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THE  PRODUCTI ON OF FILMS. - THI'S INVENTLON rel ates to
pol ymeri zation. It rel atés in particular to a-polyner, and to a
« process for producing such a pol yner. According to a first

aspect of the invention, r which
conprises a polyneri zatl U&E‘?KAC%NG AEM G@;ﬁ?mﬂl zing at

| east et hyl ene,  1- pent endUSBIVITH HYDRAGIG RRILLIN

1. TECHNICAL FIELD

This invention relates generally to an accelerator for
10 ‘use with hydraulic jars in a drilling environment and, in
particular, to a double acting accelerator for use with

double acting hydraulic Jjars.

15 2, DESCRIPTION OF THE RELATED ART

Drilling jars have long been known in the field of well
drilling equipment. A drilling d4ar is a tool employed when
either drilling or production equipment has become stuck to

20 such a degreae that it cannot be readily dislodged from the
wallbore. The drilling jar is normally placed in the drill
string in the region of the stuck object and allows an
operator at the surface to deliver a series of impact blows
to the drill string via a manipulation of the drill string,

25 . such as by lowering and raising the drill string.

L
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T orner 6eridsqed praccondance T Uhe 7§ iggsee japect sof] pheasey
|nvent|on there is provided a polyner of at least 10 et hyl ene,
1-'‘pent ene and 1- hexene. Y In particular, the polyyneri zati on product
or polymer nmay be a terpol yner of ethylene, 1-pentene and 1-hexene.
WD 96/ 38485 PCT/ GB96/ 01294

2 Thigg eease?d' %aeua Qm%%%n@l%%eﬁb thet aemmvaai-m? akgere

is provided a terpo ymer of ene, 1-pentene and hexene.

The Applicagherasibatndet aa.ra,zc@qaewel wtutke lobecpohpdepernit conkiiniiet
good properties when noulded into film These properties are

control | ed operakjonby the relative proportions of ethylene,

1- pentene and 1-hexene in the t er pol yner

5 Drilling jars contain a sliding joint which allows
relative axial movement between an inner mandrel and an
outer housing without allowing rotational movement
therebetween. The mandrel typically has a hammer formed
_thereon, while the housing includes an anvil positioned

10 *  adjacent the mandrel hammer. Thus, by sliding the hammer
and anvil together at high velocity, they transmit a very
gubstantial impact to the stuck drill string, which is often

sufficient to jar the drill string free.

15 In.some_instances it is desirable to greatly anhance
the force of the impact biows g0 that a much larger
hammering force can be applied to a stuck object.
Typically, the force of the drilling jar has been enhanced
by adding an accelerator to the drill string. The

20 accelerator is used to store energy until the Jjar is
triggered. When the jar is triggered, the accelerator
quickly releases its stored energy and acceléfates the
hammer of the drilling jar to a very high speed. The force
of the impact is, of course, related to the square of the

25 velocity, thus, the hammer force is greatly enhanced by the accelerator

This Sheet Has Been Re epla

LT

e Arrr ey NAANART SHNITSIANNNS une4



T The nol ar 66 &7 maptz"f'h‘;dmepauuq’t‘ﬁ?‘§f‘t|thfgznqa|gem‘"eﬁ'§’-amlalpmai&g mrexeTeT T

in the terpolynmer nay be between 99, 9: 90, 0: 10,0, while the
"mol ar ratio of 1- pent ene to1yl- hexene thereln may, be between 0, 1:99,9
and 99, 9: 0, 1. The terpolynmer may have a nelt flow rate, as

measur ed according to ASTM D 1238, in the range of about 0,01 to 15

according to | RecoREhyerkdding, ok é:ﬁraxg‘é‘*s?%é%s%f oPad Fheiame
erpol yror Sapable of degddrinsZhoBiRS kIR, th bOE RATHbkAE HRE

thi ckness odowR@ara d9reBt3bRlS roP eRamdie] OVE. exvh&uﬂ%r m,w khas3.2%%rr] C
mel t tenperature using a 2:1 blow ratio, conply
foll ow ng rissueidtNevember 30, 1982, to Robert W. Evans, deacrihas such

5 a double acting drilling jar.

Heretofore, double acting accelerators have not baen
available to ccoperate with double acting drilling jars.
Thue, it has not been possible to deliver enhanced upward
10 " and downward hammer blows with these double acting drilling

Jare.

The present invention is directed to overcoming or
minimizing one or more of the problems discussed above,

15
SUMMARYX OF THE INVENTION

In one aspect of the present invention, a double acting
20 accelerator 1ls provided. The accelerator includes a tubular
housing, and a tubular mandrel substantially coaxially
arranged for telescoping longitudinal movement within the
tubular housing. A first piston is positioned radially
betwaeen the tubular housing and mandrel, and is adapted for

25 movement with the mandrel in response to movement of the
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(a) a nelt flow index, as neasured according to ASTM

D 4238,, of 0,01 to 100g/10Q: . nutes; (b) .a density, as
nmeasured according to ASTM D 1505, ' of* 0,890 to
0,950g/cnferr]; 5 (c) an inpact strength, as measured accordi ng
to ASTM D 1709, of greater than 60g; (d) a
t ear strengmmndaelnﬁasargdra@cépugnguﬁénASTﬁﬁcnction relative to §ha) of
greater than 3, gg/ [err]min the mach di rection (hm»
and gr eat erNPR& “izg/FBFF ﬁFrntbﬂefifﬁt piston is als?rﬁﬁ%?ﬁﬁgetelrectlon

(TD); and copt ai ns un deriyv ent epe _an

1-hexene betSRiAto 12“8&%“%6“ |EPV$“§§ efﬁfﬁgg £ mo shent"of gb?

