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a 22247 64 JMeO40889 -1- HYDRAULI C UP- DOMN VEELL JAR AND
METHOD OF OPERATI NG SAME This invention relates to a jar for providi ng high
i mpact loading in a well and a nmet hod of operating., same, and, nore °*
particularly, to such a jar and method in which the | oading can be in bot
an upward and downward direction. In various downhol e operatlons in IIs
for produci ng hydrocarbon fluids, high inpact loading is of{% 2§Ay to
retrieve or set tools for servicing the wells. Both nechani & an :
hydraulic jars have evolved which are lowered into the wellbore-n a well
tool string including an accelerator and a stem which together function to
produce a high inpact load. |In the case of an up jar, the load is directed
upwardly to réMeilhfB88&Dol s, renove obstructilons and the like. In the case
of a down jar the load is di rected downwardly to set tools, plugs, flow
control devices, and the |ikEZIXAJEAC MR- WELL eﬂﬁRcFﬁﬁt jars become
nore acute in mells t hat devi at &= Fo Q353 &MErtical orientation,
since the angul ar disposition of at |east a portion of the 5 well increases
the friction in the well and dissipates sone

This inventicn relates to a jar for providinc high

impact loading in a well and a method of operating same,

¢

. and, more particularly, to such a jar and method in which
]

can te in both an upward and downward direction.

In various cdownhole operations in wells for producinc
hydrocarben fluids, hich impact loading is often necessary
to retrieve or se: tbois'fo: servicing the wells. Beth
mechanical ard hyd:éulic jars have evolved which are
lowered inte the wellbere in a well tool string including
an accelerator and a stem, which together function to

- produce a high imgact load. 1In the case of an up jar, the

™ a
Vs

load is directed upwardly to retrieve tools, remove
obstructicns and the like. 1In the case of a down jar th

load is directed downwardly to set tools, plugs, flow

control devices, and the like.




of the vertical.thrust needed to activate the jars. Further, the advent of

coil, or reeled, tubing, which requires a jar that passes fluid used to
sgrvice the well, places additional design limtations on the up and down
10  jfaps, espeC|aIIy froma size standpoint. I.n view of these structural

and fdhttlonal demands, a separate jar has to be designed and used for the
up operation and a separate jar for the down operation, thus adding to the
overall cost of the well service tools. The 15  jars disclosed in U S
Patents No. 2,828,822 and No. 2,851,110, issued to CB. Geer on April 1,
1958, and Septenber 9, 1958, respectively are exenplary of hydraulic jars
that can only oper atige i eéd fproefifilciesti parsThesoma Boreratytdi Lfhevehls
jar woul d have to be designed for use in 20 a downward direction.
According to otieatspeciabe fh@mpt@@ehradMVBﬁnabnverhe¢él|@rb¢6VﬁHéGna
hydraulic jar for use in a wellbore, when connected in a strin

conponents, sa$in¢erthenprovlag %hSP%ﬁEFlﬁﬁnﬁfePtaégéﬁﬁl9 paﬁthPePthB§ing-
25  assenbly extendi ng around said inner coaxi al

rel ation ther e¥®Ll ainrEe@senarber fHEFTH20 b@tgéﬁnwgiidaﬂﬁnﬂf Flggggﬁbﬁﬁégnd

arranged 10° ShetRSIREEELGRL ot P BBt rORcHoRpoRERt Lo oF EAPTEEE ng) neans

‘for formng a ur%ﬁéggeghél8&@3§§Sggec£@l§abg ngigd, tublng,_whigh

| requires a jar that passes fluid used to service the well,
places additional design limitations on the up and down

10 jars, especially ffom a size standpoint.

In view of these structural and fuhctional demands, a
separate jar has to be designed and used for the up
‘operation and a separate jar for the down operation, . thus
adding to the overall cost of the well service tools. The

15 jars disclosed in U.S. Patents No. 2,828,822 and No.
2,851,110, issued to C.B. Greer on April 1, 1958, and
September 9, 1958, respectively are exemplary of hydraulic
jars that can only operate in an upward direction. Thus an

\/ entlrely dlfferent jar would have to be designed for use ih

20 a downward direction.

According to one aspect of the present.invention,
there is.provided a hydraulic jar for use in a wellbore,
when connected in a stfing of componeﬁts,'said jar
comprising an inner mandrel assembly, an outer bousing

25 assembly extending around said inner mandrel assembly in a
éoaxial relation thereto, a fluid chamber defined between
;aid mandrel .assembly and said housing assembly, the

mandrel assembly and the housing assembly being ;rranged to



chanber for dividing said chanber into two sections in 5 fluid flow,
comuni cation with said passage, one of said assenblies being novabl e
relative to the other froma cocked position to a jarring position to:vary
~the volune of each chanber section and force the fluid to flow from ong<of
sai d chanber sections, through said flow passage and to 10 t he ot her =
chanber section, neans responsive to saith one assenbly noving relative to
the other assenbly a predeterm ned distdamnce fromsaid cocked position for
i ncreasing the size of said fl ow passage, and therefore the rate of said
fluid flow and the rate of novement of said 15 one assenbly towards said
jarring posid iconne®Etds tOrrPspactivg eompghenhtpact kaad tereng,of said
respecti ve-conponents in response to said one assenbly reaching said
jarring posiddres, feai fomebmg & oreshrietsdnflowepassagef inasdifll dwupdssage
bei ng adj ust abl e between a first position 20 and a second position
wi t hout chahyinkesafer cdhntdingnsaidvwebambardinteetPi escimonsailn
conponents to permt said inpact_loadlnﬁ i n _opposite directians, . o
respectd velituidy £ (5RRREnicaFiPnofitRespidseAfSpEGenPPBnCfas@ifleans f or
I ncreasing the size of said passage nay_conprise ﬁS t | east one groove
formed in ATIRAPLRS ROt BOUSRLRoFS18FL¥R: HonkhRr BERSESERBIY Swhi ch, i n
sal d predet DL HAOBLILRN:0" o SLI-2RG BSSLERLN. £8] LERY ¥hbNvBTufle G2V
passage to 1 ncrease the size o ard OW passage.
each chamber section and force the fluid to flow from one
of said chamber sections, through said flow passage and to
10 the.other chamber section, means responsive to said one
assembly moving relafive to the other assembly a
predetermined distance from said cocked position for
increasing the size of said flow passage, and thereforé the
rate of said fluid flow and the rate of movement of said
15 one assembly towards said jarring position, means for
providing a high impact load to one of said respective
components in response to said one assembly reaching said
jarring position, said means for increasing the size of
said flow passage being adjustable between a first position Qu)'
20 and a second position without changing said connection
between said assemblies and said components to permit said
impact lbading in opposite directions, respectively.
In the hydraulic jar of the present invention said
means for increasing the size of said passage may comprise
25 at least one groove formed in either said housing assembly'
or saia mandrel assembly which, in said predetermined

position of said one assembly, aligns with said flow

passage to increase the size of said flow passage.



