22100 83 -1- MULTI-POSI TI ON TOOL FOR RUNNI NG AND SETTI NG A PACKER Thi s -
“invention relates to tools and equi prent for servicing downhole wells, and
in particular to a hydrauli- cally operable, multi-position service tool

for running and setting a packer in a well bore. 5 ~ In the course
of treating*and preparing subterra- nean wells for production, a well

packer and screen along with a service tool are run into the well on a work
8tring, wWith the packer being set against a casing bore. rzqeﬁﬁg?
mani pul ate the service tool 10 within the well to set, p05|t|

downhol e equi pment. The success of such operations is dependent upon the
ahj bttty to reciprocate the tool vertically or to rotate it relative to the
dowmtiol e equi pnent .- Rotational displace- nment of the tool in deviated wells .
i.s difficult to perform15 reliably because of frictional binding between

~the work string and. the well . casing. Accordingly, up and down
reci procal noverments are preferred for setting and rel easi ng downhol e
~equi pment in such instances. -2- During run-in, the packer is

mechani cal ly Iocked in the unset conditign by shear pins. The shear pins
support the wei ght of the packer.along with the hang wei ght of other
conponents such as a swi vel shear sub, blank pipe, sand

MULTI POSITION TOOL FOR RUNNING AND SETTING A PACKER

~ This invention relates to tools and equipment - for
servicing downhole wells, and in particular to a hydrauli-
cally operable, multi-position service tool for running and

setting a packer in a well bore.

5 ' | In the course of treating and preparing subterra-
nean wells for production, a well packer'and screen along
with a service tool are run into the well on a work string,

with the packer being set against a casing bore.

It is necessary to manipulate the service tobl

10 within the well to set, position or release downhole.
equipment. Thelsuccess of such operations is dependent upoﬂ
the ability to reciprocate the tool vertically or to rotate

it relative to the downhole equipment. Rotational displace-
ment of the tool in deviated wells is difficult to perform
l15 reliably because of .frictional binding betweén -the work
'string and the well casing. Accordingly, ﬁp. and down
reciprocal movements are preferred for setting and releasing_

downhole equipment in such instances.



5 screen, polished nipple, tail screen, sealing unit and sunp packer. The
shear pins can safely support the coihbined wei ght of the downhol e ot
equi pnent, and are rated to yield to a preset shearing force to separate

and rel ease the service unit after the packer has been set. .lIn devidted or
ot her- 10 wi se obstructed well bores,-2he shear pins may be damaged and the
packer may sonetines be inadvertently preset in response to frictional ;

| oadi ng between the packer and the well bore in tight spots Vren operating °
in slanted or devi &dNGordnndnesthepagker %ﬁnﬂﬁﬁé%&?q?- ¥i daFked iR ansni t

sufficientgfor . h f t t apk cal. at ed
packers. | e PiREE SRR FISO BY nSHY B, CpRE' pHREPTBNES bpBOELT Y

i nterfer escd b idlt [TRRHE PRcRBrOb1LAE WEOE IR hamC Widlightl ofOpERet 0 Set’ >
- 'the packer. I n such applications, 20 it is desirable to use a packer in
~.whi ch the camponentspasieh st t angwivede sheatevstibpedllankhyplipall | sand |
- transm ssi on. The packer is maintained in the unset condition by shear

- pi ns whizhs¢rRen + O nippliee Wil Scresy. seplinpg| pnpt ap@r seRAt ed

t hat pre-stressing of the shear pins and 2 remature,setting of ,th acker
. oncur SRSKRT nou Hhe{ SHRAG: (iAo vEHn SARRLY P URROES, SRt BoRbLhE b or

dov at o Ughepiel e e oy RARIGARAL 20N oK RUAA 3L 4R chO" U
: a preset shearing force to separate and release the service
| unit aftef the packer has been set. 1In deviated or other-
16 wise obstructed well bores, the shear pins may be damaged
and the packer may sometimes be inadvertently preset in

response to frictional loading between the packer and the

well bore in tight spots.

When operating in slanted or deviated bore holes,

15 it is .sometimes difficult to transmit sufficient force

downhole from the surface to set mechanically actuated

packers. The frictional engagement caused by the bore hole

deviation interferes with the transmissioh of the necessary

mechanical force to set the packer. 1In suéh applications,

20 it is desirable to use a packer ih which the reqﬁired packer

setting force is developed by hydraulic transmiséion. The

packer is maintained in the unset cohdition by shear pins

which lock the packer to the work string. It will be

appreciaﬁed that pre-stressing of the shear piné and

25 premature setting of the packer may occur as a result of
binding movement of the packer.along a slanted or deviated

bore hole.



cult to set in slanted and in. deviated hol es because of binding engagenent
of the work string against the well 5 bore. Additionally, when a.
substantial 1oad of downhol e equi pnent is hung off of the packer, there is
a risk that the shear: pins nay be col d-yorked or that they may inadver-
tently be sheared during run-in operations. The run-in 10 forces and hang
~weight are applied directly onto the shear pins which may cause '

pre-stretching or coggmespaeRerss reffipsctakl a@?MBQ{:EOEQBED!‘E%&EIubO%é

supported by the packer increases, the rating of the shear pins nust also
be i ncreaseapplynsettdngqfiopeenttocdihe sdipsns, Such lpackersadries diffde great
§ hat~shearing_of the pins becones very difficult to achieve by hydraulic :

nEand al oneCUdid &P c8Rbi d& i lantedyarduine davlakedhreles hegaysesof -
sonetines required to produce a ¢le separatipn, ‘1t is, thergfore, .an '
obj ect of .t-ﬁ’ e N o ?ﬁ/eéﬁe-nq'?of’%ongﬁ% ;3‘& ' di&ﬂf‘q mBIEHRE & obre f 3jreliunni ng
and settingpargacker in a well bore. Another object of the inventionis to
provi de an inproved hydraulic tool for setting a well packer of the type
which is coupled to a work string by shear pins wherein 25the shear pins
-are decoupl ed with raddstionallyn-whehaadisubgtbntiaks Mbedh oft iGenhalieng
transit of the packer through a deviated or slanted well bore. -4-
.equipment is hung off of the packer, there is a risk that
‘the shear pins may be cold-worked or that they may inadver-
tently be sheared during run-in operations. The run-in
1qurces and hang weight are applied directly onto the shear
pins which may cause pre-stretching or compression. As the
overall downhole equipment 1load supported by the packer
increases, the rating of the shear_ pins must also be
increased. In some equipment combinations, the hang load is
15 So great that:shearing of the pins becomes very difficult to
achieve by hydraulic means alone, and a combination of

hydraulic and mechanical means is sometimes required to

produce a cleah separation.

