CASI NG TENSI ON' HANGER BACKGROUND OF THE INVENTION 1.  Field of the -

invention: This invention rel BINEETRNRToN HANMR head qu&&§$§nj‘9

particular to a nmechani smf ar: suppofting a st+ing of

within a wll. 2. Description of the Prior Art: In an oil and gas well,
one or nore strings of casing will be cemented within the well. In one
system used with of fshore jack-up driTling rigs, the string of 10 casi ng
in the well will be supported [ ed in a subsea

housi ng at the sea floor. A se@/‘?@ﬁ%ﬁbt&g ﬁ%&ﬁgi&??ﬁextend upward to a
sunface wel l head housing on the drill rig. The surface well head

» housing will be lpcat #dedBoge the isQaneich:15 below the rig floor. The
di stance fromthe subsea housing to the surface well head could be as nuch

as 500 feet with a Ia[rge j@ck-uggodrilling rig. Cenment wll becﬁgrrped down
.the string to flow upThAg Anvention selatesgenexraddyi kg valideadwel|.  The
20 | evel of ceasRiipmenk! 8Aabi @artieuraslitona hesBanisml forhe prior art

system the asi iuilchl BG Ubeflde B LUELAHEASEnalER! UELn o T2l ovour

preventer W

I emov e used to pull tension on
the <casing after cenenting. Then slips wll be 25 i nserted
around the casi n@whi Ceserdption hef whiel Pehek Aazi Ng and grip the casing to
hol d the casing in tension. A packoff will be installed between the

casi ng hanger and the_wel | hea housing.
. In an oil and gas well, one or more strings of

_ casing will be cemented within the well. In one systen
o used with offshore jack-up drilling rigs, the string of
10 casing in the well will be supported by a mudline
hanger located in a subsea housing at the sea floor. A
section of the casing will extend upward to a surface
wellhead housing on the drill rig. The surface
wellhead housing will be located above the sea and
15 below the rig floor. The distance from the subsea
housing to the surface wellhead could be as much as 500
feet with a large jack-up drilling rig.

- Cement will be pumped down the string to flow up
the annulus to cement the casing in the well. The

20 level of cement will be below the mudline hanger. In
k./ the prior art system, the casing will be cut off at the
- surface wellhead. The blowout preventer will be

removed, and a spear will be used to pull tension on
the casing after éementing. Then slips will be

25 inserted around the casing which 'enqage the wellhead
housing and grip the casing to hold the casing in
tension. A packoff will be installed between the
casing hanger and the wellhead housing.



-2- A di sadvantage of the prior art systemis that the blomout'preventer_
must be renoved while installing the slips and packoff. A danger of a )

bl owout thus exists. Also, the prior art technique is tinme consum ng and 5
expensive. In addition to this, the sealing nechanisns are generally

el astomer or on site machined to give netal-to-netal seals. V -3- In one
aspect of the invention there is provided in a well head housi ng havi ng an
axi al bore, an apparatus for supporting a string of casing,conprising in
conbi nation: 5 ‘a set of parallel annular wi ckers fornmed in the bgé@
of the well head housing; a casing hanger having a |ower end secured to the
string of casing; a load ring nountedg to the exterior of the casing 10
hanger, the load ring being split, resilient and outwardly biased for
novenent between a retracted position and an expanded position in
engagenent with the achlibaddamatse f, the prior art system is that the

blowout preventer must be removed while installing the
slips and packoff. A danger of a blowout thus exists.
Also, the prior art technique is time consuming and

5 expensive. In addition to this, the sealing mechanisms
are generally elastomer or on site machined to give
metal-to-metal seals. '



a set of paralfel annul ar wickers fornmed on the 15 | oad ring for meshing
with the wickers in the bore of the well head housing when the | oad ring
noves to the expanded position; a conicgl-load shoul der formed on the
casi ng hanger for contact with the |Ioad ring when the |oad 20 ring

moves to the expanded position, to transnmt downward | oad on the casing
hanger through the load ring to the well head housing; and retaining neans
for retaining the load ring in the retracted position until the casing

hanrger reaches a 25 sel ected position in the well head housing, then for
rehgasing the load ring to engage the wel |l head housing to support the
. casing hanger with the casing in tension. -4- BRI EF DESCRI PTI ON OF THE

DRAWNGS Figure 1 is a vertical sectional view of a casing hanger having a
tension retainer constructed in accordance with-this invention. Figure 2 is
+a view of the casing hanger of Figure 1, shown outside of the well head
housing and with the running tool renoved. Figure 3 is an enlarged side
view of the load ring utirhi see¢ aispecthefcadiendnvantiiomFhfFehdfi sm of

Figure 10 1 provided in a wellhead housing having an axial
' bore, an apparatus for supporting a string of

caging,comprising in combination:

5 a set of parallel annular wickers formed in the
U bore of the wellhead housing;

a casing hanger having a lower end secured to the
string of casing:

a load ring mounted to the exterior of the casing
10 hanger, the 1load ring being split, resilient and
outwardly biased for movement between a retracted
_position and an expanded position in engagement with

the wellhead housing;

a set of parallel annular wickers formed on the

15 load ring for meshing with the wickers in the bore of
, the wellhead housing when the load ring moves to the
(% : expanded position;

a conical load shoulder formed on the casing
hanger for contact with the locad ring when the load
20 ring moves to the expanded position, to transmit
downward load on the casing hanger through the 1load
ring to the wellhead housing; and

retaining means for retaining the load ring in the
. retracted position until the casing hanger reaches a
25 selected position in the wellhead housing, then for
releasing the load ring to engage the wellhgad housing
to support thé casing hanger with the casing

in tension.