Accordi ng to another aspect of the present invention, there is provided a
nmet hod of operating a hydraulic jar connected in a string of conponents in
a¥wel lzboke, said 5 nmet hod conprising the steps of formng a fluid chanber
bet wegla mandrel assenbly and a housing assenbly of the hydraulic jar,
forming a restricted flow passage in said chanber to divide said chanber
into two sections in fluid flow comuni catilq.n, novi ng one of said
assenblies relative 10 to the other in one direction froma cocked
position to a jarring position to vary the volunme of each chanmber section
and force the fluid to flow through said fl ow passage fromone of said
chamber secti GFASine W mnother rasprely ahethe pregentai thvemyi gas styere
during said step of nmpving to 15 increase the rate of said fluid flow and
the rate of noveRFRVIeS A dfhrh b RRSEa g ialitfzawt i aact -1 oad to

one of said canponents, connected to said ! ar in re_s'{)onse to said one

assenbl y reacﬁlﬂfaﬁa%?jﬁﬂWQrﬁfﬁﬁﬂﬁtq EOTRRP A st Ry M R i SRS
position af sq{edcl.jdé)\gogﬂjsiigstg& D &e}?sgo igection aOfflmiV%%gaﬁl%k%éh?gt

changi ng sai d connecti en sai I'i'esarmd sai'd ¢
permt said i HRaGledrdaflifihdbe IMAYEIB1 Plamfid %iﬁ%&nﬂl’% A Ggeti on
opposite said one direction. Preferably, the present 1 nvention provides
?u{o ?L and net hgdirful iid S saperidnihgM Gedtr aaay ad dipdsigd tih cldg
J chamber to divide said chamber into two_sectibns in fluid
- flow communication, moving one of said assemblies relative
10 to the 6ther-in one direction from a cocked position to a
jarring position to vary the volume of each chamber section
and force the fluid to flow through said flow passage from
- one of said chamber sections to the other, increasing the
size of said flow passage duging said step of moving to
15 increase the rate of said fluid flow and the rate of
movement of said one assembly, providing a high impact load
to one of said components connected to said jar in response
to said one assembly reaching said jarring position, and-
\_/ adjusting the relative position of said flow passage in
20_ said direction of mévement without changing said connection
between said assemblies and said components.to permit said

impact loading by movement of said one assembly in a

direction opposite said one direction.



Advant ageously al so, the present invention may provide 5 a jar and net hod
for its operation which can be used in deviated wells. Additional ebjects
and advant ages of the present invention will be apparent to those skil]ed
in the art fromstudying the follow ng detail ed description in conj uncts{:ﬁn
10 with the acconpanying drawi ngs in whic a preferred enbodi ment of tHé

i nvention is shown. In the draw ngs: F . 1A, 1B and 1C are | ongitudi nal .
views, in section and elevation, of the hydraulic jar of the present
invention set for use as a down jar in its actuated or 1.5 retracted
position, with FI.GS.. 1B .and bei ng downward continuations of .FIG 1A
Eres. o 3 4 and Bl SRS T SRa e FERR PEPUHFE 1R Jphoandls

3-3, 4-4 an r TSRV f FlG . 1B .20 . 6C
. hod Mo & N kgﬁi .

are vi ews sﬁlr?% gyrd to FI c‘(1§ %ﬁ*ﬁ%"anﬁi ' rle%pae%? 5% y%:&ﬁfsgégfgﬁ ﬁég%he

jar of Fl GStypAnglB and 1C in its cocked or extended position; JMe40889

6 FIGS. 7A, 7B and 7C are views simlar to FIGS. 1A 1B and 1C but

depi cting the jandfarfldgeoudly 1B s1d dKe Seteddrt UBRV@St B6n URay aprbGides
cocked or retracted position; and FIGS. 8A, 83 and SC are views simlar to.
FIGS. 7A, 7B gat AGd mesyresi | it yi tdhubipetowd org winbch acanfbé&| GSed78n 7B
deviated wells.
Additional objects and advantages of the present
invention will be appafent to those skilled in the art from
studying the following detailed description in ;ohjunction o/

10 with the accompanying drawings in which a preferred

embodiment of the invention is shown. In the drawings:

FIGS. 1A, 1B and 1C are longitudinai views, in section
and elevation, of the hydraulic jar of the presgnt |
invehtion set for use as a down jar in ifs actuated or

15 retracted position, with FIGS. 1B and 1C being downward
continuations of FIG. 1A;

FIGS. 2, 3, 4 and 5 are cross—sectibnal views taken . \;)
along the lines 2-2, 3-3, 4-4 and 5-5, respectively, of
FIG. 1B:; _

20 FIGS. 6A, 6B and 6C are views similar to FIGS. 1A, 1B
and 1C, respectively, but depicting the jar of FIGS. 1A, 1B

and 1C in‘'its cocked or extended position;



and 7Cin its actuated or extended posi tion.
1C of the dfawi ngs, the reference nuneral

10 refers
&f thg present invention adapted to operate as a " down jar", i.

Referring to FIGS. 1A 1B and
I n general to the jar

e. to

provi high i npact | oading in a downward direction as V|emed in the

drawings. The jar 10 is shown in its col
of its inpact IMe0#EB&hd i ncl udes an cuter
formed by an internediate housi ng nenber
housi ng nenber 16 and a | ower cap nenber
provi ded cn the two end
whi ch threadably ehg&8§e g
upper housing nenber 16 and . the cap, nenber
of the upper RBHstRgPHENBEF1EE-1E
end of a section of coil tybing of wreljne
is placed in BA& ﬁéIFntBDbéa§eg9
t|||z

surface of the group

pass fluid to the #égs gApag aBBSt ﬁe
well. The connacsgon ?etmegn t he COI
16 and the actBibt i bFSPRE- Cg?fyt

disclosed i L5 ;Ratgni Mo, 4 588

- issued to

18.
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The upper end of the uprer housing member 16 is

adapted for connection to a correspcnding end of a sec

of coil tubing cr wireline (not shcwrn).
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above the surface of
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ed
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Phillip S. Siger et al. and Don C. Cox, respectively, on May 7, 1985,  and
April 7, 1987, respectively, and assigned to the sane assignee as the
present application. In viewof this, and due to the fact that these . _ .
techni ques do not forma part of the present invention, they will not be%
shown nor further described. A set screw 204 .extends through aligned =
t hreaded radi al bores extend ing through the internedi ate housi ng nenber 14
and the upper housing nmenber 16, respectively; and a set screw 20b extends
t hrough al i gned threaded bores extending through the intermediate housi ng
menber 14 andpifld cdye nebad Bhd pegedivil o ttheetar eféhepgegbess

agai nst rotational novenent. A pair of seal rings 22a and 22b extend in
grooves for nedhiroudhe thygperathdicsi Ny eneEitheye 6l airly ttiee copl renbBhe 18,
respectively, and engage correspondi ng i nner surfaces of the internediate
“housi ng renbeconpecaforyibetwaan the ieoigk skl tandute t tppenphevsbre 18
for the purpose of introducing fluid into the housin? assenbly 12 for
reasons to beTM@EHE&T Héd anth&heh aatust jon 1o e 5P hl t i@ daber¥ewhi ch
receives a pIu%EZG f.or c¢closing sane. As shown in FI G __2, four nachi ned

grooves 14a, KEOWMAD IR BF aPS G £I5F19RE4 e U vl | PResReNNo.
'ntermediate ROUSING PR otk AWhAU WSO AP do ! POsuea 1o
| Phillip S. Siget_e: al. and Don C. Cox, respectively, on