It is, therefore, an object of the present inven-
20 tion to provide an improved tool for running and setting a

packer in a well bore.

Another object of the invenfion is to provide an
improved hydraulic tool for setting a well packer of the
type which is coupled to a work string by shear pins wherein

25the shear pins are-decoupled with respect to run-in handlihg
forces which arise during transit of the packer through a

deviated or slanted well bore.



A rel ated object of the invention is to provide an i.nproved tool which
utilizes hydraulic forces and reciprocal novement of a work string, wthout
requiring the application of torque, for setting a packer. and reIeaS|ng t he
. service 5 tool fromthe packer by straight pull-up novenent of the sérvice
‘tool, and wi thout requiring the applicétion of torque. Yet another” object
of the invention is to provide an inproved tool for running and setting a

packer in which 10 hgﬁgagg%'\/\&i)%%%o%%te %\}(eei{)ti%%d & ttaocther% el | %gra]nt is

supported by the serv ei n al ne

unset  conginhi&Ped PYooB AR ch RIEISL 126 %E}d%éﬁliéof@i:@é’s f &ran #) grajeamave ght
-and from handling forces during run-in and setting of the packer. 15

The for egomagernéntcos arteoeictsmdmy,amddchdmhgreQuihmg)rﬁerpp]rmmtﬂom |n°'==¢"
which a packer is run-in and set by a mutti-position tool, with the packer
being mai nPEi FOFIE .t HOTWRREt t,!tsnd#tpaﬁkaﬁdaséu F§leaRiBet &S SaWdCEet ting’

packer” i EReLurredm CBRS eBeRex, @vdescmﬁt%& ?@E@eﬁ%ﬁ?hﬁf} Fendl i ng
. forces by ? ?gg_cgf £651 ng A:@d gsfgé 5edaB€\E ﬁtf@t?V|ocf3- t ool .-

- The suppor ugs carry fthe wei g the any equi pnent
- hangi ng behgﬁqﬁae packer so that no wei ght |s applled to the shear- 25 pins
during the run-in procedure. This pernits the packer to be pushed t hrough
restricted or crooked places-in the casing mnthout_danger of shearing the
shear p|ns X Yet another object of the invention is to provide

an improved tool for running and setting a packer in which

10 the hang weight of the packer and attached equipment is C,J '

| suppotted'by the service tool, with the packer being main-

tained. in an -unset condition by shear pins wnich are

isolated from the hang weight and from handling forces
during run-in and setting of the packer. |

15 The foregoing objects are achieved according to the
- present invention in which a packer is run-in and set by a
multi-position tool, with the packer being maintained in the
unset condition and being connected.to the setting tool by a
series of shear pins. The shear pins which maintain the

20 packer in the unset condition are decoupled with respect to
run-in handling forces by a set of spring loaded transfer
lugs carried by the service tool. The support lugs carry
the weight of the packer and any weight of equipment hanging
below the packer so that no weight is applied to the shear

25 pins during the run-in procedure. Thislpermits the'packer
to be pushed through restricted or croocked places in the

casing without danger of shearing the shear pins.



-5- The.support lugs are engaged agai nst a shoul der of the packer tube
guide by a nmovable collet. Finger portions of the novable collet are
supported agai nst defl ection froma |atch detent position by an annul ar
piston carried on a 5 mandrel of the nmulti-position tool. The packer is. set
by appl yi ng:.hydraul i c pressure through THe work string and into the annul ar
bore of the piston, which causes the piston to shear the transit pins and

T enove the support f&@glgg?&g&tfhg grFgg;%hggéﬁaé?%§§ﬂ§{ngeghggmgggygfof

t he annul ar piston drives setting s agai nst a tube guide
of the packegheMpddkdrs tubeaAhads by emorableocbhepackPingendpettidime
packer mandrel is |ocked onto the nulti- position tool mandrel by a group
ofiveépar at | orf stteamgpiatle kHLsdn axsnisupped tedy egeinsbf defitegtiepnframe
~collet latch portions def] ect, E rmitting the iollet 0 _be displ.aced _ .
downwar dl.y rel ¥tk dstent pgst dP¥| anmnoplar) plskon rF@ré-’gPan?’} Fhded

support |ygs 0 f e AWM | der carri‘ed on the tube guide.
As a resuiét',mqr;#erﬁq'ar?gfn%%%mmﬁgkgy\%%g%ﬁgg%M' is transferred fromthe lugs
"to the separation shear pins. Because the packer mandrel is anchored onto
the tool- mandrel by e SeRcker | 08 setarbyi applyiyg phpdesul ibepgessiere
continues its downward novenent relative to the packer 25 mandrel, which:
causes .t he ctitmougiartke ofvorke stadingr apd dintebthe o apeudipry dereorfvablRy in

relation to the mandrel which is held stationary l%y thcehse aratj.on fhear
pins. The piston, which causes the piston to ‘shear e transit pins

'and remove the support from collet finger portions.
k/ 10, Continued movement of the annular piston drives a setting
' sleeve downwardly' against a tube guide of the packer which

is movable with respect to the _packer mandrel.

The packer mandrel is locked onto the | multi-

position tool mahdrel by a group of separation shear pins.

15 Upon continued movement of the piston, the collet 1latch
portions deflect, permitting the collet to bé_ displaced
downwardly relative to the tool mandrel, which releases the
spring loaded support .1u.gs” out of engaéement with the
shoulder carried on the tube guide. As a result, the hang

20 weight of the packer is transferred from the lugs to the

separation shear pins.

