JAR ENHANCER This invention relates generally to a tO@hNﬁ%ﬂ]%m
enhancihg the inpact of a jar delivered to an object stuck in a well

bor e. In one of its aspects; it relates to i mprovenents in a tool of
thf*s type for enhancing the 5 inpacts of both upward and downward bl ows
delivered to the obj ect. As wel |l -known in the art, a

doubl e-acting jar of the type descri bed conprises a first tubular
menber or outer housi ng adapted to be connected to the object and a
second 10 tubular nenber or inner mandrel jadapted to be connected as

part of a pipe string and arranged tel escopically of the first nmenber
or housing and having a hamrer arranged to deliver an upward blow to an
anvil on the housing in response to raising and a downward bl ow in
response to 15 |owering of the mandrel with respect to the housing. In an
hydraulic jar, the mandrel carries a gakeENHXRSERN SM arranged to slide
within a restricted bore of a chanber iIn - the housing in which hydraulic
fluid is contained. Thus, t he detent mechanismis of such construction
as to permt 20 onlBhis mirsertion paelaties dgenegalily t tavel t fwoolgh folre
restricted DOr Gt Ahd Ll ihihadit b213] 92 Beh1GeFBHEY an objBotl behdx

rai sed therethroug onpr es erern as
in a well bore. In one of 1ts aspects, it relates to

~improvements in a tool of this.type for enhancing the
5 impacts of both upward and downward blows delivered to the
object.

As well-known in the art, a double-acting jar of the
type described comprises a first tubular member or outer
housing adapted to be connected to the object and a second

10 tubular member or inner mandrel adapted to be connected as
part of a pipe string and arranged telescopically of the
first member or housing and having a hammer arranged to
deliver an upward blow to an anvil on the housing in
response to raising and a downward blow in response to

15 lowering of the mandrel with respect to the housing. In an
hydraulic jar, the mandrel carries a detent mechanism
arranged to slide within a restricted bore of a chamber in
the housing in which hydraulic fluid is contained. Thus,
the detent mechanism is of such construction as to pernit

20 only limited flow past it, during its travel through the
restricted bore, so as to build up tens1on in the mandrel
as it is raised therethrough or compreSSLOn thereln as it
is lowered therethrough. Consequently, as the detent moves
out of the restricted bore, the mandrel and thus the hammér

25 thereon is released to deliver either an upward or downward
blow to the anvil of the housing and thus the stuck object
to which the housing is connected.

As also well-known in the art, the object stuck in the
well bore may be a "fish" onto which the lower end of the



I's lowered therethrough. Consequently, as the detent noves out of the
restristted bore, the mandrel and thus the hammer 25 thereon is released to

deliver either an upward or downward blow to the anvil of the housing
ard thus the stuck object to which the housing is connected.

As al so well-known in the art, the object stuck in the wel | bore may

b€-a "fish" onto which the | ower end of the

2\ housing of the jar is | owered for connection thereto. O, t he

object may be a | ower part of the pipe string itself and thus al ready

connected to the housing of the jar. It is well-known in the art

to enhance the inpact of 5 such jars by neans of a so-called jar enhancer
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it, and a first tubular member or outer housing arranged
telescopically of the mandrel member to form an annular

10 space between them and having a lower end adapted to be
connected to the mandrel member of the jar (or to drill
collars above the jar) for raising and lowering therewith.
More particularly, the space may be a pressure chamber
which is filled with a compressible fluid which may be a

15 gas, such as nitrogen, or a compressible liquid, such as
silicone, and a piston on the mandrel may sealably slide
with respect to the bore of the housing to compress the
fluid in the space above it as the mandrel is raised, in
the case of an upward jar, or below it as the second member

20 is lowered, in the case of a downward jar.

In a jar, the second tubular member or mandrel on
which the hammer is carried has a certain amount of “free"
travel following movement of the detent out of the
restricted bore and as the hammer moves to strike the

25 anvil. In jar enhancers prior to the invention disclosed
in U. S. Patent No. 4,846,273, the second tubular member or
mandrel on which the piston is carried conventionally had
a certain amount of "free" travel before it is moved into
the restricted bore to accumulate energy.

30 In accordance with Patent No. 4,846,273, however, it
was proposed to provide a jar enhancer having an initial
"free'" travel at least as great as that of the jar, thereby
insuring that accumulated energy was applied to the stuck



fluid in the space above it as the mandrel is raised, in _the case of an
upwar d¢j ar, or below it as the second nenber 20 is |lowered, in the case of

a downward j ar. In a jar, the second tubul ar nmenber or nmandrel on
whi ch the hamrer is carried has a certain amount of "free" trave
fol | owi ng novenent of the detent out of ghe restricted bore and as the
ha r noves to strike the 25 anvil. In jar enhancers prior to the
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i n the oppositevémection through the restriction following the jarring
event . Co-pending British Patent Application No. 9420601. 8,

Co-pending British Patent Application No. 9420601.8,
filed October 12, 1994, discloses a double-acting jar
enhancer

‘of this general type which overcomes these and other
problems with those of the prior art in that it is of
simpler and less expensive construction. Thus, in
accordance with the embodiment of the improved jar enhancer |

illustrated in the prior application, upper and 1lower
longitudinally spaced seal rings'are disposed within the :
annular space between the tubular members for sealably:
sliding with respect to equal diameter portions of each,
the first member or housing adapted to be connected to the
second tubular member or mandrel of the jar has an upper
shoulder engagable with the upper ring to 1limit its .
movement in a downward direction and a lower shoulder
engagable with the lower ring to limit its movement in an
upward direction, and the second member or mandrel adapted .
to be connected to the well string above it has an upper
shoulder engagable with the upper ring to raise the upper
ring with it, upon raising of the second tubular member,
and a lower shoulder engagable with the lower ring to lower
the lower ring with it, upon lowering of the second tubular



filed Cctober 12, 1994, discloses a double-acting jar enhancer of this
general” type which overcones these and other problenms with those of the
prior art in that it is of sinpler and |ess expensive construction.
Thus, in accordance with the enbodi ment of the inproved jar enhancer
illustrated in‘the prior application, upper and | ower |ongitudinally spaced
se rings are disposed within the annul ar space between the tubul ar
menbers for sealably sliding with respect jo equal dianeter portions of
each, the first menber or housing adapted To be connected to the second
tubul ar nenber or mandrel of the jar has an upper shoul der engagable with
the upper ring to limt its novenent in a dowward direction and a | ower
shoul der engagable with the lower ring to limt its novenent in an upward
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within the space below the lower seal ring, whereby, with

the upper and lower chambers filled with a compressible

fluid, raising of the second member will compress the fluid

.in the upper chamber to enhance an upward jar and lowering

of the second member will compress the fluid in the lower

chamber to enhance the impact of a downward jar.