May 7, 1985, and April 7, 1987, respectively, and assigneg

to the same assig:ee as the present ap§licatioh. in view Q—J

of this; and due to the fact that these'techﬁiqﬁés do not |

form a part of the present inventicn, they will not be

shown nof further-desgribed. |

b3 set_sctew_éOa extends through aligned threacded

radial bores extending through the intermediate hecusing

member 14 anc <he upper housing member 16, reszectively;

and a set screw 20b extends through aligned threaded beres

externdéing thrcugh the intermedliate housing rexber 14 and
the cap member 18, respectively, to secure the members \;)

against rotational movement. A pair of Seai'rihgs 22a and
22b extend in grooves formed in the upper housing memter 1é-
and the cap member 18, respectively, and engage
correspending i#ner surfaces of the intermediate housihé
member 14. |

‘A fluid inlet-24 is provided through the cap mezter 18

for the purpose cf introducing fluid into the housiag



I nterval.s, with groove 14a also shown in FIG 1B An inner

drical nandrel assenbly, shown in general by the reference nuneral 30,
ext nds. amithin the housi ng assenbly 12 in a coaxial relationship thereto.
gggnbly 30 consists of an internedi ate mandrel nenber 32 connected

bgt ween”an upper nmandrel nenber 34 and a | ower nenber, or sub, 36. The
_l.ower end portion of the upper mandrel nmenber 34 is externally threaded and
engages a threaded counterbore forned in the upper end portion of the

i ntermedi ate mandrel nenber 32. Internal threading is provided on the
upper end portion of the sub 36 which threade engages correspondi ng
external threading on the |ower end portion of<he internedi ate nandrel
menber 32. A set screw 38 extends through aligned threaded radial bores in
the sub 36 and in the internedi ate mandrel nenber 32 to secure the nenbers
agai nst rotational novement. The |ower end portion of the sub 36 is
adapted for connegddevibly 2 IRJd desoriPalo BY ddecditked. | NTRe CORNVENt pHNak
manner. 9. A pair of seal rings 40a and 40b extend w thin grooves forned
in the upper houfiowpedithera Ithrealiddeaap witidterrddeivespecpivel ¥6 fafl
engage the outer surfaces of the upper mandrel nenber 34 and the

i nter nedi at e mandrleds imgntsame32, respectively. The rings 40a and 40b

function to seal against the escape of fluid fromthe chanbers defined by
' As shown in FIG. 2, four machined grooves l4a, 14D,

l4c and 144 are formed in the inner wall of the
intermediate housing member 14 and are spéced apart at 90
degree intervals, with groove 14a also shown in FIG. 1B
An inner cylindrical mandrel assembly. shcwn iﬁ
general by the reference numneral 30, extends within the

-~

housing assembly 12 in a coaxial relationship thereto. The
assembly 30 consists of an intermediate mandrel member 32
connected between an upper mandrel member 34 and a lower
member, or sub, 36. The lower end portion of the upper
mandrel member 34 is externally threaded and engages &
threaded cbunterbore formed in the upper end portion of the

intermediate mandrel merder 32. Internal threacing is

pro?ided on the urper end gortion of ;he sub 36 which
threadedly engages corresponding extérnal-threading on the
lower end portion of the intermediate mandrel member 32. =&
set screw 38 extends through aligned threaded radial bcres
in the sub 36 and in the intermediaste mandrel merbder 32 tc
secure the members against rotational movement. The lower

end portion of the sub ‘36 is adapted for ccnnectizsn tc a

well bore tool, or the like. in a conventional manne:.



t he housing assenbly 12 and the mandrel assenbly 30. while permtting |

rel ati ve novenent between the two assenblies, as will be described, A sea
ring 42 extends in a groove fornmed in the upper mandrel menmber 34 and . .
engages the inner surface of the internediate mandrel nmenber 32 to pronge
a seal between the two nmenbers, and a seal _ring 44 extends in a groove ™
the I ower sub 36 and engages the correspoﬁﬂjng external surface of the

i nternmedi ate mandrel nenber 32. An annul ar shoul der 32a is fornmed on the
cuter surface of the internediate mandrel nenber 32 near its upper end and,
as shown in FIG:- 3, has two dianetrically opposed grooves 32b and 32c
mlled therein. Arpaimuwiirseddutilmgs34bacanénddbf esnenliewéahén suctaes of
the upper mandrel nenber 34 near its |lower end and, as shown in FIG .4, has
two di anet rifnge oPposhel ey ekogabrnantesaer ikl andt hbeerar TEESEUNCti on
of the shoul ders 32a and 34a and_their correspondi ng grooves wl| be
described it &etERIPecR¥ely. andeagagerthg Sutext EHaSagPsuRd TtHE outer
surface of 'the intengfdifte nandr el menpber 32 near itsbup er enq and. abut s
agai nst the YBRR% BARFLRL (METREH LS YeANB2BEe AIRESFMRAAGTE2MRRCTRS EEETE N a
groove forma in the upper,surface of _the 'ntergﬁgbgtg mandr el _nmenber, 32
and engages TEFRECURYF-5f t esﬁé?g§iﬁ8356? aRdPatPBEARAPNGCr SRG 54 i s

di sposed inagainst the escape of fluid from the chambers defined bty
the housing assembly 12 and the mandrel assembly 30, while
pérmitting relative movement between the two assemblies, as .
'will be described. A seal ring 42 extends in a groove b
formed in the upper mandrel member 34 and encages the inner
surface of the intermecdiate mandrel member 32 to provice a
seal between the two members, and a seal ring'44 extencs in
a groove in the lower sub 36 and engages the correspeniing
external surface of the intermediate mandrel member 32.

zZn annular shoulder 32a is formed on the cuter surfac

[(}]

H
(21

of the intermediate mandrel member 32 near its up

'S
[0
e
(1]

$

and, as shown in FIG. 3, has two diametrically cp

/]

€

~
o

Wi

grooves 32b and 32¢ milled therein. An annular shoulder o/

34a extends from the outer surface cf the up§é:'mand:e-
member 34 near its lower end and, as shown in FiG. 4, kas
two diamét:ically opposed grooves 34b and 34c rilled
therein. The function of the shoulders 32a and 34a and
their corresponding grooves will te described in detail

later.



anot her ‘groove forned in the upper surface of the i nt er medi at e nandr el
nénbérqu.and'projects slightly fromthe | ater groove to retain the seat
rfng “I'n the abutting position relative to the end of the shoul der 32a as
shown. ™& cylindrical piston 56 extends around the outer surface of the

I nternmedi ate mandrel nenber 32 just above t2€>seat ring 50. The inner

di aneter of the piston 56 is slightly great than the correspondi ng outer
surface of the internediate mandrel menber 32 to enable the piston 56 to
slide in an axial direction in a chanber 58 defined by the nenbers 32 and

14, the upper end of, the seat [i 20 and the |ower end of thershoulder‘
34a. The dianeter of*t _eatpirg‘é] %gj‘stesrf‘f%lﬂq?;’bg\ee‘d%%ﬂlt‘t% %‘Praf?%? ¢hetne
seat ring 50 andthat.of ,asﬁfu’%‘ that the outer annular, . . _
portions of the‘g’rtes'peec’%avtteéqgrn S ot ﬁ%%f)%q"sts% nEY s‘e%%?'pre'r hstthat
w || be descri 3 ' [,St Id A end jn oOy£S,,
formed in the %ggéﬁgﬁ%cgpd%frﬁépidg%%% a"nd‘cf%eﬁ(i%m ei? %?éﬁe%é’?‘é 52

conform to the nadlsplisttior Dig-dive £died MBI SIS WL BT od 4 e

Al though not clear fromthe draw ngs due to their rel \ scale; Tt
i s understood thderaeddrtd aandie]l fenedOVI2 drdl RJRSES r’tﬁ%eirﬁ'k#]:er 52

surface of each piston ring 60 and 62, which fornms an end ga ea#T%m/of
fluid is thus. oft ehed seatougng sese aeydd agane At & 31t W A1 & B i yesn
the cylindrical :

: - another groove formed in the upper surface of the.