Because -the packer mandrel is anchored onto the
tool mandrel by the separation shear pins, the packer tube
guide continues its downward movement relative to the packer

25 .mandrel, which causes the outer parts. of the packer gquide
~ tube to be driven downwardly in relatioh to the mandrel

which is held stationary by the separation shear pins. The



'|—6- slips are engaged. and set aga| nst the well bore as the pi ston nears the

limt of its extension. Once the desired slip setting pressure has been

achi eved and the packer is securely anchored in place, the 5 setti'ng tool

is released fromthe packer by increasing the hydraulic pressure to a-
~predetermned |evel or by pulling the work string upwardl'y to cause

shearing of the separation shear pins. -6- The spring |oaded transfer :
~lugs. retract.radially inwardly to permt unrestrlcted novenent of the 10 v

servi ce toolsmegat ¥ eAchlBaPaP sbibGMndR I AIGH LA OUE 15
ergg reT’ B 1 'otki ng

~held securely I'n ace agai nst . pack by an in et n

slip ring a@a_eltbhynearBytnenumytr@ftasamdﬁenfslmhd pressure t hrough the-
work string and into the service tool, the ball seat is sheared out, 15 W

permtting circulation flow. It wll be appreci ated that the foregm ng
packer setting operQ{lPGn the deaireedslépt S%ﬁﬂmwremel bgs theen

application _of .t onI qU|r| ap Ilcatlon of hydraulic '

| pfgssure or ar::hip 33‘ sﬁ(l?'?rr?é' ﬁ‘ Ko kl\ﬂr%‘iﬁ/'erth% het s
hang wei ght lee\?# ac er orte
ent ?r ely st%fﬁeﬁgga ?’ ugs |eg:%f° 1{ (t,he&}éaeec l;L]}’pl #%Sﬁﬁ)ces

the pr Ziﬁﬁf Vet Fan wi T bG. PP Eﬁ?i%%‘fﬁ‘%%‘% ﬁ%%‘i%i."?”‘*’fd%@% o
the work string upwardly to cause shearing of the separation
snear pins.- "~ The spring. loaded ;transfer lugs retract
radially 'inwardly to. permit unrestricted movement of the

10 service tool ‘relative. to the packer tube guicle. The packer
tube guide is held securely in _place against tne packer
mandrel by an internal locking slip ring assembly. By
_continuing'to_apply.flnid pressure through the work string

and into the service -tool, the- ball seat 1is sheared out,

15 permitting circulation flow.

It will be appreciated that the foregoing packer
setting operation is -carried out without requiring the
application of torque and only requiring the application of
hydraulic pressure or lifting forces on the work string, or U

20 both. Moreover, the hang weight of the packer and equipment
attached to the packer is supported entirely by the transfer
lugs, which effectively decouple handling forces with

respect to the separation shear pins.

Other objects and advantages of the present
25 invention will be appreciated by those skilled in the art
upon reading the detailed description which follows with

reference to the attached drawings, wherein



upon reading the detailed.description which follows with reference to the-
attached draw ngs, wherein . -7- FIGURE 1 is a sinplified view, partly in
section and partly in elevation, showing a typical gravel pack well :
installation in which the nultl-p03|t|aw.serV|ce tool -of the present
invention is incorporated; 5 FIGURE 2 is a view, partly in
‘el'evation and partly in section, which illustrates the position of the

frul ti- position tool FIGUBE| \J-e 1% aheippikEieduviey, apprutlyn ispsention

U S 1 gt bt st ol S R, A5
eonti.nuati Oﬁn%ftaﬁhgﬂ'fﬁn }Q’h&:ﬁi‘ch'H:EfFrﬁx?ft?%g%@it&%haééi‘ﬁ@Sﬁééf"bf’fthtehe

tramsit lugs Wt respec t0 Séparation

operati on; %ﬁe%@gtFaﬁuggtiohl1ysiﬁ@3f§bggygdp05|t|on of the packer tube
gui de as driven by the annul ar piston for engagi ng packer slips. .In the

description which follows, |like parts are 20 marked throughout the
speci ficaBi on and dr awrsﬁgs @i ds ehyiewaepretdy ebtcelevetion andgpantlwel y.

Referring now to F| GURE eration of the nulti- positign service tool 10
wil b'e O D Rectich  BhaPhoddgtrates trt pos1 it 08" B M0

~position tool relative to the packer during a run-in

- operation;

FIGURE 3 is a view, partly in section and partly in
_/ 10 elevation, showing details of an annular piston and support

lug assembly,

FIGURE 4 is a continuation of FIGURE 3 which
illustrates the relative position of the transit'lugs with
respect to separation shear pins during a run-in operation;

15 and

FIGURE 5 illustrates the position of the packer
- tube guide as driven by the annular piston for engaging
packer slips. |

In the description which follows, like parts are
20 marked throughout the specification and drawings with the

same reference numerals, respectively.

Referring now to FIGURE 1, operation of the multi-

"position service tool 10 will be explained with reference to

a typical gravel pack service operation in which the tool 10

25 1is landed within the bore 12 of a packer 14. The packer 14



a typical gravel pack service operation in which the tool 10 25 is | anded
within the bore 12 of a packer 14. The packer 14 -8- has hydraulically
actuated slips 16 which set the packer against the inside bore-18 of a
tubul ar well casing 20. The service tqgol 10 is seal ed agai nst the bore of
t he packer for delivering a gravel sIJﬁFy punped t hrough the work "string 22
5 and bore 24 of the service tool through lateral flow passages 26

which i nt epagCinddignaiganall fbtddied 0sligd, 18NGnAinChs@OMENBI GRlckedi t h
| ateral flow passages 28 which inter- sect the sidewall of the packer 12.
~ The annul uagafinbét thenindibde dwrey 1K cfna sabdlacreehl 32asingeald od Theove and
bel ow a 10 producing formati on 34 by expanded annul ar seal el enents 36

carried oSerupgertophck@ris 1seakedi againstishe harel af thepacgkenndars 38 7
i ed . k 40. Irj th . r ati t 1nul us
S0 Fi 1 eaLaPeRIgE R, ek Tl Mirpert ShaRpeh ERECEE Hri i ns a2

formed iy AR 1BosbdodR! loff dhae uebiycaspgbiPO thibghher st orndeug, for ma-

~tion 34. Referring nowto and 4, the service too

rigidly | ogagdageko2thehpak keitdrsestit ithe '$idewdllli 8€ the-tdoDPES Atdnd.
According to this arrangenent, 20 the service tool 10, packér 14 and all

t he equi prmuhtichhcohminibahg with dfatdmalpdillosr passages- 28 whichigintdw- bore
18 of the casing 20 as an_assenbled unit. In this instance, the sand '
screen 32 isechupfieorsidgwalpeofabher pegkey 32} enfhe apnulus 30 between

the casing 20 and sand screen 32 is sealed above.and beldw a

 16 éroducing férmation 34 by expanded annuiar seal elements 36
carried on upper packer 14 and expaﬁded annular.-seal '
elements 38 carried on sﬁmp packer 40. During the gravel
pack operation, the annulus 30 is filled with slurry, and
the élurry is pumped through perforations 42 formed in the