Pfeferably, the shoulders on the first member are essen- -
tially adjacent the upper and lower seal rings when said

second tubular member is in a neutral position.

Although the jar enhancer of the prior application
represents a substantial advance over prior jar enhancers
of this general type, there is a need in the industry,
particularly as wells are drilled to greater depths, to be -
able to apply greater loads to the jar enhancer without
exceeding its burst strength. Of course, one obvious
solution would be to use multiple, end-to-end jar enhanc-
ers, but this would multiply the costs proportionately. On
the other hand, due to the rigid constraints of space .
within the well bore, it 1is not practical tq merely
increase its diameter and thus the effective pressure-
responsive areas in its fluid chambers.

Consequently, it is amongst the objects of this
invention to provide an improved jar enhancer of this type
which is of such construction as to reduce the pressure in
each fluid chamber by fifty percent or more for any given
load without increasing its outer diameter or substantially
increasing its cost.



t ubul ar nenbers al ong the dianmeter portion of the first nenber to forman
upper ‘pressure chanber within the space above the upper seal ring and a

| ower pressure chanber within the space below the | ower seal ring, whereby,
with the upper and | ower chanbers filled with a conpressible fluid, raising
of the second nenber will conpress the fluid in the upper chanber to
enprance an upward jar and |l owering of the second nenber will conpress the
fltdid in the | ower chanber to enhance the inpact of a downward jar.
Preferably, the shoulders on the first nber are essen- tially adjacent

t he upper and | ower seal rings when said second tubular nmenber is in a
neutral position. Al t hough the jar enhancer of the prior application

represents a substantlal o] pL e €a ers t hi S e er
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substantial |y i#erBascBinebte80tb. a well pipe string above it, together :
with means on the first tubular member sealably slidable
with respect to the second tubular member and on the second
tubular member sealably slidable with respect to the first
tubular member to form an upper pressure chamber in the
space between them, and means on the first tubular member
sealably slidable with respect to the second tubular member
to form a lower pressure chamber in the space between them.
Thus, with the chambers filled with a compressible fluid,
movement of the second member in one vertical direction
with respect to the first member will compress the fluid in
the upper and lower chambers to enhance the 1mpact of a jar

in the same vertical direction.

In one embodiment, the upper and
lower chambers may be above the means on the first member
so that raising of the second tubular member will*enhance
the impact of an upward jar. In another embodiment, the
upper and lower chambers may be below the means on the
first tubular member so that raising of the second tubular
member will enhance the impact of a downward jar. As
disclosed, the second member is reciprocable within the
first member. Thus, for a given load, the pressure in each
chamber is half that in the chamber of the jar enhancer of
the prior application in which fluid is compressed in
response to a similar load, or even less than half if

(. multiple uper and lower chambers are provided.



5 A preferred jar enhancer of the type described conprises, as in
the jsar enhancer of the prior application, a first tubular nmenber having a
| ower end adapted to be connected to said second tubul ar nenber of the jar
for raising and I owering therewith, and a second tubul ar nmenber vertically
reci procable with respect to the first nmenber to formon annul ar space
between them and having an upper end adapted to be connected to a well pipe
stking above it, together with nmeans on the first tubul ar nenber seal ably
slidable with respect to the second tupul ar nmenber and on the second
tubul ar nenber sealably slidable with Fespect to the first tubular nmenber
to forman upper pressure chanber in the space between them and neans on

the first tubular W&?@eﬁ@eahqaéxﬁkb&a%m \Qgi'éféﬁﬁéﬁmdddbltdl%dtq(i@djar

t ubul ar nenber to forma | ower ressure cha
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lower rings of the first set to limit their movement in a

downward direction and a second set of upper and lower

longitudinally spaced shoulders engagable respectively with

the upper and lower rings of the second set to limit their

15 movement in an upward direction, and the second member

having a first set of upper and lower shoulders engagable

with the upper and lower rings of the first set to raise

the upper and lower rings of the first set with it, upon

raising of the second member, and a second set of upper and

20 lower longitudinally spaced shoulders engagable with the

upper and lower rings of the second set to lower the upper

and lower rings of the second set with it, upon lowéring of

the second member. Thus, ‘the upper seal rings of the first

and second sets form the upper pressure chamber between

25 them, and the lower seal rings of the first and second sets

form the lower pressure chamber between them, whereby, with

the chambers filled with a compressible fluid, raising of

the second member will compress the fluid in the chambers

to enhance the impact of an upward jar and lowering of the

30 second member will compress the fluid in the chambers to
enhance the impact of a downward jar.

A means is formed in the outer of the first and second

member through which fluid may be introduced into a



the prior application in which fluid is conpressed in response to a simlar
| oad, ‘or even less than half if multiple uper and | ower chanbers are
prOV|ded. 6 ~In the

i ITustrated and preferred doubl e-acting jar enhancer, a first set of
upper and |l ower |ongitudinally spaced seal rings w thin the annul ar
spgce are seal ably slidable with respect to equal dianeter portions of
agh of 5 the tubular menbers, and p second set of upper and | ower

| ongi tudi nal ly spaced seal rings within the annul ar space and seal ably
slidable with respect to equal dianeter portions of each of the tubular
menbers, with the first menber having a first set of upper and | ower

| ongi tudinal | y cHargae eck Spei A8k SnB80288RYEeh SEREChaNBLYS Yk hi L8 41RRE
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second set to |ower fr@ndPALAwings, wherein like reference characters are
used throughout to designate like parts:

10 FIGS. 1A, 1B and 1C are longitudinal sectional views
of the upper, intermediate and lower portions of a double-
acting jar enhancer constructed in accordance with the
present invention, and with the tubular members disposed in
a neutral position prior to the initiation of either an

