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(57) Abréegée/Abstract:
A tubing string rotator Is disclosed that comprises an outer housing, a gear mandrel, and a tubing string hanger. The outer housing

has ar
housir

Internal bore extending from its upper to its lower. The gear mandrel is recelved and supported within the bore of the outer
d. The gear mandrel has an internal bore extending from its upper to its lower end. The tubing string hanger has a series of

clircum

ferentially positioned generally downwardly oriented teeth and Is receivable and suspendable within the internal bore of the

gear mandrel such that the teeth on the tubing string hanger engage a series of generally upwardly oriented teeth circumferentially
positioned about the Internal surface of the gear mandrel. Rotational force applied to the gear mandrel I1s at least partially
transferred to the tubing string hanger through engagement of the teeth on the gear mandrel with the teeth on the hanger causing
the tubing string hanger to rotate with the gear mandrel.
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A tubing string rotator is' disclosed that comprises an outer housing, a gear mandrel, and
a tubing stn'ng hanger. The outer housing has an intemal bore eXtending from its upper
to its lower. The gear mandrel is received and supported within the bore of the outer
housing. The gear mandrel has an internal bore extending from its upper to its lower
end. The tubing string hanger has a series of circumferentially positioned generally
downwardly oriented teeth and is receivable and suspendable within the internal bore
of the gear rﬁandrel such fhat the teeth on the tubing string hanger engage a series of
generally upwardly oriented teeth circumferentially positioned about the internal surfaee
of the gear mandrel. Rotational force _ applied to the gear mandrel ‘is at least -partially
transferred to the .tubing string hahger- through engagement of the teeth on the gear

mandrel with the teeth on the hanger causing the tubing string hanger to rotate with the

- gear mandrel.
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ITLE:  Tubing String Rotator

OF THE INVENTION
This invention relates to a tubing string rotator, and in one particular embodiment a

rotator that may be attached to a'~wellhead- and used to suspend and rotate '-a.uibing string

Within a wellbore.

INVENTION
Fluids that are pumped frm wellbores utilizing a downhqle pump are typically
transported to the surface through the use of a tubing string. It is well known that to
minimize wear on the surfac? -Qf the tubing sti*jng through contact jwith* the ‘punip rod,
and to extend the useﬁll hife df the stri;ig,- a -tubing str.ing\ro.tator may be \ uéed to slowly
rotate the string within the .. well '. casing and to_. more evenly distribute wear about the

surface of the string.

Tubing string rotators that have been developed and put into practice to date have a wide
variety of different configurations and structures. In most instances the rotator acts as
both a hanger to suspend the string within the well casing, and as a means to impart

rotational movement to the tubing _string.' In order to cause the string to revolve within
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the casing, rotators commonly utilize a mechenical hnkage connecting a series of gears
or a drive system to a tubing stfing hanger. The mechanical connection between the
drive system and the 'hang.-er is ofteﬁ in the form of either a key dr a series of
interlocking splines. Unfertunately, ‘when using a keyed or splined connection .
alignment between adjaceﬁt -parts 1s critical. In the case a keyed connection
misali gnment will prevent insertion of ihe key. When a splined connection is used
misalignment could potentially result in damage to the splines or may cause the hanger

and string to become jamrned within the rotator. In addition, where the fluids that are

- being extracted from the well contain a high degree of sand or particulate matter, debris

can often find its way into small spaces between the splines or adjacent to the key. Sand
or other particulate material that becomes lodged within these areas can cause the entire
structure to lock together. In such cases it can become extremely difficult (if not

virtually impossible) to remove the hanger from the rotator.

JARY OF THE INVENTION

~ The invention therefore provi_des a tubing string rotator that facilitates the insertion and

removal of a tubing string hanger fro'm the rotator. The invention allows for the rapid
insertion and removal of the -tubing string hanger, while at the same time eliminating the
risk and the potential damage f:thatmay be caused by misalignment of the hanger with

the internal drive system of the rotator. In addition, the invention proVides a tubing
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string rotator that helps to facilitate the removal of a tubing string hanger in situations

where well fluids contain a high -degrée of sand and other particulate material.