15 sidewall of the well casing 20 into the surfounding-forma-
‘tion 34. |

Referring now to FIGURES 2, 3 and 4, the service
tool 10 is rigidly locked onto the packer 14 during the
initial run-in operation. Accordiﬁg to this arrahgément,'

20 the service tool 10, packer 14 and all the equipment which W/
is hung off of the packer are run-in through the bore 18 of
the casing 20 as an assembled unit. 1In this instance, the
sand screen 32 is hung off of the packér'14 by a length of
blank pipe.44 and a tail screen 46 is connected to the.sand

25 screen by a polished nipple 48. It will be appreciated that
the hang weight of the packer, alohg with the downhole
equipment attached to it, is substantial.



bl ank pjpe 44 and a tail screen 46 is connected to the sand 25 screen by a
“polished nipple 48. It will be appreciated that the hang wei ght of the
packer, along with the downhole equi prent attached to it, is substantial.

A group of separation shear pins 50 having appro- priate shear strength for
supporting the packer assenbly hang mergﬁt connect the packer mandrel 52 to
the service tool mandrel 54. During run-in, the packer 14 is nmechani- 5 '

eally locked in the A'nge&uﬁoaéi LeparhYidhesnesar pLthensehaavipgnapbo-The
shear pins 50 are rated to safely support the conbined wei ght of the
downhol e eqpipatet shvat aseremdil foryissippordingprideet patkear i agseabdy t o
separ.ate and rel ease the service tool 10 fromthe_packer 14 after the

' paskér has besg weight connectevthe epackerameadrel &izncki tkeoSSrviEeed

well bores, the cker is _sonetines .inadvertent| reset _hn_response
to friction$P°FoQEBa§e§eFﬁeenqﬂﬁgﬁﬁafngiﬁndgxﬁepﬁﬁﬁf¥b&?e§§uﬁpﬁgg9 e
run-in opgrathopn. 1A di pg r | Ve | ddiaretidndishedrls
shear pi n§ g%i\%ﬂi 9:' Efrzrglé n?‘gi ﬁhgh{éngggkgi?ﬁ%df%eq{#ls% condition are '
decoupl ed wighRsr 88pectrheOshelri PiASNGb age f Pdted tty safplgusupportatheer
- support lugS 56 which are carried by a collet 58 which is novably nmounted
onto the secroimbtnédoweightiref tde ddbmhélsyseditipmenty tend wrieghetef £0 the
packer and any wei ght of .equi pnent hanging fromthe packer sq that gp
weight is appPlédteoat PeesehFhradng FOEFepFASSSPARR, ¢ RPq e o frhe
procedure. service tool 10 from the packer 14 after the paCker has been
10 set. In deviéted, slanted or otherwise obstructed well
a2 bores, the packer is sometimes inadvertently preset in
response to frictional loading between the packer and the

well bore during the run-in operation.

'According to the present invention, the separation

15 shear pins 50 which maintain the packer in the unset
condition are decoupled with respect to _rﬁn-in handling

forces by a group of transfer support lugs 56 which are

carried by a.colleﬁ 58 which is movably mounted onto the

service tool mandrel 54. The lugs 56 carry the weight of

W 20 the packer and any weight of equipment hanging from the
| ‘'packer so that no wéight is applied to the separation shear

pins 50 during the run-in procedure.

The support lugs 56 are engaged against an annular

shoulder 60 which is formed on a tube gdide extensiop 62E;

25 The support lug 56 engages the underside 60A of the shoulder
| 60, with the upper surface 60B of the shoulder being aligned
for engagement with a setting sleeve 64. The hang weight of



The ‘support |ugs 56 are engaged agai nst an-.annul ar shoul der 60 which is
“formed on a-tube guide extension 62E. 25 The support |ug 56 engages the
under si de 60A of the shoul der 60, with the upper surface:60B of- the
shoul der being aligned for éngagement with a setting sl eeve 64. The hang
weight of . -10- the packer 14 is traddmitted through the tube guide 62
and through the Iugs 56 to the service tool mandrel That is t he -

packer -and Lp t t d.t b e

i ough « ntTeoPBERRE, 3 U herbrisy 3 (HNBRRH. te %H%@ COL WALt b

gui de 62, WnhtBubhe thesuldgs ¥ H@nehéngetPLE€StYBL Chanlke® @Yl.i NarHdte

run-in procedure are-decoupled with respect to the separation pins 50. The ., ¢
service todk,l@hesppcker dand vedud pmdric lettachedgt66ibharé ssppoxkek bbby a\wi"‘i
shoul der. portion 58A of the collet 10 58. The collet is held in place in

engagenenttagaWﬁ§k sksipgcRRnghrpughebheyservige ?R?lr@ﬁﬁﬂ%ﬁi\ﬂﬂ«ﬂihQNﬂ ude’

QZ?SI Egr% f“ ﬁar‘f’&r é\MyS} are receri)[/}&dfer d?#gpt"{}f e 546‘*1]3: |n the
. The head p?{ gbiﬁgg %ﬂvﬁ@gﬁgsgiéaddﬁgﬂfiﬂtﬁé %&ﬁ’”lxﬁ’gé

pi ston sho ornms a part o annu nDunted for

sliding mﬁ%&%ﬂbléhoﬂﬂthh?e§1@édtcﬁb thd s%%ehomgiﬁbesb ugs. 56 are
rel eased ‘and t he packer is set by dropping a ball 70 through the work

string 22 and into the 20 bore 24 of the service tool. Pressurized fluid
punped domn ' The service tool 10 is provided with a locking ring
66 which is engaged by a shoulder portion 58A - of the collet
10 ss. The collet is held in place in engagement,against the W/
| loeking ring 66 by'finger.portionSQSBF which include head
portions 58H which are received in a detent groove 54G
formed in the service toel mandrel 54 along the upper
shoulder of thellocking ring 66. The head portion 58H is
15. engaged and.prevented from deflecting by a piston shoqlder

68A which forms a part of an annular piston 68 mounted for

'sliding movement along the service tool mandrel 54.

