UK Patent Application . GB 2414493 .. A

(12)
(43) Date of A Publication 30.11.2005
(21) Application No: 0506700.4 (51) INTCL”:
E21B 43/10
(22) Date of Filing: 12.11.2002
(62) UK CL (Edition X ):

Date Lodged: 01.04.2005 E1F FLA
(30) Priority Data: (56) Documents Cited:

(31) 60338996 (32) 12.11.2001 (33) US WO 2001/038693 A1

(31) 60339013 (32) 12.11.2001

(31) 60363829 (32) 13.03.2002 (58) Field of Search:

(31) 60387961 (32) 12.06.2002 INT CL? E21B

Other: Online: WPI, EPODOC

(62) Divided from Application No

0412533.2 under Section 15(4) of the Patents Act 1977
(71) Applicant(s):

Enventure Global Technology

{Incorporated in USA - Delaware)

16200-A Park Row, Houston, Texas 77084,

United States of America

(continued on next page)

(54) Abstract Title: Collapsible expansion cone with cam actuated segments
(57) A collapsible expansion cone assembly comprises ~ A

an upper cam assembly 38, a lower cam assembly
40, and arrays of upper and lower expansion cone
segments 44, 46. Each cam assembly includes a
tubular base 38a, 40a and extending arms 38c, 40c
defining inclined surfaces (38cbb, Fig 4a), (40cbb,
Fig 3b). The upper expansion cone segments are
interleaved with the upper cam arms, as are the
lower cone segments with the lower cam arms. The
upper expansion cone segments mate with the
inclined surface of the cam arms of the lower cam
assembly. The lower expansion cone segments
mate with the inclined surfaces of the upper cam
assembly. As the cam assemblies are moved
together, the cones expand. The upper and lower
expansion cones may overlap.

30
22¢ 34a
™ 362
|34

22a
32
§ _
~34b
3¢ LN 10
N
3dda— N 23— 38a
42~ L~ 38¢
Z 38
44 38d
34c
40 = 4
48~H \
40bﬁiﬁ 60— 58
52a~+ \
L[ 54

56 %y 56

N

52 \‘ 50b
52¢— 50e

50d

50d

| 50c

501 50

50fa
Fig. 2b

Original Printed on Recycled Paper

VY eevvlv ¢ 99



GB 2414493 A continuation

(72) Inventor(s):
Brock Wayne Watson
David Paul Brisco

(74) Agent and/or Address for Service:
Haseltine Lake & Co
Redcliff Quay, 120 Redcliff Street,
BRISTOL, BS1 6HU, United Kingdom




[y
o A} o] — —
=) o = S S
2y §8 TS 3F YI¥Ies 8 8 g 3 i .
OOV N Y N | L ] PO
\ / \ \ / ~ \ Hz_ / / AY AN AV 7 1 S <
\ N - 7 - _Uw\/ \ ] /, — v A \_/ % \4
' % ] >
L2 R e i o,
_ N i -
a < C' < ™ 4_ o |
g s | & s || J|] Pz
[
: = S e e
< _ ) Yo A & ﬁu/
\\ \ /1\/7 \_ _/ _/ \A_ - A = // \v _ __/ S B
VA AN AN ) /
A CONCONNCNYN
NG T A ] \ ﬁ ] \ Am. OJO AN. C\ .n~u M/O N
(g} e [qN]
w % m % M.u nm_.u <t < < w0 R?.u rnnUu «©
>
Q
~
ol S - O - 3 W
= ,_\I L ) N ~ a\| ™ \h
e ) , ) ) ~ P e
| ~ \ / \ [ \

Fig. 1b

Fig. la



10\\‘

2/20

14
14*\{?522:::::
14a
16
220 4
/V Ty /'“16
ik
1449 H 160
208’\% | _5/-20b
18a«><3’ ></—22
15N

O
B~

REZo 2 RLIY
L

N
o

22¢
362~

34

;‘&38
¥, |l 2

104

34b

22a

34da—1

34d

Fig. 2a

, A
28
2_@%

22¢ /&jﬁ 34a
™~ 36a
g | _-34
{ £BY\— 34b
344 ]
34da . - 38a
42 38¢
38
44 y 38d
C
48 >
400” KT 607458
3]
52a\dL~
so L%
52~\§?r“/2\—50b
52¢c 506
-
|
50d —]! ~— 50d
50¢

50fa

el

Fig. 2b



3/20

v vt
22¢ | 34a
a i
36b~ 2 1 -36a
34
20—

~42

— 38

44

— 40
~48

™50
- 56

%

S—50b
"N 50¢
D




4/20

RN

PINE

AN

e —— :::j;i\\\\\ L~ 42

0| - 38
38— /f;\
N

_44aba
w d
34c 1
40cc
40cc
44
40chb




5/20

44ab — — 44aaa
443D — 44aab
aa L~44cca
40cch
‘ 34
44
40chb T 40ba
44bbb \
L—40cbha
40cab |4402l
44ch-" 3&
Al g( 48d
><" N[~ 40caa n
49)% / /%w 48a
40aa\/§ ¢ T
>

oAfE AR

Fig. 3b



6/20

! 34
C34da
/38b
\pt-38c¢
X —38ca
38
46
38¢ch
0 40ca_ 48
A 40 NTY
40b ~ L;sr60 ) g
502 58
923 —
— 50b
94— —56
56 —
52 —
52d \_50e
50d ~— 50d
50t—1]



7/20

A\/ |
38aa —\\‘\/ \ 3¢
49 P8
42 o IV
4

Fig. 4a



8/20

34
/
38¢ch N 38chb
46 16
38cc 34c
_J - B 38¢cc
46aba )
) 7<\ 48d
48¢ _ ,
49~
S —60 40 ~><N \L{ 40aa
107" 48av§j NP =
497 ~></A o8 —50a
A
423 - 48
52—
50b e
< AK/ 50
Fig. 5 52a



ig. 6
46— 38ch
38ce 1 1 [ 38cc
48d—"
Z (o] |
48cv§§Ej —49
402a— V11, I’\}‘I‘rﬂ,[ .
483 — ‘:__l & 1 _f\?l%\
48~ 3] 38
\ \ = ) 9, '/

B 40a 40
400 40b 38a 38h 38b

38aa—\; L é>“
[V
38cab~ % \\\><f~380a
38ca~/><g\\ 1-38¢
Fig. 7a 38¢
38cbb
38cha )
38ch / \38¢h
38cc~_, g
- cC

38cch ) )
38cca 38¢



N 38a 380

i
K<
N
~Q

N—38ca

38ch ~r

38cc~_,

Fig. 7b 38

3gp 38D

38a
spa- ] @ﬂ «_rﬁulm:q

A
38ca—\><\\\
38¢ 1-38¢
38ch / "\ 38¢h
38cc—" 0~ 38cc

Fig. 7c



38aa\$i @“{_\—ﬁ’lﬂ—'—f‘ I,

38ca—~Ll
38¢ ~

|_~38¢

Fig. 7d 38

38a 3gp 38D

38aa X[DR—D_,_USJ—D—ULLU—{D_D]

—

38ca—~—

38c —38¢C

38ch" “\-38¢h
38cc—" “-38cc

Fig. 7e



12/20

40cca  40c
40cch \
< 40cc

40cc—"

40cba
40cb~ 77D . 40cb

8c =
40cbb 40 1 44
J aph ¥

o —
“+— 400 T —
—40ca
40cab - :xzf" t-—L—-—/‘Xi A4aaa

| ~-40caa

EN

o
(op]
{
7

Fig. 8b

EeN
o
jas)
Qo
\

8c<*31

i

40b  40b 40a

Fig. 7f




13/20

34

10

N

| ~42

44 N\ \-44
46
)
U
46

|- 48

™50

™~ 50e

N
50ea %ea
Fig. 9




o
[3~] A fae] e}

(a»] ] — — o
foe S S oL o = /4 «+ o o S o o
T avsg 2 & SRS 3 3 5 B 5 T

sesednal | ) , | L | oS
N~ 7 N 7 S — —— 7 <
7 / v

I

| ;—7——
(N

64b 64
Fig. 10b

u

l
66—T| 713
_/

AN ON AN \//\\

14720

34d

27 /,\MW\ s //W




TR s
N S
12NN [ 122 4
1N il
‘ 108 102
10
~ 100
14—
Nl A 142
% |168
\( /""16
14¢ — I
J |
16b NN 14d
20&“\__f | |
é{: AN 201
18 —T1IT 2
N
_// M
66 \ 404
26-><+/ 108/
7% ¢
N
32 228 —H1-30
) ]
22c—1] d— 34a
P H
362 1= 1 360
34—}
AN TN A= 34
34da 1] \ R
a—1 ' i %

Fig. lla

15/20

7% : 7
AR N
N Z
30 —{ ’_ 0o
32—
220 —b L 34a
66 ~
34d —
~— 34da
42—
Wl
447 [ —44
46—~ 46
BN 4 40
2o 50
i (~—100
\ 110
102 N[ 1]l e /o R L
N N 52
pa R
50d —{ /) Ei_/// 50
it ' / | LH—50d
4 i
6611 N 52
! [ Y& s0f
;/// X
A sor 80 |/
2 S
X N M



16/20

4 \
34
46 B N 4
484
—48¢
49’\;' 40~ )Ei~_48a
40aa— LP 60— . /10
50a— 28—
48
1) | 96
56
- gy
52a 1\108
soo—+<p| 50
| 56
|/ LN _}— 56
s P<H O 5209 EN
N O
TN AN s
524 JJ/ /
— ( &52(: —J
50d 1 50¢ -~ 50d
A -




17/20

22~
J\r A
[ l \ 344
34da N ¥ -4
38aa— 34da—e
38(}\ | 383 _/>< \}\—38b
N —38¢
38ca X 4?:18ca
44 )
~34 38
38¢h
2 38¢ch
C
38ce - 38cc
Jal
46 - 46
N - 484
402a~NB 60 NHTART-400
400~ B hTs
|l 58— &
N &
‘54 ({500
522 ")) t\“108 50
cs_b<tll 050p.0 B
\\ \
52— ] NJ-50e
524 % 0%

A7
110 kg’/ /508

500 ]| . 52¢ [ A 504

(
\ 50¢
A W
Fig. 13




18/20

42~

423 -

38aa —1
42¢—

4241
38ca

38ch
44

A

N-40c—1

(o)

[

1, [T ﬁj‘m,
__I ] r |

——————

48b

ms%

WA

\ N
40p 402 40  40p

Fig. 14



19/20

10
N 3

R —

NS =————-=—

. — y .

I LT [y
5 ’&/‘43

42— S

S
ES N
424 §
44 14
46 46
48d—1Y
(o]

449

VM m M irrh

48"\ ?—\——_ﬁ;

]
40
Fig. 15

34~

42~

<)
AN

48~

507

50f -1

R

50fa  50fa

Fig. 16



NN

- 66

_~102

O L L,

N B> 1 00

>

< -

-

/\\/ NSRS DS

20/20

NI

AASNCANCANENEN

LI

=

<

/\\/ AN DN

100—11R

66“\_

102~J|N

RERRERRRA

Fig. 17b

Fig. 17a



10

15

20

25

30

2414493

COLLAPSIBLE EXPANSION CONE
Cross Reference To Related Applications
The present application claims the benefit of the filing dates of. (1) U.S. provisional
patent application serial no. 60/338,996, attorney docket no. 25791.87, filed on
11/12/2001, (2) U.S. provisional patent application serial no. 60/339,013, attorney
docket no. 88, filed on 11/12/01 (3) U.S. provisional patent application serial no.
60/363,829, attorney docket no. 25791.95, filed on 3/13/2002, and (4) U.S. provisional
patent application serial no. 60/387,961, attorney docket no. 25791.108, filed on
6/12/2002, the disclosures of which are incorporated herein by reference.