Accordingly, in one of its aspects the invention provides tubing string rotator
comprising; an outer housing having an upper end and a lower end with an internal bore
extending therethrough from saidupper to said lower end; a gear mandrel receivable and
supportable within said intenial bore of said outer housing, said gear mandrel having an
upper end and a lower end and an intem.al. surface that defines an internal bore extending
through said gear mandrel frofm said upper to szﬁd lower énd; and, a tubing string hanger
having an upper end, a lower ;end and an -exter'nal surface, said external surface of said
tubing string hanger, _havinfg a series of circumferentially positioned _‘ generally

downwardly oriented teeth, said tubing string hanger receivable and suspendable within

- said internal bore extending through said gear mandrel such that said teeth on said

tubing string hanger engage a series of generally upwardly oriented teeth
circumferentially positioned aibout said ,i.n,temal surtace of said gear mandrel whereby
rotational force applied to said gear mandre] is at least partially transferred to said tubing
string hanger through. engagément of said generally upwardly and said generally
downwardly oriented téethx ca;:using said tubing string hanger to rotate with said gear

mandrel.
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In a further aspect the invention provides tubing string rotator comprising; an outer
housing having a generally hollow interior and having an \internal bore extending
through said hbusing from an upper end to a lpwer end of said housing; a gear mandrel
receivable within said hOllO\;*i interior of said outer housing, said gear mandrel having
an upper end and a lower end and an .i_nternal surface that defines an internal bore
extending through said gear mandrel from said upper to said lower end; a drive gear
engaging said gear ma.ndre1 such that rofation of said drive gear causes rotation of said
gear mandrel about an axis generally parallel to said internal bore extending through
said gear mandrel; and, a tubing strmg hanger receivable and suspendable within said
infemal bore of said gear mandre‘l, said tubing string hanger having an external surface
having mounted thereon a plurality of circumferentially positioned generally
downwardly oriented teeth, said gene;'ally downwardly oriented teeth engaging a
plurality of compatibly shap';ed genera,:llyl upwardly oriented teeth circumferentially
positioned about said internal surface of said gear mandrel when sai.d tubing string
hanger is received without said gear maﬁdrel such that said tubing string hanger may be
rotated through the ttans’feren@e of_ ' rotatiQnal 'force applied to said gear mandrel to said
tubing string hanger throﬁgh engagement of said geﬁeral-ly upward—ly and said general ly '

downwardly oriented teeth.

In yet a further aspect the invention concerns a tubing string rotator comprising; an outer

housing having an upper end and a lower end, said lower end adapted to be received

4
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upon an oil well casing ot wellhead, said outer housing having an internal bore
extending therethrough from _Said upper end to said lower end; a gear mand_rel received
and supported within said intemal boi:e ef said outer housing, said gear mandrel having e
an internal surface that deﬁhes an internal bore extending therethrough, said internal
surface of said gear mandrel inclludingt a reduced diameter portion having

circumferentially positioned thereabout a plurality of generally upwardly oriented teeth;

~ and, a tubing string hanger receivable and suspendable within said internal bore through

said gear mandrel, said tubing string hanger having an exterior surface centaining a
plurality of circumferentie.lly posi_ti.oned generally downwardly oriented teeth engagable
with said generally upwardly erientedi teeth of said gear mandrel when said tubing string
hanger is received within said \iﬂ_temal bore in said gear mandrel such that rotational
force applied to said gear mandrel is at least partially ttansferred to said tubing string
hanger through engagement ot" Said generally upwardly and said generally downwardly
oriented teeth causing said tubing string hanger to rotate with said gear mandrel, and
wherein at least aportion .o.f the Weight of said tubing string hanger is transmitted to and
borne by said gear mandrel through engagement of eaid generally upwardly and said

generally downwardly oriented teeth.