The lugs 56 are released and the packer is set. by

_dropping a ball 70 through the work string 22 and into the
éo bore 24 of the service tool. Pressurized fluid pumped down
the work string 22 enters an annulus 72 formed between the
piston 68 and the service tool mandrel 54. The pressurized
fluid as indicated by the arrow f4 enters the annulus 72

through a port 76 formed in the tool mandrel 54.

25 The pieton 68 1is guided for movement along the
external surface of the tool mandrel 54 by a cylinder 78.

The piston annulus 72 is sealed aleng the inside bore of the



the work string 22 enters.an annulus 72 formed between the piston 68 and
the service tool mandrel 54. The pressurized fluid as indicated by the _
arrow 74 enters the annulus 72 through a port 76 forned in the tool mandrel
54. 25 .The piston 68 is guideqjfor novenent along the external
surface of tMe268@B8nmandrel 54 by a cylinder 78. The piston annulus 72 is
seal ed along the inside bore of the JMe260788 cylinder 78 and al ong the
external suciiddedeir the tamd abongeltheS4expexnal s sdgfaceVMmienthe cfoale

piston 68 is initial I.%/ opposed, by a gro% of transit shear pins 82. @ As can
be seen in MagGre@13 54ndYpi 8BRS 680has MOVEMEBSsiSh &he e%’vgt‘HBEGMi% i s

att,ached tot tqql nmandrel, Locking rin by t.he transit,.s pins 82.
Thempacker oisielly THERsRe, W8 Shiis he s e ne ol DA,
enough to ¢ e e NSy phkns I hast e i ng
t he piston % al%\% fghge?lr#t% 19 ?t bt’otg%izv%iﬁoeérsﬁa?t |hrzlags S eeeﬁt%ﬁéf&?
downwardl 3 zgzievel éd4r whodhdds Gaktdclidie tobeheuitdRlexianhtadn Sa3ckinde
coll et assenbly 58 renmains in place as the piston is driven downwardly.
The piston timg &é&r byc@hecteansit heheat Ipinshé@2d 58H, thereby pernmitting it
" to deflect and also 15 permtting the collet assenbly to nove downwardly
along the locking ring 66, thereby permtting the sprin | oaded

support lugs 56 to r&fPacPark@F alds SekarBYy incigasing; & ccgl’@,ra‘ﬂﬁjé: hang

..WEi ght of t%ere%%%% ' 1:ioS ét rl%r\'r%flergrreégtf regzr:nugh to cause the _-transit shear

| ‘pins 82 to shear, thereby releasing 'the piston 68 and

10 permitting it to drive the sétting sleeve 64 downwérdly
against the shouldet 60 of the tube guide extensioh 62E.
The collet assembly 58 remains in place as the piston is
driven downﬁardly. The piston shoulder 68A clears the
~collet head 58H, thereby permitting it to deflect and also

15-§ermitting'the collet assembly to move downwardly along the
-lécking ring 66, thereby permitting the épring’ loaded
support lugs 56 to re_tract radially inwardly. when this
occurs, the hang weight of the packer is transferred from

 the lugs to the separation pins 50.

20 Referringi now to FIGURES 4 and 5, J.t:ht-z_tube guide 62
is movable relative to the packer mandrel 52. The seal 36
and slips 16 are connected to the tube guide 62 by a
connecting sub 84. cOﬁfined within an annulus 86 formed
between the connecting sub 84 and the packer maﬁdrel 52 is

25 an internal locking slip ring assembly 88. The slip ring
assembly ée is biased by a coil spring 90 which is combined

between the locking ring 88 and an annular shoulder portion



the lugs to the separation pins 50. 20 ~ Referring now to FI.GURES 4
and.5, the tube guide 62 is novable relative to the packer nandrel 52. The
seal -36 and slips 16 are connected to the tube guide 62 by a connecting sub
84. Confined within an annul us 86.fog§§g bet ween 't he. connecting sub 84

and the packer mandrel 52 is 25 an intérnal locking slip ring assénbly 88.
The slip ring assenbly 88 is biased by a coil spring 90 which is conbi ned

between thgshocdd Nghei RbrFfectitga b @NU! ahes anhdair PR6EKORG ring2-8eB4A Of
t he connecting sub. The annul"ar locking ring 86 functions as an :

- _internal <$unptiohschaspremnentinterasudr sselipvewkith of précentdhe rpiaise

assembly relative to the packer mandrel- 52. Accordingly, the tube guide; >
assenbl y i SoysReats ofotinmritbe ranifde \assephlye gRiakdvendiqitde soagker o

response to _cqntinued extension af t i,ston 68.. As t istaon 68 nears
he T GebAReLoRE St dheture hel VR BrioaARnanblsh £F PR pe 16
-are engage agal Lhe. agLd : wel | ' 10
Because_?hg?@gﬁzgah%%riglﬁagé i%g g?l%hgrae é%n‘i‘%‘t ee]E P%)Yﬂna%%riei 4 by the
- separ at i on cohtdhuRdnsexbndith PEEKEhet Histon 08 52 oant theepilstondegwar d
nmovenent relative to the packer mandrel. Once the desired slip setting -
pressure. hasarsentbehildndg ofl dbe mxrieasion ialanguthey seryiiceedtaal 15

pl ace, the setting tool 10 can then be rel eased, fromthe packer by pulling
the work sfaPAge32 fmatlPySidPEadbe are engaged and set ‘against “the

inside bore 18 of the well casing 20.

10 : Becaﬁse the packer mandrellszlis anchored onto the {_J
tool mandrel 54 by“the separafion'ohear,pins 50,'the packer
tube guide 62 continues its downward movemeot relative to
the packer mandrel. Once the desired slip'setting pressure
“has been achieved and the packer 14 is securely anchored in

.15 place, thelsetting tool io can then be released from the
packer by pulling the work string 22 upwardly to cause
shearing of the separation shear pins 50. The transfer
support lugs 56 are fully retracted radially inwardly by a
spring 56A, thereby permitting.the service tool 10 to be

20 reciprocated freely within the packer bore 12. Reciprocal ‘@J
movement_and positioning of the service tool is coordinated
by a lug 92 which projects into the bore of the packer
mandrel 52, and which is received within a locator slot 94.
By continuing to apply fluid 'p;essure -through' the work

25 string 22 and into the service tool bore 24, the seat 70A of
the ball 70 is.sheared.out, thereby permitting'circulation

flow for carrying out a gravel pack operation.