[err]C  N\Ryp d?éi”@heﬁ se@gﬁﬁohxﬁg1tuh§na11d2rection relative to the

di chl or obenze ol ynmer thus has superior |npact strength

ad good housingfar aApeepehili pisvbANikl peBitlibAed talifally between the
tubular housing and mandrel, and with the first piston forms
a substantially sealed chamber therebetween. The second
piston is adapted for movement with the mandrel in response
€0 movement of the mandrel in the second longitudinal

10 " direction relative to the housing and adapted to rasist
longitudinal movement in response to movement of the mandrei
in the first longitudinal direction relative to the housing.
Thus, the chamber has an increase in pressure in response to

novenent of the mandrel in both the first and second

15 longitddinal directions relative to the housing.

BRIEF DESCRIPTION OF THE DRAWINGS

20 other objects and advantagas of the invention will
become apparent upon reading the following detailed

description and upon reference to the drawings in which:

This Sheet Has Been Replaced

a2 *A Qb CY QRRT 777 _ NOGHOT S¥31s33304 HOoNd




TMETETORG! (@ ritady TEM™oat L t it RN g 0E e JrE PPy poa 1000y - ——

it is bottomblown into a filmhaving a thickness of 30 m crons on
a 31, 77#mm extruder with 220C nelt 20 tenperature.;using a 2:1 bl ow
ratio, conply with the : foll ow ng requisites: (a) a
melt flow index, as neasured according to ASTM D 1238, of

0,01 10100510’ B o3 113umexge, AR By RSB TINS5

96/ 38485 section, of a double aotiqg acoeleﬂPQEQGE%@kﬁéépin its

4 (c) an inpact strengt as neasured according to ASTM

D 1709, of gefeiral opara¥lgg position; (d) a tensile strength at
break, as neasured according to ASTH D 882, of greater
than 25 MPa 5 in the machine direction (MD) and greater than
25

5 Figs. 2A-~C illustrate successive portions, in quarter

gaction, of the accelerator in 1ta_dcwnward coperating

position; and

Figs., 3A-C illustrate successive portions, in quarter
10 " section, of the accelerator in its upward operating

position.

While the invention is susceptible to various

modifications and alternative forms, specific ombodiments

15 thereof have been shown by way of example in the drawings
anﬁ wiil herein be described in detail. It should be
understood, however, that this specification is not intended
to limit the invention to thae particular forms disclosed
herein, but on the contrary, the intention is to cover all

20 modificationsg, equivalents, and alternatives falling within
the spirit and scope of the invention, as defined by the

appended claims.

C6.
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derived from 1-pentene and - hexene between 0.1 and 10

" nbl ar % as determ ned S by [err]C - NVR  (sanpl es
dissolved in 1,2 10 di chl or obenzene) . Such a

- polyner thus has superior inmpact strength and good tensile strength .
at break when blown into a f|Im i I L LS ' gent of the
i nvention, the terpol y~ss ; e AR AEAIS TS DegtN i nto a film
havi ng a thickness of 15 30 mcrons on a 31,77nm extruder wth

220C nelt tenperature using a 2:1 blowratio, conply with the
accor di ng 1 o ASTIReferring to tha aleyingm a drPakinery ha Rs. 20
0,890 1o 0, SRS feLse, s ¥ iyt R lddeblly agting mocererater, O
ageording tq AYMen is of substantidl Heher nebcRRatiRy vk it be
| shown in three longitudinally broken quarter sectional
views, viz. Figs. 1A, 1B, and 1C. Each of these views is
shown in longitudinal section extending from the center line
(represented by a dash#d line) of the accelerator 1 to the
10 . outer periphery thereof. The accelerator 1 generally
comprises an inner tubular mandrel 2 telescopingly supported
inside an outer tubular housing 3. The mandrel 2 and
housing 3 each consiste of a plurality of tubular seguments

joined togather preferably by threaded interconnections.

The mandrel 2 consists of an upper tubular portion 4
having an inner longitudinal passage 5 extending
therethrough. The upper end of the upper tubular portion 4
is enlarged az indicated at 5a and is internally threaded at

20 6 for comnnection to a conventional drill string or the like
(not shown). The lower end of the upper tubular portion 4
is provided with a counterbore ending in an internal
shoulder 7 and is internally threaded as indicated at 8. Aan
intermediate portion of the mandrel 2 consists of a tubular

25 portion 9 which has its upper end threaded as indicated at

*
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253 a teistd 82 Idrengt Wl BHIIYTET A, 24567 wehgaT 8" Mm% pasrsasy
according to ASTM D 882, of greater than 15 MPa _ WD 96/ 38485

PCT/ GB96/ 01294 Y 5 ™ in

t he machine direction (MD) and greater than 14 ' MPa in the
transverse direction (TD); and (e) contains units derived from

1- pent ene 1. Rhexgpne t n 1 I %
deterninedqng fox connectioByinsig?rfgg Qﬁﬁﬁgﬁéfggﬁﬁﬁggn Qd?%s@ﬁ?e%gaefn
1,2 ' o] e : %H&Pt u as good
| mpact strgﬁbt léﬁdpﬁggggh ROQEE%eﬁé%I%P ??eﬁa?h at §?£F%M§E%%ﬁ§|gﬁﬁ into a

film shodldér f oUr t fheTpadedeaghaobet ERei EWBRLAP poi-bEches PesyNEr 10
may, when it is injection noul ded according to ASTM D 647, conpl vy,

with the fdHmomwded regtesnaddy as indicated §8)1h amdtié| provided, with

E?ﬁﬁ?;g? aiﬁfrfgéfkiglpfiﬂl or passage 12, w§3é§3§é gfcghginagt%gggé%o
the passage 5 in the upper tubular portion 4. The lower end
of the mandrel 2 consists of a tubular portion 13, which is
provided with a counterbore ending in a shoulder 14 and
internally threaded as indicated at 15. The tubular portion

10 " 13 i{s threadedly assambled to the lower end of the tubular
portion 9, with the lower and thereof abutting the shoulder

14.