: ~ intermediate mandrel member 32 and projects slightly from
~ the later groove to retain the seat ring 50 in the abutting
fosition relative to the end of the shoulder 32a as shcwn:

A cylindrical piston 56 extends around the outer

surface of the intermediate mandrel member 32 just abcve
the seat ring 50. The inner diameter of ﬁhe riston 56 is
slightly greater than the cdrresponding outer surface of
the intermediaze mandrel member 32 to enable the pis:cn-ss
to slide in an axial direction in a chamber 58 defined oy

the mexbers 32 and 14, the uprer end of the seat ring S0

«)

— E -and the lower end of the shoulder 34a. The diameter of tﬁe
piston 56 is slightly greater than that of the seat ring SO
and that of the shoulder 34a so that the outer annular
-portions of the respective ends of the piston are ex;sséd
for reasons that will be described.

- A pair of piston rings €0 and sé éxtend_in groeves
formed in the outer surface of the piston 56 and their

‘outer diameters conform to the inner diameter ¢ the



pi ston 56 and the internedi-ate housi ng nenber 14. As shown in FIG 5, four
grooves 56a, 56b, 56c¢ and 56d are prcvided in the inner wall of the piston
56 and are spaced at 90 degree intervals to permt fluid flow therethrgugh.
In the position of the housing assenbly 12 relative to the nandrel asséﬁﬁiy
30 as shown in FIG 1, the grooves 14a (and therefore grooves 14b, 14c &nd
14d which are not shown in FIGS. 1A 13 addfl() extend i medi ately adj acent
the piston 56 in registry with the piston chanber 58. A fluid chanber is
defined by the housing assenbly 12 and the mandrel assenbly 30 and consi'sts
of two sections 64a and 64b. The chanber section 64a ccnmunicates with an
annul ar fl owipassagd i@&edéfousdchdbeatemsemr tle | ilerhcua ager of 1éde £ nenber
- 18 and a correspondi ng outer surface of the internedi ate mandrel nenber 32
whi ch passagtheedgiavdnafsl diu® facomhdis indlet 2k skl pdcdba, 5Bt is ef f ect,
~divides the chanber into the two sections 64a and 64b extending to the
respective eHtiéessToRd SingitoRaRrodaiufWat igxy SIABRN el prmednizhander
58. The fluid thus flows fromthe inlet . 24, through the passage 66 and
into the chaRBERTsSHERTHLL BAGR BHISEPN FiMDH A0 3G &hd Wik SRigho¥Re an

pi ston chanber 58 and t chanper, sect,ion 64b. The pjston 56 forns a-
flow restri cBRGnIRE t hg%ﬁagg e 0? 41I'{}1dd Iish OtFh TR ke ek Ough aREse

functions to cgntrol the fluid_flaw between.the chamher sections as will be
descri bed end ¢gaPs and the annular space between the cylindrical

piston 56 and the intermediate housing member 14. As shcwn
in FIG. 5, four grooves 56a, 56b, 56c and 56d are prev:Zed
in the inner wall of the pisten 56 and are spaced at S0 |
degree intervals to permit fluid flow therethrcugh.

In the pesition of the'hcusihg assembly 12 reia:ive te)
the mandrel asserbly 30 as shown in FIG. 1, the grooves l4a2
(and therefore grooves 14k, l4c and 14d which are noﬁ shown |

in FIGS. 1A, 1B andé 1C) extend immediately adjacent =X

B )

‘piston 56 in registry with the piston chamber 58.
A fluid chamber is defined by the housing assemzir 12
and the mandrel! assembly 30 and consists of two secticns

64a and 64b. The chamber section 64a ccmmunicates with an

@

annular flow passace 66 defined between the inner surfac
of the cap member 18 and a corresponding outer surface of
the intermediate mandrel member 32 which passaze receivss

fluid from the inlet 24. The piston 56, in effsst, divid

m
n

the chamber into the two sections 64a and 64 extending <o
the respective ends of the piston and cocmmunicating through

the piston chamber 58. Tre fiuid thus flows from the inlet



=

In operdtion, and assuning the jar 10 is in the wellbore in the coll apsed
position of FIG 1 after having being actuated, and assumi ng that an

atldi ti$hal actuation stroke is desired, the housing assenbly 12 is cocked
by puI#ﬁng it upwardly, relative to the mandrel assenbly 30. This is done
by securing the sub 36 and pulling upwardly |3 a constant force via the
coi'l tubing or wireline, attached to the upper end of the housing nenber
16. As the housing assenbly 12 noves upwardly relative to the mandrel
assenbly 30, the upper end of the cap nenber 18 approaches the | ower end of

the shoul der 333 agdrbiun ¢ae gaRdackRevhumanth khie ChamBR): G4dciolhieys

forces the flul oW at a felati'vely highrate € chanber section

64a into the chagheyn3dhand Fnewadithe sheukBeoud2athe®isedn dhagnel, sand
the piston 56, largely via the added fl ow paths provided by the grooves

14a- 14d. This ghaweofhen¢hambelo sklee iehaser. sl @istdh \He fiditsgraodless
1l4a-14d, the annul ar space between the outer surface of the shoul der 34a

and the inner wekkrdtttiba itat ehee giaasackowvsi fquidnithrobgh thelldhaid@38%8
13. and-the grooves 34b and 34c of the shoulder 34a. The fluid is
accommodat ed i an8héunbadbais teccioatrédb thee fluidhd licac betivgen the shagber
chanber continuously increases in volune with novenent of the housing
assenbly 12 upeectlignguest ¥ilfle beodescaidesdt- t he upper housing nenber 16

novi ng amay
In operatzcn, and assuming the jar 10 is in the

~wellbore in the collapsed positicn of FIG. 1 after havin
| being actuated, ané assuning that an additional actuation
stroke is desired, the hcusing assembly 12 is cocked Lty
pulling it upwardly, relative to the mandrel asserktly 30.
This.is doné by securing the sub 36 and pulling upwardly a<
a constant force via the coil tubing or wireline, attached
to the uprer end of the hcusing member 16. As the hocusing
assemdly 12 moves upwardly relative to the mandrel assembly
30, the ugper exd of the cap member 18 approaches the lower
end of the shoulder 32a and thus decreases the voiume cf-
/ . the chamber €4a. This forces the fiuid to flow at a
relatively high rate from the chamber section é4a intc the
chamber 58 and around the shoulder 32a, the seat ring 50,
and the piston 56, largely via the.added'flow paths
provided by the grooves 14a-14d. This flow cecxtirnues into
the chaﬁber section 64b via the grdoves l4a-14¢, the
énnular space between the outer surface of the shculder 24a

"and the inner wall of the intermediate housing merxker 14,
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fromthe upper end of the shoulder 34a. Since the dianeters-of the -
inter-medi ate mandrel nenber 32 and the upper nmandrel nmenber 34 are t he
same, the sum of the volunes of the chanbers 64a and 64b remain constant .