shearing of the separation shear pins 50. The transfer support lugs 56
are fully retracted radially inwardly by a spring 56A, thereby permtting
the service tool 10 to be 20 reciprocated freely within the packer bore 12.
Reci procal novement and positioning of e service tool is coordinated by a
l ug 92 which projects into the bore of the packer mandrel 52, and which is

pcel ved pth N 2 L OR8EBEaRhE O end e R0y B8: LRARMY, Uil LatARL! ©

~through the work 25 string and 1nto the sérvice _ he seat
70A of the kabll 4D isttdeigedtouthet BaERBY NI Minf tdutth Ca r Gy atthak fihew for
carrying out a gravel pack operation. -13- According to the foregoing
arr angement packerscegi be renl siet mnddihes toolt helpasédr£xem i thes paTtkernway

thaﬁ/ghe'paaﬁiﬁacgn be gun set and the tool released fromthe packer
wi t hout any "RERAUST 2p¥: KEpdrobrratatiqnof the tooknitsebker The marker

Accor i ngty Loe8n i e AP AT (% Bepdration (SNGRT LR AR Y, Shee
RS- < SR S AR L B
transit shedelpwnthehpabkéncks amotarappldiedpitdt @heOsépat il drd Bha@n §igls.
Movenment of the piston in response to the application of hydraulic pressure
causes the FMFdngo thgezun-int propeduseul t Theatransfem|supporti dudsolade t he
t_ranSf e-r S“R%%itea-' 'i%s t. 2 %L%%%rt%‘iﬁgnggsf?fg pé)\git-iexgg’ érger:rse:l.l%y b%ertrpl.et _set | .
10'of transit shear pins which lock an annulér piston onto the-
tool mandrél. Movemenf of the piston in re3ponsé to the
apélication-of hydraulic pressure causes the pins to shear,
- with the result that the collet which holds the transfer
support lugs in place becomes unsupported, thereby permit-

15 ting the collet .to carry the support lugs to a new position
which permits- the transfer lugs to retratt; ‘thereby
transferring thelhang weight to the séparation shear bins.
Continued movement of the piston downwardly brihgs the
setting sleeve of the servi;e'tool to béar against the guide

20. of the packer, thereby moving the outer parts of the packer

\_J relative to the mandrel, and in doing so, expanding the

seals and setting the slips. After the packer slips have
been securely set, the separation pins are sheared by a
simple upward pulling force applied to the work string.
25 Movement of the service tool is then possible by straight up

or down movement of the work string at the surface.

As a result of the unique packer and service tool

combination, the load of the packer is borne by the transfer



15 ting the collet to carry the support lugs to a new position which

permts the transfer lugs to retract, thereby transferring the hang wei ght

to the separation shear pins. Continued novenment of the piston downwardly
brings the setting sleeve of the servicg,tool to bear against the guide 20
of the packer, thereby noving the outer parts of the packer relative to the
mandrel, and in doing so, expanding the seals and setting the slips. After

t he packer stipperthausysbesd Itlgl \theeisepatratiepasheapnpphss ahnothenred by -~
a sinple upward pulling force applied to the work string. 25 Movenent of
‘the servi ceimpatant tﬁeﬁtpéssiQﬂpetbysst&r&ﬁagmemGptori%Io afpvifedit olst he

work string at the surface.. As.a result of the, uniqug cker and segrvice - ¢
Lol conbi RATEEARNeE? SBHSBY thRe RRGHES, 90195 E thindihq  ERerer hel 1g%em
support | ugg, & ﬁgofopé’etb§ EEPQEF}L&P?hEQ& "Ehgsann@‘fﬂ'-hgﬁoﬁg@&%t 88A |
- feature of this rangenment 1s that if It Ts necessary to push the packer
- agai nst § hyHding donrestinte sRbSBoNghber ERe | push IRf IR desr avehappeiaanul ar
shoul der 84A 5 of the connecting sub so that the pushing forces are applied
t hr ough t hetlmsougite theol semwidree| tanll miandixgdl t&md pabirengharithes| packed not
di rected through shear _pins. By this arrangenment, - pre-stretching. and
conpr essi orf¥dxee sRBEr Hrths ddxreckedi ddire shear - ping.; holRyh Fgés
i nvention has been, descri bgd V\Mh r ef grence to S ec’%fi(‘henb di nent, -
stretc on of t

and with r UG, Pre- ng and ‘compress e shear
| pins are avoided. '

10 _ Although the invention has been described with '
reference_to a specific embodiment, and with reference to a
- specific gravel paék_dperation, the foregoing description is.
not intended_té be construed in a limiting sense. Various
modifidations' of the disclosed embodiments aé_ well as
- 15 alternative applications of the invention will be suggested
 to persons Ski;led in the art by the foregoing specification
_and il1ustration§._ It is therefore contemplated that the
apbended claims will cover any such modifications, applica-
tions or embodiments as fall within the true scope of the.

20 invention. : \;)



speci fic -gravel pack operation, the foregoing description is not intended
td be construed in a limting sense. various nodifications of the
di scl osed enbodi nents as well as 15 alternative applications of the
invention will be suggested to personsisidled in the art by the foregoing

specification and illustrations. It is therefore contenplated that the
appended cl ai i [l -cover any such nodifications, applica- tions or
. enbodi nent s agiﬁiﬁﬂﬂﬁ#{hin the true scope of the 20 invention. - 15 -1

In a subterranean well having a perforated casing adjacent to a producing
formati on, a packer engagi ng said _casing above the producing formation and
havimg a mandrel supporti A8 adsdukbenyanaan « welborkaving ha weerfonsted,

~and-#aving a_slip and a slip actuator npvably cou- pled to said packer
mandr el forceﬁéPBn6%§59§45{#?eﬁﬁﬁ?ﬂéuéghQi%ékmat%%gin@,Paﬁhﬁrae§9P9#8€

t ool havin n e : .nsert wi.thin.the bore of th cker

mandr el fo?sgérg?ogés%ﬁ&a@s%?\g% %:/e}: hgepgPﬁ?!gblﬁ}n?hef?ﬁtﬂ?gggﬁerﬂn‘ioﬁ’ﬁgﬁaﬁ%g? a