The 1owa§ end portion of the tubular portion 13 is

15 threaded as indicated at 16. A sleeve member 17 having
internal threads 18 is threadedly secured on the lower end
of the tubular portion 13. The tubular portion 13 is
provided with an internal longitudinal passage 19 which is
an extension of the passages 5, 12 and opens through a

20 central opening 20 of the sleeve member 17. The three
portions 4, 9, 13 of the mandrel 2, are threadedly
assenbled, as shown, into the unitary tubulaf mandrel 2,
which is longitudinally movable inside the tubular housing
3.
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0,890 to 0,950¢g/cnferr]; an | zod notched inpact strength,

as’ neasur ed 2o accordlng to ASTM D 256,—pf between 5 and 60

kdJ/merr]; (d) a tensile strength at yiefd} as neasured 20
according to ASTM 638 M of between 10 MPa and 25 MPa; and

f 1;
betueen 0. 1 and fPHCPPEERESoRELRF HolF fo¥neq,in agyeral gpetions £oE,
C91|6/838|4\8/§d pikrpodad of S assembly, scmav%@lﬂ%%kgzﬁlb Z%Tdrel 2 /O
6 SuCihe BFPSFEERd oS 66 EueeDEk hahediney of ¢dm&t§té£rwt£ubu1a:

and tensile strength at yield, when injection noul ded
member 21 which hac a smooth inner bore 22 formed by a
5 conventional bearing 22a at its upper end in which the
exterior surface of the upper mandrel tubular portion 4 is
positioned for longitudinal, sliding movement. The lower
end portion of tha tubular housing member 21 has a portion

of reduced diameter forming an annular shoulder 23 and

10 " having an exterior threcaded portion 24.

The tubular housing 3 is provided with an intermediate
tubular member 25 which is internally threaded as indicated
at 26 at its upper end for threaded connection to the

15 . threaded portion 24 of the tubular mémher 21. Thae upper end
of the intermediate tubular mamber 25 abuts the shoulder 23
when the threaded connection is securely tightenéd. The
lower end portion of the tubular member 25 has a portion of
reduced dianeter forming a shoulder 27 and is externally

20 threaded, as indicated at 28.

The lower portion of the tubular housing 3 conasists of
a tubular membexr 29 which is internally threaded, as
indicated at 30, at its upper end for connection to the

28 threaded portion 28 of the intermediate tubular member 25.

»
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et hyl ene, 1-pentene and 1-hexene in at |east one 5 reaction zone,
whi I e mai ntaining the reacthon zone at a pressuhe in the range

bet ween at nospheric pressure and 60 kg/cnferr], "and at a tenperature
between 30[err]C and 120C in the presence of a catal yst or catalyst

107" s g imen epdcelothey ?mus%”’ e 24,4t The * oy oceos
conpri ses adl 'é@r%?lﬁ?évé-] %@ﬁél?r?e% A,eg&md 5 secure - hexene in at

| east one reaction zone reac n zone at a

pressure bWRerddDSPRGE | fowar ona &F g and at a
t enper at ure bet ween 30[err](? 15 " and 126F1rr C, |n the presence of a

cat al yst sysitBnd Ity cihréfded, as i:mmhmaatpdmrrerl zed product.
The pol yneri zed product or polynmer may, as nentioned her ei nbef or e,
Be a terpol ymer of said ethylene, 1-pentene and 1- hexene.

A tubular member 29a hag a portion of reduced diameter
forming a shoulder 27a and is threadedly connectad at its
upper end to the threaded portion 31 of the tubular member
29 in abutting relation with the shoulder 27a. The lower

10 " end of the tubular member 29a includes a threaded portion
31a engageable with a tubular connecting member 32. The
tubular connecting member 32 is extornally threaded, as
indicated at 33, at its upper end and hes a shoulder 34
against whioch the lower end of the tubular member 29%9a abuts

15 when the threaded connection 31a, 33 is gsecurely tightened.

. The tﬁbular connecting nemhaf 32 has an inner longitudinal
passage 35 which is a continuation of the passages 5, 12, 19
through the mandrel 2. The lower end of the tubular
connacting member 32 is of a reduced diametaer and is

20 provided with an externally threaded surface 32a for
connection into the lower portion of a drill string or for
connection to a fish, or the like (not shown), when the

apparatus is used with a fishing jar.
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phase. The polynerization reaction may be perfornmed in.