15 upward or downward jar;

FIGS. 2A, 2B and 2C are similar views of the jar, but
during raising of the inner tubular member or mandrel in
order to impart an upward blow to an object stuck in the
well bore beneath the jar connected below the jar enhancer;

20 and

FIGS. 3A, 3B and 3C are further similar views of the
jar enhancer, but during lowering of the inner tubular
member or mandrel in order to impart a downward blow to the
object stuck in the well bore;

25 With reference now to the details of the draw1ngs, the
over-all jar enhancer, which is indicated in its entirety
by reference character 20, is shown to comprise a second
tubular member or mandrel 21 having an upper end.adapted to
be connected to the lower end of a well pipe string (not

30 shown) above it, and a first tubular member or housing 22
surrounding the mandrel and vertically reciprocable with
respect to it to form an annular space between the members
and having a lower end adapted to be connected to the



and lower rings of the second set with it, upon |owering of t he second
nmenber .- Thus, the upper seal rings of the first and second sets form

t he upper pressure chanber between 25 them and the |ower seal rings of
the first and second sets formthe | ower pressure chanber between
them whereby, with t he chanbers filled with a conpressible fluid,

rai sing of the second nenber will conpress the fluid in the chanbers
to(Znhance the i-npact of an upward jar _and lowering of the 30 second
menber will conpress the fluid in the 8hambers to enhance the i npact

of a downward j ar. A nmeans is fornmed in the outer of the first
and second menber through which fluid may be introduced into a
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Although vertically reciprocable with respect to one
another, the tubular members 21 and 22 of the jar enhancer

10 are held against rotation with respect to one another, as
by means of a drive mechanism of some type above it. Thus,
the outer tubular member is caused to rotate with the inner
tubular member and. thus the pipe string above it, such that
similar rotation may be imparted to parts of the jar below

15 the jar enhancer.

The upper portion of the tubular member or mandrel 21
is slidable within packing 24 carried about the upper end
of housing 22, while the 1lower portion of the tubular
member of the mandrel is slidable within packing 25 carried

20 about a lower portion of the housing. These portions of
the mandrel and housing, and thus the packings 24 and 25,
have equal sealing diameters and serve to exclude debris
from the annular space between the members.

The outer tubular member or housing 22 is made up of

25 upper tubular section 22A on which packing 24 is ehrried,
a lower tubular section 22B on which the packing 25 is
carried, and a central connector 22C threadedly connecting
the upper and lower tubular sections 22A and 22B to one
another. A lowermost section 22D of the housing 22 at the

30 lower end of section 22B is connected to the inner mandrel
of the jar beneath it.

The inner tubular member or mandrel 21 is in turn
comprised of an upper tubular section 21A which is slidably



present invention, and with the tubul ar nenbers disposed in a neutral
positton prior to the initiation of either an 15 wupward or downward jar;

FIGS. 2A, 2B and 2C are simlar views of the jar, but during raising
of the inner tubular nenber or mandrel in order to inpart an upward
bl ow to an object stuck in the wel | bore beneath the jar connected
bel ow the jar enhancer; 20 and FIGS. 3A, 3B and 3C are further
41Iar views of the j ar enhancer g but during |owering of the inner
tubular menber or mandrel in order to inpart a dowward blow to the
object stuck in the well bore; 25 Wth reference now to the details
of the draw ngs, the over-all jar enhancer, which is indicated in its
entirety b n r 0, 4i hg)
o Y e CEPEELEABTRES RO BRERI R0zl 3,0 OHOSLO AT (30 A ShHkea

connected to t htol dgercanmeatfed iml thei pererr iRy i 3D tbﬁompeatﬁismnq
and a first tUbHi:é{ren?ﬁbe&n@ra NHRNGuddlar séé{:igﬂnﬂiﬂ(}sii&mqré‘ée%

vertically reciprocable th respect tqQ.it to rn1an<§gyu ar space
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diameter 27 of the connector section 22C of the tubular
member 22.
A first set of upper and lower pistons or seal rings

10 28A and 29A are disposed within the annular space between
the tubular members respectively above and below the
enlarged diameter portion 26 of the mandrel, and a second
set of upper and lower pistons or seal rings 28B and 29B
are also disposed within the annular space above and below

15 enlarged portion 26, but with the seal ring 28B of the
second set being above the seal ring 28A of the first set,
and the seal ring 29B of the second set being above the
seal ring 29A of the first set. Thus, the upper seal rings
form an upper chamber UCl1l between them, while the seal

20 rings 29B and 29A form a lower chamber LC1 between them.
In addition, a second upper chamber UC2 is formed between
the seal ring 28B and the upper packing 24, while a second
lower chamber LC2 is formed between the lower seal ring 29A
and the lower packing 25.

25 A one-way check-valve-controlled £ill port 30 is
formed in the connector section 22C of the housing to
connect a f£fill chamber FC intermediate seal rings 28A and
29B. One-way check valve control passageways 32 and 31 are
formed in the upper piston 28A and lower piston 29B,

30 respectively, whereby, as will be described to follow, the
upper and lower pressure chambers UCl and LCl1l may be filled
with a compressible fluid from a suitable source connected
to the outer end of the f£ill port 30. Thus, with the
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a wel | -known manner, and thus need not be described herein, It being
sufficient for the purposes of the present 5 application to describe the

hanmer of the jar as being rai sed and | owered with the first tubul ar
menber or housi ng of the jar enhancer. Al t hough vertically
reci procable with respect to one anot her, the tubular nenbers 21 and 22
of ;fthe jar enhancer 10 are held against rotation with respect to one

anot her, as by neans of a drive nmgachani smof sone type above it. Thus,

t he outer tubular menber is caused to rotate with the inner t ubul ar
menber and thus the pipe string above it, such that simlar rotation

may be inparted to parts of the jar below 15 the jar enhancer.
The upper port idiianBeddh & iflllad ahpatiehovengntds | tidl pistornss 28l dakl eoa