“plurality Oﬁlaﬁe_Egiaté\%béf'@ﬁE?p'ansséPéé'ﬁ ng,itt}h%ﬁoafﬁgr rge ti‘ﬁ'lc# hgel1

service tool, mandrel; "a transtfer support assenbly novably nounte ohfo sai d

servi ce t ookbagBAd!,elardd hdwiig #Cal1p0RaRER! sfl@dﬁaééd@t&@%&&ablfah u-
transfer support assenbly including a retractabl’e transfer support [ ug,

sai d transf pledupporsahdspabkerbaagivelvabbe betkiags HHI@ tsPDS| bgalinkk

whi ch said - o : S '

- said well casing, and a service tool having a mandrel -
removably inserted within the bore of the packer mandrel for

\_/ performing a service operation, the improvement comprising:

a plurality of separation shear pins joining

 the packer mandrel to the service tool mandrel;

~a transfer support assembly movably mounted

onto said service tool mandrel for reciprocal movement rela-
tive thereto, said transfér support assembly -inéluding_ a

- retractable transfer support 1lug, said transfer support
assembly being movable from a support position in which said
transfer support lug is disposed in locking engagement with
thé slip actuator means and the transfer support assembly is
disposed in locking engagement with the service tool
mandrel, and which is movable to a released position in
" which the transfer support lug is retracted out of locking

engagement with the slip actuator; and,

. : an annular piston movably mounted for exten-
sion and retraction relative to said service tool mandrel,
said annular piston having a sleeve member for engaging said

transfer support assembly and being movable to a retracted
S )

AL



transfer

‘support lug is disposéd'in'locking engagenent with the slip

‘act'uator neans and the transfer support assenbly is disposed in l,ocking
" engagenent with the service tool mandrel, and which'is novable-to a
rel eased position in which the transf¥ -=support |ug i s retracted out of
| ocki ng-engagenment with the slip actuator; and, an annul.ar piston novably
nmounted for exten- sion and retraction relative to said service tool

paisd tdon 1 ay %@%ﬁjﬁfn%ey%mgg@m&iw@;miwg&w |

' i | 16 -
posi t1 on FHARIEIRLS, Bibhe e nErBOSERE dPORRSER (AP S nboe RERHARS
W0 T AR IR SEEY Yokg, BERHERee SSLBEAES) TRUPESY,

mandr el
transfer

transfer

support. asse and said pis

nsfer Sup m | >1ng, movan'e 1
appl i ca '@angsf [é;»egk&w b?ixﬁ’éerﬁéyéﬁlégih”%iséélhgeg.‘t% Uhd & feg@mgd%

tion in whick

transfer” support asse I sengage rom sail

- menber anghyidr ISR (Pro@veral 858188t Osse8Vpikeont @9 aREtind<d PFo$ L
retraction of said transfer |ug out of engagenment with the slip actuat
nmeans. -2. tiohheinnmbdcinetiie atrdakifeed suppgdrti nadsembly tsardisengagedr t
~assenbly conprising a collet having an annul ar body portion nounted about
‘sai d_ser vifzom s#idrakieve member angps tfreedto ave) akengitsaid feerve adi al
retraction through said collet body, and inc]uding _a spring disposed '
bet ween sdic® PPkt mBBAYeAnFOs RRFMily FRFraghionyof said transfer lug

out of engagement with the slip actuator means.

2. The.improvement;as-defined in Claim 1, said
transfer support assembly comprising:.a' coliet having an
annular body portion mounted about _said .service tool
mandrel, said Support' lug being' mounted. fbf radial
retraction.throﬁgh said collet body, and including a spring
diSposed_betwéen said'collét'body and said lug for biasing
said lug for engagement against the éef;ice too1 mandrel and

for retraction awéy from the packer slip actuator.

3. The improvement as defined in Claim 1, said
transfer support assémbly compriéing a cqllet having an
annular body member and flexible fingers érojecting from
said annular body member, said flexible finger members
having head portions engaging said service fool mandrel, and
said‘ service tool mandrel having an annular locking
shoulder, a deteht'groove formed in said ldcking shoulder,
wherein the head portion of said collet fingers are received
within said detent groove when said collet is in its

transfer support position.

A

t _
hes " :
O'Pﬁg_
osi - -
eeve

or



said lug for engagenent against the service tool mandrel and for retraction
away. from t he packer slip actuator. 3. The i nprovenent as defined in
Claim1, said transfer support assenbly conprising a collet having an .
annul ar body nenher. and flexible fingerk? projecting fromsaid annul ar body
menber, said flexible finger nmenbers having head portions engagi ng said
service tool mandrel, and said service tool mandrel having an annul ar
‘+ocking shoul der, a detent gmedde fsereite n apparabeki nfoshotkdatingheaei n
t he head portion of said collet fingers are received within said detent
groove whenPERAYCdgE eformation; ssurgaundingupporperkrratesh. zone 1pf 4a A

wel I~ service, .apparatus r treatin produci ng .f or mati on surroundi ng
a.ﬁaﬂforateauggﬁgggpegnsﬂﬁﬁng8m8§ P-gBWﬁngﬁﬁﬁgiPﬁ’conbinatiOn: a
- packer including a mandrel; anchoring and sealing neans for securing said

ker ir B i ng and ' : f tuating th
P e hy and sealng ealt. PE8keb I ndILAIREF nalBRRT | AndfSLENG "Anals
£Y9aPRe11t

mandrel , sag@a34RBOfleaniad £01! S8tV iy | YRS ﬁé‘éﬁ r gugh
which fluid can flow between the vvelrlfb bore d s%gisupport su%?’igas%?{gi ce

~tool disposseadihly theaiabainddet; morli= for Mtiatiny SheS8RANBLIAY RNAS
connecting the serv- ice tool mandrel to the packer mandrel; a transfer .
suppor t | ugsealléagamepnsonre tubnd arh suppourst subnmattachedt ke saidi packer
- ' " mandrel, said.suppqrt'sub incluaing a lower perfofated por-
| tion through which fluid can flow between the well bore and

L 'said sﬁpport sub; a service tool disposed within said packer
mandrel; a plurality of separation pihs-connecting the serﬁ—

ice tool mapdrei to the packer-mandrel; a transfer support

lug releasably connecting the actuator means to the service
tbol_mandrel; and, an annular piston movably mounted for

extension and retraction along said service tool mandrel for

- locking and releasing said transfer support.lug in response

to extension and retraction of said piston.

5. In combination:

i /
e a packer including a mandrel, anchoring and
sealing means for securing said packer in a well casing and
sealing therebetween,'and means for actuating the anchbring

and sealing means;

‘a service tool having a mandrel disposed-.