The present application is related to the following: (1) U.S. patent application serial no.
09/454,139, attorney docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent
application serial no. 09/510,913, attorney docket no. 25791.7.02, filed on 2/23/2000,
(3) U.S. patent application serial no. 09/502,350, attorney docket no. 25791.8.02, filed
on 2/10/2000, (4) U.S. patent no. 6,328,113, (5) U.S. patent application serial no.
09/523,460, attorney docket no. 25791.11.02, filed on 3/10/2000, (6) U.S. patent
application serial no. 09/512,895, attorney docket no. 25791.12.02, filed on 2/24/2000,
(7) U.S. patent application serial no. 09/511,941, attorney docket no. 25791.16.02, filed
on 2/24/2000, (8) U.S. patent application serial no. 09/588,946, attorney docket no.
25791.17.02, filed on 6/7/2000, (9) U.S. patent application serial no. 09/559,122,
attorney docket no. 25791.23.02, filed on 4/26/2000, (10) PCT patent application serial
no. PCT/US00/18635, attorney docket no. 25791.25.02, filed on 7/9/2000, (11) U.S.
provisional patent application serial no. 60/162,671, attorney docket no. 25791.27, filed
on 11/1/1999, (12) U.S. provisional patent application serial no. 60/154,047, attorney
docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent application serial
no. 60/159,082, attorney docket no. 25791.34, filed on 10/12/1999, (14) U.S.
provisional patent application serial no. 60/159,039, attorney docket no. 25791.36, filed
on 10/12/1999, (15) U.S. provisional patent application serial no. 60/159,033, attorney
docket no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent application serial
no. 60/212,359, attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. provisional
patent application serial no. 60/165,228, attorney docket no. 25791.39, filed on
11/12/1999, (18) U.S. provisional patent application serial no. 60/221,443, attorney
docket no. 25791.45, filed on 7/28/2000, (19) U.S. provisional patent application serial
no. 60/221,645, attorney docket no. 25791.46, filed on 7/28/2000, (20) U.S. provisional
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patent application serial no. 60/233,638, attorney docket no. 25791.47, filed on
9/18/2000, (21) U.S. provisional patent application serial no. 60/237,334, attorney
docket no. 25791.48, filed on 10/2/2000, (22) U.S. provisional patent application serial
no. 60/270,007, attorney docket no. 25791.50, filed on 2/20/2001, (23) U.S. provisional
patent application serial no. 60/262,434, attorney docket no. 25791.51, filed on
1/17/2001, (24) U.S, provisional patent application serial no. 60/259,486, attorney
docket no. 25791.52, filed on 1/3/2001, (25) U.S. provisional patent application serial
no. 60/303,740, attorney docket no. 25791.61, filed on 7/6/2001, (26) U.S. provisional
patent application serial no. 60/313,453, attorney docket no. 25791.59, filed on
8/20/2001, (27) U.S. provisional patent application serial no. 60/317,985, attorney
docket no. 25791.67, filed on 9/6/2001, (28) U.S. provisional patent application serial
no. 60/318,021, attorney docket no. 25791.58, filed on 9/7/2001, (29) U.S. provisional
patent application serial no. 60/3318,386, attorney docket no. 25791.67.02, filed on
9/10/2001, (30) U.S. provisional patent application serial no. 60/326,886, attorney
docket no. 25791.60, filed on 10/3/2001, (31) U.S. utility patent application serial no.
09/969,922, attorney docket no. 25791.69, filed on 10/3/2001, (32) U.S. provisional
patent application serial no. 60/338,996, attorney docket no. 25791.87, filed on
11/12/2001, (33) U.S. provisional patent application serial no. 60/339,013, attorney
docket no. 25791.88, filed on 11/12/2001, (34) U.S. utility patent application serial no.
10/016,467, attorney docket no. 25791.70, filed on 12/10/2001, (35) U.S. provisional
patent application serial no. 60/343,674, attorney docket no. 25791.68, filed on
12/27/2001, (36) U.S. provisional patent application serial no. 60/346,309, attorney
docket no 25791.92, filed on 1/7/2002, (37) U.S. provisional patent application serial
no. 60/357,372, attorney docket no. 25791.71, filed on 2/15/2002, (38) U.S. provisional
patent application serial no. 60/363,829, attorney docket no. 25791.95, filed on
3/13/2002, (39) U.S. provisional patent application serial no. 60/372,048, attorney
docket no. 25791.93, filed on 4/12/2002, (40) U.S. provisional patent application serial
no. 60/372,632, attorney docket no. 25791.101, filed on 4/15/2002, (41) U.S.
provisional patent application serial no. 60/380,147, attorney docket no. 25791.104,
filed on 5/6/2002, (42) U.S. provisional patent application serial no. 60/383,917,
attorney docket no. 25791.89, filed on 5/29/2002, (43) U.S. provisional patent
application serial no. 60/387,486, attorney docket no. 25791.107, filed on 6/10/2002,
(44) U.S. provisional patent application serial no. 60/387,961, attorney docket no.
25791.108, filed on 6/12/2002, (45) U.S. provisional patent application serial no.
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60/391,703, attorney docket no. 25791.90, filed on 6/26/2002, (46) U.S. provisional
patent application serial no. 60/397,284, attorney docket no. 25791.106, filed on
7/19/2002, (47) U.S. provisional patent application serial no. 60/398,061, attorney
docket no. 25791.110, filed on 7/24/2002, (48) U.S. provisional patent application serial
no. 60/399,240, attorney docket no. 25791.111, filed on 7/29/2002, (49) U.S.
provisional patent application serial no, 60/405,610, attorney docket no. 25791.119,
filed on 8/23/2002, (50) U.S. provisional patent application serial no. 60/405,394,
attorney docket no. 25791.120, filed on 8/23/2002, (51) U.S. provisional patent
application serial no. 60/407,442, attorney docket no. 25791.125, filed on 8/30/2002,
(52) U.S. provisional patent application serial no. 60/412,542, attorney docket no.
25791.102, filed on 9/20/2002, (53) U.S. provisional patent application serial no.
60/412,177, attorney docket no. 25791.117, filed on 9/20/2002, (54) U.S. provisional
patent application serial no. 60/412,653, attorney docket no. 25791.118, filed on
9/20/2002, (55) U.S. provisional patent application serial no. 60/412,544, attorney
docket no. 25791.121, filed on 9/20/2002, (56) U.S. provisional patent application serial
no. 60/412,187, attorney docket no. 25791.128, filed on 9/20/2002, (57) U.S.
provisional patent application serial no. 60/412,187, attorney docket no. 25791.127,
filed on 9/20/2002, (58) U.S. provisional patent application serial no. 60/412,487,
attorney docket no. 25791.112, filed on 9/20/2002, (59) U.S. provisional patent
application serial no. 60/412,488, attorney docket no. 25791.114, filed on 9/20/2002,
and (60) U.S. provisional patent application serial no. 60/412,371, attorney docket no.
25791.129, filed on 9/20/2002, , (61) PCT Patent Application No. PCT/US02 ,
attorney docket no. 25791.87.02, filed on 11/11/02 and (62) PCT Patent Application
No. PCT/US02 , attorney docket no. 25791.88.02, filed on 11/11/02, the
disclosures of which are incorporated herein by reference.

Background Of The Invention

This invention relates generally to oil and gas exploration, and in particular to forming
and repairing wellbore casings to facilitate oil and gas exploration.

During oil exploration, a wellbore typically traverses a number of zones within a
subterranean formation. Wellbore casings are then formed in the wellbore by radially
expanding and plastically deforming tubular members that are coupled to one another
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by threaded connections. Existing methods for radially expanding and plastically
deforming tubular members coupled to one another by threaded connections are not
always reliable or produce satisfactory results. In particular, the threaded connections
can be damaged during the radial expansion process.

The present invention is directed to overcoming one or more of the limitations of the

existing processes for radially expanding and plastically deforming tubular members
coupled to one another by threaded connections.

Summary of the Invention
According to one aspect of the present invention, an apparatus for radially expanding
and plastically deforming an expandable tubular member is provided that includes an
upper tubular support member defining a first passage, one or more cup seals coupled
to the exterior surface of the upper tubular support member for sealing an interface
between the upper tubular support member and the expandable tubular member, an
upper cam assembly coupled to the upper tubular support member comprising: a
tubular base coupled to the upper tubular support member, and a plurality of cam arms
extending from the tubular base in a downward longitudinal direction, each cam arm
defining an inclined surface, a plurality of upper expansion cone segments interleaved
with the cam arms of the upper cam assembly and pivotally coupled to the tubular
support member, a lower tubular support member defining a second passage fluidicly
coupled to the first passage releasably coupled to the upper tubular support member,
and a lower cam assembly coupled to the lower tubular support member comprising: a
tubular base coupled to the lower tubular support member, and a plurality of cam arms
extending from the tubular base in an upward longitudinal direction, each cam arm
defining an inclined surface that mates with the inclined surface of a corresponding one
of the upper expansion cone segments, wherein the cams arms of the upper cam
assembly are interleaved with and overtap the cam arms of the lower cam assembly, a
plurality of lower expansion cone segments interleaved with cam arms of the lower cam
assembly, each lower expansion cone segment pivotally coupled to the lower tubular
support member and mating with the inclined surface of a corresponding one of the
cam arms of the upper cam assembly, wherein the lower expansion cone segments
interleave and overlap the upper expansion cone segments, and wherein the upper
and lower expansion cone segments together define an arcuate spherical external
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surface for plastically deforming and radially expanding the expandable tubular
member.

According to another aspect of the present invention, a collapsible expansion cone
assembly is provided that includes an upper tubular support member comprising an
internal flange, an upper cam assembly coupled to the upper tubular support member
comprising: a tubular base coupled to the upper support member, and a plurality of
cam arms extending from the tubular base in a downward longitudinal direction, each
cam arm defining an inclined surface, a plurality of upper expansion cone segments
interleaved with the cam arms of the upper cam assembly and pivotally coupled to the
internal flange of the upper tubular support member, a lower tubular support member
comprising an internal flange, one or more frangible couplings for releasably coupling
the upper and lower tubular support members, a lower cam assembly coupled to the
lower tubular support member comprising: a tubular base coupled to the lower tubular
support member, and a plurality of cam arms extending from the tubular base in an
upward longitudinal direction, each cam arm defining an inclined surface that mates
with the inclined surface of a corresponding one of the upper expansion cone
segments, wherein the cams arms of the upper cam assembly are interleaved with and
overlap the cam arms of the lower cam assembly, and a plurality of lower expansion
cone segments interleaved with cam arms of the lower cam assembly, each lower
expansion cone segment pivotally coupled to the internal flange of the lower tubular
support member and mating with the inclined surface of a corresponding one of the
cam arms of the upper cam assembly, wherein the lower expansion cone segments
interleave and overlap the upper expansion cone segments, and wherein the upper
and lower expansion cone segments together define an arcuate spherical external

surface for plastically deforming and radially expanding the expandable tubular
member.

According to another aspect of the present invention, an apparatus for radially
expanding and plastically deforming an expandable tubular member is provided that
includes a tubular support member, a collapsible expansion cone coupled to the tubular
support member, an expandable tubular member coupled to the collapsible expansion
cone, means for displacing the collapsible expansion cone relative to the expandable

tubular member, and means for collapsing the expansion cone.
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According to another aspect of the present invention, a collapsible expansion cone is
provided that includes an upper cam assembly comprising: a tubular base, and a
plurality of cam arms extending from the tubular base in a downward longitudinal
direction, each cam arm defining an inclined surface, a plurality of upper expansion
cone segments interleaved with the cam arms of the upper cam assembly, a lower cam
assembly comprising: a tubular base, and a plurality of cam arms extending from the
tubular base in an upward longitudinal direction, each cam arm defining an inclined
surface that mates with the inclined surface of a corresponding one of the upper
expansion cone segments, wherein the cams arms of the upper cam assembly are
interleaved with and overlap the cam arms of the lower cam assembly, a plurality of
lower expansion cone segments interleaved with cam arms of the lower cam assembly,
each lower expansion cone segment mating with the inclined surface of a
corresponding one of the cam arms of the upper cam assembly, means for moving the
upper cam assembly away from the lower expansion cone segments, and means for

moving the lower cam assembly away from the upper expansion cone segments.

According to another aspect of the invention, an apparatus for radially expanding and
plastically deforming an expandable tubular member is provided that includes a tubular
support member, a collapsible expansion cone coupled to the tubular support member,
an expandable tubular member coupled to the collapsible expansion cone, means for
displacing the collapsible expansion cone relative to the expandable tubular member,
and means for collapsing the expansion cone.