substantial ly oxygen and water free state or atnDsphere WO

96/ 38485 PCT/ GB96/ 01294

7 and may be effected in the presence or absence of an inert

saturat ed hydrocarbon A slurrying agent or solvent is thus
requi red, and may®Behas alreagdy Pﬁ%?t“°€ﬁ?ur%h%@%%a?bﬁ?ﬂ hougingeBr ed

sat ur at ed Sa rb uitaple for use as_slurr agents or
solvents are £Q¥g£§a 8°°t °n: 3?(?%5??ﬁﬁﬂ Q& a???%#ﬂﬁ “he
hydr ocar bon ag hgx ék& eac i on
tenperaturesﬁgﬂaﬁglln theaggﬁﬁgg%fgg%ﬁgf%?{?g moveme%%‘%_ err gtafed
her ei nbef or ea cﬁatseiarzéfﬁahluetneéhethéouandréﬁrweaﬁ ﬂuﬂﬁ&%t&
100[err] C and nost preferably in the range of
S filled with a suitable operating fluid that is preferably
compressible, e.g. silicone, and it is theraefore necessary
to provide seals against leakage from threaded joints formed
at the various sections of the mandrel 2 and housing 3 and

also from the pointe of sliding engagement betwaen the

10 " mandrel 2 and housing 3.

As previously noted, the exterior surface of the upper
mandrel portion 4 hac a sliding fit in the bore 22 of tha
upper tubular member 21 of the housing 3. The tubular

1s me?her.21 is provided with at ;aast one internal annular
recess 38 in which there is positioned at least one seal 39,
which seals the sliding joint against leakage of hydraulic
fluid, ILikewise, the threaded connéction betwaen the
tubular housing members 21, 25 is sealed againat leakage by

20 an O-ring 40, or the like, poaitioned in an external
peripheral groove 41 in the lower end of the tubular housing
member 21. The threaded connection between the tubular |
housing members 25, 29 is similarly sealed against £luigd
leakage by an O-ring 42 positioned in a peripheral groove 43

25 in the lower end portion of the tubular housing member 25.
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at nospheric pressure to 60 kg/cnferr] as statiyed hereinbefore, it
is . preferably in the range 3 kg/cnferr] to 30 kg/cnferr], stil

nore 15 preferably in the range 4 kg/cnferr] to 18 kg/cnierr].

The catal yst or catal yst systemmay be a Ziegler-Natta based
catalyst or catalyst system Any suitable Ziegler-Natta
catal yst orLdkesiipsi, $het thrkededt hphnaction betwpahyhheitubﬁbarcan at

| east in principle, be used. A 20 cat al yst ,system conpri sing

titani um baBeHsEnggReRbREE: 39, 29a is gealed: againstSluid. Fﬂk?ﬁ? th
al um ni um conp referred

titani um mad Hegungpg 42a poﬁﬁFgPPﬂg iguﬁpgffgﬂh ig&E?gxﬁtfaa iﬁtﬁpﬁst

Eg¥;2%96?01552’r endmgb%§é§§4§§ the tubular housing gember 29a.

]
Finally, the threaded connection between the lower end
of the tubular housing member 29a and the connecting memher
32 is similarly sealed against leakage of fluid by an O-ring
46 positioned in an peripheral groove 45 in the upper end of
10 ~ the connecting member 32. Similar seals are provided to
prevent leakage through the threaded joints connecting the

saveral sections of the mandrel 2.

The space between the inner bore of the various
15 components ‘of the housing 3 and the external surface of the
mandrel 2 provides an enclosed chawmber and passages for the
flow of operating fluid, such as silicone, throughout the

accelerator.

20 At the upper end of the tubular housing member 21, the
spaca between an inner bore S50 therecof and an external
surface 51 of the tubular mandrel portion 4 provides a
chamber 52. The upper end of the chamber 52 is provided
with a threaded opening 53 in which a threaded plug member

~12-
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“productiveg:gzofeiail 1 eadll R3Ukg pol yner {igfarmeafiicat apyit paaisosy Wher e the
- sgid catalyst has the abiliy to incorporate at ' the sanme tine about
the sane |evel of 1-pentene and 1- hexene in the pol yethyl ene chain.
5 . In particular, the Ziegler-Natta catal yst may be that

* obt ai ned by (i) adding dibutyl ether under inert conditions to

. | i
?nert saturgfeéﬂhﬁﬁﬁsus nshﬁrq Eﬁﬁga%ghousgﬁ%%gﬁﬁ'%@kﬁﬂd% quﬁ%ﬁggpratio
of anhydroug @%ﬂaﬁ?éﬂgﬂH3£”€H33dﬂ%ratinq fluid. di butyl ether being

bet ween preferably between 1:1 and 2:1,
and stirring the resultant m xture for a period of 30
mnutes to 10 hours, preferably from4 to 6 hours, at
room 15 The exttmyienatamxface of the tuhph@r magheirred. portion 4
triethylalumnium dropw se to the suspensi on, W th
the ol ar is oft g3 ightfly reduced diameter @t & Apwerysmd mettdamBRir ous

betueen 4 1thageot, and is proyided Hith & BuWFAI L4 Aadanettudinally

support- contalnuging grooves 56 forming splines therebetween. The
lowexr end portion of the tubular housing momber 21 isg

. provided with an inner bore 57 having a plurality of

10 " longitudinally extending groovesg 58 therein and
circunferentially spaced to define a plurality of splines-
therebetween to interact with the splines and grooves 56 in
the upper tubular mandrel portion 4. The grooves 56, 59 in
the tubular housing member 21 and in the tubular mandrel

15 portion 4 arpiof_greater depth than the height of the
opposed splines posi.tioned in those grooves 56, 59. Ag a
result, longitudinal passages are provided along the
respective grooves 56, 59 in the mandrel portion 4 and the
housing member 21. The passages formed by the clearance

20 between the splines and grooves 56, 59 permit operating
£luid to flow betwecen the chamber $2 and the lower portions

of the accelerator 1.