wi t hi n packi ng carried abqut f.he er._end.. h i 22, i t he
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ﬁo” ions of thd nglé@&?'é e£8§n8n303§bngritﬁn‘#et%}é%£ W& PARK| ﬂ8§s§ﬁ§;aﬂ;§ﬁ5’
ave equal sealing dianeters and serve to exclude debris rontthe
annul ar spd&e manpress Helwichiiar the chambers PG @nde LAY hemaa the ham.or

housing 22 is nmade Ufh OfheSneWPEl oIt Pén SEEIERE F2A eAh¥ALER BAGWhNGn24
is carried, a | ower tubul ar section 22B 0 ich the [

carried, and a BIGRTalRcotBec?Bf 35c URPEXISH dg; t1$ 3§5$P€ﬁ€58336r
and | ower tubulstiowRidy ORe 2aW\ ahe 23Ppéd emd of cumieutior A2RaQweandstan
connected to tRAIHHIC nangrarer 4 PR R ShopER Jnd TPE' thé*Enitrgea
i nner tubul@ar ntiderter pontieh 24 bf ithet mamdrel smmtprorseRl®f afinufphds
tubular sectiorhgl}!ﬁ.wi ‘H&é.ﬁ:i%ﬂ,da%hﬁ seal ring 28A is held in this
position against these shoulders by pressure within the
chamber UCl. The lower piston 29A of the first set is
supported on an upwardly facing shoulder 42 on the lower

15 section 22B of the housing and an adjacent shoulder 43 on
the lower section 21B of the mandrel, the seal ring 29A
being urged downwardly against the shoulders by the
compressed fluid in the lower chamber LC1.

Oon the other hand, the upper piston or seal ring 28B

20 is engaged at its upper end with a downwardly facing
shoulder 44 on the upper section 222 of the housing and an
adjacent shoulder 45 on the upper section 21A of the
mandrel. This seal ring is urged against the shoulders, in
the neutral position of the jar enhancer, by compressed

25 fluid in the upper chamber UCL. For reasons: to be
described to follow, and as shown, a coil spring 46 is
disposed within the annular space intermediate the rings
28B and 29A to urge them apart and thus toward the above
described shoulders.

30 The upper end of the seal ring 29B is engaged with a
downwardly facing shoulder 47 of the enlarged portion 26 of
the mandrel, and an adjacent shoulder 48 formed on the
lower end of the connector section 21C of the mandrel. The



9 ~ received within packing 24 and whose upper end is adapted to
be. connected to the upper portion of the pipe string above it, and a

| ower tubular section 21B slidably received wi t hin the packing 25, as
wel |l as an internediate connector 5 portion 21C. The connector section
has an enl arged outer di anmeter 26 which fits relatively closely within
t he i nner di aneter 27 of the connector section 22C of the tubul ar
menber 22. . A first set of upper and | ower pistons or seal rings 10
28A and 29A are disposed within the annul ar space between t he tubul ar
menbers respectively above and bel ow t he enl arged di aneter portion 26
of the mandrel, and a second’ set of upper and | ower pistons or seal

L i Ings igB a”f' 2981 ri?qezebsasgh?g@ateﬁwﬁﬁdw ltihﬂ;& %{;el};ﬁ&@ﬁewﬁéﬁvﬁh@nd
el ow ,xe-n ar rtiQn , u W seal. r.n (0] e
AR R 20 CPhnEessalfLERS 1 ik dawer chinbey -

ed
second set bei i
seal ring 29B dfn tdidsteimd aeitHe rpidbepe inke49 is ddaposedgwi®Aiaf thhe

first set. Thu R ' f.0 er._ch er _UC

bet ween t hem %ﬁﬁ%#e@%‘?%J%ﬁ}?%?ﬁa&n%% #g magal g\%‘r a@ﬁﬁ%r‘oéf‘dLCl
bet ween théim thus |fowakd t éngagenent owitthipbeeichuebpectifPei shbutderds on
bet ween t%é%?&fwﬁggt%%n{[t > upper packing 24, while a second

| ower chanber LC2 is forne S e lower seal ring 29A and the
| oner packing 25. 258 Showm,on¥ithy theeshoudidersconnr othed mandrelpoand30

is for med Houd 11ey GAPRENY t2€6he08ndeheP! INXHWHTURGF A0 positi&ANBECt
a fill chanmber EC internedjate seal .rings,28A an check

A and 29B. One- way
val ve control pa¥ad8kaySnBonceE. sFhere is R rEgee (RRVERSRE RSt She2sA
and | ower X0 st orarkbi1 30ith esespddty ety , thécliebyings-w il ebe dagcmoleaehe
(O T qp e B ou BERRORES, BT SRR ) Tl e
fluid in the chambers above and below the seal rings.
In the event an upward jar is to be applied to the
stuck object, the upper end of the pipe string and, thus,
15 the tubular member or mandrel 21 is raised to the position
of FIGS. 2A, 2B, and 2C. As this occurs, the first set of
upper and lower seal rings 28A and 29A are raised to a
limited upper position, which may be determined by the
stroke of the drive system above it, in order to further
20 compress fluid in the upper chamber UC1 and lower chamber
LC1 as well as the coil springs 46 and 49. At the same
time, raising of the pistons 28A and 29A will create a
vacuum in the f£ill chamber FC which vacuum actually adds to
the accumulation of energy in the chambers UC1l and LCi1. In
25 any event, when the jar and its hammer are reiedSed for
"free" travel into engagement with the anvil, the energy
accumulated in the chambers UC1 and LC1 will enhance the
impact of the jar by virtue of the force which the
accunulated energy exerts upwardly on the tubular housing
30 22 connected to the portion of the jar in which the hammer
is mounted.
Conversely, downward movement of the mandrel 21 with
respect to the housing 22, in order to initiate the



to the outer end of the fill port 30. Thus, with the

10 .~ chanbers filled, upward novenent of the pistons 28A and 29A

with respect to the housing will conpress fluid in the chanbers UCl1 and
LE1L above them while downward novenent of the pistons 28B and 29B with
respect to the housing will 5 conpress fluid in the chanbers UCl and LCl
beneath them In the neutral position of the jar enhancer shown in
FIGS. 1A, 1B, and 1C, upper piston 28#is supported by a shoul der 40 on
t he upper end of connector 22C and an adj acent shoul der 41 on the upper
end of the enlarged 10 dianeter portion 26 of the mandrel section 21C. 1In
this neutral position, the seal ring 28Ais held in this position

agai nst 2t9 ReSfe saaw?data ?arpressyr&uﬁé hihe seal rmghazbaraw:nssm Thaxvee r
pi ston of the first  set SUPp orted. on pwar f