t hrough the strcking process. During this flow of fluid fromthe chanbeg#
section 64a into the chanber 58 and the chanber section 64b, the force of
the fluid acting on the exposed outer annulg& portion of the | ower end of

t he piston 56JMetlsoBe9frictional forces of {&he fluid between the
non-grooved inner surface of the internediate housing nmenber 14 and the
cuter surfaces of the piston rings 60 and 62, forces the piston -to slide
upwardly until it contacts the | ower end of the shoul der 34a. However,

thi s does notandli sheptrobweseBati eaty3kicghff tbe ke ldexcrd4md oy d Sidtke,
upon rel ease of the piston 56 fromits contact with the seat ring 50, the
grooves 56a- 568 acecexpistait Ahstper sherngsf 6w rma1ﬁ¢WGngh~qMﬁ?ﬁ144&iN
conti nues through these grooves and through the grooves 34b and 34c of the
shoul der 34a Whah the bagﬁﬁncbéﬁFéét§°Fﬁe#§ﬁb§h&éﬁncﬂﬁ%§ﬁﬁn&ﬂnﬂﬁ B fl ow
-conti nue until the upper end, of the cap nenber, 18 contacts the | ower end
of the shoul de¥tlBXRORRAEEReCfat280RPYSERSI A SERPATIdR YEWTTReEEHAS ti on
-as shown in FIGS. _6A 6B and_6C, In this position the reat’gqjorlty of the
fluidis in t?ﬂ?c%%ﬂﬁeresecFroﬁ5€4B~°e' housing member 16 meving

from the uprer end cf the shoulder 34a. since the’
édiameters of the intermediate mandrel mexmber 32 and ths
urrer mandrel member 34 are the same, the sum ¢f the o/

volumes of the chamfers 642 and 64> remalin constant thrsuch

During this flcw of £fiIuid from the chamber secztizn €4a
1n~o the chamber S8 and the chamber section 642, the force
of the fluid acting cn the exposed outer annular ;cr:i::'cf
the lower end of the pistecn 56 and the frictiocnal forces of
the £luid be~"e-“ the non-grocved inmner surface ¢
intermediate housing merber 14 and the cuter suriaces o

upwardly until it contacts the lower end of the shouldes
34a. However, this does nct disrupt the relativel; niga
flow rate described above since, upcn release cf the piston
56 from its ccntact with the seét ring 50, tke grocoves
565456d are exposed thus permitting fiow th e:e:::o;::{'
which flow continues through these grooves and :h:cu;h <he
grooves 34b and 34c of the shoulder 3a when ::e pisten

contacts the shoulder. This movement and flew continue



L

When it is desired to actuate the jar 10 fromthe cocked position of FIGS.
6A, 6B _and 6€ and produce the desired high inpact |oading, a constant
dbwmmai%‘pushing force is exerted on the housing assenbly 12 by the coil
tubing”®r wireline connected to the upper end of the housing nenber 16.
Thi s causes the housing assenbly 12 to nove downwardly relative to the
mandrel assenbly 30 and force the fluid fr he chanber section 64b, which
conti-nuously decreases in volume with said venment, through the chanber 58
and into the chanber section 64a, which continuously increases in vol une,
The initial novenent is relatively slow since the grooves of 14a-14) of the

i nter medi at e fRYShNEhEEURRErldnal B7NChel RabShiehbler Wisl koha 2RATRY 13§ bt
rather are |ocated above the chanber 58). “Thus, the piston 56 restricts

flow through &he ebather sh8ulldeteor the thewjat aorglsatinvaky lowahals,
t hrough the end gaps of the piston rings 60 and 62, and the annular flow

passage defi ned bethedn pbhsipishoasastowhe iQoFIGSpoBA, NGR ARG 6gal | Iaurface
of the internedi ate housi ng menber 14. The fluid, by virtue of being
met er ed atthisoposatépncrbat gzeatf majgorény ofeshst £1ad d d sddannwied
novenent of the housing assenbly 12. During this novenent, the force of the
fluid acti ng ehamheregpeséanafndl-ar upper end portion of the piston'56, and
the frictional forces of the fluid between the inner :
' When it is desired to actuate the jar 10 from the -
cocked position of FIGS. 6A, 6B and 6C énd produce the
K;f ' desired high impact lcading, a constant downward bushing
force is exerted on the housing assembly 12 by the coil
tubing or wireline connected to the ﬁpper end of the
housing member 16. This causes the housing assembly 12 to
move downwardly relative to the mandrel assembly 30 and
 force the fluid from the chamber section 64b, which
continuously cdecreases in volume with said mcvement,
through the chamber S8 and into the chamber section 64a,-
which continucusly increases in veclume, The Initial
movement 1is telatively slow since the grbcves 0f l4a-143 of
the intermeciate hecusing member 14 are nct in registry with
the chamber 58 (bu: rather are locatéd above the chamber
58). Thus, the piston 56 restricts flow through the
" chamter 58 to meter the flow at a relatively low rate
throucgh the end gars df'the piston rings 60 and 62, and the
annular flow passage Cefined Letween the piston and the
corresponding irner wall surface of the intermediate

housing member 14. The fluid, by virtue of being metered



surface of the internediate housing nmenmber 14 and the cuter ‘surface of the
pi ston rings 60 and 62, forces the piston away fromcontact wth the
" shoul der 34a and causes downward slideabl e novenent of the piston towafd.
the seat ring 50. During this brief time, additional flow is provided }ff:
t hrough the grooves 56a-56d of the piston until the lower end of the piston
abuts agai nst the upper end of the seat ri 50 but this additional flowis
i nconsequential due to the very brief tine involved. Wen the piston 56
reaches the seat ring 50, the latter ring blocks conmuni cati on between the
grooves 56a-56d of the piston and the grooves 32b and 32b of the shoul der
32a. As a rasutlowheatépwefesvethe £haobéonadctriesd sGdhcet icodghridzed
pi ston chanber 58 and into the chanber section 64a continues at a netered,
relatively Imoversext tof otlyd boesing gapembiyt B@.pi ston rings 60 and 62 and
t he annul ar fl ow passage between the piston 56 and the corresponding i nner
surface of the iferingi this mevengntentbe forcw off the flaxidercdcd oF 64a -
gradual ly increasing in volune and the chanber section 64b gradually
decreasi ng ithe eXRRSAR 3RPRLAF PEPPTeCBAORORBUEReRE Eb8t PASESTLSE- anife

grooves 14a-14d of, the injernmedi ate_housing menper 14 align.with the piston

56. At thi§&ﬁ5é6%§Qﬁﬁ°?ﬁt ?%%?%f°fh5h?|ggpg§s§§§¥eﬂpaﬁ§gi&aPﬁf i ncr eases,

thus el m natj g dhe,frigh! onel - £eel $8M88uslnb bt 13" 4 s 8 L R e
surface of the piston rings 60 and 62, forées the pistcn
away from contact with the shdulder_34a and causes downward i_)
sliceable mcvement of the piston toward the seat rihg £0.
During.this brief time, additional flow is provided'th:cugh
the grooves 56a-56d of the piston until the lower end cf |
the piston abuts against the upper end of the seat rihg 50
but this additional flow is inconseguential due to trhe very
brief time invclved.' When the piston 56 reaches the sea:
ring 50, the lat<ter ring blocks communiga:ion betweeh the
grooves 56a-562 of the piston and the grocves 32b andé 32t
of the shoulder 32a. As a result, the fiow from the
chamber section 64b, through the pis:on'chambe: 58 ané intc
the chamber section 64a continues at a meterec, relative:y
low rate thrcugh the end gaﬁs éf the piston rincs €0 and €2
and the annular flow passage between the pistcn 6 and the
corresponding inner surface of the intermecdiate housing
member 14. | | _