Additionally, the arrangement of longitudinally

25 extending splines and groovee 56, 59 in the tubular housing

13-
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-an,al cohol, with the molar.ratio of the al cohol to the
initial" nagne5|un1chlor|de bei ng between 25 - 0,4:1 and 4:1,
preferably between 0,8:1 and 2,5:1; WO 96/ 38485
-PCT/ GB96/ 01294 9 (iv)
stirring the alcoho actjvated support m xture for between
1 and 10 hoJPe™® +£ %‘#y"?o e t?t?hular mandrel paxkion A prevides & and

(v) adding 4‘51@@ PR At ] Mo RAGN A Ule/ Udifarad 2 i tna.

support mixture suc
chl oride tC)HﬁﬂﬁﬁﬁéLﬁ“ﬁ&%ﬁ&ﬁﬁ“@éfﬂiééﬂﬂé’rotary movement tHEIbdSyd&]veen

2:1 and 20:1, preferably about 10:1, to forn1a magnesi um
chl ori de supported titani um catal yst.
s The clearance between the tubular housing member 25 and

the mandrel portions 4, 9 is such that there is provided a
hydraulic chamber 63 of substantially enlarged size relative
to the hydraulic chamber 52. In one embodiment, this
aniarqed c¢hamber 63 operates as a fluid reservoir for a main

10 " operating chamber, described in detail below.

The tubular mandrel portion 8 is provided with a
plurality of longitudinally extending grooves 76. The
grooves 76 provide flow passages for the flow of operating

15 . fluid, as will be subsegquently described. A spacer ring 77
is supported on the tubular mandrel portion 9 and has an
internal eurface 78 spaced from the exterior surface of the

mandrel portion 9 to provide an annular flow passage 79.

20 The spacer ring 77 is provided with apertures 80 which
open from the passage 79 into the hydraulic chamber 63. The
lower end of tha passage 79 also overlaps the upper end 02.
th§ grooves oxr passages 76 to provide for continuous £luid
communication between the hydraulic chamber 63 and the

25 grooves 76. The upper end of the spacer ring 77 abute the

-14-
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cat al yst. The magnesi um chloride is used in a formo anhydr ous

- npgnesi um chl ori de havi ng.a maxi mum wat er cont ent o of 1.5 %
Magnesi um chl ori de with a water content bel ow 1.5% is
commercially avail able. However anhydrous 15 magnesi um chl ori de
can be obtained fromMC [err] 6H err]0 by known nmet hods of
anhydri zat ilmwer end of e tchilat imandfel wrrunirdus Tiegnbewem ehdor i de
Is thus performed under inert conditions, ie in a substantially 20
oxygen and ofatthe fepacen nolnm eI tad im turn prabibked C#Ytﬂée upper endert
saturat ed derocarbon Preferred inert, hydrocarbon I quj ds are
ali phatic URRARE RITHLAR B2 YRR fits °Ve’hy"t')‘?%c%1’p6%ﬁ§aland t he

nost pref e%&%@éf SEXANS Rllaral portﬂﬁpt@% which the gY¥9856354%3re

PCT/ G3B96/ 0
5 formed. The tubular portion 82, tharaefore, encloses the

grooves 76 and definaes a system of longitudinally extending
passages. The lower end of the tubular portion 82 abuts an
annular spacer ring 83, which is provided with a plurality
of apertures 84 opening into the ends of the grooves or

10 " passages 76.

An inner surface 86 of the housing member 29 and an
outer surface 87 of the tubular portion 82 are spaced apart
to define a hydraulic chamber 88, which is the main

15 operating chamber mentioned above., Generally, the operating
£luid within chamber 88 resiéts relative movement of the
nmandrel 2 and housing 3. That is, relative mgvemen£ of the
mandrel 2 and housing 3 reduces the volume of the chamber
88, causing a significant increase in the internal pressure

20 of the fluid within chamber 88, thereby producing a force to
resist this relative movement. This resistance to relative
novement allows a large buildup of static energy. Thus, -
when the force urging the housing 3 is suddenly removed, as
by tripping of the as=ociated drilling jar, the static

25 energy is converted to kinetic energy, causing the mandrel 2

~18.
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.washed with an inert hydrocarbon |iquid, eg hexane, before addi ng
"the al cohol thereto. ' The al cohol may be selected fromthe al coho
range having 5 from2 to 6 carbon atons. The al cohol nmy be used

. al one, in a diconponent mxture, or in a three conponent m xture.
A three conponent m xture of alcohols is preferred. The nost

pref erred nmambdieusing s tetnove rapibtiylvvhdcselerate mhanmenewtthin
nunber of carbon atons as_the mononers used 10 in the polynerization.

Exanpl es of thrtagfeetated dribhing Jar (nef shewy %o %‘%‘F}Hrl%lalaanil .
1- | | h h t

e o arass Elkh 'S torcar A shi e i et fatsd eReh, 10°
bet ween the dyis ACONALS 38 dedete eddbdy U %%cu},&,ush&&@y%&e&ﬁgh%

m xture, the preferred
5 the mandrel 2 relative to the housing 3 in either

longitudinal direction.

Preferably, the operating fluid is selected from a

grouplthat is relatively compressible. For example, liquid
10 " msilicone is proferred bocause it is substantially more

compressible than conventional hydraulic fluiq. It should

ke appreciated that it is the compression of the fluid that

stores the energy in the accelerator. Additionally, any of

a variety of compressible gases, such as nitrogen gas may
15 also be used as the compressible fluid without departing

from the spirit and scope of the instant invention.