. within said packer;

a plu;ality of separation shear pins connec-

ting said packer mandrel to said service tool mandrel;

N N




tool mandrel; and, an annul ar. pi st on nﬁvably nount ed far extension and .

retraction along sald service tool mandrel for | ocking and rel easing said

" transfer
pi st on.

5.

support lug in response to exten5|on and retraction of- said

~sealing neans for securing said packer in a well casing and sealiﬁg
t her ebet ween, and neans for actuating the anchoring and seal i ng neans;

service tool having a maRditaRNgfeFosTPRRTHhi Augaine
- separation shear pins'connec- % g?%gld packer mandrel _to sald servi ce tool
S

-mandr el ;
actuator

saiq gactyateymeans | §§EYLFRatanl ymeBdRelsi Agdsai d

means to said service tool mandrel; and, a piston nmounted for

In conbi nati on: a packer ?ncludlng a mandrel, anchoring and

a

Ly acgnaegtilng of

o
"ol oasi ng ‘;‘Qf'drte? o g S BRoR bR, ot Bl add AR ERAR

of said pig{ga 3 afier a T86rv£O8P BB Yhndtel dféfn‘i@ck'lg Qi ”}egeasingce_

including: at

support assenbly novably nounteée Font o sard sary

tool nmandrghidsatshidPesT QuppdiRor Lugssen Lbéy%@@ééylw e¥ténsidnst ahd

support

position irethacbion of said piston.

ug, -said transfer sup- port assenbly

6. The combination as defined . in Claim 5,

including:

a transfer support assembly movably mounted

onto said service tool mandrel, said transfer supbort aSsém—_

bly carfying said transfer support lug, said transfer sup-

port assembly being'movable from a support position in which

'said transfer support lug is disposed in locking_engagement
with  said actuator means, and with _tﬁe transfer support
assembly béing disposed in locking engagement with the serv-
ice tool mandrel, and being movable to a released pOsifion
in which the transfer support lug is retracted out of lock-

ing engagement with the actuating means.

7. The combination as defined in Claim 6, wherein

said piston is movable to a retracted position in which it

: is disposed in latching engagement with the transfer support

assembly to prevent reciprocal movement of the transfer sup-

port assembly, and which is extendable in resPonse to the

application of hydraulic pressure against said piston to an
extended position in which the transfér support assembly is

disengaged and is free to move along said service tool man-

T

elng nnvable fron1a support

¥
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said transfer support lug.is disposed in 1ocking engagement with said
act.uator neans, and.with the transfer support assenbly being disposed in

‘| ocki'ng engagenent w.th the serv- ice tool mandrel, and being novable to a
rel eased position in which the transferl%upport lug is retracted out of

| ock- ing engagenent with the actuating neans. .7. The conbi nation as
defined in Claim6, wherein said piston is novable to a retracted position
4+n which itdrelditepgmathitn tetrdctforengggearal vrdnsfidiec suppster 16gPpatt
Bssenbly to prevent reciprocal novenment of the transfer sup- port assenbly,
and whi ch iefesngadeienti withspbesactuathrgapphnsati on of hydraulic
bressure against said piston to an extended position in which the transfer
suppert .assenbly is disengaged and is free to nove al ong said service too

man- - 19 - drel 8o peThft qombination oassfefimedhsinr Clagpore, | ggidut
of engagemept_wi th_the actuatin ns. 8. The conbination as defi-ned in
Claimé, sa?ﬁa’??gﬁgf e?ng?ﬁﬁ)oﬁs%fggg%l FORBRASiBgngRa TR RAVing apn
annul ar bod e} \% u aho said service ol _mandrel, said
transfer su%%@?%g#ugoggiﬁékﬁ%ﬁﬁt@ésggiyrﬁéPﬁﬁeae?Egﬂ iﬁﬁR h?ﬁﬁ&ﬁcga%ﬂoi
annul ar’ col , i Walo) ' 'qggﬁﬁg ' i.d ot
and said trﬁﬁ%?gfﬂgugéﬂgor?ghﬁgb or Eﬁagﬁﬁglg%i r'ﬁgﬁg¥6§ﬂp%§#tr§§gg-or
engage- nMenietgattsbnt BRréegNi §8180ghniRAH! €6128¢ H8Ay! chAACThLTIUAYRY hrom
sai d actuating neans. _

spring disposed between said collet_and said transfer sup-

port lug_for biaéing_éaid tranéfer éupport lug for engége~_

Y, ment against the service tool mandrel énd.fbr retraétibn

away from said actuating means.

8. The combination as‘defiﬁed in claim 6, said
transfer support assembly comprising a collet having an
. annular body member mounted about said service tool mandrél

and flexible fingers préjecting from said annular body
member, éaid service tool mandrel haVing an annular locking
shoulder and a detent groove formed in said locking
shouldér, with the head portions of said collet fingers
\J being disposed in locking engagement against said annular
shoulder when said collet is in the transfer support

position.

10. A well service apparatus, constructed and
arranged for use and operation substantially as described

herein with the accompanying drawings.

11. A multi-position tool for runhing and setting

a packer, constructed and arranged for use and operation

N



. draw ngs.

9. - The conbination as defined in Claim6, said transfer support assenbly"
~conprising-a collet having an annul ar body nember nounted about said
service tool nmandrel and flexible fingers projecting-fromsaid annul ar body
menber, said service tool nmandrel havia@ an annul ar | ockikng shoul der and a
detent groove formed in said | ocking shoulder, with the head portions of
said collet fingers being disposed in | ocking engagenent agai nst said - _
annul ar sh&bFdantHad lshi @scollescriibedn heeetihanei eh '-St!@@mécé&'\?}éﬂ 10.
A wel | ser\# ce ,apparatus, constructed and arranged for use an opsg‘*}ﬁi on . ‘
substanti a r)?wdsn%e‘scri bed herein with the acconpanyi ng draw ngs. 11. A 3
mul ti-position tool for running and setting a packer, constructed and - ..=: &
arranged for .use anﬂ. oper at | on -%0- substantially as described herei N - et
with the accompanyi i drawi figs™et8ed  of rinskallilg | ast sielilng packers! |
packer subghggttiaﬁltli)éﬂ%, dS@”&Q&?ﬂ‘E&&‘i _r}lwith reference to the acconpanying

erein with reference to the

- accompanying dréwings. _ -
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