Figure 4 is an enlarged, vertical sectional viewillustrating the w.ckers
formed on the bore of ‘the wellhead housing and-the w ckers formed on the
exterior of the load ring of Figure 3. -5 DETAI LED DESCRI PTI ON OF THE

| NVENTI ON Referring to Figure 1, well head housing 11 will normally be

| ocat ed above the sea on a jackup drilling rig belowthe rig floor.

Wel | head housing 11 has a 5 bore 13. A set of annular teeth or w ckers
15 will be forned in the bore 13. Wckers 15 are circunferential, saw tooth
shaped teeth. Wckers 15 are parallel with each other and Iocated ina .,
pl ane perpendicular to the axis of bo#ke-13. The pitch of wi ckers 15 |s¥i
fairly 10 smal |, typically about 1/8th inch. Referring to Figure Ib, a
string of casing 17 may be |lowered into the well below the well head housi ng
11. Casing 17 will be sSuppBRIEF DESE@RIPTION®FhIHBEDRAWINGSsubsea housi ng

(not shown). There are no seals around 15 the casing 17 at the nudline
hanger. Rather, annul u res ure aroupd t he c§si ni; 17 wll be seal ed at
the surface well heaFiF®siands 3jvertigal sectional yiew qf.a.cagipgq in

the well w t hhandme Hamialg aotensbmrteﬂdnmmdbqgstmcﬁadgﬂu t han t he
subsea housi Ng. accdifandde witfli g},ggcgm,é,;mn the subsea housing to the
surface wel | head housing 11 could be as nmuch as 500 feet.
5 Figure 2 is a view of the casing hanger of Figure
1, shown outside of the wellhead housing and with the
running tool removed. | (W

Figure 3 is an enlarged side view of the locad ring
utilized with the casing retaining mechanism of Figure

10 1.

Figure 4 is an enlarged, vertical sectional view
illustrating the wickers 'fbrmed .on the bore of the
wellhead housing and the wickers formed on the exterior
of the load ring of F:I.gjure 3.



Casing 17 secufes 5§ threads 19 tp a casing hanger 21. The casing hanger 21
has*a plurality of external l-oad shoulders 23. Each |oad shoulder 23 is
frusta- 25 conical and faces downward and -outward. 1n the .
preferred enbodi nent, there are three of the |oad shoul ders 23, each
parallel with each other. The | oad shoul ders 23 are separated by upper
flanks 24, which are also conical and parallel with each other. The

-6- pitch of the casing hanger |oad shoul ders 23 is nuch greater than the
pit-ch of the wickers 15. A retainer ring 25 secures to the exterior of
casing hanger 21 below the | oad shoul dgrs 23. Retainer 5 ring 25 secures
.by threads. Retainer ring 25 has an upper shoulder 27 that is flat. An
annul ar recess exi sts between upper shoul der 27 and the uppernost | oad
shoul der 23. A load ring 29"51’('3\}%!@ DESCREPEICRN QF AHBQENVENTION within
+.this annular recess. Load ring 29 is aresilient, netal, split

ring. Load ring 29 is bgased. wggdgigaf Og.r%é&iggﬁﬁdnoééiéﬁ"’ iJ1ﬂ§ gure
1, the load ring would expan t war d. oad’ring as _on 1is inner
di aneter " a pl ural i PPTBRLIED R JloFaked abovesthg gersomia Japkms dnilddng 31
are parallel to eacligobedow dheh fixri Aloompar Heblltead\isubingcarh hasda
shoul der 31 i§ at pore 13. A set of annular teeth or wickers 15 will be
' formed in the bore 13. Wickers 15 are circumferential,
saw tooth shaped teeth. Wickers 15 are parallel with
. each other and located in a plane perpendicular to the
o axis of bore 13. The pitch of wickers 15 is fairly
10 small, typically about 1/8th inch.

Referring to Figure 1b, a string of casing 17 may

be lowered into the well below the wellhead housing 11.
Casing 17 will be supported by a mudline hanger in a
subsea housing (not shown). There are no seals around

15 the casing 17 at the mudline hanger. Rather, annulus
pressure around the éasing 17 will be sealed at the
surface wellhead housing 11. Casing 17 will be
cemented  in the well, with ¢the 1level of cement
extending no higher than the subsea housing. The

20  distance from the subsea housing to the surface

\“; wellhead housing 11 could be as much as 500 feet.

Casing 17 secures by threads 19 to a casing hanger

21. The casing hanger 21 has a plurality of external

load shouldexrs 23. Each load shoulder 23 is frusta-

25 conical and faces downward and outward. In the
preferred embodiment, there are three of the 1load
shoulders 23, each parallel with each other. The load
shoulders 23 are separated by upper flanks 24, which

are also conical and parallel with each other. The



t he sane- taper as the casing hanger | oad shoul ders

23 for natlng w t.h the

casi ng hanger | oad shoulders 23. 20 The 1oad-shoul ders 31 are separ at ed

by |l ower flanks 33 which face downward and i nward.
mate with the upper flanks 24 of the casing hanger

The | ower fl anks 33
21. In the retracted

position shown in Figure 1, the |oad shoulders 31 and |ower flanks 33 wll

be in 25 contact with the | oad shoul ders 23 and
noved to the expanded position, shown in Figure 2,

t he upper flanks 24 and |l ower flanks 33. A portion
will still be engaging the |oad shoutders 23. This
the casing hanger 21 to be transferred through the
and to the well head housing 11 (Fig. 1). The load r

upper flanks 24. \Wen

a gap will exist between
of the |oad shoul ders, 31
al I ows -7- wei ght ]

| oad shoul ders 23, 31
ing 29 has a set of

wi ckers 35 on itspitch ekt the opasing changer3sland, shavddexse 23i tish mach he
bore wickers 15 fgrest}a@hag the pitch WeCkneswidker®dyier, as shown in

Figure 4, wckers 35 have a different configuration.