Accordingly, means iz provided for substantially
sealing éhe chamber 88 to permit this buildup of prassure
20 therein. The surfaces 86, 87 of the chamber 88 arae smooth
cylindrical surfaces, permitting free movement of a pair of
pressure pistons supported therobetween and defining the |
chamber 88. At the upper end of tha hydraulic chamber 88,

an annular pressure piston 89 is positioned between the

25 surfaces 86, 87 for sliding movement therebetween. The

-16-
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. suspension may be stirred - unpder reflux, and allowed to? cool, eg for
24 hours. The resultant catalyst containing 20 slurry can then be
t horoughly washed with an inert hydrocarbon |iquid, eg hexane.
The cocatal yst may be an organo al um ni um conpound. The or gano

al um ni um conpound nmay be expressed by the formul a ¥1)96/38485
PCT/ GB96/ 0 Bdgston 89 is sealed against fluld leakage |hy O-rings 90,

fo 15 onr barpuithaned I ariufagtarartng aau o1 codbeseivaigr, '
represent eq,gy,,g.,at ng % gﬁggg;,fgs %agpagéaoéy enga ﬁﬁah{:aakeh%ﬁano

al um ni um conpoun e used are tria al um ni um a
trial kenyl dAde-@i Ui afapathi pht¥icular, Habﬂﬂﬂiﬂéﬁdfoﬁin&wby eheMefaum

an al kyl al um ni um sesqui hal 1 de, and an al kyl al um ni um

& hal i de. Rsefeliaefpacer ring 77. That is, downward movement of the
mandrel 2 and spacer ring 77 engages the piston 89 and urges
it downward. Alternatively, the lowar end of the tubular
housing member 25 forms a shoulder that prevents upward .
movement of the piston 89. Thus, the longitudinal position

10 ' of the piston 89 is affected by movement of the mandrel 2 in

only the downward direction.

In one embodiment, the piston 89 is provided with at
least one passage 94 to permit a small leakaga flow of
15 operating fluid therethrough. This leakage flow from the
chamber 88 to the chamber 63 occurs during thermal expansion
of the operating fluid as the accelerator 1 is loweréd into
the wellbore. However, during jarring, only a very small

amount of operating fluid passes through the passage 94.

20
The lower end of the chamber 88 is similarly sealed by
an annular pressure piston 111, which is substantially
gimilar to the piston 89. The piston 111 is sealed against
outward flow from the chamber 88 by a conventional one~way
25 check valve 112. Also, the piston 111 is moveable upwards

«17=-
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preferred is triethylal um mum 10 The atomic rati,o of alun1n|un1to

ti taniumin the catal yst R system nmay be between 0,1:1 and 500: 1,
preferably between 1:1 and 100: 1. The reaction is thus
carried out in one or nore reaction zones, in a single stage reactor
vessel or a chain of two 15 or nore reaction vessels. The
reacti on caeybengegenent] wvith bhechnmubmrompacenwning 83 duriusit ene and

1- hexene may t hen dded si neousl t st rt f t he
reaction, t gvﬁ?ﬂ?geﬂg ghﬂéﬂaﬁ iy nﬁoﬁBV%r And °?ﬁw?% he, Eg 8? t he

reaction,  agg\QoREAIUGR BET e et arrﬁmf,g%daw&f%ace&xgs gf the

reacti on. reactron can ed 1n a batch

B 3 i e A oo B vl T
cpurse of thgvéRafti EHeRrBELN0 PhEUJEEECREVATVE EDTY eperiiitoothe
replacement of the very small amount of fluid that leaked
through the passage 94 during a previous jarring action.
That is, after a jarring action, the pressure in the chamber
110 exceeds tﬂat in the chamber 88. Thus, fluid flows from
10 " the chamber 110, through the check valve 112, and into the
chanber 88, therehy restoring the volume of fluid in the

chamber 88 to its pre~jar level.

The mandrel 2 and housing 3 are urged to remain in the

15 central or ngﬁtrql position illustrated in Figs. 1a-cC by a
pair.of coil springs'lls, 119. ! The coil springs 118, 119
are coaxially positioned about the tubular poriidn 82 within
the chamber 88 and respectively extend between the pressure
pistons 89, 111 and a pair of radially extending flanges

20 120, 121. In particular, the flanges 120, 121 form
shoulders 122, 123 against which the coil sp:ings 118, 119.
rest. The springs 118, 119 also operate to urge the pistons
89, 111 toward the ends of the chamber 88 and to maintain

the accelerator 1 in its central or neutral operating

25 position.

18-
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12 the course of theyreaction. A still furthéralternative,
when the reaction is effected in a batch fashion, is to add ei t her
1-pentene-1 or 1-héxene at the start of the reaction and to add
et hyl ene continuously during the reaction and 5 t hen suppl yi ng

continuously or discontj nuously the oner | C ot added at
t he begi nni ng of® t%ﬁ%&ﬁi%ﬁ‘fgﬁt%ﬁm& p"%)t‘_'"‘pﬂ'r“o'!’éiu\gtq‘l b%%%f? nmoved during
the course {fs deiordiffy itwean the rlsfePHd AN tubifgad be

effected in a I nuous manner W et hylene being added

10 CONtyj M1 | 30a XY 1 doDONE 4 hydithl fledENE 8L 1 i Nshamseled110
toget her or separately, continuously or discontinuously, during the

course of tfiem agpd iinterndl pdesagasEs i herhe chambegr atlktiss renoved
continuously fromthe reaction vessel. The terpolyners obtained
rom a par fiysidanl feslly copnected tdthe grgaves pif tthagugh stheof reaction
conditions have a random
plurality of apertures 84. Thus, the chamber 110 is in
hydraulic communication with the chambers 52, 63 to form a
substantial fluid reserveoir for the oparating chamber 88.
The floating piston 109 moves longitudinally within the
10 . chamber 110 to acconmodate pressure changes between the
chambers 52, 63, 110 and the internal passage 35. These
pressure changes are ordinarily associated with variations

in the temperature of the operating environment.