Further aspects and advantages of the invention will become apparent from the

following description taken together with the accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the present invention, and to show more clearly how it

may be carried into effect, ré_ference will now be made, by way of example, to the

- accompanying drawings which show the preferred embodiments of the present invention

in which:

 Figure lisa side sectional'viéw of a preferred embodiment of the tubing string hanger

according to the present invention; '

Figure 21s a horiZontaI seotiénal view taken on the line 2-2 of Fi gure 1;

Figure. 3is a\longitudi._nal sectional view of the tubing striﬁg hanggr shown in Figure 1;
Figure 4 is a sectional view tékeh-along the line 4-4 of Figure 3;

Figure 5 is a longitudinal sectibnal view of the gear mandrel of the tubing string rotator

shown in Figure 2;

Figure 6 is a top plan view of the gear mandrel shown in Figure 5; and,




. 'CA 02392333 2002-06-28

Figure 7 1s a partial upper side perspéctive cut away view of the outer housing and gear

mandrel of one embodiment of the present invention detailing a portion of the interior
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structure of the gear mandrel.

DESCRIPTION OF THE PREFERRED EMBODIMENT

The present invention may be embodie_d' in a number of difterent forms. However, the
specification and drawings ,tliat -f'c)-l.low describe and disclose only some of the specific
forms of the invention and ar¢ not intended to limit the scope of the invention as defined

in the claims that follow herein.

In the attached Figures the tubing string rotor in accordance with a preferred

embodiment of the present invention is noted generally by reference numeral 1. The
primary components of tubmg string rotator 1 include an outer housing or shell 2, a gear

mandrel 3, a tubing string haﬁger 4, and a drive gear 5. As shown generally in Figure

1, outer housing 2 has an upper end 6, a lower end 7 and an internal bore 8 extending

from 1ts upper to 1ts 'l‘oWer'en;d}, Upp'er\. and lower ends 6 and 7 of housing 2 may be
ﬂanged or studded, as necessary for any particular- application to allow the housing to

be fastened to the well casing {and-' to other wellhead components.
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In the embodiment of the invention shown in the attached drawings, gear mandrel 3 is

generally cylindrical in shapé and is received and supported within bore 8 that extends

through. outer housing 2 Géar mandrel 3 has an -upper end 9, a lower end 10, and an

“internal bore 11 that extends from its upper to its lower end. A circumferential bull gear

30 extends around the exteléior of gear mandrel 3. and engages drive gear 5. In the
embodiment shown, drive gear Jisa Wonn gear recetved within a generally horizontally
oriented bore 12 extending inio outer housing 2. In this fashion, a drive system can be
attached to the outer end 13 of Wonn or drive gear 5 such that rotation of the drive gear
causes a corresponding rotatibn. of gear fnandtel 3 about an axis generally parallel to

bore 11 extending 'therethrough.-

When received within bore _S,'gear mandrel 3 is effectively hung from a lower thrust '.
bearing 14 that is 's'ituated. Within bore 8 and held in place by a bottom or retaining nut
15 threaded into lower end 7 of outer *hotising 2. The weight of gear mandrel 3 and any
load that 1s transmitted to it 1s fchereby borne by lower thrust bearing 14 and transferred
to the outer housing by means of retaining nui 15. Lower thrust bearing 14 thﬁs helps
to facilitate axial rotation of gear rhandrel 4 within the housing. Radial loading of the
gear mandrel within the outer ‘housing 1s accommodated by a bushing 16 situated
between the gear mandrel and the intérior surface 'of the oﬁter housing. In applications.
where there is signiﬁcant\radial loading of the gear mandrel (for example in a slant .well)
bushing 16 may be replaced with a radial Beaﬁng.

-8
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Referring next to Figures 1, 3 and 4, in a preferred embodiment of the present invention
tubing string hanger 4 1S comprised ofa generally tubular element having an upper end
17, a lower end 18 (to WhiCIi'a tubing string may be attached), and an external surface
19. The extet'ior surface 19 of tubing string hanger 4 i1s dimensioned such that the '
tubing string hanger may be received within bore 11 of gear mandrel 3. Bore 11 may
be tapered from upper end 9tt> l‘QWer. end 10 with the external surface of tubing string
hanger 4 having a similar tapér from its upper to its lower end. When the tubing string '

hanger is received within the i_ntemal bore extending through the gear mandrel, the

tapered portion of external surface 19 ehgag_es the tapered poxtion of bore 11 through .

gear mandrel 3. Since the two respective parts are generally concentric the tapered
nature of the exterior of the tubing string hanger and the interior surface of the bore

through the gear mandrel helps to maintain them in a concentric configuration.

