the discharge of cement slurry therethrough,
a differential valve arrangement for controlling
the flow of fluid through said ports first to pre-
vent such flow, then permit a limited amount of
fluid to flow and then to prevent such flow per-
manently in response to the passage of objects
successively down through the casing, said dif-
ferential valve arrangement including a lower
sleeve and an upper sleeve slidably mounted
within said collar, said lower sleeve normally cov-
ering ‘said ports, said lower sleeve having two
packing rings on the outside thereof, one above
and one below said ports when said lower sleeve
is in its normal position, said lower sleeve also
having a packing ring on the inside thereof near
its upper edge, said upper sleeve having a por-
tion of the same outside diameter as said lower
sleeve, said portion having a packing ring on the
outside thereof and said upper sleeve having a
skirt depending from said portion and adapted
to telescope snugly within said lower sleeve to
effect a seal in the packing inside said lower
sleeve.

CHARLES A. PITTS.
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