42 on the | ower B’nwgﬁéayoﬁﬁzfé’rotfheﬁwe MRy gﬁﬂlén@dﬁgéen % hod der g
on t he Iomeandencaoaszwﬁldfthéheaanreththé and| 49i ng 29A bei ng

urged downwardly agahﬁgtjggeﬁﬁﬁgﬁé ﬁ%rx% %o»o§e§983r8§ﬁ§@rﬁéﬂign'£§t€@

| ower chanber LC1 upper piston or seal
ring 28B 205 |seangage&hstChamb@ppeﬂcéndndnPﬁlatéohﬁmﬁhﬂr9eﬂaﬂiﬁ§ a
shoul der 44 on Lhg !-QQ%&bi‘éthlﬁ'idzgﬁ‘ eﬁetﬁanQESimgwaeéu and dékephia

shoul der 45 on the upper section 21A of f This segl ring is
ur ged”agai nst t BA §Hya|agp§empﬁtloned copendlng application, Serial No.

08/145,481. Thus, a pair of seal rings 37 and 38 are

carried about the enlarged diameter portion 26 of the

10 tubular section 21 of the inner tubular member for disposal

within the fill chamber FC on opposite sides of the inner

end of the port 30 when the inner and outer tubular members

of the jar enhancer are in the neutral position shown in

FIG. 1B. Assuming that, prior to use of the tool, neither

15 of the chambers UC1I and LC1 has been fully charged, a

bottle or container (not shown) of a compressible fluid is

connected to the outer end of the port 30 with the valve on

its outlet in position to be opened by the wvalve in the

port 30. Thus, with the inner and outer tubular members in

20 their neutral position, the compressed fluid will enter the
small annular space between the seal rings 37 and 38.

As more fully described in the aforementioned

application, in order to initially charge the lower chamber

LC1, the inner tubular member is raised so as to move the

25 lower seal ring 38 above the inner end of the poft 30 so

that the compressible fluid enters the fill chamber above

the seal ring or piston 29B. As the inner tubular member

continues to be raised, it continues to suck or withdraw

compressed fluid from the container into the fill chamber

30 above the seal ring 29B until it reaches its limited upper

position, as determined, for example, by interengagable
shoulders in the drive system above the jar enhancer.



the neutral position of the jar enhancer, by conpressed 25 fluid in the

upper- chanber UCI. For reasons to be described to follow, and as

shown, a coil spring 46 is di sposed within the annul ar space

I ntermedi ate the rings 28B and 29A to urge them apart and thus toward

t he above descri bed shoul ders. 30 The upper end of the seal ring
Is engaged with a downwardly facing shoul der 47 of the enlarged

ortion 26 of - the mandrel, and an adjacent shoul der 48 formed on the

| ower end of the connector section 2%C of the mandrel. The

seal ring 29B is urged upwardly into engagenent with the shoul ders by the

conpressed fluid in the | ower chamber LCI. In addition, another coi

spring 49 is di sposegks vgsztévlrbddlq, descHIBEE! tHRAGRN0rIhge 2688 ha8AbnkI BYS
29B and 29A apart and t hus toqﬁrd eE%. enent with their respective

shoul ders on ™°%%e Yﬁ’ ° agr¥ayFowr RPERSt hdlsh&eraerds
on the nmandrel therkthrodyhisibighagirasenit tfo.o@nepara@amyr thepetheonght,r sut
position of 4484 & enhancer he ) venent the 10
andr e wih r SO (5100 ARERkaRg Y ERepB cREquShETC AR e dSrERa
or downwar @ of tuimikendmember| |isconpissd, thef I\u:ldre nm h@ocrhcan‘bbr x'emlaoms
and _beI ow the seglg éd Ngs g (x)‘lbjthe ot?lJaP thg%dev ex?ntﬁg\'\%%dl%rr 'xﬁeﬁﬂepe is

applied to the st uck € upper, e _pipe string a
t hus, lowered from its raised p051t10n, the fluid drawn 1nto the

rd

£fill chamber is compressed so as to force the.valve in port
31 open and thus initially charge the lower chamber LC1

10 with compressible fluid. It may be assumed, for purposes
of this description, that the upper chamber UC1i has not
been charged with a compressible fluid. If there is any
compression of fluid in the fill chamber between the seal
ring 28A and the seal ring 37, the compressed fluid is free

15 to pass upwardly into the upper chamber. Since the chamber
UCl has not been charged, any compression of fluid above
the seal ring 37 is negligible. Likewise, lowering of the
inner tubular member from the raised position to the
neutral position of FIG. 1B has only negligible effect

20 insofar as the pressure of the fluid above the seal ring 37
is concerned.

In order to increase the pressure of the fluid in the
lower chamber to the desired wvalue, this raising and
lowering of the inner tubular member may be repeated so as

25 to cause successive charges of compressible fluil to be
passed through the valve in port 31 into the lower chamber
LC1. At this point and before lowering the inner tubular
member, the valve at the outlet of the container is closed
so that the compressed fluid in the charging chamber is
30 directed through the valve in the seal ring 29B into the
lower chamber. The effect, of course, is to multiply the
pressure of the compressed gas received from the bottle.
Then, of course, during each subsequent charging operation,



15 the tubular nenber or mandrel 21 is raised to the position of FIGS.