The contact of the exterior surfacc of the tubing string hangef with the internal surface
of the gear mandrel also assists in providing a seal between the tubing string hanger and

the gear mandrel to prevent the escape of fluids and other debris from the weil. A series

~ of seals 20 may be integrated into the exterior surface of the tubing string hanger (or the

interior surface of the gear maitdrél) in order to further help prevent the escape of fluids
from between the hanger and the gear mandrel. Additional seals 21 are preferably
positioned between gear mandrel 3 and outer housing 2, between gear mandrel 3 and

retaining nut 15, and between tetaining. nut 15 and housing 2, in order to maintain full
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control of all well fluids. The seals 'positioned between the gear mandrel and the
housing and between the .geagr mandrel and the lower retaining nut also help prevent the
ingress of fluid and debris into the chamber within housing 2 that contains thrust bearing

14 and drive gear 3.

With general reference to Figures 1, 3,4, 5 and 6, the mechanism by which rotational
movement 1S transmiﬁed fronl gear mandrél 3 to tubing string hanger 4 will now be
described in greater detail. In the préferred embodiment of the invention the external
surface 19 of tubing stri.ng hfanger* 4 con.tains a series o.f' cirCuxnferentially | positioned,
generally downwardly oriented, teéth 22. Similarly, ~the internal surface of bore 11
extending through gear mandfel\ 3 also Qontains a seﬁes of nircumferentially positioned
teeth 23 that are oriented in.a genei'ally upward direction. When the tubing string
hanger is received and suspended. w1th1n the internal bore extending through the gear
mandrel, teeth 22 on tubing string hanger 4 engagé teeth 23 on: gear' mandrel 3. To
accommodate the engageméntéof teeth 22 and teeth 23, both sets of teeth are preferably
of a generally -trinngular or pyramidal shape and are generally of the same approximate
size. In this way the apex oi; th¢ teeth on the tubing string hanger may be received
within the valleys between adj acent teeth on the gear mandrel, and vice-versa. As
indicated in Figures 5 and 6, m a preferred embodiment of the invention the internal
surface of bore 11 preferably includes a reduced. diameter portion 24 upon which teeth

23 are positioned. For constmcti'nn purposes teeth 23_ may be formed upon a ring

10
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member 28 that is received within bore 11 about reduced diameter portion 24. In
addition, while teeth 22 and 23 are éonstl;ucted suéh that teeth 22 are generally
downwardly directed and'tegth 23 generally upwardly directed, as shown in Figures 3
and 5, teeth 22 and 23 may aiso be slightly inclined in order to make them self-cleaning

in the event that sand or other debris should become lodged between individual teeth.

Once tubing string hanger 4 1s received in geai mandrel 3 with teeth 22 engaged with
teeth 23 rotational force *applied to the gear mandrel will be at least partially transferred
to the tubing string hanger through the engagement of the teeth, causing the tubing

string hanger to rotate Wlth the gcaif mandrel. Teeth 22 and 23 are preferably

‘dimensioned such that at least a portion of the weight- of the tubing string hanger is

transmitted to and borne by the gear mandrel through the engagement of teeth 22 and
23. The transmission of at legst a'pbrtion__df the load of the tubing string hanger to the
- POLLO: _ : .

gear mandrel through their eng_ag;d teeth helps to prevent the tapered hanger from being

“drawn downwardly into the tapered bore through the gear mandrel to such an extent that

it becomes jammed within theé gear mandrel, making it extremely difficult to retract or

- remove the hanger and the strihg from the well.

- Theﬁgenera'lly triangular or pyrémidal shape of teeth 22 and 23 present a mechanism by

whic\:h‘tubing string hanger 4 18 ess'enti'ally self-aligning with gear mandrel 3. That is,
unlike existing tubing string -roi_:atgts_ that utilize spline drives or keys requiring precise

11
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alignment, tubing strin.g'_hanger?l may be _simply lowered into gear mandrel 3 with little -

concern over alignment. As teeth 22 and 23 approach one another and come into initial

- contact they will force the hanger and/or the gear mandrel to rotate to allow the teeth to

mesh together. The nature and cOnﬁguration of teeth 22 and 23 also enhance the ability
to 1nsert the tubing string h‘émgero into 'gthe' gear mandrel where there may be sand or

debris built up inside the gear mandrel. Teeth 22 and 23 will tend to drive any debris out

from between them as they engage one another and mesh together. In a similar manner,

when opefating in wells haviﬁg a h1gh sand content teeth 22 and 23 tend to prevent the
tubing string hanger from becpming jammed or locked in place within the gear mandrel

in the event that sand or other debris becomes built up between the hanger and the gear

- mandrel.