According to another aspect of the invention, a collapsible expansion cone is provided
that includes an upper cam assembly comprising: a tubular base, and a plurality of cam
arms extending from the tubular base in a downward longitudinal direction, each cam
arm defining an inclined surface, a plurality of upper expansion cone segments
interleaved with the cam arms of the upper cam assembly, a lower cam assembly
comprising: a tubular base, and a plurality of cam arms extending from the tubular base
in an upward longitudinal direction, each cam arm defining an inclined surface that
mates with the inclined surface of a corresponding one of the upper expansion cone
segments, wherein the cams arms of the upper cam assembly are interleaved with and
overlap the cam arms of the lower cam assembly, a plurality of lower expansion cone
6
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segments interleaved with cam arms of the lower cam assembly, each lower expansion
cone segment mating with the inclined surface of a corresponding one of the cam arms
of the upper cam assembly, means for moving the upper cam assembly away from the
lower expansion cone segments, and means for moving the lower cam assembly away
from the upper expansion cone segments.

According to another aspect of the invention, a method of radially expanding and
plastically deforming an expandable tubular member is provided that includes
supporting the expandable tubular member using a tubular support member and a
collapsible expansion cone, injecting a fluidic material into the tubular support member,
sensing the operating pressure of the injected fluidic material within a first interior
portion of the tubular support member, displacing the collapsible expansion cone
relative to the expandable tubular member when the sensed operating pressure of the
injected fluidic material exceeds a predetermined level within the first interior portion of
the tubular support member, sensing the operating pressure of the injected fluidic
material within a second interior portion of the tubular support member, and collapsing
the collapsible expansion cone when the sensed operating pressure of the injected

fluidic material exceeds a predetermined level within the second interior portion of the
tubular support member.

Brief Description of the Drawings
Fig. 1a is a fragmentary cross-sectional illustration of the placement of a portion of an
exemplary embodiment of an apparatus for radially expanding and plastically

deforming a tubular member that includes a collapsible expansion cone within a
preexisting structure,

Fig. 1b is a fragmentary cross-sectional illustration of another portion of the apparatus
of Fig. 1a.

Figs. 2a and 2b are fragmentary cross-sectional illustration of a portion of the
apparatus of Figs. 1a and 1b.

Fig. 3 is a fragmentary cross-sectional illustration of a portion of the apparatus of Figs.
1a and 1b.
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Fig. 3a is a fragmentary cross-sectional illustration of a portion of the apparatus of Fig
3.

Fig. 3b is a fragmentary cross-sectional illustration of a portion of the apparatus of Fig
3.

Fig. 4 is a fragmentary cross-sectional illustration of a portion of the apparatus of Figs.
1a and 1b.

Fig. 4a is a fragmentary cross-sectional illustration of a portion of the apparatus of Fig
4.

Fig. 5 is a fragmentary cross-sectional illustration of a portion of the apparatus of Figs.
1a and 1b.

Fig. 6 is a fragmentary cross-sectional illustration of a portion of the apparatus of Figs.
1a and 1b.

Figs. 7a-7e are fragmentary cross-sectional and perspective illustrations of the upper
cam assembly of the apparatus of Figs. 1a and 1b.

Fig. 7f is a fragmentary cross-sectional illustration of the lower cam assembly of the
apparatus of Figs. 1a and 1b.

Figs. 8a-8d are fragmentary cross-sectionai and perspective illustrations of one of the
upper cone segments of the apparatus of Figs. 1a and 1b.

Fig. 8e is a fragmentary cross-sectional illustration of one of the lower cone segments
of the apparatus of Figs. 1a and 1b.

Fig. 9 is a side view of a portion of the apparatus of Figs. 1a and 1b.
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Fig. 10a is a fragmentary cross sectional illustration of a portion of the apparatus of
Figs. 1a and 1b during the radial expansion of the expandable tubular member.

Fig. 10b is a fragmentary cross sectional illustration of another portion of the apparatus
of Fig. 10a.

Fig. 11a. is a fragmentary cross sectional illustration of a portion of the apparatus of
Figs. 10a and 10b during the adjustment of the expansion cone to a collapsed position.

Fig. 11b is a fragmentary cross sectional illustration of another portion of the apparatus
of Fig. 11a.

Fig. 12 is a fragmentary cross sectional illustration of a portion of the apparatus of Figs.
11a and 11b.

Fig. 13 is a fragmentary cross sectional illustration of a portion of the apparatus of Figs.
11a and 11b.

FIG. 14 is a fragmentary cross sectional illustration of a portion of the apparatus of
Figs. 11a and 11b with the expansion cone in a half coliapsed position.

FIG. 15 is a fragmentary cross sectional illustration of a portion of the apparatus of
Figs. 11a and 11b with the expansion cone in a fully collapsed position.

Fig. 16 is a side view of a portion of the apparatus of Figs. 10a and 10b.

Fig. 17a. is a fragmentary cross sectional illustration of a portion of the apparatus of
Figs. 11a and 11b after the removal of the apparatus from interior of the expandable
tubular member.

Fig. 17b is a fragmentary cross sectional illustration of another portion of the apparatus
of Fig. 17a.
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Detailed Description of the lllustrative Embodiments
Referring to Figs. 1a, 1b, 2a, 2b, 3, 33, 4, 4a, 5, 6, 7a, 7b, 7c, 7d, 7e, 7f, 8a, 8b, 8¢, 8d,
8e, and 9, an exemplary embodiment of an apparatus 10 for radially expanding and
plastically deforming a tubular member includes a tubular support member 12 that
defines a passage 12a. An end of the tubular support member 12 is coupled to an end
of a safety collar 14 that defines a passage 14a, a recess 14b at one end for receiving
the end of the tubular support member, and recesses 14c and 14d at another end.

A torque plate 16 is received within and is coupled to the recess 14c of the safety collar
14 that defines a passage 16a and a plurality of meshing teeth 16b at one end. An end
of an upper mandrel collar 18 is received with and is coupled to the recess 14d of the
safety collar 14 proximate and end of the torque plate 16 that defines a passage 18a.

Torque pins 20a and 20b further couple the end of the upper mandrel collar 18 to the
end of the safety collar 14.

An end of an upper mandrel 22 is received within and is coupled to the upper mandrel
collar 18 that defines a passage 22a, a plurality of meshing teeth 22b that mate with
and transmit torque to and from the meshing teeth 16b of the torque plate 16, and an
external flange 22c at another end.

An upper packer cup 24 mates with, receives and is coupled to the upper mandrel 22
proximate the end of the upper mandrel collar 18. In an exemplary embodiment, the
upper packer cup 24 is a Guiberson™ packer cup. An upper spacer sleeve 26 mates
with, receives, and is coupled to the upper mandrel 22 proximate an end of the upper
packer cup 24. A lower packer cup 28 mates with, receives and is coupled to the
upper mandrel 22 proximate an end of the upper spacer sleeve 26. In an exemplary
embodiment, the lower packer cup 28 is a Guiberson™ packer cup. A lower spacer
sleeve 30 mates with, receives, and is coupled to the upper mandrel 22 proximate an
end of the lower packer cup 28 and the external flange 22c of the upper mandrel. A
retaining sleeve 32 mates with, receives, and is coupled to an end of the lower spacer
sleeve proximate the external flange 22c of the upper mandrel 22.
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An end of a lower mandrel 34 defines a recess 34a that mates with, receives, and is
coupled to the external flange 22c of the upper mandrel 22, a recess 34b that mates
with, receives, and is coupled to the end of the upper mandrel, a passage 34c, and an
external flange 34d including circumferentially spaced apart meshing teeth 34da on an
end face of the external flange. Torque pins 36a and 36b further couple the recess
34a of the end of the lower mandrel 34 to the external flange 22c of the upper mandrel
22. During operation, the torque pins 36a and 36b transmit torque loads between the

recess 34a of the end of the lower mandrel 34 and the external flange 22c of the upper
mandrel 22.

An upper cam assembly 38 includes a tubular base 38a for receiving and mating with
the lower mandrel 34 that includes an external flange 38aa, a plurality of
circumferentially spaced apart meshing teeth 38b that extend from one end of the
tubular base in the longitudinal and radial directions for engaging the meshing teeth
34da of the end face of the external flange 34d of the lower mandrel, and a plurality of
circumferentially spaced apart cam arms 38c that extend from the other end of the
tubular base in the opposite longitudinal direction and mate with and receive the lower
mandrel. During operation, the meshing teeth 34da of the end face of the external
flange 34d of the lower mandrel 34 transmit torque loads to the meshing teeth 38b of
the upper cam assembly 38. Each of the cam arms 38c include an inner portion 38ca
extending from the tubular base 38a that has arcuate cylindrical inner and outer
surfaces, 38caa and 38cab, a tapered intermediate portion 38cb extending from the
inner portion that has an arcuate cylindrical inner surface 38cba and an arcuate conical
outer surface 38cbb, and an outer portion 38cc extending from the intermediate portion
that has arcuate cylindrical inner and outer surfaces, 38cca and 38cch. In an
exemplary embodiment, the radius of curvatures of the arcuate outer cylindrical
surfaces 38cab are greater than the radius of curvatures of the arcuate outer cylindrical
surfaces 38ccb. In an exemplary embodiment, the radius of curvatures of the arcuate
inner cylindrical surfaces, 38caa, 38cbha, and 38cca are equal.

A lower cam assembly 40 includes a tubular base 40a for receiving and mating with the
lower mandrel 34 that includes an external flange 40aa, a plurality of circumferentially
spaced apart meshing teeth 40b that extend from one end of the tubular base in the
longitudinal and radial directions, and a piurality of circumferentially spaced apart cam
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arms 40c that extend from the other end of the tubular base in the opposite longitudinal
direction and mate with and receive the lower mandrel. Each of the cam arms 40c
include an inner portion 40ca extending from the tubular base 40a that has arcuate
cylindrical inner and outer surfaces, 40caa and 40cab, a tapered intermediate portion
40cb extending from the inner portion 40ca that has an arcuate cylindrical inner surface
40cba and an arcuate conical outer surface 40cbb, and an outer portion 40cc
extending from the intermediate portion that has arcuate cylindrical inner and outer
surfaces, 40cca and 40ccb. In an exemplary embodiment, the radius of curvatures of
the arcuate outer cylindrical surfaces 40cab are greater than the radius of curvatures
the arcuate outer cylindrical surfaces 40ccb. In an exemplary embodiment, the radius
of curvatures of the arcuate inner cylindrical surfaces, 40caa, 40cba, and 40cca are
equal. In an exemplary embodiment, the upper and lower cam assemblies, 38 and 40,
are substantially identical. In an exemplary embodiment, the cam arms 38c of the
upper cam assembly 38 interleave the cam arms 40c of the lower cam assembly 40.
Furthermore, in an exemplary embodiment, the cam arms 38c of the upper cam
assembly also overlap with the cam arms 40c of the lower cam assembly 40 in the

longitudinal direction thereby permitting torque loads to be transmitted between the
upper and lower cam assemblies.

An end of an upper retaining sleeve 42 receives and is threadably coupled to the
external flange 34d of the lower mandrel 34 that defines a passage 42a for receiving
and mating with the outer circumferential surfaces of the external flange 38aa and the
meshing teeth 38b of the upper cam assembly 38, and an inner annular recess 42b,
and includes an internal flange 42c for retaining the external flange 38aa of the upper
cam assembly, and an internal flange 42d at one end of the upper retaining sleeve that
includes a rounded interior end face. An o-ring seal 44 is received within the annular
recess 42b for sealing the interface between the upper retaining sleeve 42 and the
external flange 34d of the lower mandrel 34. A disc shaped shim 43 is positioned
within the upper retaining sleeve 42 between the opposing end faces of the internal

flange 42c of the retaining sleeve and the meshing teeth 38b of the upper cam
assembly 38.

A plurality of upper expansion cone segments 44 are interleaved among the cam arms
38c of the upper cam assembly 38. Each of the upper expansion cone segments 44
12
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include inner portions 44a having arcuate cylindrical inner surfaces, 44aaa and 44aab,
and an arcuate cylindrical outer surface 44ab, intermediate portions 44b extending
from the interior portions that have an arcuate conical inner surface 44ba and arcuate
cylindrical and spherical outer surfaces, 44bba and 44bbb, and outer portions 44c
having arcuate cylindrical inner and outer surfaces, 44ca and 44cb. In an exemplary
embodiment, the outer surfaces 44ab of the inner portions 44a of the upper expansion
cone segments define hinge grooves 44aba that receive and are pivotally mounted
upon the internal flange 42d of the upper retaining sleeve 42.