The bore w ckers 15

have upper and | ower coni cal flanks 37 that converge to a sharp crest 10
39. Crest 39 is an .aruFgkainer ring 25 caequres rte theagjhesior of

configuration to tasing Herigerl2l Hélkow atd load shokRlers323havRetafhéns
upper and 'O%Br flrfﬂészélsw@fesar&téﬁm ar - pdt AHEY ‘Piﬂg“% "Was an

upper shoulder 27 that is flat.
exists between upper shoulder 27 and
shoulder 23.

An annular recess
the uppermost load

A load ring 29 mounts to the casing hanger 21
10 within this annular recess. load ring 29 is a

resilient, metal, split ring. Load

ring 29 is biased

outward. If not restrained, as shown in Figure 1, the
load ring would expand outward. Load ring 29 has on

its inner diameter a plurality
15 shoulders 31.

of conical load

Load shoulders 31 are parallel to each other, each
facing upward and inward. Each load shoulder 31 is at

the same taper as the-casing.hange:_load”shoulders 23

- for mating with the casing hanger load shoulders 23.

20

25

The load shoulders 31 are separated by lower flanks 33
which face downward and inward. The lower flanks 33
mate with the upper flanks 24 of the casing hanger 21.

In the retracted position shown in Figure 1, the
load shoulders 31 and lower flanks 33 will be in
contact with the load shoulders 23 and upper flanks 24.
When moved to the expanded position, shown in Figure 2,
a'gap will exist between the upper flanks 24 and lower
flanks 33. A portion of the load shoulders 31 will
still be engaging the load shoulders 23. This allows



at the sane |ncI|nat|on
truncated. They termn
portion of a cylinder,

avoid the wi ckers 35 fr

ring 29 expands outward.

cocking of the load rin
35 being offset fromth
Referring to Figure 3,

as the flanks 37. However, 15 they are

ate in a blunt or flat crest 43. Crest 43 is a

not a line as crest 39. The blunt crest 43 serves to
om becom ng m saligned with wi cker 15 as the | oad 20
W+t hout the blunt crest 41, slight angul ar
g as it expands outward could result in the w ckers
e w ckers 15 by one or nore of the w ckers.

| oad ring 29 has an upper 25 edge 44 and a | ower

edge’46. The lower edge 46 is flat and spaced above the retainer ring

+upper shoul der 27 (Fig.

1). Load ring 29 has a vertical split 45 to enable

fromthe upper edgdSiBHt oh” big| IS REPRELO%y ' B &ép'ﬂﬁﬂéﬁegﬁw ot
.47 ext ends C|rCLwﬁ<§hﬁﬂqgﬂlﬁbqliﬁiﬂeS@PPééFF%nzﬂvoﬁioﬁédsﬁeetbﬁ ¥plihead
Slot 47 is |ocated Haistagy MMherFigper) edge 44 and | ower edge 46 of |oad ring

29. It extends a short 5 di stance circunferentially. Sl ot 47 is
rectangul ar, having parall el upper and | ower sides and a vertical i The
other edge of the split T Heady TiRg 2§ d@s 4. setl'a‘Bf4‘$*‘F§e¥ﬁ1I§/55‘P‘Pg £y

smal | er in di nensi caxtdwlor. - Wickers 35 have the same pitch as the bore
wickers 15 for engaging the bore wickers 15. However,

as shown in Figure 4, wickers 35 have a different

; configuration. = The bore wickers 15 have upper and
et lower conical flanks 37 that converge to a sharp crest

10 39.

Crest 39 is an annular line. This results in a

triangular configquration to the wickers 15.

The locad ring wickers 35 have similar upper and

lower flanks 41 that are triangular. Flanks 41 incline
at the same inclination as the flanks 37. However,

15 they

are truncated. They terminate in a blunt or flat

crest 43. Crest 43 is a portion of a cylinder, not a

line

as crest 39.

The blunt crest 43 serves to avoid the wickers 35

20

25

from becoming misaligned with wickers 15 as the load
ring 29 expands outward. Without the blunt crest 41,
slight angular cocking of the load ring as it expands
outward could result in the wickers 35 being offset
from the wickers 15 by one or more of the wickers.

Referring to Figure 3, load ring 29 has an upper
edge 44 and a lower edge 46. The lower edge 46 is flat
and spaced above the retainer ring upper shoulder 27
(Fig. 1). Load ring 29 has a vertical split 45 to
enable it to move between the contracted and expanded
positions. Split 45 extends from the upper edge 44 to



107 the split 45. Tab 49 will enter the split 45 slidingly wheh t.he ring
29 contracts to the position shown in Figure 1. As the ring 29 expands
outward, the tab 49 will serve as a guide to prevent cocking of one.portion

- ~of the load ring 29 relative to the other. A 15 plurality

of notches 51 are forned on the upper edge 44 of the load ring 29.

Notches 51 are spaced circunferentially around the |oad ring 29.

Referring again to Figure 1, a retaining nmeans exists.for retaining the

load ring 29 in the contracted 20 position as shown in Figure 1. The

retai ning means includes a sleeve 53. Sl%®eve 53 nounts to the exterior E#

casi ng hanger 21 above the load ring 29. As shown in Figure 2 a plurality

of vertical slotg 55.,extend,thr the exteriqr, of th asi_ng_hanger 21
fromthe 25 uﬁﬁgr AB¥ET| 5%%.312%8?%9{'0%;%%93' oth 5‘2‘1% 147 %é‘&"&f"gg a
finger 57 of theciveumfergptdllyTHa {ongeddreetion Sromecdne reidd eolntial |y
%i_[] ound L Pehl ogd Eb19t58s. e%l'btshbdiﬁgléé‘d@lﬂ{bét%eﬁf t’?&eupﬁfzg | ahgts 55.

eri and s s ow ' in
from slgeeve 53 EQSQ%BE%%&S e(])Ilfsgt felggﬁ ggg?hgg'sec ] _o%a Q‘\rfllsev;v. i?%g Ioaer
end of each5fing8istange| clizauatrrentdadiyrhe $ethdZ &8 (FRgkangnlag, hol d -
the load ring 29nagihf§epasalbel cApparsi ahdNlower sides and a vertical

base.