15 ; - A better appreciation of the opération of the
accelerator 1 may be had by reference to Filgs. 2A-~C, where a
cross sectional view of the accelerator 1 in its downward
operating pesition is shown. The interaction and moéement
of the various components of the accelerator 1 may best be

20 appreciated by a description of its operation_during an
actual downward and upward acceleration. Therefore,
referring now to Figs. 2A-C, the movement of the various
components of the accelerator 1 during a downward

acceleration is illustrated and discuesed.

«10-
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.reactivities of the nnnonerﬁ This provide a uni que togl for
obtaini'ng a large variety of ethylene, 1-pentene and - 1- hexene
terpol ymers whose properties are mainly controlled 20 by their
conposition and non-uniformty. The nol ecul ar wei ght of the
resul tant randomterpol yner can be regul ated by addi ng hydrogen to
the reacti on zonkt sheuld be apgreaieteéhéhahnan@iﬁﬁiﬁiﬂﬂbﬁeﬁPaHGGGOﬂthe

'wgwgg, B peourEing in the actuLotatordl' 18" ehdoparaRln B V™"

t ant n
regulated bggY%§Q$%%§P ég ?gﬁ i?Lﬁ“ﬁeQ Qgﬂ% R§§L¥§§égf§ Qﬁe
great er theo foR! fhehéuBm&oﬂspeat emszaﬂd 4188%8884 in deth@ﬁoriﬂiorat ed
in the terpo ymer t ower Ts its denS§ity:
s ccnjunction with the drawings illustrated in Figs. 2a-cC.
Further, a description of the accelerator 1 in its neutral
position has already been shown and discussed with respect

to Fi@!s. 1A-C.,

10 ' The accelerator 1 operates to enhance the hammaring
action of a drilling jar by storing a large amount of anergy
therein, which is released in response to the jar being
triggered. Accordingly, before a downward jarring action
can be initiated, it is first preferable to “arm" the

15 accelerator 1 by placing a portion of the weight of the

. drill string onto the accelerator 1 and jar. Figs. 2A<C
illustrate the mandrel 2 and, consequently, the épacer ring
77 movad downward relative to the houeing 3 and, in
particular, to the tubular member 29. This downward

20 movement is, of course, caused by the weight of the drill

string resting thereon.

The mandrel 2 has moved sufficiently far downward that
the spacer ring 77 has longitudinally moved into the chamber

25 88, carrying the upper piston 89 therewith. The spacer ring

«20-
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1-hexene are sensitive to oxidation and cannot normally b used

wi't hout adequate stabilization. The decrease of - crystallinity of
t he copolyner with the increase of the conononer content, increases
t he oxygen absorption of the 10 copol ynmer and consequently its
t her nooxi dati ve degradati on. Thus, according to a fourth aspect of

t he i nvent i%9h hasm&arried the |31§#Q5V|Q%dl@9)(i%é?h $84 drhexeb¥h
I hexane, cempressing {id At o IS chapitel U s HERYEY Syon
S I
g![ :albl) i gg? I:ﬁarfd !yowm%r, ﬁ%tcorghect&% %{%}gﬂ&?ﬂ}% %er al | p]?"lu%l c acid.

Such a A{% PomiSdP o a 2AGHERAF G fhg tm%ﬁxlﬁ?éiﬁfdinal movenent

degradatlon an as good Iong tern1heat stabilization. 20. The

tser pol yner tHiteof N [FE lslod Bl  bdapprécistabailate 1f a relsebvalpeton=
compressible hydraulic fluid were to be is used in the

chamnber 88, then only relatively minor movement would occur.

The coll spring 118 is shown to be relatively
10 ' uncompressed, owing to the lack of longitudinal movement
between the piston 89 and flange 120. The coil spring 119,
on the other hand, is highly compressed, owing to the

longitudinal movement between the piston 111l and flange 121.

15 ' at this point, the accelerator 1 is fully "armed" and
| prapared to accalerate the hammer of the jar in response to

the jar being triggered. In this downward actuation, the
mandrel 2 has been forced into the housing 3 by placing the
weight of the drill string onto the accelerator 1. When the

20 jar triggers, the support for the housing 3 is removed and
the housing 3 is free to move downward with the hammer of .
the jar. However, tha accelerator 1 enhancaé this downward
movenent. Since the jar below no longer resists downward
movement of the housing 3, then the pressurized fluid in the