The arcuate inner cylindrical surfaces 44aaa mate with and receive the lower mandrel
34, the arcuate inner cylindrical surfaces 44aab mate with and receive the arcuate
cylindrical outer surfaces 40ccb of the outer portions 40cc of the corresponding cam
arms 40c of the lower cam assembly 40, and the arcuate inner conical surfaces 44ba
mate with and receive the arcuate conical outer surfaces 40cbb of the intermediate
portions 40cb of the corresponding cam arms of the lower cam assembly.

In an exemplary embodiment, the radius of curvature of the arcuate cylindrical inner
surface 44aaa is less than the radius of curvature of the arcuate cylindrical inner
surface 44aab. In an exemplary embodiment, the radius of curvature of the arcuate
cylindrical inner surface 44ca is greater than the radius of curvature of the arcuate
cylindrical surface 44aab. In an exemplary embodiment, the arcuate cylindrical inner
surfaces, 44aaa and 44aab, are parallel. In an exemplary embodiment, the arcuate
cylindrical outer surface 44ab is inclined relative to the arcuate cylindrical inner surface
44aaa. In an exemplary embodiment, the arcuate cylindrical outer surface 44bba is
parallel to the arcuate cylindrical inner surfaces, 44aaa and 44aab. In an exemplary
embodiment, the arcuate cylindrical outer surface 44cb is inclined relative to the
arcuate cylindrical inner surface 44ca.

A plurality of lower expansion cone segments 46 are interleaved among, and overlap,
the upper expansion cone segments 44 and the cam arms 38c of the lower dam
assembly 38. In this manner, torque loads may be transmitted between the upper and
lower expansion cone segments, 44 and 46. Each of the lower expansion cone
segments 46 include inner portions 46a having arcuate cylindrical inner surfaces,
46aaa and 46aab, and an arcuate cylindrical outer surface 46ab, intermediate portions
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46b extending from the interior portions that have an arcuate conical inner surface
46ba and arcuate cylindrical and spherical outer surfaces, 46bba and 46bbb, and outer
portions 46¢ having arcuate cylindrical inner and outer surfaces, 46ca and 46¢cb. In an
exemplary embodiment, the outer surfaces 46ab of the inner portions 46a of the upper
expansion cone segments 46 define hinge grooves 46aba.

The arcuate inner cylindrical surfaces 46aaa mate with and receive the lower mandrel
34, the arcuate inner cylindrical surfaces 46aab mate with and receive the arcuate
cylindrical outer surfaces 38ccb of the outer portions 38cc of the corresponding cam
arms 38c of the upper cam assembly 38, and the arcuate inner conical surfaces 46ba
mate with and receive the arcuate conical outer surfaces 38cbb of the intermediate

portions 38cb of the corresponding cam arms of the lower cam assembly.

In an exemplary embodiment, the radius of curvature of the arcuate cylindrical inner
surface 46aaa is less than the radius of curvature of the arcuate cylindrical inner
surface 46aab. In an exemplary embodiment, the radius of curvature of the arcuate
cylindrical inner surface 46ca is greater than the radius of curvature of the arcuate
cylindrical surface 46aab. In an exemplary embodiment, the arcuate cylindrical inner
surfaces, 46aaa and 46aab, are parallel. In an exemplary embodiment, the arcuate
cylindrical outer surface 46ab is inclined relative to the arcuate cylindrical inner surface
46aaa. In an exemplary embodiment, the arcuate cylindrical outer surface 46bba is
parallel to the arcuate cylindrical inner surfaces, 46aaa and 46aab. In an exemplary
embodiment, the arcuate cylindrical outer surface 46cb is inclined relative to the
arcuate cylindrical inner surface 46ca.

In an exemplary embodiment, the geometries of the upper and lower expansion cone
segments 44 and 46 are substantially identical. In an exemplary embodiment, the
upper expansion cone segments 44 are tapered in the longitudinal direction from the
ends of the intermediate portions 44b to the ends of the outer portions 44c, and the
lower expansion cone segments 46 are tapered in the longitudinal direction from the
ends of the intermediate portions 46b to the ends of the outer portions 46¢c. In an
exemplary embodiment, when the upper and lower expansion segments, 44 and 46,
are positioned in a fully expanded position, the arcuate cylindrical outer surfaces,
44bba and 46c¢b, of the upper and lower expansion cone segments define a contiguous
14
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cylindrical surface, the arcuate spherical outer surfaces, 44bbb and 46bbb, of the upper
and lower expansion cone segments define an contiguous arcuate spherical surface,
and the arcuate cylindrical outer surfaces, 44cb and 46bba, of the upper and lower

expansion cone segments define a contiguous cylindrical surface.

An end of a lower retaining sleeve 48 defines a passage 48a for receiving and mating
with the outer circumferential surfaces of the external flange 40aa and the meshing
teeth 40b of the lower cam assembly 40, and an inner annular recess 48b, and
includes an internal flange 48c for retaining the external flange of the lower cam
assembly, and an internal flange 48d at one end of the lower retaining sleeve that
includes a rounded interior end face for mating with the hinge grooves 46 aba of the
lower expansion cone segments 46 thereby pivotally coupling the lower expansion
cone segments to the lower retaining sleeve. An o-ring seal 50 is received within the
annular recess 48b. A disc shaped shim 49 is positioned within the lower retaining
sleeve 48 between the opposing end faces of the internal flange 48c of the retaining
sleeve and the external flange 40aa of the lower cam assembly 40.

In an exemplary embodiment, the arcuate cylindrical outer surfaces 44bba of the upper
expansion cone segments 44 and the arcuate cylindrical outer surfaces 46cb of the
lower expansion cone segments 46 are aligned with the outer surface of the upper
retaining sleeve 42. In an exemplary embodiment, the arcuate cylindrical outer
surfaces 44cb of the upper expansion cone segments 44 and the arcuate cylindrical
outer surfaces 46 bba of the lower expansion cone segments are aligned with the outer
surface of the lower retaining sleeve 48.

An end of a float shoe adaptor 50 that includes a plurality of circumferentially spaced
apart meshing teeth 50a for engaging the meshing teeth 40b of the lower cam
assembly 40 is received within and threadably coupled to an end of the lower retaining
sleeve 48 that defines a passage 50b at one end for receiving an end of the lower
mandrel 34, a passage 50c having a reduced inside diameter at another end, a plurality
of radial passages 50d at the other end, and includes an internal flange 50e, and a
torsional coupling 50f at the other end that includes a plurality of torsional coupling
members 50fa. During operation, the meshing teeth 40b of the lower cam assembly 40
transmit toque loads to and from the meshing teeth 50a of the float shoe adaptor.
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An end of a retaining sleeve 52 abuts the end face of the tubular base 40a of the lower
cam assembly 40 and is received within and mates with the passage 50b of the float
shoe adaptor 50 that defines a passage 52a for receiving an end of the lower mandrel
34, a throat passage 52b including a ball valve seat 52¢, and includes a flange 52d,
and another end of the retaining sleeve, having a reduced outside diameter, is received
within and mates with the passage 50c of the float shoe adaptor 50.

A stop nut 54 receives and is threadably coupled to the end of the lower mandrel 34
within the passage 52a of the retaining sleeve 52, and shear pins 56 releasably couple
the stop nut 54 to the retaining sleeve 52. Locking dogs 58 are positioned within an
end of the retaining sleeve 52 that receive and are releasably coupled to the lower
mandrel 34, and a disc shaped adjustment shim 60 receives the lower mandrel 34 and
is positioned within an end of the retaining sleeve 52 between the opposing ends of the
tubular base 40a of the upper cam assembly 40 and the locking dogs 58. Burst discs

62 are releasably coupled to and positioned within the radial passages 50d of the float
shoe adaptor 50.

An end of a float shoe 64 mates with and is releasably coupled to the torsional coupling
members 50fa of the torsional coupling 50f of the float shoe adaptor 50 that defines a
passage 64a and a valveable passage 64b. In this manner torsional loads may be
transmitted between the float shoe adaptor 50 and the float shoe 64. An end of an
expandable tubular member 66 that surrounds the tubular support member 12, the
safety collar 14, the upper mandrel collar 18, the upper packer cup 24, the lower
packer cup 28, the lower mandrel 34, the upper expansion cone segments 44, the
lower expansion cone segments 46, and the float shoe adaptor 50, is coupled to and
receives an end of the float shoe 64 and is movably coupled to and supported by the
arcuate spherical external surfaces, 44bbb and 46bbb, of the upper and lower
expansion cone segments, 44 and 46.

During operation, as illustrated in Figs. 1a and 1b, the apparatus 10 is at least partially
positioned within a preexisting structure such as, for example, a borehole 100 that
traverses a subterranean formation that may include a preexisting wellbore casing 102.

The borehole 100 may be oriented in any position, for example, from vertical to
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horizontal. A fluidic material 104 is then injected into the apparatus 10 through the
passages 12a, 14a, 22a, 34c, 50c, 64a, and 64b into the annulus between the
expandable tubular member 66 and the borehole 100. In an exemplary embodiment,
the fluidic material 104 is a hardenable fluidic sealing material. In this manner, an

annular sealing layer may be formed within the annulus between the expandable
tubular member 66 and the borehole 100.

As illustrated in Figs. 10a and 10b, a ball 106 is then be positioned within and blocking
the valveable passage 64b of the float shoe 64 by injecting a fluidic material 108 into
the apparatus 10 through the passages 12a, 14a, 22a, 34c, and 50c. As a result, the
increased operating pressure within the passage 50c¢ bursts open the burst discs 62
positioned within the radial passages 50d of the float shoe adaptor 50. The continued
injection of the fluidic material 108 thereby pressurizes the interior of the expandable
tubular member 66 below the lower packer cup 28 thereby displacing the upper and
lower expansion cone segments, 44 and 46, upwardly relative to the float shoe 64 and
the expandable tubular member 66. As a result, the expandable tubular member 66 is
plastically deformed and radially expanded. Thus, the burst discs 62 sense the
operating pressure of the injected fluidic material 108 within the passage 50c and
thereby control the initiation of the radial expansion and plastic deformation of the
expandable tubular member 66.

In an exemplary embodiment, any leakage of the pressurized fluidic material 108 past
the lower packer cup 28 is captured and sealed against further leakage by the upper
packer cup 24. In this manner, the lower packer cup 28 provides the primary fluidic
seal against the interior surface of the expandable tubular member 66, and the upper
packer cup 24 provides a secondary, back-up, fluidic seal against the interior surface of
the expandable tubular member. Furthermore, because the lower packer cup 28
and/or the upper packer cup 24 provide a fluid tight seal against the interior surface of
the expandable tubular member 66, the upper and lower expansion cone segments, 44

and 46, are pulled upwardly through the expandable tubular member by the axial
forces created by the packer cups.

In an exemplary embodiment, during the radial expansion process, the interface
between the arcuate spherical external surfaces, 44bbb and 46bbb, of the upper and
17
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lower expansion cone segments, 44 and 46, and the interior surface of the expandable
tubular member 66 is not fluid tight. As a result, the fluidic material 108 may provide
lubrication to the entire extent of the interface between the cylindrical external surfaces,
44bba and 46¢cb, and the arcuate spherical external surfaces, 44bbb and 46bbb, of the
upper and lower expansion cone segments, 44 and 46, and the interior surface of the
expandable tubular member 66. Moreover, experimental test results have indicated
the unexpected result that the required operating pressure of the fluidic material 108 for
radial expansion of the expandable tubular member 66 is less when the interface
between the cylindrical external surfaces, 44bba and 46cb, and the arcuate spherical
external surfaces, 44bbb and 46bbb, of the upper and lower expansion cone segments,
44 and 46, and the interior surface of the expandable tubular member 66 is not fluid
tight. Furthermore, experimental test results have also demonstrated that the arcuate
spherical external surface provided by the arcuate spherical external surfaces, 44bbb
and 46bbb, of the upper and lower expansion cone segments, 44 and 46, provides
radial expansion and plastic deformation of the expandable tubular member 66 using

lower operating pressures versus an expansion cone having a conical outer surface.