The other edge of the split 45 has a mating tab
49. Tab 49 is only slightly smaller in dimension than
10 the split 45. Tab 49 will enter the split 45 slidingly.
when the ring 29 contracts to the position shown in
Figure 1. As the ring 29 expands outward, the tab 49
will serve as a guide to prevent cocking of one portion
of the 1load ring 29 relative to the other. A
15  plurality of notches 51 are formed on the upper edge 44
of the 1load ring 29. ‘Notches 51 are spaced
circumferentially around the lcad ring 29.

Referring again to Piqure 1, a retaihing" means
exists for retaining the load ring 29 in the contracted
20 position as shown in Figure 1., The retaining means
includes a sleeve 53. Sleeve 53 mounts to the exterior \J
of casing hanger 21 above the load ring 29. As shown
in Figure 2 a plurality of vertical slots 55 extend
_ through the exterior of the casing hanger 21 from the
25 uppermost load shoulder 23.

Each slot 55 will receive a finger 57 of the load
ring 53. The fingers 57 are spaced circumferentially
around the .load ring 53, each sliding through one of
the vertical slots 55. The -right hand side of Figure 1

30 does not show a finger 57 depending from sleeve 53



5 ~ _ -Sleeve 53 is initially secured by a shear pin 59 to a running
tool 61. Running tool 61 secures to threads 63 fornmed in the bore of the
casi ng hanger 21. The running tool 61 has an upward facing shoul der 65

| ocat ed bel ow a downward facing shoul der 66 of sleeve 10 53. Once shear
pin 59 is sheared, rotating running tool 61 relative to casing hanger 21
will cause it to unscrew. The shoul der 65 will contact the shoul der 66,
lifting the sl eeve 53. This renoves the fingers 57 15 from cont act

wi th the notches 51 (Fig. 3) of the load ring 29. A retainer ring 67

| ogat es above the sleeve 53 to retain $he sleeve 53. Retainer ring 67
secures by threads to the exterior of running tool 61. The running tool 61
will be Iowered by a string of 20 - conduit such as drill pipe 69. Seal s
71, 73 on the sl eDfEaN8e 0% tthe qutyiqforthe ngectionaly viey. pr ShentlaWer entry
. of debris. A plueak by e&chefingerf IsTWWiial s ageage Sor{e0 ey tha@enstielvey 5axt end

t hrough t he casi nq ) 211_.°| fo tfad © hggl qﬁ‘ S {. raﬂ.l,ée W ng
the return 25 o aced UId uring cenen ing. I'n opera I on,
casing 17 will 8& into the well with casing hanger 21 secured to

t he upper end of the casing 17. Running tool 61 will be secured to the

casing hanger 21. Sleeg§egves5! 1BC3iR1E LI PYsecured by a shear pin s9

to a running tool 61l. Running tool 61 secures to

threads 63 formed in the bore of the casing hanger 21.

: The running tool 61 has an upward facing shoulder 65

St located below a downward facing shoulder 66 of sleeve
10 53.

_ Once shear pin 59 is sheared, rotating running
tool 61 relative to casing hanger 21 will cause it to
unscrew. The shoulder 65 will contact the shoulder 66,
lifting the sleeve 53. This removes the fingers 57
15 from contact with the notches 51 (Fig. 3) of the 1load
- ring 29. A retainer ring 67 locates above the sleeve
53 to retain the sleeve 53. Retainer ring 67 secures

by threads to the exterior of running tool 61. |

The running tool 61 will be lowered by a string of
20 conduit such as drill pipe 69. Seals 71, 73 on the"
- sleeve 53 and the retainer ring 25 serve to prevent the
éntry of debris. A plurality of return flow passages
75 (only one shown) extend through the casing hanger 21
inward of the load shoulders 23 for allowing the return
25 of displaced fluid during cementing.

In operation, the casing 17 will be lowered into

“ the well with casing hanger 21 secured to the upper
end of the casing 17. Running tool 61 will be secured

to the casing hanger 21. Sleeve 53 will be pinned by



shéar pin 59 to the running tool
engage the notches 51 (Fig. 3),

posi tion.

Cenent will

61. The fingers 57 of sl eeve 53 wi | I ,
keeping the load ring 29 in a retracted

The lower end of a string of drill pipe 69 will be connected to
5 t he running tool 61. A mudl i ne hanger (not shown) |ocated in the
string of casing 17 will land in the subsea housing (not shown). The
mudl i ne hanger wi |l support the weight of the casing 17 in the well.
t he nudl i ne hanger lands in the subsea 10 housi ng, the load ring
be | ocated adjacent the bore wickers 15 of the surface wel | head housing T1.

then be punped down the d0ri-ng of casing 17.

returns up the annulus around the casing 17 to a selected level. D's

drilling mud 15

will flow u the annulus and through the

When
29 will

The cenent o

pl aced
return

passages 75. TheSheRRi Rint¥DItw thesrunping $eglclls o ThRFingarssfdaPt pin
59. After

69.

three turns.
pull the sl @eve SBestmairgmy upoalr dél. Tie sudigoves Bangér g(nd} shbim)
di sengage from 25_ t&ﬁe 1%0%5#9%{1-11 Flcg_- @sdn utl-,r eYar 2B ‘i: {ntRgesl ots

0 2u8eet. heaion Aok et -teﬁgiﬁ ?»ﬁs?garegmés?é&igdeme

(F|gsugponmlthconqﬁghtaofstmptcasing 17 in the well.