2A, 2B, and 2C. As this occurs, the first set of upper and | ower seal
rings 28A and 29A are raised to a limted upper position, which may be
determ ned by the stroke of the drive systemabove it, in order to
further 20 conpress fluid in the upper chanber UCl and | ower chanber
LClt-as well as the coil springs 46 and 49. At the sane time, raising
of the pistons 28A and 29A will creatld a vacuumin the fill chanber FC
whi ch vacuum actual ly adds to t he accunul ation of energy in the
chanbers UCl1 and LC&. In 25 any event, when the jar and its hammer are
rel eased for "free" travel into engagenent with the anvil, the energy

accugul ated in the w&w@f %ﬁmﬂﬁ@. cﬁlﬂﬁh Chwithle %I%[Q:&%e 11'sh%pened 't@%%u%f t he
jar by vintue or,ce_ whi t he gxerts
upwardly on thg‘élflt'%1 % OIS cbpﬁ?mpiﬂfscsﬁiéfgf“g& ?‘I‘i‘@ FMgthPH‘?ejrar
in which the hannbrthen cdosedntdulring lowerlﬁgnvefsetme dimwrasar dubaarent
of the mandrel g2yt h respect to the housing 22, in order to initiate

t he 12 downwvar d jar, wll
cause the skal ringsiPoprdas 9B themusharge ﬂb@nW@nﬂq/Qhammﬂnhec1compmess

fluid in the cr@mj@lwlpme@a@etqsasrw&és@é theTﬁQ{:' ngs, 4G 4%er

The j ar enhaan{ 2%_|s al So of such construction as
ubular member is lowered from its neutral position in

order to permit compressed fluid to flow into the charging
chamber from the container, and then, upon closing of the

10 outlet of the container, raised to force that fluid past
the check valve in the upper seal ring 28A.

It is also contemplated that both the upper and lower
chambers may be charged simultaneously. Thus, the inner
tubular member may be alternately stroked to its limited

15 upper and lower positions.

The primary purpose of the springs 46 and 49 is to
resist movement of the pistons 28A or 29B during the
charging procedure. However, it is anticipated that the
valve-controlled passageways through the pistons and their

20 frictional engagement with the tubular members may make
them unnecessary.

From the foregoing it will be seen that this invention
is one well adapted to attain all of the ends and objects
hereinabove set forth, together with other advantages which

25 are obvious and which are inherent to the apparatus.

It will be understood that certain features and
subcombinations are of utility and may be employed without
reference to other features and subcombinations. This is
contemplated by and is within the scope of the clains.

30 As many possible embodiments may be made of the
invention without departing from the scope thereof, it is
to be understood that all matter herein set forth or shown



5 enable the chanbers UC1 and LCl to be charged with a conpressi bl e
fluid in the manner illustrated and descri bed in the aforenentioned
copendi ng application, Serial No. 08/ 145, 481. Thus, a pair of seal
rings 37 and 38 are carried about the enlarged dianeter portion 26 of
th¢ 10 tubular section 21 of the inner tubular nmenber for disposal

within the fill .chanber FC on oppositg sides of the inner end of the
port 30 when the inner and outer tubular nenbers of the jar enhancer
are in the neutral position shown in FIG 1B. Assunming that, prior to
use of the tool, neither 15 of the chanbers UClL and LC1 has been fully
charged, a . bottle or container (not shown) of a conpressible fluidis
connected to t R olber 2fgoBPanyéngordraoings hishetoallve dmterpretiesi oukl et

in positian to A wanadvy 4de v W& i) 1B ting MNde.30. Thus, with the
i nner and outer tubular nmenbers in 20 their neutral position, the

conpressed fluid will enter the smal | annul ar space between the seal
rings 37 and 38. As nmore fully described in the aforenmentioned
application, in order to initially charge the | ower chanber LCL, the
i nner tubular nenber is raised so as to nove the 25 | ower seal ring 38
above the inner end of the port 30 so that the conpressible fluid
enters the fill chanber above the seal ring or piston 29B. As the

i nner tubul ar nmenber continues to be raised, it continues to suck or
wi t hdr aw conpressed fluid fromthe container into the fill chanber 30
above the seal ring 29B until it reaches its limted upper posi tion,
as determ ned, for exanple, by interengagable shoul ders in the drive

syst em above the jar enhancer.

he



13 As previously described, the seal ring 29B has one or
nore “val ve-control | ed passageways or ports 31 forned t her et hr ough
whi ch prevent—fi-ow-upwardl y therethrough, but permt flow downwardly

theret he inner 5 tubular nenber is raised, the valve in
rt 3 lmm”l p""]!LlEE!Fed On the other hand, when the tubular nenber is
fered *from L1 S position, the fluid drawn into the fill chanber
|s conpressed so as to force the valve in port 31 open and thus
initially charge the | ower chanber LC1180 with conpressible fluid. It may
be assuned, for purposes of this description, that the upper chanber
UCl has not been charged with a conpressible fluid. If there is any
conpressi on of dlasids in the fill chanber between the seal ring 28A and
the seal kjng 37, The conpressed fluid is free 15 to pass upwardly into
t he upper chanber. Since the chanber UC1 has not been charged, any
conpr essi on of fluid.abowe tooltfmrS@ﬁhaméﬂ@g3EhéSlmpgttgablevetéaeﬁbsﬁn

I f th I t h t to th
neutr &l Cposi 11 SPisot Eagk ML ¥, R koGP v, Med B 788 BT, a g e
pressure of truiﬁnsncku&mm@rtmﬁmbemjcwmmgceéd to the cblieetnedd a second I n
or der, Lo | ncr eas i BRARSE Y116 il "akbengeq choug;6BEMCLY
the desired value, this ralsing owerin i nner tubul a

menber nmay e fépeélt!eanyélaémzsthq ofeaagemgu@eeﬁs@merwm Be vertlcal

conpressi bl e fIndvbi¢htbewith PespdcthredigHeryab¥e hémPOF! Fhidt @obhe
| ower chanber LGL.. At this point and before |owering the’ i nner tubul ar

menber . the valSARRRISIRE outl et of the container is closed so that the

conpr essed fluid ind hﬁlﬁéﬁrmmmﬁ‘laﬁ@ﬂbei’ sn@(am@ll aerépért EﬁauﬁaablﬂédV%bve
in the seal ring 29B intq_the

e .effect cour i's
to nultiply the pre énmec[tﬁag ggnﬁ?‘éasﬁ %’é‘g%%‘é %h
bottle. 10 Then, of cod@e,fmmau}'nmkamijtﬂmmmrng dﬂwxgamg:m,perat i on,
a second tubular member vertically reciprocable with

respect to the first member to form an annular
space between them and having an upper end
adapted to be connected to a well pipe string
15 above it,
means on the first tubular member sealably slidable
with respect to the second tubular member and on
the second tubular member sealably slidable with
respect to the first tubular member to form an
20 upper pressure chamber in the space between them,
and
means on the first tubular member sealably slidable
with respect to the second tubular memﬁef*to form
a lower pressure chamber in the space between
25 them, whereby, with the chambers filled with a
compressible fluid, movement of the second member
in one vertical direction with respect to the
first member will compress the fluid in the upper
and lower chambers to enhance the impact of a jar
30 in the same vertical direction.