In an exemplary embodiment, as illustrated in Figs. 11a, 11b, 12, 13, 14, 15, and 16,
the upper and lower expansion cone segments, 44 and 46, may then be adjusted to a
collapsed position by placing a ball 110 within the ball valve seat 52¢ of the throat
passage 52b of the retaining sleeve 52. The continued injection of the fluidic material
108, after the placement of the ball 110 within the ball valve seat 52c, creates a
differential pressure across the ball 110 thereby applying a downward longitudinal force
onto the retaining sleeve 52 thereby shearing the shear pins 56. As a result, the
retaining sleeve 52 is displaced in the downward longitudinal direction relative to the
float shoe adaptor 50 thereby permitting the locking dogs 58 to be displaced outwardly
in the radial direction. The outward radial displacement of the locking dogs 58
disengages the locking dogs from engagement with the lower mandrel 34. Thus, the
shear pins 56 sense the operating pressure of the injected fluidic material 108 within
the throat passage 52b and thereby controliing the initiation of the collapsing of the

upper and lower expansion cone segments, 44 and 46.

The continued injection of the fluidic material 108 continues to displace the retaining
sleeve 52 in the downward longitudinal direction relative to the float shoe adaptor 50
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until the external flange 52d of the retaining sleeve 52 impacts, and applies a
downward longitudinal force to, the internal flange 50e of the float shoe adaptor. As a
result, the float shoe adaptor 50 is then also displaced in the downward longitudinal
direction relative to the lower mandre! 34. The downward longitudinal displacement of
the float shoe adaptor 50 relative to the lower mandrel 34 causes the lower cam
assembly 40, the lower expansion cone segments 46, and the lower retaining sleeve
48, which are rigidly attached to the float shoe adaptor, to also be displaced
downwardly in the longitudinal direction relative to the lower mandrel 34, the upper cam
assembly 38, and the upper expansion cone segments 44.

The downward longitudinal displacement of the lower cam assembly 40 relative to the
upper expansion cone segments 44 causes the upper expansion cone segments to
slide off of the conical external surfaces 40cbb of the lower cam assembly and thereby
pivot inwardly in the radial direction about the internal flange 42d of the upper retaining
sleeve 42. The downward longitudinal displacement of the lower expansion cone
segments 46 relative to the upper cam assembly 38 causes the lower expansion cone
segments 46 to slide off of the external conical surfaces 38cbb of the upper cam
assembly and thereby pivot inwardly in the radial direction about the internal flange 48d
of the lower retaining sleeve. As a result of the inward radial movement of the upper
and lower expansion cone segments, 44 and 46, the arcuate external spherical
surfaces, 44bbb and 46bbb, of the upper and lower expansion cone segments, 44 and

46, no longer provide a substantially contiguous outer arcuate spherical surface.

The downward longitudinal movement of the retaining sleeve 42 and float shoe adaptor
50 relative to the lower mandrel 34 is stopped when the stop nut 54 impacts the locking
dogs 58. At this point, as illustrated in Figs. 17a and 17b, the apparatus 10 may then
be removed from the interior of the expandable tubular member 66.

Thus, the apparatus 10 may be removed from the expandable tubular member 66 prior
to the complete radial expansion and plastic deformation of the expandable tubular
member by controllably coliapsing the upper and lower expansion cone segments, 44
and 46. As a result, the apparatus 10 provides the following benefits: (1) the apparatus
is removable when expansion problems are encountered; (2) lower expansion forces
are required because the portion of the expandable tubular member 66 between the
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packer cups, 24 and 28, and the expansion cone segments is exposed to the
expansion fluid pressure; and (3) the expansion cone segments can be run down
through the expandable tubular member, prior to radial expansion, and then the
expansion cone segments can be expanded.

In several alternative embodiments, resilient members such as, for example, spring
elements are coupled to the upper and lower expansion cone segments, 44 and 46, for

resiliently biasing the expansion cone segments towards the expanded or collapsed
position.

In several alternative embodiments, the placement of the upper and lower expansion

cone segments, 44 and 46, in an expanded or collapsed position is reversible as

disclosed in PCT patent application serial no. PCT/ / , attorney docket no.
25791.88.02, filed on , the disclosure of which is incorporated herein by
reference.

In several alternative embodiments, a small gap is provided between the upper and
lower expansion cone segments, 44 and 46, when positioned in the expanded
condition that varies from about .005 to .030 inches.

An apparatus for radially expanding and plastically deforming an expandable tubular
member has been described that includes an upper tubular support member defining a
first passage, one or more cup seals coupled to the exterior surface of the upper
tubular support member for sealing an interface between the upper tubular support
member and the expandable tubular member, an upper cam assembly coupled to the
upper tubular support member comprising: a tubular base coupled to the upper tubular
support member, and a plurality of cam arms extending from the tubular base in a
downward longitudinal direction, each cam arm defining an inclined surface, a plurality
of upper expansion cone segments interleaved with the cam arms of the upper cam
assembly and pivotally coupled to the tubular support member, a lower tubular support
member defining a second passage fluidicly coupled to the first passage releasably
coupled to the upper tubular support member, a lower cam assembly coupled to the
lower tubular support member comprising: a tubular base coupled to the lower tubular
support member, and a plurality of cam arms extending from the tubular base in an
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upward longitudinal direction, each cam arm defining an inclined surface that mates
with the inclined surface of a corresponding one of the upper expansion cone
segments, wherein the cams arms of the upper cam assembly are interleaved with and
overlap the cam arms of the lower cam assembly, and a plurality of lower expansion
cone segments interleaved with cam arms of the lower cam assembly, each lower
expansion cone segment pivotally coupled to the lower tubular support member and
mating with the inclined surface of a corresponding one of the cam arms of the upper
cam assembly, wherein the lower expansion cone segments interleave and overlap the
upper expansion cone segments, and wherein the upper and lower expansion cone
segments together define an arcuate spherical external surface for plastically
deforming and radially expanding the expandable tubular member. In an exemplary
embodiment, the upper tubular support member includes: a safety collar, a torque plate
coupled to the safety collar including a plurality of circumferentially spaced apart
meshing teeth at an end, an upper mandrel including a plurality of circumferentially
spaced apart meshing teeth at one end for engaging the meshing teeth of the torque
plate and an external flange at another end, and a lower mandrel coupled to the
external flange of the upper mandrel including an external flange including a plurality of
circumferentially spaced apart meshing teeth. In an exemplary embodiment, the
tubular base of the upper cam assembly includes a plurality of circumferentially spaced
apart meshing teeth for engaging the meshing teeth of the external flange of the lower
mandrel. In an exemplary embodiment, the apparatus further includes a stop nut
coupled to an end of the lower mandrel for limiting the movement of the lower tubular
member relative to the lower mandrel. In an exemplary embodiment, the apparatus
further includes locking dogs coupled to the lower mandrel. In an exemplary
embodiment, the lower tubular support member includes: a float shoe adapter including
a plurality of circumferentially spaced apart meshing teeth at one end, an internal
flange, and a torsional coupling at another end, a lower retaining sleeve coupled to an
end of the float shoe adapter including an internal flange for pivotally engaging the
lower expansion cone segments, and a retaining sleeve received within the float shoe
adapter releasably coupled to the upper tubular support member. In an exemplary
embodiment, an end of the retaining sleeve abuts an end of the tubular base of the
lower cam assembly. In an exemplary embodiment, the tubular base of the lower cam
assembly includes a plurality of circumferentially spaced apart meshing teeth for
engaging the meshing teeth of the float shoe adaptor. In an exemplary embodiment,
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the apparatus further includes a float shoe releasably coupled to the torsional coupling
of the float shoe adaptor, and an expandable tubular member coupled to the float shoe
and supported by and movably coupled to the upper and lower expansion cone
segments. In an exemplary embodiment, the apparatus further includes: one or more
shear pins coupled between the upper tubular support member and the lower tubular
support member. In an exemplary embodiment, the apparatus further includes: a stop
member coupled to the upper tubular support member for limiting movement of the
upper tubular support member relative to the lower tubular support member. In an
exemplary embodiment, the apparatus further includes: a float shoe releasably coupled
to the lower tubular support member that defines a valveable passage, and an
expandable tubular member coupled to the fioat shoe and supported by and movably
coupled to the upper and lower expansion cone segments. In an exemplary
embodiment, each upper expansion cone segment includes: an inner portion defining
an arcuate cylindrical upper surface including a hinge groove for pivotally coupling the
upper expansion cone segment to the upper tubular support member and arcuate
cylindrical lower surfaces, an intermediate portion defining arcuate cylindrical and
spherical upper surfaces and an arcuate conical lower surface, and an outer portion
defining arcuate cylindrical upper and lower surfaces, and wherein each lower
expansion cone segment includes: an inner portion defining an arcuate cylindrical
upper surface including a hinge groove for pivotally coupling the lower expansion cone
segment to the lower tubular support member and arcuate cylindrical lower surfaces,
an intermediate portion defining arcuate cylindrical and spherical upper surfaces and
an arcuate conical lower surface, and an outer portion defining arcuate cylindrical
upper and lower surfaces. In an exemplary embodiment, each upper expansion cone
segment is tapered in the longitudinal direction from the intermediate portion to the
outer portion; and wherein each lower expansion cone segment is tapered in the
longitudinal direction from the intermediate portion to the outer portion.

An apparatus for radially expanding and plastically deforming an expandable tubular
member has also been described that includes a safety collar, a torque plate coupled
to the safety collar including a plurality of circumferentially spaced apart meshing teeth
at an end, an upper mandrel including a plurality of circumferentially spaced apart
meshing teeth at one end for engaging the meshing teeth of the torque plate and an
external flange at another end, a lower mandrel coupled to the external flange of the
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upper mandrel including an external flange including a plurality of circumferentially
spaced apart meshing teeth, a stop nut coupled to an end of the lower mandrel, an
upper retaining sleeve coupled to the lower mandre! including an internal flange, one or
more cup seals coupled to the upper mandrel for sealing an interface between the
upper mandrel and the expandable tubular member, an upper cam assembly coupled
to the lower mandrel including: a tubular base including a plurality of circumferentially
spaced apart meshing teeth for engaging the meshing teeth of the external flange of
the lower mandrel, and a plurality of cam arms extending from the tubular base in a
downward longitudinal direction, each cam arm defining an inclined surface, a plurality
of upper expansion cone segments interleaved with the cam arms of the upper cam
assembly and pivotally coupled to the internal flange of the upper retaining sleeve, a
float shoe adapter including a plurality of circumferentially spaced apart meshing teeth
at one end, an internal flange, and a torsional coupling at another end, a lower
retaining sleeve coupled to an end of the float shoe adapter including an internal
flange, a retaining sleeve received within the float shoe adapter, one or more shear
pins for releasably coupling the retaining sleeve to the stop nut, a lower cam assembly
coupled to the float shoe adapter including: a tubular base including a plurality of
circumferentially spaced apart meshing teeth for engaging the meshing teeth of the
float shoe adapter, and a plurality of cam arms extending from the tubular base in an
upward longitudinal direction, each cam arm defining an inclined surface that mates
with the inclined surface of a corresponding one of the upper expansion cone
segments, wherein the cams arms of the upper cam assembly are interleaved with and
overlap the cam arms of the lower cam assembly, a plurality of lower expansion cone
segments interleaved with cam arms of the lower cam assembly, each lower expansion
cone segment pivotally coupled to the internal flange of the lower retaining sleeve and
mating with the inclined surface of a corresponding one of the cam arms of the upper
cam assembly, a float shoe releasably coupled to the torsional coupling of the float
shoe adaptor, and an expandable tubular member coupled to the float shoe and
supported by and movably coupled to the upper and lower expansion cone segments,
wherein the lower expansion cone segments interleave and overlap the upper
expansion cone segments, wherein the upper and lower expansion cone segments
together define an arcuate spherical external surface for plastically deforming and
radially expanding the expandable tubular member, wherein each upper expansion
cone segment includes: an inner portion defining an arcuate cylindrical upper surface
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including a hinge groove for pivotally coupling the upper expansion cone segment to
the upper tubular support member and arcuate cylindrical lower surfaces, an
intermediate portion defining arcuate cylindrical and spherical upper surfaces and an
arcuate conical lower surface, and an outer portion defining arcuate cylindrical upper
and lower surfaces, wherein each lower expansion cone segment includes: an inner
portion defining an arcuate cylindrical upper surface including a hinge groove for
pivotally coupling the lower expansion cone segment to the lower tubular support
member and arcuate cylindrical lower surfaces, an intermediate portion defining
arcuate cylindrical and spherical upper surfaces and an arcuate conical lower surface,
and an outer portion defining arcuate cylindrical upper and lower surfaces, wherein
each upper expansion cone segment is tapered in the longitudinal direction from the
intermediate portion to the outer portion, and wherein each lower expansion cone

segment is tapered in the longitudinal direction from the intermediate portion to the
outer portion.,