55 (Fig. 2).

posi ti on.
not ches 51

10

15

- 20

25

30

Is rotated or

When the mudline ‘hanger lands in the subsea
housing, the load'ring 29 will be located adjacent the
bore wickers 15 of the surface wellhead houéing 11.
Cement will then be pumped down the string of casing
17. The cement returns up the annulus around the
casing 17 to a selected level. Displaced drilling mud
will flow up the annulus and through the return

passages 7S.

The running tool 61 is. then rotated to shear the

shear pin 59. - After the cementation has been
completed, the casing 17 is tensioned up to the desired
amount by pulling on the drill pipe 69. Once

tensioned, the running tool 61 is rotated or backed out
three turns. Running tool shoulder 65 will contact
sleeve shoulder 66 to pull the sleeve 53 straight
upward. The fingers 57 (Fig. 1) will disengage from

' the notches 51 (Fig. 3), but remain within the slots 55

(Fig. 2). This allows the load ring 29 to spring out
to the extended position. The load ring wickers 35
will engage the bore wickers 15.

The notches 51 (Fig. 3) will rotate a short

distance from their initial position due to the natural

t heleeegess awi DD ertfigye RBennotehdctsy, (Rite @IS5i keepIngs
tensioned up 10 Lhe qegh' ‘thnéo 29 ﬁf@“%ﬁ&cf&%' bbgﬂti?&:the-rﬂ&'g web! P€

Once ten5|on

Ronh A8 oBtring PLErbL piHe el R roneREBAdEP 6o ( o

ed out

o



30 di ;st.ance"frorﬁitheir initi'al,'position due to the natural - 11 --
novenment occurring the expansion. Wen this happens, the notches 51 w
no-longer be in vertical alignment with the fingers 57 of sleeve 53 The

running tool 61 is then rotated in the opposite direction to nove the 5

sl eeve 53 back downward. The retainer ring 67 wll contact the upper end
of sleeve 53 to push it downward as the running tool 61 screws further
the threads 63. The fingers 57 of sleeve 53 will not contact the 10

|l oad ring 29 has properly expanded out, because of the

ro&atlonal movement of the notches 51 ~tHdt ™ occurs durlng t he expansion
.moverment. Consequently, the operator will be able to rotate the running
tool 61 only about one turn in thf downward 15 dir cthaieven t hou h

notches 51 if the

rotated three tuPRYeRABR REGRRY

RHERY . ©PRADSIBBr at iR hawp

into

he

-i ncrease in torquetaét antones Shewill mo Tlungernber i vert bpal aebxgnnﬁ;tt_ the
%hﬁ ‘EﬁBaEQ’.ﬁQePHtﬂ &1%1%%%5” ,rwetm{ oA N 1N

|l oad ring 29 has f
t he unscrew ng 20

I rectian

e, run t ool it
rotates, the shoul d& t@ﬁ"\/\n‘lqta&&ﬂ't 48 Q‘F‘ge gﬂ?ﬂﬁftferﬂb'if%ﬁié’ﬁ % ”H’V% h@is
sl eeve 53. The t ensileevien S3hecbacici dowrwardi.| | The r veta krer byinge Gg'fr ivilng
action of the |oadJdohRdceIthb! phef &Y ©f sleeve 53 to push it downward

10
15
20
25

~ 30

as the running tool 61 screws further into the threads
63. '

The fingers 57 of sleeve 53 will not contact the
notches 51 if the load ring 29 has properly expanded
out, because of the rotatiocnal movement of the notches
51 that occurs during the expansion movement.
Consequently, the operator will be able to rotate the
running tool 61 only about one turn in the downward
direction even though he rotated three turns vwhen
moving upward. The operator will detect an increase in
torque after only one turn. This informs the operator
that the load ring 29 has fully expanded  out. The
opérator may then rotate again in the unscrewing
direction to remove the running tool 61l. As it
rotates, the shoulder 65 will contact the shoulder 66,
retrieving the sleeve 53.

The tension in the casing 17 will be retained by
the gripping action of the load ring 29 with the bore
wickers 15. Downward load transmits through the load
shoulders 23, 31 and from there to the wellhead housing
1l.

The invention has significant advantages. The
blunt crest of one set of the wickers reduces the
chances for misalignment during the expansion



25 W cker
31 and from
advant ages.

s 15. Downward |oad transnits through the Ioad shoul der.s 23,
there.to the wel |l head housing 11. The invention has significant
The blunt crest of one set of the w ckers reduces the.30

chances for m salignment during the  expansion -12- procedure.
The notch and sl ot al so provide guiding during the expansi on procedure.

The not ches

on the upper edge for engagenent by the fingers provide a

positive nmeans to informthe operator that the ring has 5 fully
expanded. While the invention has been shown in only one of its forns, it
shoul d be apparent to those skilledignthe art that it is not so Ilnlted*i
but is susceptible to various changes w thout departing fromthe scope of
10 t he inventi on. - 13- W claim 1. - In a wellhead hou5|ng#having an

axi al bore,
conbi nati on

10

an &¥ieaedure-f or TRepPEEFRngnd SletnfIAC cREPYLAe coMpALBINg in
5 during the sekpaiisijm gpradedureul ar Theckmstehiear natl thet he

upper edge for engagement by the fingers provide a
positive means to inform the operator that the ring has
fully expanded. .