In order to retain tubing string hangér 4 within gear mandrel 3, and to ensure that teeth
22 remain engaged with teeth 23 _.during: operation, rotator 1 includes at least two (and
preferably three or more) hold dbwn': screws 25 that bear against an upper retaining
housing 26 that is received within outer housing 2 abdut upper end 17 of tubing string
hanger 4. Preferably a second thrust bearing '2_7 is positioned between tubing string
hanger 4 and upper retaining héusing 26 to acCommodéte upwardly directed loads that
may be borne by the tubing string hanger, and to transfer such loads to outer housing 2
through retaming housing 26 and hold down screws 25. A top nut 29 is threaded onto

the upper end 9 of hanger 4 to 'ﬁhelp hold upper retai‘njng housing in place.

12
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It will thus be appreciated from.\ a ‘th.Orough‘ understanding of the above described
structure that tubing string i'otator 1: preSents a .mechani-sm by which a tubing string
hanger may be easily inserted or Mthdrawn-ftom a i‘otator. with little concern over etther
the alignment of the hang\er ‘within -t_heé rotator or with causing damage to 'the drive
mechanism due to misalignment. The described structure provides a mechanical linkage
between the gear mandrgel w1th1n the rotator and the tubing stn'ng hanger that not only
alleviates ali gnmenf pfoblems, but that.ﬁ also facilities thé insertion and retraction of the |

tubing string hanger in situations where debris may be present within the gear mandrel.

The tapered connection between at least a portion of the tubing string hanger and the

- gear mandrel helps maintain the parts in a concentric orientation and enhances the seal

between them. At the same time the engagement of the respective teeth on the hanger
and the gear mandrel, and the accommodation of at least a portion of the vertical load
by those teeth, helps to ensure that the weight of the tubing string does not draw the

hanger into the well to such a degree that the hanger becomes jammed within the rotator.

1In slant well applications, or‘w;here the well casing is not perfectly vertical, a portion of

the exterior surface of the lower end of the tubing string han ger may contact the internal

-surface of the lower end of the bqre extending through the gear mandrel to further help ‘

maintain the concentric alignrt;ent, ‘.ofjthe hanger within both the gear mandrel and the

rotator.

It 1s to be understood that what has been described are the preferred embodiments of the

13
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invention and that it may be possible to make variations to these embodiments while
staying within the broad scépe_ of the invention. Some of these variations have been

, discﬁssed while others will be, readily apparent to those skilled in the art.

14
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1. A tubing string rotator comprising;:

(1)

(i1)

(111)

an outer housing having an upper end and a lower end with an internal
bore extending therethrough from said upper to said lower end;

a gear mandrel receivable and supportable within said internal bore of
said outer housing, said gear mandrel having an upper end and a lower
end and an internal surface that defines an internal bore extending
through said gear mandrel from satd upper to said lower end; and,

a tubing string hanger having an upper end, a lower end and an external
surface, said external surface of said tubing string hanger having a series
of circumferentially positioned generally downwardly oriented teeth, said
tubing string hanger receivable and suspendable within said internal bore
extending through said gear mandrel such that said teeth on said tubing
string hanger engage a series of generally upwardly oriented teeth
circumferentially positioned about said internal surface of said gear
mandrel whereby rotational force applied to said gear mandrel is at least
partially transferred to said tubing string hanger through engagement of
said generally upwardly and said generally downwardly oriented teeth

causing said tubing string hanger to rotate with said gear mandrel.

2. The tubing string rotator as claimed in claim 1 including a drive gear, said drive

15
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gear engaging said gear mandrel such that rotation of said drive gear causes
rotation of said gear mandrel about an axis generally parallel to said internal

bore extending through said gear mandrel.