A collapsible expansion cone assembly has also been described that includes an upper
tubular support member including an internal flange, an upper cam assembly coupled
to the upper tubular support member including: a tubular base coupled to the upper
support member, and a plurality of cam arms extending from the tubular base in a
downward longitudinal direction, each cam arm defining an inclined surface, a plurality
of upper expansion cone segments interleaved with the cam arms of the upper cam
assembly and pivotally coupled to the internal flange of the upper tubular support
member, a lower tubular support member including an internal flange, one or more
frangible couplings for releasably coupling the upper and lower tubular support
members, a lower cam assembly coupled to the lower tubular support member
including: a tubular base coupled to the lower tubular support member, and a plurality
of cam arms extending from the tubular base in an upward longitudinal direction, each
cam arm defining an inclined surface that mates with the inclined surface of a
corresponding one of the upper expansion cone segments, wherein the cams arms of
the upper cam assembly are interleaved with and overlap the cam arms of the lower
cam assembly, and a plurality of lower expansion cone segments interleaved with cam
arms of the lower cam assembly, each lower expansion cone segment pivotally
coupled to the internal flange of the lower tubular support member and mating with the
inclined surface of a corresponding one of the cam arms of the upper cam assembly,
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wherein the lower expansion cone segments interleave and overlap the upper
expansion cone segments, and wherein the upper and lower expansion cone segments
together define an arcuate spherical external surface for plastically deforming and
radially expanding the expandable tubular member. In an exemplary embodiment,
each upper expansion cone segment includes: an inner portion defining an arcuate
cylindrical upper surface including a hinge groove for pivotally coupling the upper
expansion cone segment to the upper tubular support member and arcuate cylindrical
lower surfaces, an intermediate portion defining arcuate cylindrical and spherical upper
surfaces and an arcuate conical lower surface, and an outer portion defining arcuate
cylindrical upper and lower surfaces, and wherein each lower expansion cone segment
includes: an inner portion defining an arcuate cylindrical upper surface including a
hinge groove for pivotally coupling the lower expansion cone segment to the lower
tubular support member and arcuate cylindrical lower surfaces, an intermediate portion
defining arcuate cylindrical and spherical upper surfaces and an arcuate conical lower
surface, and an outer portion defining arcuate cylindrical upper and lower surfaces. In
an exemplary embodiment, each upper expansion cone segment is tapered in the
longitudinal direction from the intermediate portion to the outer portion, and wherein
each lower expansion cone segment is tapered in the longitudinal direction from the
intermediate portion to the outer portion.

A collapsible expansion cone assembly has also been described that includes an upper
tubular support member including an internal flange, an upper cam assembly coupled
to the upper tubular support member including: a tubular base coupled to the upper
support member, and a plurality of cam arms extending from the tubular base in a
downward longitudinal direction, each cam arm defining an inclined surface, a plurality
of upper expansion cone segments interleaved with the cam arms of the upper cam
assembly and pivotally coupled to the internal flange of the upper tubular support
member, a lower tubular support member including an internal flange, one or more
frangible couplings for releasably coupling the upper and lower tubular support
members, a lower cam assembly coupled to the lower tubular support member
including: a tubular base coupled to the lower tubular support member, and a plurality
of cam arms extending from the tubular base in an upward longitudinal direction, each
cam arm defining an inclined surface that mates with the inclined surface of a
corresponding one of the upper expansion cone segments, wherein the cams arms of
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the upper cam assembly are interleaved with and overlap the cam arms of the lower
cam assembly, and a plurality of lower expansion cone segments interleaved with cam
arms of the lower cam assembly, each lower expansion cone segment pivotally
coupled to the internal flange of the lower tubular support member and mating with the
inclined surface of a corresponding one of the cam arms of the upper cam assembly,
wherein the lower expansion cone segments interleave and overlap the upper
expansion cone segments, wherein the upper and lower expansion cone segments
together define an arcuate spherical external surface for plastically deforming and
radially expanding the expandable tubular member, wherein each upper expansion
cone segment includes: an inner portion defining an arcuate cylindrical upper surface
including a hinge groove for pivotally coupling the upper expansion cone segment to
the upper tubular support member and arcuate cylindrical lower surfaces, an
intermediate portion defining arcuate cylindrical and spherical upper surfaces and an
arcuate conical lower surface, and an outer portion defining arcuate cylindrical upper
and lower surfaces, wherein each lower expansion cone segment includes: an inner
portion defining an arcuate cylindrical upper surface including a hinge groove for
pivotally coupling the lower expansion cone segment to the lower tubular support
member and arcuate cylindrical lower surfaces, an intermediate portion defining
arcuate cylindrical and spherical upper surfaces and an arcuate conical lower surface,
and an outer portion defining arcuate cylindrical upper and lower surfaces, wherein
each upper expansion cone segment is tapered in the longitudinal direction from the
intermediate portion to the outer portion, and wherein each lower expansion cone

segment is tapered in the longitudinal direction from the intermediate portion to the
outer portion.

An apparatus for radially expanding and plastically deforming an expandable tubular
member has also been described that includes a tubular support member, a collapsible
expansion cone coupled to the tubular support member, an expandable tubular
member coupled to the collapsible expansion cone, means for displacing the
collapsible expansion cone relative to the expandable tubular member, and means for
collapsing the expansion cone. In an exemplary embodiment, the tubular support
member includes an upper tubular support member including an internal flange and a
lower tubular support member including an internal flange, wherein the expansion cone
includes: an upper cam assembly coupled to the upper tubular support member

26



10

15

20

25

30

including: a tubular base coupled to the upper support member, and a plurality of cam
arms extending from the tubular base in a downward longitudinal direction, each cam
arm defining an inclined surface, a plurality of upper expansion cone segments
interleaved with the cam arms of the upper cam assembly and pivotally coupled to the
internal flange of the upper tubular support member, a lower cam assembly coupled to
the lower tubular support member including: a tubular base coupled to the lower tubular
support member, and a plurality of cam arms extending from the tubular base in an
upward longitudinal direction, each cam arm defining an inclined surface that mates
with the inclined surface of a corresponding one of the upper expansion cone
segments, wherein the cams arms of the upper cam assembly are interleaved with and
overlap the cam arms of the lower cam assembly, and a plurality of lower expansion
cone segments interleaved with cam arms of the lower cam assembly, each lower
expansion cone segment pivotally coupled to the internal flange of the lower tubular
support member and mating with the inclined surface of a corresponding one of the
cam arms of the upper cam assembly; and wherein the apparatus further includes:
means for releasably coupling the upper tubular support member to the lower tubular
support member, and means for limiting movement of the upper tubular support
member relative to the lower tubular support member. In an exemplary embodiment,
the apparatus further includes: means for pivoting the upper expansion cone segments,
and means for pivoting the lower expansion cone segments. In an exemplary
embodiment, the apparatus further includes: means for pulling the collapsible
expansion cone through the expandable tubular member.

A collapsible expansion cone has also been described that includes an upper cam
assembly including: a tubular base, and a plurality of cam arms extending from the
tubular base in a downward longitudinal direction, each cam arm defining an inclined
surface, a plurality of upper expansion cone segments interleaved with the cam arms of
the upper cam assembly, a lower cam assembly including: a tubular base, and a
plurality of cam arms extending from the tubular base in an upward longitudinal
direction, each cam arm defining an inclined surface that mates with the inclined
surface of a corresponding one of the upper expansion cone segments, wherein the
cams arms of the upper cam assembly are interleaved with and overlap the cam arms
of the lower cam assembly, a plurality of lower expansion cone segments interleaved
with cam arms of the lower cam assembly, each lower expansion cone segment mating
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with the inclined surface of a corresponding one of the cam arms of the upper cam
assembly, means for moving the upper cam assembly away from the lower expansion
cone segments, and means for moving the lower cam assembly away from the upper
expansion cone segments. In an exemplary embodiment, the upper and lower
expansion cone segments together define an arcuate spherical external surface. In an
exemplary embodiment, each upper expansion cone segment includes: an inner
portion defining an arcuate upper surface and arcuate cylindrical lower surfaces, an
intermediate portion defining arcuate cylindrical and spherical upper surfaces and an
arcuate conical lower surface, and an outer portion defining arcuate cylindrical upper
and lower surfaces, and wherein each lower expansion cone segment includes: an
inner portion defining an arcuate cylindrical upper surface and arcuate cylindrical lower
surfaces, an intermediate portion defining arcuate cylindrical and spherical upper
surfaces and an arcuate conical lower surface, and an outer portion defining arcuate
cylindrical upper and lower surfaces. In an exemplary embodiment, each upper
expansion cone segment is tapered in the longitudinal direction from the intermediate
portion to the outer portion, and each lower expansion cone segment is tapered in the
longitudinal direction from the intermediate portion to the outer portion.

A method of radially expanding and plastically deforming an expandable tubular
member has also been described that includes supporting the expandable tubular
member using a tubular support member and a collapsible expansion cone, injecting a
fluidic material into the tubular support member, sensing the operating pressure of the
injected fluidic material within a first interior portion of the tubular support member,
displacing the collapsible expansion cone relative to the expandable tubular member
when the sensed operating pressure of the injected fluidic material exceeds a
predetermined level within the first interior portion of the tubular support member,
sensing the operating pressure of the injected fluidic material within a second interior
portion of the tubular support member, and collapsing the collapsible expansion cone
when the sensed operating pressure of the injected fluidic material exceeds a
predetermined level within the second interior portion of the tubular support member.
In an exemplary embodiment, the method further includes: pulling the collapsible
expansion cone through the expandable tubular member when the sensed operating
pressure of the injected fluidic material exceeds a predetermined level within the first
interior portion of the tubular support member. In an exemplary embodiment, pulling
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the collapsible expansion cone through the expandable tubular member includes:
coupling one or more cup seals to the tubular support member above the collapsible
expansion cone, pressuring the interior of the expandable tubular member below the
cup seals, and pulling the collapsible expansion cone through the expandable tubular
member using the cup seals. In an exemplary embodiment, the tubular support
member includes an upper tubular support member and a lower tubular support
member, and wherein collapsing the collapsible expansion cone includes displacing the
upper tubular member relative to the lower tubular support member. In an exemplary
embodiment, the collapsible expansion cone includes: an upper cam assembly
including: a tubular base, and a plurality of cam arms extending from the tubular base
in a downward longitudinal direction, each cam arm defining an inclined surface, a
plurality of upper expansion cone segments interleaved with the cam arms of the upper
cam assembly and pivotally coupled to the upper tubular support member, a lower cam
assembly including: a tubular base, and a plurality of cam arms extending from the
tubular base in an upward longitudinal direction, each cam arm defining an inclined
surface that mates with the inclined surface of a corresponding one of the upper
expansion cone segments, wherein the cams arms of the upper cam assembly are
interleaved with and overlap the cam arms of the lower cam assembly, and a plurality
of lower expansion cone segments interleaved with cam arms of the lower cam
assembly, each lower expansion cone segment pivotally coupled to the lower tubular

support member and mating with the inclined surface of a corresponding one of the
cam arms of the upper cam assembly.

It is understood that variations may be made in the foregoing without departing from
the scope of the invention. For example, the teachings of the present illustrative
embodiments may be used to provide a wellbore casing, a pipeline, or a structural
support.  Furthermore, the elements and teachings of the various illustrative
embodiments may be combined in whole or in part in some or all of the illustrative
embodiments. In addition, the expansion surfaces of the expansion cone segments
may include any form of inclined surface or combination of inclined surface such as, for
example, conical, spherical, elliptical, and/or parabolic.