_ While the invention has been shown in only one of
its forms, it should be apparent to those skilled in

the art that it is not so limited, but is susceptible *Qa

to various changes without departing from the scope of
the invention. '

o



bor e of ghe'merfheaa housi ng; a casing hanger having a | ower. end secured to

the string of casing;

hanger, the load ring being split, resilient -and—outwardl y bi ased f.o
novenent between a retracted position and an expan

engagenent wth the wel | head housing; a set of par gﬁi\!‘mﬁ“‘mﬂm“mﬂkers
r

forned on the 15

|l oad ring for nmeshing with the & 1M tshe *bore o

t he wel | head housi ng when the |oad ring noves to the expanded position;
conical load shoulder formed on the casing-hanger for contact with th
| oag~ring when the | oad 20 ring -ngges to the expanded position,
stransmt downward | oad on the casing hanger through the load ring to the

wel | head housi ng;

and retaining neans for retaining the load ring in the

retracted position’Uﬂt?*aiﬁb casi ng hanger reaches a 25 sel ected
-position in the well head housing, then for releasing the load ring to
engage the wel | head,housing * M * -14-_to _suppart

t he casi ng hanger Wllth t ‘2 3as‘fenlglh|_er?gt ehr#sulsg'rq.g fa"iﬁ']’heﬂép@’éﬁ& u%’ﬁﬁtor’éﬁ ng
to claim1 wherein fRparatus for supporting a string of casing, comprising

5

L/’
10
15

o
20

25

in combination:

a set of parallel annular wickers formed in the
bore of the wellhead housing;

a casing hanger having a lower end secured to the
string of casing:;

a load ring mounted to the exterior of the casing
hanger, the load ring being split, resilient and
outwardly biased for movement between a retracted
position and an expanded position in engagement with

the wellhead housing;

a set of parallel annular wickers formed on the

1load ring for meshing with the wickers in the bore of

the wellhead housing when the load ring moves to the
expanded position;

a conical 1load shoulder formed on the caSing
hanger for contact with the locad ring when the 1load
ring moves to the expanded position, to transmit
downward load on the casing hanger through the 1load
ring to the wellhead housing; and

retaining means for retaining the load ring in the
retracted position until the casing hanger reaches a
selected position in the wellhead housing, then for
releasing the load ring to engage the wellhead housing

r

f
a
e

a load - ring nounted to the exterior of the casing 10

to



wi ckers of one of the sets of wickers are triangular 5 in” L
cross-section, having sharp crests, and the mﬁckers of the other of the
sets of wickers are triangul ar and truncat but have
flat crests, to reduce the chances for msalignnment. The appar at us
according to claim1 wherein a 10 pluralit iﬂ lmﬂ“ul formed in the
upper end of the load ring, and wherein the as fingers
whi ch engage the notches. 4. In a wel l.head hou5|ng haV|ng an axial bore,
an apparatus for supporting a string of casing, conprising 15 in ER
combi nation: a set of parallel anmuhar-w ckers fornmed in the bore of thead
wel | head housing; a casing hanger having a | ower end secured to the string ¢
of casing; 20 an annul ar recess op the exterior, of the, casi

hanger, the rece® h&WPREFL pFRE alFAR G g RBTEar & gﬁ?wa?%“f%ﬁ:l | oad
shoul ders spaced t®tisdlony apart from each other; a load ring nounted to the
exterior of the casing 25 hanger, the | oad ring having a split

and  being resi|ient apd oftuerdlus Phasshiy PUSIEN PPURELA nd
wickers of one of the sets of wickers are triangular
5 in cross-section, having sharp crests, and the wickers
of the other of the sets of wickers are triangular and
truncated in cross-section, but have flat crests, to
reduce the chances for misalignment.

”

3. The apparatus according te claim 1 wherein a

10 plurality of notches are formed in the upper end of the
load ring, and wherein the retaining means has fingers
which engage the notches.

4, In a wellhead housing having an axial bore, an
apparatus for supporting a string of casing, comprising
15 “in combination:

a set of parallel annular wickers formed in the
bore of the wellhead housing;

a casing hanger having a lower end secured to the \J
string of casing;

20 an annular recess on the exterior of the césing
hanger, the recess having a plurality of downward and
outward facing load shoulders spaced axially aparﬁ from
each other:

a load rlng_mouﬁtgd to the exterior of the casing o
'25 hanger, the 1load ring. having a split and being
' resilient and outwardly biased for movement between a

<y



- 15 ° retracted szition and an expanded position in engagenent with

t he wel | head housing, the lpad ring having an up d a | ower end;
the -l oad ring having an inner dianmeter having a 5 plurality of upwar.d
and inward facing | oad shoul ders which mate with igﬂmﬂﬂ

ﬂlm s of the
recess to transmt downward | oad on the casing ha ’m mll oad ring
to the well head housi ng when the load ring noves to t he expanded+posi ti on;

10 a set of parallel annular wi ckers formed on the |oad ring which
mesh with the wickers in the bore of the well head housi ng when the | oad

ri ng<noves to the expanded position; and>r&taining means for retaining the
.load ring in the 15 retracted position until the casing hanger reaches a
sel ected position in the well head housing, then for releasing the |l oad ring
to engage the wel | h&@¥maeteing posisdppor andhe amasigrpandeder pRisdtione ciing

i R tlegsi on. f 20h 5.enghlg@maRBaAI]MS ﬁﬁéobdh.ﬁﬂeécp Bowd ifg} V?@éeilaaaherlr@d

acoording to cl ai m FRALY, EnBRBer end W R 18 iendd ¢ cubsiantially

smal ler than the pitch of the | oad shoulders of the recess. 25 7. The

apparatus according tothleaildads ringiridving aiprimierg.diameter having a

5 plurality of upward and inward facing load shoulders
which mate with the load shoulders of the recess to
transmit downward load on the casing hanger through the
load ring to the wellhead housing when the load ring
moves to the expanded position;

10 a set of parallel annular wickers formed on the
load ring which mesh with the wickers in the bore of
the wellhead housing when the load ring moves to the
expanded position; and

retaining means for retaining the load ring in the

15 'retracted position until the casing hanger reaches a

selected position in the wellhead housing, then for

releasing the load ring to engage the wellhead housing

to support the casing hanger with the casing in
tension.