'With the chamber section 64a gradually ircreasing in

volume and the chamber section 64b gradually cecreasing in



v

nmovenment’ of the housing assenmbly 12 relative to the mandrel assenbly 30 at
a relatively-high rate. This continues until the |ower end of the cap
n%nberfls strikes the upper end of the sub 36 causing a high inpact. The
resultfﬁg force is transmitted by the sub 33 to the tool, plug, or the like
to which the |lower end of the sub is attach 8’bausing t he desired high

I npact | oading. This conpletes the full cycle of operation which can be
repeated if desired. FIGS. 7 and 8 depict the down jar 10 of FIGS. 1-6

converted to Lar vyl €., ,L0.provide high inpact |oading in an upwardty
direction. Nb?g";ﬁ’f‘%rcﬁr‘éﬁ §E‘Fhé8§e§b‘°f”i ﬁg%@er-s FOVEd NEBRa Bty It $1&

posi tion where.| uppeL .end -ahut he | ower .end of the shoul der 34a of the
upper nandr el %%%§3E932§a ?gci§¥ngpédlpﬁ55mﬁﬁ‘ﬁré.Q?Bstﬁe Teaceri 4 50°Fs
provided wth g;8K0 hBelb Epner L:which.receives the seal ring,92
while in FIG ?Il?;g!t&hgxgengFF%gsEZ ié)élg#%\}%éé'%%?gngrgg@eaFSFnﬁd_ thet oo
cuter surface §§5§Q§e|aggﬁgggbg%gggggggﬁésgggbgﬁugz lékgggggggtghgvlatter

arrangenent is preféerred from ndpoi n ent

damage to the frigtdndurregigsssed! yr iheiflﬂﬂgeéﬁﬁoeguE?ﬁ & BRGhward
arrangenment is within the scope of the invention. sO I n the arrangenent

of FIGS. 7 andnéveméet of the housing_assembly'lz relative to the mandre:

assembly 30 at a relatively high rate. This continues
. until the lower end of_the cap member 18 strikes the ugzTer

- " end of the sub 36 causing a high ihpact.' The resultinc
force is transmitted by the sub 36 to the tool, riug, cr
the like to which the lower end of the stb is attached
causing the desired high impact loading. This completes
the full cycle of operation which can be repeated if
desired.

FIGS. 7 ancd 8 derict the down jé:_lo cf FIGS. 1-¢

ac

ct

converteld to an up jar, i.e., to provide hizh im

"

loading in an upwardiy direction. Mcre rarticularly, i

U seat ring 50 is moved upwardly to é position where its
upper end abuts thé lcwer end of the shcoculder 34a of the
upper mandrel membe: 34. It is noted that in FIG. 7B the
seat ring 50 is provided with a groove in its inner wa>:
which receives the seal ring 52 while in FIG. 1B the seal
ring 52 is provided in a groove formed. in the cu<er surface
of the intermediate mandrel member 32. Althoush thi

latter arrangement is preferred from an assemb.y standooint



I nt ermedi ate housi ng nenber 14 has been rotated 180 degrees about, a .
hori zontal- axis as viewed in the drawings so that the |ocation of its ends
are reversed. Thus the grooves 14a-14d are |ocated bel ow t he piston chanber
58 when the lower end of the cap nenber 18 is in abutnment with the upperi&
end of the sub 36 as shown in FIG 7C In th | ater position, the jar 10 -
I's depicted in its collapsed position which*corresponds to the coll apsed
position of the jar in FIG 1, but in the case of FIG 7 this position is
its cocked position. Wien it is desired to actuate the jar 10 fromits
cocked position of FIG 7, a constan% upward _pulling force is exerted on
the housing asS@nBF§VEBtpGaPAEeCEPI TRBLFAGTor 2WANERNRe 3868REeTed iffo iShe
upper end of the_ housi n ggnperi%g.rThis causes the housing assenbly 12 to
move upwar dl y YRESIPEROPoCRAE RARBPEI 2RE2ERERTT30 2RhMERDEE B8 SCRES &Ce by
the weight of th the like, to which it is attached. This forces
‘the fluid fron#?%eigﬁgﬁ%ggnéection 64a, which continuously decreases in

volume with said moyegeniy tHOURhshBenghaTher s3RsaNd WAkD s Ngyehanber

secti on 64b, which conti nuous Increases in volune. T S initial-

ol . meppr T4 LB RLDELES RS ngEEoYanioalid Shucied Tob WA
at a relativelypout a horizontal axis as viewed in the drawings so that
 the locatidn of its ends are revérsed. Thus the grocves

14a-14d.are located below the piston chamber =8 when the
lower end of the cap membeﬁ 18 is in abutment with the
upper end of the sub 36 as shown in FIG. 7C. In':he_la::e:
position, the jar 10 is depicted in its collapsed position
which corresponds-to the collapsed ?osition of the jar in
FIG. 1, but in the case cf FIG. 7 this position is its
cocked position. .

- When it is desired to actuate the jar 16 from its
cocked position of FIG. 7, a censtant upward puliing fcrce
is exerted on the housing assembly 12 by the céil tuding or
wireline connected to the upper end o£ the'housing merser N\
16. This causes the housing assemdbly 12 to move ugwazél |
relative to the mandrel assembly 30 which is held in plaée
by the weight of the tool, or the like, to which it is -
attached. This forces the fluid from the chamber section
64a, which continuously decreases in volume with said
movement; through the chambe: 58 and into the chamber

section 64b, which contirnuously increases in volume. This

......... —_——



| ow rat'e through the fl ow passage defi ned between the end gaps of the

pi ston rings 60 and 62 and the annul ar flow passage between the piston 56
and tée inner wall of the intermedi ate housing nenber 14. The fluid thus
creatae a frictional resistance to novenent of the housing assenbly 12.
During this novenent, the force of the fluil@acting on the exposed annul ar
upper end of the piston 56 and the frictional forces of the fluid between
the inner wall surface of the internedi ate housi ng nmenber and the piston
rings 60 and 62 forces the piston away fromcontact with the shoul der 32a
and causes upvfrri:tfséidﬁ@bé:ﬁe:ﬂf)vﬁsmﬂélﬂii&élf{]pé%@nsiz@&\@rﬂhéh@r§@@ésri ng 50.
Thus, additional flow is provided through the grooves 56a-56d of the piston
until the upperizenidfiof ehei Stoeradil stadoowsing hmettiveer 1 £ngkoénd Nee Seat
ring 50, but this additional flow is inconsequential due to the very brief
ti me invol ved.theNgharder P58t areSElting hizs a Imesexed rfhow 58t d heelatiesly
ring bl ocks comuni cati on between the grooves 56a-56d and the grooves 34b
and 34c of theBhdARItIRIGNStRE rEloW tpassrge | daf ined berwesrntee €zétion
64a through the piston chanper 58 and into the chanber section 64b
continues at 3PS RE HhR PYEIRR i LANGS | &Ry 23R4t €2 randi Eha@nnular of 1% sl ow

nmovenment of the housi rqueassenblly 12, This_rel ative s] ow novenent _conti nues
until the passage Dbetween the piston 56 and the inner wa of the

intermediate housing member 14. The fluid thus creates a
_ frictional resistance to movement of the housing assembly
-~ 12, |
During this mcvement, the force of the fluid acting on

the exposed annular upper ead of.the.pistdn 56 and the

frictional forces of the fluid between the inner wall

surface of the intermediate housing merber and the piszon

o 5

rings 60 and €62 Zorces the piston away frem ccntact wit
‘the shoulder 32a and causes upward slideable mcvement of
the piston toward the seat ring 50. Thus, adcéiticnal fliow

is provided throuch the grooves 56a-564 cf the piston unzi:

'

W, the upper end of the piston abuts against the lower end ¢
the seat ring 50, but this additional flow is
inconsequential due to the very brief time involved. Whex
the pistﬁn S6 reaches the seat ring 50, the latter ring
blocks communication between the grooves ssa;ssd and the
grooves 34b and 34c of the shculder 34a. As a result, the
flow from the chamber séction 64a through the piston

chamber 58 ané into the chamber section 64L ccntinues at a



grooves 14a-14d of the internedi ate housing menber 14 align wth. the piston
56 at which tine the area of the fl ow passage dramatically increases. The
frictional resistance of the fluid is thus elimnated causing a high .
vel ocity upward novenent of the housing assenbly 12 relative to the nanggéln
assenbly 30 which is aided by the tensile I ces stored in the coil tubing
or wireline. This relatively high-velocity venent continues until the
upper end of the cap nmenber 18 strikes the |lower end of the shoulder 32a as
shown in FIG 8 causing a relative high inpact. The resultant®force is
transmtted by the sub 36 to the tool, or the like, to which the | ower end
of the sub i meaeradhed edausivel Howlesiatel Teghl ipacin | vabs niveansicw

resul tant dislodging of the tool. The jar 10 can be recacked by pushing the
housi ng assemoVem@ainefr fihe toyssing iagsawpiheldandrel assenbly 30, which
novenent is at a relatively high velocity due to the alignnent of the
grooves 1l4a-14d with st & 1A Sivth SRR PR RRTH R THh Weh the
upward nmovenent of the hqusjng, assenply described in connection wth FI

10 ks previ GEOPYCeddaTAR Thidhe HPYRENGHI 258 (RAVEHAS MRyl hattizn

0h00ves, 140 ity Tl G0 SO, U e W B
reaches the %%%@%%ep%¥éﬁéyiéglf§(§né@e§HELFr“%he frictional :eéista:ce
of the £fluid is thus eliminated causihg a high velccity
upward movement of the housing assembly 12 relati?e fo the QJ.
mancdrel assembly 30 which is aided by the tensile forces |
stored in the coil tubing or wireline.

" This relatively high-velocity mévemenf ccn:ihues_u;:il
‘the upper end of the cap member 18 strikes the lower end of
the shoulder 32a as shown in FIG; 8 causiné a feiétive-high
impact. The resultant force is transmitted by zhe sub 36
to the tool, or thé like, to which the lower énd of the sub
is attached causing the desired high impac:t loading and .
resultant dislodcing of the tool. .

The jar 10 can belrecocked by pushing the hoﬁ ing
assembly downwarély 12 relative to the méndrel assentiy 30,
which movement is at a-rélatively high velocity due to the
alignméht of the grooves l4a-14d with the piston 56 as
described in connettién with the upward movemen: of fhe
housing assembly described in connection with FIG. 1. &s
previously desdribed, cnce the piston 56.traverses the

by-pass grooves 14a-14d, fluid can fiow throuch tze piszen



above operation can be repeated as desired. It is understood that in both
t he downl oadi ng and upl oadi ng operati ons descri bed above, an accel erator
-and s#&m can be used in conjunction with the jar of the present invention
to futwher increase the inpact |oading. The previous description is
illustrative of only sone of the enbodinents of the invention. Those
skilled in thgmygaogdd readily see other 2 ations of the hydraul ic jar
of the present invention. Changes and nodifications nmay be nade wi thout
departing fromthe scope of the invention. CLAI M5 1. A hydraulic
jar for use in a wellbore, when connected ina string of conponents, said
jar conprisingromves Sfe+ifterantrndreelslasteiily;add 32¢c am¥ild ethddusising
assenbly extendi ng around said i nner mandrel assenbly in a coaxial relation
thereto; c. asseriiyl meeaiias et iovexkdrktpossit S o frefIl el 7 assadihe and
said housing assenbly; d. =~ the nmandrel assenbly and the housing assenbly
bei ng arr ange@boyeh@paRtsiRecan beegrnadtad ampiesined of said string; e.
means for formng a restricted flow passage in said fluid chanber for

di vi.di ng said ch¥ Istwndeis wWwad ider iip faih tisvdesradi g i with

uploading operations described above, an accelerator and
stem can be used in conjunction with the jar §f the present
invention to further increase the impact loading.

\;, -  The previous desb:iption is illustrative of only scme
of the embodiments of the invertion. Those skilled in th
art will readily see cther variations of the hydraulic 3ar
of the present invexntion. Changes and ﬁcdifications-may be

made without departing from the scope of the inventiorn,



sai d passage—f——_one of said assenblies being novable relative to'the.
ot he ocked position to a jarring position to vary the vol uge of
each”"mmym Iguland force the fluid to flow fromone of said chanmbgg..
sections #id flow passage and to the other chanber section; g.ué
means responsive to said one assenbly noving relative to the other assenbly
a predeterm ned di stance fromsaid cocked ngjtion for increasing the size
of said flow passage, and therefore the rate of said fluid flow and the
rate of novenent 22. of said one assenbly towards said jarring position;
h. means for providing a high inpact |oad to one of said respective :
conponent s Lgéégﬁégnse to said one assenbly reaching said jarring positiaon;
i sai d r increasing the size of said fl ow passage being

adj ust abl e bgtween a fipr %ydg%%iﬁico aNEF Slgg_oq_ ROSI 132 t R, changi ng
> sdi d asse i

said cOnnectlon_betmeen_ _ __Iles and sai conponents ‘to permt said
i mpact | oadi g@nndcYRROIN @ Ftritlg VIS conpORRAits/Clahid jar compritfing:

hydraulic jar of claim1l wherein, prior to
a. an inner mandrel assembly;
b, an outer housing assembly extending around said

inner mandrel assembly in a coaxial relation
thereto;

c. a fluid chamber defined between said mandrel _ i_)
assembly and said housing assembly;

d. _ the mandrel assembly énd the housing assembly
being arranged to be connected to respective
components of said string:;

e. means'for forming a reétricfed'flow passage in
sald fluid chamber for dividing said chamber info
two sections in fluid flow communication with
said passage: |

£. one of said assemblies being movable relative to
the other from a cocked pésifion to a jarring _ \')
position to vary the volume of each chamber
section.and force the fluid to flow from one of'
said chamber sections, through said flow passage
and to the other chamber section;

g. means responsive to said one assembly moving
relative to the other assembly a predeterm;ned
distance from said cocked position for increasing
the size of said flow passage,-and therefore the

rate of said fluid flow and the rate of movement



b4

sai d i nmpact Ioadlng in said one direction and in said other direction, s
one assenbly is novable in said other direction and in said H“‘“{il“l Mﬁ‘ﬁ“‘
?espeéflvely, to cock said jar. 3. The hydraulic jar

cl ai n™2“wherein said nmeans for increasing the size of said passage

conprises at |east one groove fornmed in e|;g sai d housi ng assenbly or

said mandrel assenbly which, in said predeterni ned position of said one
assenbly, aligns with said fl ow passage to increase the size of said flow
passage. 4. The kfdsaddi onpapssemblyi towartier sandi jgarzidgf i r st
position said groove is positioned out of alignnent 23. with said fl ow
passage during initial POSaFERR’of said one assenbly in one of said

-directions, and iE sai d secon% EOSItI Hﬁsald gro ve is out of alignment
with said flow pa8sage BEPPSg*PAi PFOViRIDEnEnPigh dmPACENLoadsERLPPEi ALt he

h f id di [ ' i agni id fl ' [
LS o et ey m ned poot BESY SieBaBHISaCcoABLARAYL! BrcPkdobh el P RAE, "
anount of said initial ppueaeab 49 BELEASAqt BE1a 8- 2F §2 dshikeunpassage.