Although illustrative embodiments of the invention have been shown and described, a
wide range of modification, changes and substitution is contemplated in the foregoing
29



disclosure. In some instances, some features of the present invention may be
employed without a corresponding use of the other features. Accordingly, it is
appropriate that the appended claims be construed broadly and in a manner consistent

with the scope of the invention.
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Claims

1. Acollapsible expansion device, comprising:

an upper cam assembly comprising:

a tubular base; and

a plurality of cam arms extending from the tubular base in a downward
longitudinal direction, each cam arm defining an inclined surface;

a plurality of upper expansion segments interleaved with the cam arms of the
upper cam assembly;

a lower cam assembly comprising:

a tubular base; and

a plurality of cam arms extending from the tubular base in an upward longitudinal
direction, each cam arm defining an inclined surface that mates with the inclined
surface of a corresponding one of the upper expansion segments;

wherein the cams arms of the upper cam assembly are interleaved with and
overlap the cam arms of the lower cam assembly;

a plurality of lower expansion segments interleaved with cam arms of the lower
cam assembly, each lower expansion segment mating with the inclined surface of a
corresponding one of the cam arms of the upper cam assembly;

means for moving the upper cam assembly away from the lower expansion
segments; and

means for moving the lower cam assembly away from the upper expansion
segments.

2. The apparatus of claim 1, wherein the upper and lower expansion segments
together define an arcuate spherical external surface.

3.  The apparatus of claim 1, wherein each upper expansion segment comprises:

an inner portion defining an arcuate cylindrical upper surface and arcuate
cylindrical lower surfaces;

an intermediate portion defining arcuate cylindrical and spherical upper surfaces
and an arcuate conical lower surface; and

an outer portion defining arcuate cylindrical upper and lower surfaces; and

wherein each lower expansion segment comprises:
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an inner portion defining an arcuate cylindrical upper surface and arcuate
cylindrical lower surfaces;

an intermediate portion defining arcuate cylindrical and spherical upper surfaces
and an arcuate conical lower surface; and

an outer portion defining arcuate cylindrical upper and lower surfaces.

4.  The apparatus of claim 1, wherein each upper expansion segment is tapered in
the longitudinal direction from the intermediate portion to the outer portion; and

wherein each lower expansion segment is tapered in the longitudinal direction from the
intermediate portion to the outer portion.
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1. An apparatus for radially expanding and plastically deforming an expandable
tubular member, comprising:

an upper tubular support member defining a first passage;

one or more cup seals coupled to the exterior surface of the upper tubular
support member for sealing an interface between the upper tubular support member
and the expandable tubular member;

an upper cam assembly coupled to the upper tubular support member
comprising:

a tubular base coupled to the upper tubular support member; and

a plurality of cam arms extending from the tubular base in a downward
longitudinal direction, each cam arm defining an inclined surface;

a plurality of upper expansion cone segments interleaved with the cam arms of
the upper cam assembly and pivotally coupled to the tubular support member;

a lower tubular support member defining a second passage fluidicly coupled to
the first passage releasably coupled to the upper tubular support member;

a lower cam assembly coupled to the lower tubular support member comprising:

a tubular base coupled to the lower tubular support member; and

a plurality of cam arms extending from the tubular base in an upward longitudinal
direction, each cam arm defining an inclined surface that mates with the inclined
surface of a corresponding one of the upper expansion cone segments;

wherein the cams arms of the upper cam assembly are interleaved with and
overlap the cam arms of the lower cam assembly; and

a plurality of lower expansion cone segments interleaved with cam arms of the
lower cam assembly, each lower expansion cone segment pivotally coupled to the
lower tubular support member and mating with the inclined surface of a corresponding
one of the cam arms of the upper cam assembly;

wherein the lower expansion cone segments interleave and overlap the upper
expansion cone segments; and

wherein the upper and lower expansion cone segments together define an
arcuate spherical external surface for plastically deforming and radially expanding the
expandable tubular member.
2.  The apparatus of claim 1, wherein the upper tubular support member comprises:
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a safety collar;

a torque plate coupled to the safety collar comprising a plurality of
circumferentially spaced apart meshing teeth at an end;

an upper mandrel comprising a plurality of circumferentially spaced apart
meshing teeth at one end for engaging the meshing teeth of the torque plate and an
external flange at another end; and

a lower mandrel coupled to the external flange of the upper mandrel comprising

an external flange comprising a plurality of circumferentially spaced apart meshing
teeth.

3.  The apparatus of claim 2, wherein the tubular base of the upper cam assembly
comprises a plurality of circumferentially spaced apart meshing teeth for engaging the
meshing teeth of the external flange of the lower mandrel.

4.  The apparatus of claim 2, further comprising:

a stop nut coupled to an end of the lower mandrel for limiting the movement of
the lower tubular member relative to the lower mandrel.

5. The apparatus of claim 2, further comprising:
locking dogs coupled to the lower mandrel.

6. The apparatus of claim 1, wherein the lower tubular support member comprises:

a float shoe adapter comprising a plurality of circumferentially spaced apart
meshing teeth at one end, an internal flange, and a torsional coupling at another end;

a lower retaining sleeve coupled to an end of the float shoe adapter comprising
an internal flange for pivotally engaging the lower expansion cone segments; and

a retaining sleeve received within the float shoe adapter releasably coupled to
the upper tubular support member.

7. The apparatus of claim 6, wherein an end of the retaining sleeve abuts an end of
the tubular base of the lower cam assembly.
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8.  The apparatus of claim 6, wherein the tubular base of the lower cam assembly

comprises a plurality of circumferentially spaced apart meshing teeth for engaging the
meshing teeth of the float shoe adaptor.

9.  The apparatus of claim 6, further comprising:

a float shoe releasably coupled to the torsional coupling of the float shoe adaptor,
and

an expandable tubular member coupled to the float shoe and supported by and
movably coupled to the upper and lower expansion cone segments.

10. The apparatus of claim 1, further comprising:

one or more shear pins coupled between the upper tubular support member and
the lower tubular support member.

11. The apparatus of claim 1, further comprising:
a stop member coupled to the upper tubular support member for limiting

movement of the upper tubular support member relative to the lower tubular support
member.

12. The apparatus of claim 1, further comprising:

a float shoe releasably coupled to the lower tubular support member that defines
a valveable passage; and

an expandable tubular member coupled to the float shoe and supported by and
movably coupled to the upper and lower expansion cone segments.

13. The apparatus of claim 1, wherein each upper expansion cone segment
comprises:

an inner portion defining an arcuate cylindrical upper surface including a hinge
groove for pivotally coupling the upper expansion cone segment to the upper tubular
support member and arcuate cylindrical lower surfaces;

an intermediate portion defining arcuate cylindrical and spherical upper surfaces
and an arcuate conical lower surface; and

an outer portion defining arcuate cylindrical upper and lower surfaces; and

wherein each lower expansion cone segment comprises:
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an inner portion defining an arcuate cylindrical upper surface including a hinge
groove for pivotally coupling the lower expansion cone segment to the lower tubular
support member and arcuate cylindrical lower surfaces;

an intermediate portion defining arcuate cylindrical and spherical upper surfaces
and an arcuate conical lower surface; and

an outer portion defining arcuate cylindrical upper and lower surfaces.

14. The apparatus of claim 13, wherein each upper expansion cone segment is
tapered in the longitudinal direction from the intermediate portion to the outer portion;
and wherein each lower expansion cone segment is tapered in the longitudinal
direction from the intermediate portion to the outer portion.

15.  An apparatus for radially expanding and plastically deforming an expandable
tubular member, comprising:

a safety collar;

a torque plate coupled to the safety collar comprising a plurality of
circumferentially spaced apart meshing teeth at an end;

an upper mandrel comprising a plurality of circumferentially spaced apart
meshing teeth at one end for engaging the meshing teeth of the torque plate and an
external flange at another end;

a lower mandrel coupled to the external flange of the upper mandrel comprising

an external flange comprising a plurality of circumferentially spaced apart meshing
teeth;

a stop nut coupled to an end of the lower mandrel;

an upper retaining sleeve coupled to the lower mandrel comprising an internal
flange;

one or more cup seals coupled to the upper mandrel for sealing an interface
between the upper mandrel and the expandable tubular member;

an upper cam assembly coupled to the lower mandrel comprising:

a tubular base comprising a plurality of circumferentially spaced apart meshing
teeth for engaging the meshing teeth of the external flange of the lower mandrel; and

a plurality of cam arms extending from the tubular base in a downward
longitudinal direction, each cam arm defining an inclined surface;
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a plurality of upper expansion cone segments interleaved with the cam arms of
the upper cam assembly and pivotally coupled to the internal flange of the upper
retaining sleeve,

a float shoe adapter comprising a plurality of circumferentially spaced apart
meshing teeth at one end, an internal flange, and a torsional coupling at another end;

a lower retaining sleeve coupled to an end of the float shoe adapter comprising
an internal flange;

a retaining sleeve received within the float shoe adapter;

one or more shear pins for releasably coupling the retaining sleeve to the stop
nut;

a lower cam assembly coupled to the float shoe adapter comprising:

a tubular base comprising a plurality of circumferentially spaced apart meshing
teeth for engaging the meshing teeth of the float shoe adapter; and

a plurality of cam arms extending from the tubular base in an upward longitudinal
direction, each cam arm defining an inclined surface that mates with the inclined
surface of a corresponding one of the upper expansion cone segments;

wherein the cams arms of the upper cam assembly are interleaved with and
overlap the cam arms of the lower cam assembly;

a plurality of lower expansion cone segments interleaved with cam arms of the
lower cam assembly, each lower expansion cone segment pivotally coupled to the
internal flange of the lower retaining sleeve and mating with the inclined surface of a
corresponding one of the cam arms of the upper cam assembly;

a float shoe releasably coupled to the torsional coupling of the float shoe adaptor;
and

an expandable tubular member coupled to the float shoe and supported by and
movably coupled to the upper and lower expansion cone segments;

wherein the lower expansion cone segments interleave and overlap the upper
expansion cone segments;

wherein the upper and lower expansion cone segments together define an
arcuate spherical external surface for plastically deforming and radially expanding the
expandable tubular member;

wherein each upper expansion cone segment comprises:
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an inner portion defining an arcuate cylindrical upper surface including a hinge
groove for pivotally coupling the upper expansion cone segment to the upper tubular
support member and arcuate cylindrical lower surfaces;

an intermediate portion defining arcuate cylindrical and spherical upper surfaces
and an arcuate conical lower surface; and

an outer portion defining arcuate cylindrical upper and lower surfaces;

wherein each lower expansion cone segment comprises:

an inner portion defining an arcuate cylindrical upper surface including a hinge
groove for pivotally coupling the lower expansion cone segment to the lower tubular
support member and arcuate cylindrical lower surfaces;

an intermediate portion defining arcuate cylindrical and spherical upper surfaces
and an arcuate conical lower surface; and

an outer portion defining arcuate cylindrical upper and lower surfaces;

wherein each upper expansion cone segment is tapered in the longitudinal
direction from the intermediate portion to the outer portion; and

wherein each lower expansion cone segment is tapered in the longitudinal
direction from the intermediate portion to the outer portion.

16. A collapsible expansion cone assembly comprising:

an upper tubular support member comprising an internal flange;

an upper cam assembly coupled to the upper tubular support member
comprising:

a tubular base coupled to the upper support member; and

a plurality of cam arms extending from the tubular base in a downward
longitudinal direction, each cam arm defining an inclined surface;

a plurality of upper expansion cone segments interleaved with the cam arms of

the upper cam assembly and pivotally coupled to the internal flange of the upper
tubular support member;

a lower tubular support member comprising an internal flange;

one or more frangible couplings for releasably coupling the upper and lower
tubular support members;

a lower cam assembly coupled to the lower tubular support member comprising:
a tubular base coupled to the lower tubular support member; and
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a plurality of cam arms extending from the tubular base in an upward longitudinal
direction, each cam arm defining an inclined surface that mates with the inclined
surface of a corresponding one of the upper expansion cone segments;

wherein the cams arms of the upper cam assembly are interleaved with and
overlap the cam arms of the lower cam assembly; and

a plurality of lower expansion cone segments interleaved with cam arms of the
lower cam assembly, each lower expansion cone segment pivotally coupled to the
internal flange of the lower tubular support member and mating with the inclined
surface of a corresponding one of the cam arms of the upper cam assembly;

wherein the lower expansion cone segments interleave and overlap the upper
expansion cone segments; and

wherein the upper and lower expansion cone segments together define an

arcuate spherical external surface for plastically deforming and radially expanding the
expandable tubular member.