20 S. The apparatus according to claim 4 wherein the load
shoulders of the recess are parallel to each other.

6. The apparatus according to claim 4 wherein the
pitch of the wickers is substantially smaller than the
pitch of the load shoulders of the recess.

25 7. The apparatus according to claim 4, further
comprising:



-16- a slot extending fromone edge of the split a sel ect ed
di stance, the slot -bm—ng’dm—ﬁe—t_v've_en the upper and

| over- ends of the load ring and having a mﬁ “IE! }E ' and 5

circunferenti al

tab formed on the other edge of the spli
tab having substantially the sane axi al

nto the slot, the
e slot to reduce any

tendency of the'load ring to incline as it nobves to the expanded position.
10 8.  The apparatus according to claim4 wherein the retaining neans

conprises: a sleeve extending around the casi ng hanger,

havi ng a | ower e’é

whi ch extends into contact with the-l pgd-ring for preventing the |oad ri

from noving 15

the sl eeve upward relative to the casing hanger for
fromcontact with the Iepdtriesgenaing Itror \WHel het

outward fromthe retracted position; and neans for

movi ng

renovi ng the sl eeve
hangh hggsmm h,fylng an axi al

Dot nat o o SoeAE, YU UNCENE, Hiadich) o3RO pe b thd, |

conbi nati on: a set

annul.ar w-cKers OI'I'TE

wel | head housi ngtosd |’?ﬁf‘fﬁﬁﬂge?h91a‘w?ﬂf Andvkgwazn ends #fdthe tlﬁ’éd

string of casingring and having a axial dimension; and

10

15

20

25

a tab formed on the other edge of the split and
extending into the slot, the tab having substantially
the same axial dimension as the slot to reduce any
tendency of the load ring to incline as it moves to the
expanded position. '

8. The apparatus according to clain 4 wherein the
retaining means comprises'

a sleeve extending around the casing hanger,
having a lower end which extends into contact with the
load ring for preventing the load ring from moving
outward from the retracted position; and

means for moving the sleeve \ipward relative to the
casing hanger for removing the sleeve from contact with
the load ring. '

9. In a wellhead housing having an axial bore, an
apparatus for supporting a string of casing, comprising
in combination:

a set of parallel annular wickers formed in the
bore of the wellhead: housing;

a casing hanqer having a lower end secured to the
string of casing;

Fthe

25

a3



* cC . L ™ ¥ * -17- a conical downward and outward faci ng upper
casing hanger | oad shoulder; -at least one downward and outward

faci ng additional casing hanger | oad shoul der | ocated bel ow 5 and .
parallel to the upper casing hanger |oad shoul der; a [

extendi ng through the upper conical casing hanger Ioummnﬂmﬁmﬂ”“l)ad
ring nmounted to the exterior of the casing hanger, the |%9ad ri"'ng®haVing a
split and being 10 resilient and outwardly biased for novenent between
a retracted position and an expanded position in engagenent with the
weluead housi ng, the load ring having an upper end and a | ower end; the
~load ring having an inner dianeter havildig-a 15 plurality of parall el
coni cal | oad shoulders that mate with the casi ng hanger | oad shoul ders to
transmt downward | oad on the casing hanger through the load ring to t he
wel | head housing when th&amdgalr Aaynvidndand oukwasdpinateg irRey Gesing

a set of parallel ramgemrlesddclshoalderped on the load ring for meshing with
the wickers in the bore of the wellhead housing when the [oad ring m)ves to
t he expanded position; a sleeve extendi ng around the casi ng hanger

having a finger on its #"owe}e%?l weheh SWENAEd: h Rfyh CHE 9§4t|c££°i§‘fgot
into contact with adiditiomal icaping hanger load shoulder located below

5 and parallel to the upper easing hanger load shoulder;

a vertical slot _extending through the upper
Y conical casing hanger load shoulder;

a load ring mounted to the exterior of the casing'

hanger, the 1load ring having a split and being

10 resilient and outwardly biased for movement between a

retracted position and an expanded position in

engagement with the wellhead housing, the load ring
having an upper end and a lower end;

the load ring having an inner diameter having a

15 plurality of parallel conical load shoulders that mate
' with the casing hanger load shoulders to transmit
downward load on the casing hanger through the 1load

ring to the wellhead housing when the load ring moves

v/ to the expanded position:

20 a set of parallel annular wickers formed on the
load ring for meshing with the wickers in the bore of
the wellhead housing when the load ring moves to the
expanded position;

e a sleeve extending around the casing hanger,

25 having a finger on its lower end which extends through
5 the vertical slot into contact with the load ring for



préventing the | oad ring from noving outward fromthe retract éd pasi }-i on:
and neans for noving the sleeve upward refativeto—the—easi ng hanger for*

renoving the sleeve fromcontact with 5 ring. 10. The
apparatus according to claim9 wherei n””,llv ﬁﬁ J} chis formed in the
upper end of the load ring for engagenen LNCy ' 11. The apparatus

according to claim9 wherein one of 10 the sets of wckers conprises
wi ckers that are triangular in cross-section, having sharp crests, and
the other of the sets of w ckers conprises wi ckers that are triangul ar and,
truncated in cross-section, having filgat crests, to reduce the chances f ot
m sal i gnnment. 15 12. The apparatus according to claim9 wherein the
pitch of the wickers is substantially smaller than the pitch of the | oad
shoul ders of thePFeverting; the Ipad xing: fner ;Vdng outward| frem bhe
further conprisi pgtraéted positionslad extending from one edge of the split
a selected circunferential distance, the slot being located between

t he upper and | ower ends of the Igad ring .and having_a axial dinension; and
a tab formed on the JRGANS EQF-MBYiRgthe,skeeyejupward rekatiye,&o; He® t he
slot, the tab hasasingHmigert farl yemoving the sleeve from contact with

5 the load ring.

lo0. The appar&tus according to claim 9 vwherein at
least one notch is formed in the upper end of the load
ring for engagement by the finger.