14 - the valve at the outlet of the bottle is opened to admt a
further charge of conpressed fluid to the charging chanber and t hen

cI_osed [mm IL'HMIIJ llof the inner tubul ar menber. 5 I n order
to the r chanber UCl, the foregoi ng procedure is
r eyer sed "id the inner tubul ar nenber is lowered fromits

neut r al p05|t|0n I n order to permt conpressed fluid to flowinto the
char gi ng chanber fromthe contgi ner, and then, upon closing of the 10
outlet of the container, raised to force that fluid past t he check
val ve in the upper seal ring 28A It is also contenplated that
both the upper and | ower chanbers may be charged sinultaneously. Thus,
t he i nner t ubul a2 - mrenkerinaglatmal } evinetelly stroked to its Iinited 15

upper and-4ower posigpong r iy e S 46
and 49 is to resi st rr[?\c/:grrrlgntme %e gl stolg)rg’gﬁgci% Zygné:l%i}? i ng t%xsﬂ:
chargi ng procedure. Howe®®RbeFrt s anticipated that the

val ve-control | ed passageways through the pistons and their 20 frictional

engagenent with the ubulgr rrbg may nake t hem unnecessary.
From t he foregoing i SR SGLai P hhi YhRgRe Rventi on is one well

adapted to attai n althefuppercand Awdredbjcdininbers ameamb@vehaehea%t fon
together with other adva e C are i.ous_and whi re inherent
to the appar at us. ?:&Ff. glg%%ﬁaersgt %’cﬁ H%?l%’e’??a?ﬁ Fgﬁt §esenshd
tubular member will enhance the impact of an
5 upward jar.

4. As in claim 1, wherein
the upper and lower chambers are below the means on
the first tubular member so that raising of the
second tubular member will enhance the impact of
5 a downward jar.

5. A tool for enhancing the impact delivered to an

object stuck in a well bore by means of a jar having a

first tubular member connected to the object and a second

tubular member having a hammer arranged to deliver an

5 upward blow to an anvil on the first member in response to

raising and a downward blow in response to lowering of the

second tubular mandrel member with respect to the first
member, said tool comprising

a first tubular member having a lower end.adapted to

10 be connected to said second tubular member of the
jar for raising and lowering therewith,

a second tubular member vertically reciprocable with
respect to the first member to form on annular
space between them and having an upper end

15 adapted to be connected to a well pipe string
above it,



subconbiwattons arE‘ﬁT’uf"Tity and may be enpl oyed w t hout reference to

ot her* fea |nations. This is contenpl ated by and is
Wi t hin th%“@ﬁﬁ alns 30 As many possi bl e enbodi nents may

bé made o n nvenflon wi t hout departing fromthe scope thereof, it
is( to be understood that all matter herein set forth or shown _
15 I n the acconpanying drawings is to be interpreted as illustrative
and not in a limting sense. 18 16

CLAI M5

a first set of upper and lower longitudinally spaced

“a seal rings within the annular space and sealably
slidable with respect to equal diameter portions

20 of each of the tubular members,

a second set of upper and lower longitudinally spaced
seal rings within the annular space and sealably
slidable with respect to equal diameter portions
of each of the tubular members,

25 said first member having a first set of upper and
lower longitudinally spaced shoulders engagable
respectively with the upper and lower rings of
the first set to 1limit their movement in a
downward direction and a second set of upper and

30 lower longitudinally spaced shoulders engagable
respectively with the upper and lower rings of
the second set to limit their movement in an
upward direction,

said second member having a first set of upper and

35 lower shoulders engagable with the upper and
lower rings of the first set to raise the upper
and lower rings of the first set with it, upon
raising of the second member, and a second set of
upper and lower longitudinally spaced shoulders

40 engagable with the upper and lower rings of the
second set to lower the upper and lower nings of
the second set with it, upon lowering of the
second member,

the upper seal rings of the first and second sets

45 forming an upper pressure chamber between them,

the lower seal rings of the first and second sets
forming a lower pressure chamber between themn,
whereby, with the chambers filled with a
compressible fluid, raising of the second member



“ “ “nrmﬁnng the inpact delivered to an object stuck in a
mell ﬂ W““E a jar having a first tubular nenber connected to
t he o sctc and B secdnd t ubul ar nenber having a hanmer arranged to
deliver a blow 5 to an anvil on the firgt menber in response to verti cal

noyenment with respect.to the fi er., . sai d_t ool conpry sin
a ¢|rst tubul ar menB&t ih&VpR§e§s|%%&JE;“}%i t%%e gpeper and’ lower',
connected to sai d sebambetrsbtibaenhenber the timpat® of an upwaydarj&wr

raising and |owering,sngrau § Ry ofsshe seSoh Cﬂgﬂ\bte'ib% 16;%@%5{(; grtically

reci procable with ct to orm an
annul ar thesﬁé@e&xﬁnwﬁmetﬂ@Wﬁamﬁhﬂmh¢@ t» eppancencthe
adapted to be connegf6d 002 Yebbui,REaStsi-nNg 15 above it,
means on Lhe first tug F omanberwsea abﬁy sl i dabl e W th
respect to the second tubul ar nmenber and on t he second
tubul ar menbergseal g8l ynskidan! §, Whbrein respect to the first

tubul ar nenber_to farm.an 20 r _pressure. chanmber t he space
bet ween them the first set,of upper anﬁeiﬁep %% %?E? PHbJF nmenber
seal ably slidable second tubulmﬂtﬂewmsmearetessbataamamjadﬂndentnenber

to form i 1 pEhed BRMEL L SUG el il LheoRPagte DY NESD 25

t hem whereby, conpressi bl e
fluid, novenent of thbularomemhenperespectively, andrtlhmesecond csat

direction with respgetubPet eha lower ﬁhoulde%%ngh LRINSEcHhd 'n ess the

fluid in the upper ers to enhance the inpact
of a jar 30 are jessentialdy vedipegntditket upper and lower

shoulders on the second set, respectively, when
said second tubular member is in a neutral
position.