17. The assembly of claim 16, wherein each upper expansion cone segment
comprises:

an inner portion defining an arcuate cylindrical upper surface including a hinge
groove for pivotally coupling the upper expansion cone segment to the upper tubular
support member and arcuate cylindrical lower surfaces;

an intermediate portion defining arcuate cylindrical and spherical upper surfaces
and an arcuate conical lower surface; and

an outer portion defining arcuate cylindrical upper and lower surfaces; and

wherein each lower expansion cone segment comprises:

an inner portion defining an arcuate cylindrical upper surface including a hinge
groove for pivotally coupling the lower expansion cone segment to the lower tubular
support member and arcuate cylindrical lower surfaces;

an intermediate portion defining arcuate cylindrical and spherical upper surfaces

and an arcuate conical lower surface; and

an outer portion defining arcuate cylindrical upper and lower surfaces.

18. The assembly of claim 16, wherein each upper expansion cone segment is
tapered in the longitudinal direction from the intermediate portion to the outer portion;
and
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wherein each lower expansion cone segment is tapered in the longitudinal
direction from the intermediate portion to the outer portion.

19. A collapsible expansion cone assembly, comprising:

an upper tubular support member comprising an internal flange;

an upper cam assembly coupled to the upper tubular support member
comprising:

a tubular base coupled to the upper support member; and

a plurality of cam arms extending from the tubular base in a downward
longitudinal direction, each cam arm defining an inclined surface;

a plurality of upper expansion cone segments interleaved with the cam arms of
the upper cam assembly and pivotally coupled to the internal flange of the upper
tubular support member;

a lower tubular support member comprising an internal flange;

one or more frangible couplings for releasably coupling the upper and lower
tubular support members;

a lower cam assembly coupled to the lower tubular support member comprising:

a tubular base coupled to the lower tubular support member; and

a plurality of cam arms extending from the tubular base in an upward longitudinal
direction, each cam arm defining an inclined surface that mates with the inclined
surface of a corresponding one of the upper expansion cone segments;

wherein the cams arms of the upper cam assembly are interleaved with and
overlap the cam arms of the lower cam assembly; and

a plurality of lower expansion cone segments interleaved with cam arms of the
lower cam assembly, each lower expansion cone segment pivotally coupled to the
internal flange of the lower tubular support member and mating with the inclined
surface of a corresponding one of the cam arms of the upper cam assembly;

wherein the lower expansion cone segments interleave and overiap the upper
expansion cone segments;

wherein the upper and lower expansion cone segments together define an
arcuate spherical external surface for plastically deforming and radially expanding the
expandable tubular member;

wherein each upper expansion cone segment comprises:
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an inner portion defining an arcuate cylindrical upper surface including a hinge
groove for pivotally coupling the upper expansion cone segment to the upper tubular
support member and arcuate cylindrical lower surfaces;

an intermediate portion defining arcuate cylindrical and spherical upper surfaces
and an arcuate conical lower surface; and

an outer portion defining arcuate cylindrical upper and lower surfaces;

wherein each lower expansion cone segment comprises:

an inner portion defining an arcuate cylindrical upper surface including a hinge
groove for pivotally coupling the lower expansion cone segment to the lower tubular
support member and arcuate cylindrical lower surfaces;

an intermediate portion defining arcuate cylindrical and spherical upper surfaces
and an arcuate conical lower surface; and

an outer portion defining arcuate cylindrical upper and lower surfaces;

wherein each upper expansion cone segment is tapered in the longitudinal
direction from the intermediate portion to the outer portion; and

wherein each lower expansion cone segment is tapered in the longitudinal
direction from the intermediate portion to the outer portion.

20. An apparatus for radially expanding and plastically deforming an expandable
tubular member, comprising:

a tubular support member;
a collapsible expansion cone coupled to the tubular support member,
an expandable tubular member coupled to the collapsible expansion cone;

means for displacing the collapsible expansion cone relative to the expandable
tubular member; and

means for collapsing the expansion cone.

21. The apparatus of claim 20, wherein the tubular support member comprises an
upper tubular support member comprising an internal flange and a lower tubular
support member comprising an internal flange; wherein the expansion cone comprises:

an upper cam assembly coupled to the upper tubular support member
comprising:

a tubular base coupled to the upper support member; and
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a plurality of cam arms extending from the tubular base in a downward
longitudinal direction, each cam arm defining an inclined surface;

a plurality of upper expansion cone segments interleaved with the cam arms of
the upper cam assembly and pivotally coupled to the internal flange of the upper
tubular support member;

a lower cam assembly coupled to the lower tubular support member comprising:

a tubular base coupled to the lower tubular support member; and

a plurality of cam arms extending from the tubular base in an upward longitudinal
direction, each cam arm defining an inclined surface that mates with the inclined
surface of a corresponding one of the upper expansion cone segments;

wherein the cams arms of the upper cam assembly are interleaved with and
overlap the cam arms of the lower cam assembly; and

a plurality of lower expansion cone segments interleaved with cam arms of the
lower cam assembly, each lower expansion cone segment pivotally coupled to the
internal flange of the lower tubular support member and mating with the inclined
surface of a corresponding one of the cam arms of the upper cam assembly; and
wherein the apparatus further comprises:

means for releasably coupling the upper tubular support member to the lower
tubular support member; and

means for limiting movement of the upper tubular support member relative to the
lower tubular support member.

22. The apparatus of claim 20, further comprising:
means for pivoting the upper expansion cone segments; and

means for pivoting the lower expansion cone segments.

23. The apparatus of claim 20, further comprising:

means for pulling the collapsible expansion cone through the expandable tubular
member.

24. A collapsible expansion cone, comprising:
an upper cam assembly comprising:

a tubular base; and
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a plurality of cam arms extending from the tubular base in a downward
longitudinal direction, each cam arm defining an inclined surface;

a plurality of upper expansion cone segments interleaved with the cam arms of
the upper cam assembly;

a lower cam assembly comprising:

a tubular base; and

a plurality of cam arms extending from the tubular base in an upward longitudinal
direction, each cam arm defining an inclined surface that mates with the inclined
surface of a corresponding one of the upper expansion cone segments;

wherein the cams arms of the upper cam assembly are interleaved with and
overlap the cam arms of the lower cam assembly;

a plurality of lower expansion cone segments interleaved with cam arms of the
lower cam assembly, each lower expansion cone segment mating with the inclined
surface of a corresponding one of the cam arms of the upper cam assembly;

means for moving the upper cam assembly away from the lower expansion cone

segments; and

means for moving the lower cam assembly away from the upper expansion cone
segments.

25. The apparatus of claim 24, wherein the upper and lower expansion cone
segments together define an arcuate spherical external surface.

26. The apparatus of claim 24, wherein each upper expansion cone segment
comprises:

an inner portion defining an arcuate cylindrical upper surface and arcuate
cylindrical lower surfaces;

an intermediate portion defining arcuate cylindrical and spherical upper surfaces
and an arcuate conical lower surface; and

an outer portion defining arcuate cylindrical upper and lower surfaces; and

wherein each lower expansion cone segment comprises:

an inner portion defining an arcuate cylindrical upper surface and arcuate

cylindrical lower surfaces;

an intermediate portion defining arcuate cylindrical and spherical upper surfaces
and an arcuate conical lower surface; and
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an outer portion defining arcuate cylindrical upper and lower surfaces.

27. The apparatus of claim 24, wherein each upper expansion cone segment is
tapered in the longitudinal direction from the intermediate portion to the outer portion;
and

wherein each lower expansion cone segment is tapered in the longitudinal
direction from the intermediate portion to the outer portion.

28. A method of radially expanding and plastically deforming an expandable tubular
member, comprising:

supporting the expandable tubular member using a tubular support member and
a collapsible expansion cone;

injecting a fluidic material into the tubular support member;

sensing the operating pressure of the injected fluidic material within a first interior
portion of the tubular support member;

displacing the collapsible expansion cone relative to the expandable tubular
member when the sensed operating pressure of the injected fluidic material exceeds a
predetermined level within the first interior portion of the tubular support member;

sensing the operating pressure of the injected fluidic material within a second
interior portion of the tubular support member; and

collapsing the collapsible expansion cone when the sensed operating pressure of
the injected fluidic material exceeds a predetermined level within the second interior

portion of the tubular support member.

29. The method of claim 28, further comprising:

pulling the collapsible expansion cone through the expandable tubular member
when the sensed operating pressure of the injected fluidic material exceeds a
predetermined leve! within the first interior portion of the tubular support member.

30. The method of claim 29, wherein pulling the collapsible expansion cone through
the expandable tubular member comprises:

coupling one or more cup seals to the tubular support member above the
collapsible expansion cone;
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pressuring the interior of the expandable tubular member below the cup seals;
and

pulling the collapsible expansion cone through the expandable tubular member
using the cup seals.

31. The method of claim 28, wherein the tubular support member comprises an
upper tubular support member and a lower tubular support member; and wherein
collapsing the collapsible expansion cone comprises displacing the upper tubular
member relative to the lower tubular support member.

32. The method of claim 31, wherein the collapsible expansion cone comprises:
an upper cam assembly comprising:

a tubular base; and

a plurality of cam arms extending from the tubular base in a downward
longitudinal direction, each cam arm defining an inclined surface;

a plurality of upper expansion cone segments interleaved with the cam arms of
the upper cam assembly and pivotally coupled to the upper tubular support member;
a lower cam assembly comprising:

a tubular base; and

a plurality of cam arms extending from the tubular base in an upward longitudinal
direction, each cam arm defining an inclined surface that mates with the inclined
surface of a corresponding one of the upper expansion cone segments;

wherein the cams arms of the upper cam assembly are interleaved with and
overlap the cam arms of the lower cam assembly; and

a plurality of lower expansion cone segments interleaved with cam arms of the
lower cam assembly, each lower expansion cone segment pivotally coupled to the

lower tubular support member and mating with the inclined surface of a corresponding
one of the cam arms of the upper cam assembily.
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Amendments to the claims have been filed as follows

i. Acollapsible expansion cone, comprising:

an upper cam assembly comprising:

a tubular base; and

a plurality of cam arms extending from the tubular base in a downward
longitudinal direction, each cam arm defining an inclined surface;

a plurality of upper expansion cone segments interleaved with the cam arms of
the upper cam assembly;

a lower cam assembly comprising:

a tubular base; and

a plurality of cam arms extending from the tubular base in an upward longifcudlnal
direction, each cam arm defining an inclined surface that mates with the inclined
surface of a corresponding one of the upper cxpancion scgments;

wherein the cams arms of the upper cam assembly are interleaved with and
overlap the cam arms of the lower cam assembly;

a plurality of lower expansion cone segments interleaved with cam arms of the
lower cam assembly, each lower expansion cone segment mating with the inclined
surface of a corresponding one of the cam arms of the upper cam assembly;

means for moving the uppér cam assembly away from the lower expansion cone
segments; and '

means for moving the lower cam assembly away from the upper expansion cone

segments.

2. The apparatus of claim 1, wherein the upper and lower expansion cone

segments together define an arcuate spherical external surface.

3. The apparatus of claim 1, wherein each upper expansion segment comprises:

an inner portion defining an arcuate cylindrical upper surface and arcuate
cylindrical lower surfaces:

an intermediate portion defining arcuate cylindrical and spherical upper surfaces
and an arcuate conical lower surface; and

an outer portion defining arcuate cylindrical upper and lower surfaces: and

wherein each lower expansion cone segment comprises:
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an inner portion defiring an arcuate cylindrical upper surface and arcuate
cylindrical iower surfaces;

an intermediate pertion defining arcuate cylindrical and spherical upper suriaces
and an arcuate conical jower surface, and

an outer portion defining arcuate cylindrical upper and lower surfaces.

4. The apparatus of claim 1, wherein each upper expansion cone segment is
tapered in the longitudinal direction from the intermediate portion to the outer portion;
and

wherein each lower expansion cone segment is tapered in the longitudinal
direction from the intermediate portion to the outer portion.
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