The tubing string rotator as claimed in claim 1 wherein at least a portion of the
weight of said tubing string hanger is transmitted to and borne by said gear
mandrel through the engagement of said generally downwardly oriented teeth on
said tubing string hanger with said generally upwardly oriented teeth on said
internal surface of said gear mandrel when said tubing string hanger is

suspended within said internal bore extending through said gear mandrel.

The tubing string rotator as claimed in claim 1 wherein at least a portion of the
circumference of said exterior surface of said tubing string hanger, when said
hanger 1s received and suspended within said internal bore extending through
sald gear mandrel, is in contact with said internal surface of said gear mandrel

and assists in providing a seal between said tubing string hanger and said gear

mandrel.

The tubing string rotator as claimed in claim 1 wherein said internal surface of
said gear mandrel is tapered from said upper end to said lower end of said gear

mandrel and at least a portion of said exterior surface of said tubing string

hanger 1s tapered from said upper end to said lower end of said tubing string

16
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hanger such that when said tubing string hanger is received within said internal
bore extending through said gear mandrel said tapered portion of said exterior
surface of said tubing string hanger engages said tapered portion of said interior

surface of said gear mandrel.

The tubing string rotator as claimed in claim 1 including seals positioned
between said tubing string hanger and said gear mandrel and between said gear
mandrel and said outer housing, said seals assisting in the prevention of the flow

of fluid between said tubing string hanger and said gear mandrel, and between

said gear mandrel and said outer housing.

The tubing string rotator as claimed in claim 1 including a thrust bearing, said

gear mandrel engaging said thrust bearing such that downwardly directed

vertically oriented load applied to said gear mandrel is carried by said thrust

bearing.

The tubing string rotator as claimed in claim 1 wherein said generally
downwardly oriented teeth on said tubing string hanger and said generally
upwardly oriented teeth positioned circumferentially about said internal surface

of said gear mandrel are generally pyramidal in shape.

The tubing string rotator as claimed in claim 1 wherein said generally

17
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downwardly oriented teeth on said tubing string hanger and said generally
upwardly oriented teeth positioned about said internal surface of said gear

mandrel are generally triangular in shape.

The tubing string rotator as claimed in claim 1 wherein said tubing string hanger
and said gear mandrel are generally concentric and at least a portion of said
exterior surface of said lower end of said tubing string hanger contacts said
internal surface of said lower end of said gear mandrel when said tubing string
hanger is received within said gear mandrel, said contact of said portion of said
exterior surface of said lower end tubing string hanger with said internal surface
of said lower end of said gear mandrel assisting in maintaining the concentric
alignment of said tubing string hanger with said gear mandrel when said tubing

string rotor 1s in a non-vertical orientation.

A tubing string rotator comprising:

(1) an outer housing having a generally hollow interior and having an
internal bore extending through said housing from an upper end to a
lower end of said housing;

(11) a gear mandrel receivable within said hollow interior of said outer
housing, said gear mandrel having an upper end and a lower end and an

internal surface that defines an internal bore extending through said gear

18
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mandrel from said upper to said lower end;

(ii1) adrive gear engaging said gear mandrel such that rotation of said drive
gear causes rotation of said gear mandrel about an axis generally parallel
to said internal bore extending through said gear mandrel; and,

(iv)  a tubing string hanger receivable and suspendable within said internal
bore of said gear mandrel, said tubing string hanger having an external
surface having mounted thereon a plurality of circumferentially
positioned generally downwardly oriented teeth, said generally
downwardly oriented teeth engaging a plurality of compatibly shaped
generally upwardly oriented teeth circumferentially positioned about said
internal surface of said gear mandrel when said tubing string hanger is
received within said gear mandrel such that said tubing string hanger
may be rotated through the transference of rotational force applied to
said gear mandrel to said tubing string hanger through engagement of

said generally upwardly and said generally downwardly oriented teeth.

The tubing string rotator as claimed in claim 11 wherein at least a portion of the
weight of said tubing string hanger is transmitted to and borne by said gear
mandrel through engagement of said generally downwardly oriented teeth on

said tubing string hanger with said generally upwardly oriented teeth on said

internal surface of said gear mandrel when said tubing string hanger is

19
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suspended within said internal bore extending through said gear mandrel.