7. As in claim 5, wherein

means formed in the outer of the first and second
member through which fluid may be introduced into
a charging chamber between  the nembers
intermediate the upper seal ring of the first set
and lower seal ring of the second set,

the upper of the first set of seal rings has valve
means to permit flow from the charging chamber
only into the upper chamber, and

the lower of the second set of seal rings has valve
means to permit flow from the charging chamber

L]

only into the lower pressure chamber.

8. As in claim 5, wherein
the second member 1is reciprocable within the first
member.

9, A tool substantially as hereinbefore described and
illustrated in the accompanying drawings.



17 . 2. As in claiml, wherein the second nenber is
reei procable within the first nmenber . 3. Asin
claiml1, wherein t he upper and | ower chanbers are above the neans
oh the first nmenber so that raising of the second

tu?ular menber will enhance the inpact of an 5 upward j ar.

4. As in claim1, wherein t he upper and | ower chanbers are bel ow
t he means on the firstagubul ar nenber so that raising of the
second tubul ar nmenber will enhance the inpact of 5 a downward
jar. 5. A tool for enhancing the inpact delivered to an

obj ect stuck in a well bore by neans of a jar having a first tubul ar
menber connected to the object and a second t ubul ar nenber having a
hamrer arranged to del i vahraagRncgowar d blow to an anvil on the first
menber in response to rai sing and a downward blow in response to

| owering of the second tubul ar mand ABSTRAMGT-r with respect to the first
menber, said tool conprising a first tubul ar nenber having a | ower
end adapted to 10 be connected to said second tubul ar nmenber of

t he jg@hfor ¢ ai Ln% and Iomering %hereyﬁth,‘ .a second
tubul ar nenber verticHAY Fﬁc%ﬂﬁ d95e8 @ tfool for enhancing the d@paecs
first nenber tdldlivemsd ampudmrobject stuck in a well bore by means of a
jar having a first tubular member connected to the object
and a second tubular member having a hammer arranged to
5 deliver an upward blow to an anvil on the first member in
response to raising and a downward blow in response to
lowering of the second tubular mandrel member with respect
to the first member, the tool comprising a first tubular
member having a lower end adapted to be connected to said
10 second tubular member of the jar for raising and lowering
therewith, a second tubular member vertically reciprocable
with respect to the first member to form on annular space
between them and having an upper end adapted to be
connected to a well pipe string above it, and first and
15 second sets of upper and lower longitudinally spaced seal
rings within the annular space and sealably slidable with
respect to equal diameter portions of each of the-tubular
members to form upper and lower fluid chambers between the
upper and lower seal rings, and shoulders on the tubular
20 members in the annular space so arranged that, uponhfilling
of the chambers with a compressible fluid, raising of the
second member will compress the fluid in the upper and
lower chambers to enhance the impact of an upward jar and
lowering of the second member will compress the fluid in
25 the lower chamber to enhance the impact of a downward jar.

Figure 1



space hetween them and having an upper end 15 adapted to be

connected to a well pipe string above it,
18 a first set of upper and | ﬁfr | ongi tudi nally spaced seal
rings within the annul ar space and sealablg slidable with
respéct to equal dianeter portions 20 of each of the tubul ar
menber s, . a second set of upper and |l ower |ongitudinally spaced
seal rings within the annul ar space and seal ably - sl i dabl e
Wi th respect to equal dianmeter portions of each of the
t ubul ar nmenbers, g@IA said first nF@r]@avi ng a first sFny] per and
| ower | ongitudinally spaced shoul ders engagabl e espectively
with the upper gy ] ' the first set to limt
their novepent i ; dd r ction and ECOH get of
upper and 30 L al | aced shou s efr \gabl e
respectively wt g apd | ower] pil ngs t he carg set
to limt their 1 A a rd direc¥%®h, sai d
second nenber ha f er 5 | owpf | $houl ders
engagable with t , 32 r rings ofgfhe f gey to
rai se the upper r and | d ri of the firgjgidet It
upon pu
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raisi ng. of the second nmenber, and a second set of upper ‘and

| ower <l ongi tudi nal | y spaced shoul ders 40 engagable with the
upper and lower rings of the ?gcond set to | ower the upper
and | ower rings of the second’%et with it, upon | owering of
the { second nenber, t he upper seal rings of the first
and second sets_ 45 form ng an upper pressure chanber between
t hem the lower seal rings of the first and second sets
formng a | ower pressure chanber between them whereby, with
t he chanbers fil a o] essi ble fluid, Si of the
second nmenber FGPA FlG?BlQ wil | coﬁ@gae
fluid in the UP Ay PR Homer chanbers to enhance the inpact of an
upward j ake andr il o =z’\!g of the s HREr Wi || col q 't he
fluid inthe lo ?&k‘ ll ha iE‘ to enhanc NI | npact  of g (s o418
6. As in clai mNIher gy t first Ngpper and | okgk e S
t he second ;ﬂ I ii‘g gf are e i \lg adj acent IK. rpﬁlr(?gnd
| ower shoul ders [§#ft he Jﬂfj::. tu IPEr, respechy Nt he
second set 3 Jpp a d lower s bh t he seco (. 2% e
essential ly adj Qpdlt t He bdipper and | Nshoul ders B@ REbnd set,
respectively, whe ai d second | \rEanber is in|RY N
posi ti on. W i Q 2
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fﬁ As e« n claimb5, wherein neans forned in the outer of the first and.

secomd menber through which fluid nay be introduced into a

char gi ng chanber bet ween the nmenbers i nternmedi ate the upper

seal rjng of the first set and | over $&xl ring of the second set, the
upper{of the first set of seal rings has valve means to permt flow
fromthe chargi ng chanber only into the upper chanber, and the | ower
of the second set of seal rings has valve means to permt flow from

t he chargi ng chanber only into the | ower pressure chanber. 8. As in

claimb5, where

A ubstantially 2R3 BBoetore descri dGndC

menber . 9.
illustrated in opanyi ng draw ngs.
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