11. The apparatus according to claim 9 wherein one of
10 ‘the sets of wickers comprises wickers that are
triangular in cross-section, having sharp crests, and
the other of the sets of wickers comprises wickers that
are triangular and truncated in cross-section, having
flat crests, to reduce the chances for misalignment.

15 -12. The apparatus according to claim 9 wherein the
pitch of the wickers is substantially smaller than the
pitch of the load shoulders of the recess.

13. The apparatus according to claim 9, further
comprising:

20 ‘a slot extending from one edge of the spl;lt a
selected circumferential distance, the slot bYeing
located between the upper and lower ends of the load
ring and having a axial dimension; and

‘a tab formed on the other edge of the split and
25 extendiny into the slot, the tab having substantially

)



-19- the same dxi al di mension as the slot to reduce any tendency of the-
load ring to incline as it noves to the expanded position

wel I.head housi ng having an axial bore, an 5 apparéfﬁ§~F6%4f~Lﬂg?ting a
string of casing, conprising in conbination: a se ul ar

wi cker formed in the bore of the wellhead housin \‘ &m“‘g havi ng
a |l ower end secured to the 10 string of casing; <& conica downwar d and
outward facing upper casing hanger |oad shoulder; at |east one downward
and- .outward facing additional casing hanger | oad shoul der |ocated bel ow
153 ,and parallel to the upper casing_-hggger |oad shoulder; a vertical slot
extending t hrough t he upper conical casing hanger |oad shoul der; a | oad
ring nounted to the exterlor casi hang the load ri havi n
split and being 20 % r%%‘ﬁ‘?léﬁ{' la amﬁﬁfgg‘f‘ &hz?se%h‘?forg?mf&argﬁ? ﬂé’tween
va retracted posititendeagy ofinthepaddedngptei inozirinq aseAgomevesmttalithe t he

wel | head housing, tdiganaad pob&fesvn. Ng an upper end and a |ower end; the
| oad ring having an inner dianeter having a 25 plurality of paraIIeI
coni cal | oad shoulders that mate

14. In a wellhead housing having an axial bore, an

5  apparatus for supporting a string of casing, comprising
in combination:

a set of parallel annular wickers formed in the

(7 bore of the wellhead housing;
a casing hanger'having a lower end secured to the
10 string of casing; '
a conical downward and outward facing upper casing
hanger load shoulder;
at least one downward and outward facing
additional casing hanger load shoulder located below
15 and parallel to the upper casing hanger load shoulder;
a vertical slot extending through the upper
U conical casing hanger load shoulder;

a load ring mounted to the exterior of the casing

hanger, the 1load ring having a split and being

20 resilient and outwardly biased for movement between a

retracted position and an expanded position in

engagement with the wellhead housing, the load ring
having an upper end and a lower end;

€

~ the load ring having an inner diameter having a
v 25 plurality of parallel conical load shoulders that mate



-20 - with the casing hanger' | oad shoul ders to transntt domnmard | oad on
the casing hanger through the load ring to the well head housi ng when the’

| oad ring noves to the expanded p05|t|on5\5‘e‘l~of par al | el

annul ar wi ckers forned on the load ring f e wickers in the
bore of the well head housi ng when the Ioag’] ;{lﬂg,ﬂge expanded
position; one of the sets of w ckers havi ng‘ vmcc €I Sk

triangular in cross-section, having sharp crests, and the ot her of the sets

of wi cker having w ckers that are tr| angul ar and truncated in : ol
Cross-section, with flat crests educe t he chances for msali gnrren'e!!‘
at | east one notch formed in the uppe% end of the 15 | oad ring; a sleeve

extendi ng around the casing hanger, having a finger on its |ower end which
extien]gs thhrlougg tdlwethhcaéasir@t hahger Onloaat mé&loddie Neb Chehsalit Upperd
end of the |oa r event n Vi ut war
fromthe retracte ‘%8'5 f’l 'h g?%r%ﬁﬁ%’% 5’ g°§ 5358 %ﬁ’"ﬂ{g eQ:T(L ive to
the casing hangerring tcefehs rvtf—ltlheagl ée\léi\‘!o“h%fé)n@é&:tl%dt tF ine 1‘!% ring:

a sl ot extendi ng §d AR RPRAGER Poditdonpl it a 25 sel ected
circunferential distance, the slot being |ocated between the upper and
| ower ends of the | oad

5 a set of parallel annular wickers formed on the

load ring for meshing with the wickers in the bore of
the wellhead housing when the load ring moves to the

expanded position. | o w

one of the sets of wickers having wickers that are
10 triangular in cross-section, having sharp crests, and
the other of the sets of wickers having wickers that
are triangular and truncated in cross-section, with
flat crests, to re_dnce the chances for misalignment;

at least one notch formed in the upper end of the
15 load ring:

a sleeve extending around the casing hanger,
‘having a finger on its lower end which extends through
the vertical slot into contact with the notch on the

upper end of the load ring for preventing the load ring o/

20 from moving outward from the retracted position;

" means for moving the sleeve uptward relative to the
casing hanger for removing the sleeve fron contact with
the load ring:;

a slot extending from one ‘edge of the split a
25 selected circumferential distance, the slot being
located between the upper and lower ends of the load

ring and having a axial dimension; and

ke
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* . 1l (2
ring and having a axial dinension;, and * C L M S * -21- atab
formed on.the other edge of the split and extending into the slot, the tab

havi ng substantially the sanme axial di nension as. the sl oy .
tendency of the load ring to incline as it noves to t?Hm“Hmu Lmﬂ:“mron.
' * [ L M S *

- 21 - '

&: a tab formed on the other edge of the split and

- - extending into the slot, the tab having substantially
the same axial dimension as the slot to reduce any
tendency of the load ring to incline as it moves to the

expanded position.