The tubing string rotator as claimed in claim 12 wherein at least a portion of the
circumference of said external surface of said tubing string hanger, when said
tubing string hanger is received and suspended within said internal bore

extending through said gear mandrel, is in contact with said internal surface of

said gear mandrel and assists in providing a seal between said tubing string

hanger and said gear mandrel.

The tubing string rotator as claimed in claim 11 including a first thrust bearing,
said gear mandrel engaging said first thrust bearing such that downwardly

directed vertical load applied to said gear mandrel is carried by said first thrust

bearing.

The tubing string rotator as claimed in claim 14 including a second thrust
bearing such that upwardly directed loads borne by said tubing string hanger

may be transferred to said outer housing through said second thrust bearing.

The tubing string rotator as claimed in claim 135 including at least two hold down
screws, when said tubing string hanger received within said internal bore of said
gear mandrel, said hold down screws maintaining said tubing string hanger in

position within said internal bore and maintaining said generally upwardly

20



10

15

20

17.

CA 02392333 2005-06-29

oriented teeth on said gear mandrel in engagement with said generally

downwardly oriented teeth on said tubing string hanger.

A tubing string rotator comprising:

(1)

(11)

(iii)

an outer housing having an upper end and a lower end, said lower end
adapted to be received upon an oil well casing or wellhead, said outer
housing having an internal bore extending therethrough from said upper

end to said lower end;

a gear mandrel received and supported within said internal bore of said
outer housing, said gear mandrel having an internal surface that defines
an internal bore extending therethrough, said internal surface of said gear
mandrel including a reduced diameter portion having circumferentially

positioned thereabout a plurality of generally upwardly oriented teeth;

and,

a tubing string hanger receivable and suspendable within said internal
bore through said gear mandrel, said tubing string hanger having an
exterior surface containing a plurality of circumferentially positioned
generally downwardly oriented teeth engagable with said generally

upwardly oriented teeth of said gear mandrel when said tubing string

21
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hanger is received within said internal bore in said gear mandrel such
that rotational force applied to said gear mandrel is at least partially
transferred to said tubing string hanger through engagement of said
generally upwardly and said generally downwardly oriented teeth
causing said tubing string hanger to rotate with said gear mandrel, and
wherein at least a portion of the weight of said tubing string hanger 1s
transmitted to and borne by said gear mandrel through engagement of

said generally upwardly and said generally downwardly oriented teeth.

The tubing string rotator as claimed in claim 17 including a first thrust bearing
and a second thrust bearing, said gear mandrel engaging said first thrust bearing
such that downwardly directed vertically oriented load applied to said gear
mandrel is transferred to said outer housing through said first thrust bearing, said
tubing string hanger engaging said second thrust bearing such that upwardly
directed vertically oriented load applied to said tubing string hanger 1s

transferred to said outer housing through said second thrust bearing.

22



 CA 02392333 2002-06-28

R

Qs

i

D

%

N

|

K R DV%.”

F Ry
NERSSTRVS _— |
eS8 0% AN

N -

N
|

)

1

0
i

L4\e
Rz

s 9, y - g

= KGN
‘i
TN

LN

©

T

D

2

NN g

./ /

AP F4

o VA~

r 7 L YL YANNNA

. -
- . s .
. . - = . . . .o
v -




CA. 02392333 2002-06-28

o, rare

w&i‘lo‘ o




CA 02392333 2002-06-28

m

. FiG. 3




CA 02392333 2002-06-28

| . - I ISR\ s . .

NS/

N
N




o
a [ ——

'
P — T T T T T T
b

" cA 02392333 2002-06-28




e

.~
, -
.~
S
. .~
.
0

0
.
0

.
. .

.
e

.~

0
. -~
.-
-
-~
0
. Pl
. .~
. 0
.
. .
.~
.~
.
.
’
0
' -

e

-
.
.~
-~
.~ -
0
. -
0
.
.
. LRy

e

.

< s

- .

v - mr

DS

—Almlar s0n

‘o

LI IR -
v s N N e 4 Ml 7 vy s N e —
-

-~

et AN ——t

R Y - P —

MR

LEXN




NS
LDV.?M .

/AN
2y RS

s

R

QO

-
rll.

2.9 8
NN

M’ﬂ

~J

'.’

26 29

YAy,
A THD NN,

VA,

.

25
2



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - abstract drawing