Spebpbily 36BEAIAq; BA43 Ereing plsicdbn

5. The hydraulic jar or ¢ erern aring said
movenent to cock gaid Jﬁbidsﬁeﬂn§E§B§ iﬁ&réﬂéﬂh&gtﬁé'giiéséf'Qh@é EhBW

passage pern1ts sai d increased

passage being adjustable between a first position
and a second position without changing said
connection between said assemblies and said

components to permit said impact loading in

opposite directions, respectively.

2. The-hydraﬁlic jar of claim 1 wherein, prior to
said impact loading in said one direction and in said ofher
directiqn, said one assembly is movable.ih said other
direction and in said one direction, respectively, to cock

said jar.

LJ’ 3. _ The hydreulic jar of claim 1 or claim 2 wherein
said means for increasing the size of said passage ’
comprises at least one groove formed in either said housing
assemblf or said mandrel assembly which, in said
predetermined position of said one assembly, aligns with

said flow passage to increase the size of said flow

passage.

4. The hydraulic jar of claim 3 wherein in said

first position said groove is positioned out of alignment




fluid fl ow when said groove or grooves are not in alignment with .said flow
pastﬂm mu“u“m)ulWhe hydraulic jar of any one of clains 2 to 5 wherein
sai ng said restricted fl ow passage conprises a piston 5
haV|ng rooves formed therein and slidably nounted on said mandrel asser
in said fluid chamber between a first position in which said grooves are

exposed to permt said increased flom/ratnggd a second p05|t|on I n mhlch
sai d grooves are blocked to prevent said increased flowrate. 7. . - The

hyd | f f d h
e ol o ?L@fﬂaa%%%ﬁ” G- 82588 ah18g (IRAEL AL P RokerE 3@6&5 hr ed

0 sald housi 9. SRREPVLY one 85 sata aiAELURS OLaAPERoLLEA Bolédneu! i C

| ar connect Eda S conponents ore

conprising t o%i@?énosaia'ﬂ%?oLQrﬂsngue Bkubﬂighﬁgh%rBQEB“E?EdafEBere

assenbly and ousl ng asse y of the hydrauliT jar
restricted f |?&Qﬁ?éa&ﬁriﬁgsﬂhﬂtﬁﬁﬁnﬁébehéndl YEdgasai gnehaghBembipt ent the

sections in f | ow comuni cati on; c. novi ng one of said assenblies
relative to téeherhef saiangidecetdbnsp saddh groovkedlpgaihgowith said
| 'floﬁ passage in said predetermined position of said one

assembiy after a predetermined amount of said initial
movement to increase the size of said flow passage.
5. The hydraulic jar of claim 3 or claim 4 wherein,
during said movement to cock said Jjar, ssid means for
forming said restricted flow passage permits said increased

fluiad flow when said groove or grooves are not in alignment

with said flow passage.

6. : The hydraulic jar of any one of cleims 2 to 5
wherein said means for forming said restricted flow passage
comprises a piston having grooves formed therein and | )
¢ slidably mounted on said mandrel assembly in said fluid - &wﬁ
chamber between a first position in which said grooves are
exposed to permit said increased flow rate and a second
position in which said grooves are blocked to prevent said -

increased floﬁ rate.

7. The hydraulic jar of any one of claims 2 to 6
wherein said housing assembly moves relative to said
mandrel assembly and wherein said grooves are formed in

said housing assembly.



ta jarring positioh to vary the volune of each chanber e

fluid to fl:ow through said flow passage from one of sai r i
sto-the. other; d. - i ncreasing the size of said flow pa j!@glig#fmr
stepgf noving to increase the.rate of said fluid flow diey *
‘novenent of said one assenbly; e. pr @edi ng a high inpact |oad to one of
sai d conponents connected to said jar in response to said one assenbly
reaching said jarring position; and f. adjusting the relative position
of said flow passage in sajd.direction of nmovenent w thout changi ng said
connect i on Hetween saf d™8EBEALPE cCPERATIATI2CBHPBABALS d8%pEPRNECERA]

| npact | oadj ng 25 _hy venent of said_one senbly in a djirection
opposite sar'd %nﬁtﬁfpgc??gﬁ9T§9nenLS lnTﬁewﬁ%?§85eof¥8F§iW?g erein said
groove i s poShLi oyf .o L0 nt wth said fl ow passage during initial
novenent ofgég%%ggﬁg?agégn%rgb%ng 6th of said directions, and is positioned
in alignment wigh sai dolh@gPaSEadea BnamberPHEEREEATANREnARELL I ON Of said

one assenbly after a predetermned anount of said initial novenent in

assembly and a housing assembly of the hydraulic
jar;

b. forming a restricted flow passage in said chamber
to divide said chamber into two séctions in fluid

&,/ : ' - flow communication;

c. -moving one of said assemblies relative to the
other in one direction from a cocked position to

R : a jarring position to vary the volume of each
chamber section and force the fluid to flow_
through said flow passage from one of said
chamber sections to the other;

d. increasing the size of said floQ passage during
said stép of moving to increase the rate of said
fluid flow and the rate of movement of said one
aésembly; |

e.  providing a high impact load to one of said
.components cénnected to said jar in response to
said one assembly reaching said jarring position;
and

£. adjusting the relative position of said flow
passage in said direction of movement without
changing said connection between said assemblies

and said components to permit said impaét loading



ot diTections to increase the size of said flow passage. 10. :  The

““HIHJ further conprising the steps of cocking said jar prior to

S g in both of said directions by noving said one asseany

i n*oppost t & disreftions to both of said directions, respectively. 11. v
The nethod of claim 10 further conprising<he step of .increasing the size
of said fl ow passage during said novenent In said opposite directions to

COCk said jar. by movement of said one assembly in a di:a2ction

opposite said one direction.

9. The method of claim 8 wherein said groove is
positionéd out of alignment with said flow passage during
initial mbvement of said one assembly in both of said
directions, and is positioned in alignment with said flow
passage in said predetermined.position of said one éssembly_
after a predetermined amount.of said initial movement in

both directions to increase the size of said flow passage. o/

10. The method of claim' 9 further comprising the
steps of cocking said jar prior to said impact 1oading in
both of said directions by moving said one assembly in
opposite directions to both of said directions,

respectively.

11. - The method of claim 10 further comprising the
step of inéreasing the size of said flow passage during

said movement in said opposite directions to cock said jar.