25 chamber 88 is free to expand and force the housing 3

21-
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14 The phenolic stabilizer conponent nmay conprise a phenolic
stabili'zer with a nol ecul ar mass hi gher t han 300 and/or a nononeri c
phenolic stabilizer. More particularly the phenolic stabilizer may
be a m xture of t he phenolic 5 stabilizer with a nol ecul ar mass hi gher

t han 300 and war? alo n8§€£'8h2h§ eas? gkthL|§§£ Ehﬁshgﬁgpedphen0|ic

stabilizer conponen onprisé at one

hydroxyphenyéseﬁmpaﬁt e:aatwydﬁﬁxxésamm hammerfﬁ?pﬁﬂﬂée o %h&yhh@%‘“e
bi sphenol . Mre particularly, the 10 phenolic sTabilizer conpofient may

conprise a phenolic oxi dant havi ng nol ecul ar nmass greater than 300,
and may be selected fromthe group consisting in tetrakis nethyl ene
(3 ,5-di-t-butyl -Refierrdrg nowytiooFigaandlef, annmapWward; actuation of the
octadecyl 3-(3,5-di -t-butyl -4'-hydroxyphenyl) propionate, 15 1, 3,
5-5ris (3 - Acesleratey| 14inydesxybbady| )Onget againacthe upward

actuation is proceeded by the accelerator 1 being positioned
in its neutral position, as shown in Figs. 1A-C. An upward
actuation kegins by the mandrel 2 being withdrawn or pulle&
upward and out of the housing 3. Upward movement of the

10 " mandrel 2 causes the spacer ring 83 to engage the lower
piston 111 and move the piston 111 upward with the mandrel
2.

Movement of the piston 111, of course, reduces the
.15 volume of the chamber 88 since the upper piston 89 is
prevented from moving upward by engagement with the lower
end of the tubular housing member 25, Thus, thiz movement
begine to drastically increase the pressure therein. Aas
discussed previocusly, a small amount of hydraulic fluid is
20 allowed to leak from the chamber 88 through the upper
pressure pliston 89, thereby permitting continued gradual

movement of the mandrel 2 upward and out of the housing 3.

The coil spring 119 is shown to be relatively

25 uncompressed, owing to the lack of longitudinal movement

. This Sheet Has B
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butyl-4-hydroxypheny|)-prpp§onate. Mononeric ,phenolic stabilizer
ant’i oxi dants are dual o functi onal conpounds"h&ving an anti oxi dant
function and a 20 pol ymeri zabl e group. They can be incorporated in
t he pol ymer by physical nmethods ie nmelt m xing the polynmer with
t he nononeri c anti oxi dant or as the honopol yner of the nononeri c
ant i oxi danbetweene fheqplilsdon 341 mod flesmyed 12y.. The caddpeEpriery Zas8 on.
The preferred,geth of incorporation 25 of the nmononeric anti oxi dant
is graft cBﬂoFggePi o band, i= highly;oompressed, owing to the
PCT/ GB96/ 0 5 I nitiated by
radi cal i nllglgéti Sudinal me Vﬁggﬁé:npgé:lwegﬁeé:henaiston 839| g £ iange 2y e,
Preferred radical initiators are per oxi des. The nost preferred
peroxide is dicunyl per oxi de.

s : At this point, the accelerator 1 is fully "armed" and
prepared to accelerate the hammer of the jar in an upward
direction in response to the jar being triggered. 1In this
upward actuation, the mandrel 2 has been forced from the
‘housing 3 by lifting the drill string. When the jar

10 ' triggers, the housing 3 is no longer held downward by the
jar and drill string there below. Thus, the fluid in the
chamber 88 is free to expand and pull the hammer of the jar
rapidly upward. This forced expansion greatly enhances the
upwarxd hammering force of the jar.

15 '

In an alternative embodiment of the accaelerator 1, the

chamber 88 is isclated from the chambers 52, 63, 110 so that
a different operating fluid may be employed in the operating
chamber 88 from that used in the chambers 52, 63, 110. In

20 the first embodiment described above, the operating fluid
used throughout the accelerator 1 is preferably silicone,
which tends to have poor lubricating gualities when compared
to conventional hydraulic fluid, but is preferable for its
greatly enhanced compressibility over that of conventional

25 hydraulic fluid. Therefore, in this alternative embodiment
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group providing the antiqxidant function and a . pol yneri zabl e
group. Pref erred-phenol i c nononeric stabilizers are those having
the 3, 5-bis (1, 1-dinethylethyl) -4-hydroxyphenyl group as the 10
antioxidant function attached to a vinyl polynerizable group.

The nononeri c phenolic stabilizer may be selected fromthe group
consi sti ng @fnthe ecsederaton dpt Kpeconprpting|chamber 88 is preferably

pemt any|) prEnbhea izt e, Fatadavpsvnptbhgbrhitobpersting d1uta,
4 (5. i operS [ FanED P”E%MT%& iy i apeR SRR Kh stove Ltg i

stabi |i zer ehirg? byDcompra=ding! RreckiYlitofe. Howevei-et kaey remaioitly
20 The use of a phenolic nononeric stabilizer grafted on the

cdpol yner cénambbrki BRf s 68he 1hosaref tildednwithi that reédatigely
processing by volatility, mgration or extraction with
incompressible but highly lubricating conventional hydraulic
fluid. To prevent mixing of these different fluid types,
the upper piston 89 and lower piston 111 are not provided
with the passage 94 and check valve 112, Additionally, as
10 '~ discussed above other relatively compressible fluids may be
readily substituted for that of silicone, such as, but not

limited to, gaseous fluids.

Although a particular detailed embodiment of the
15 ) apparatus has been described herein.‘it should be understood
that the invention is not rastricted to the details of the
preferred embodiment, and many changes in design,
configuration, and dimensions are possible without departing
from the spirit and scope of the invention.

20
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. 16 Thiesswse of al. {
m xture of Ahe phenollc stabilizer with the phenol i c nBomeric
stabilizer/grafted onto the copol yner is a conbi nati on whi ch has}
superior ghort and long term CLAMEBbi | i zation effects. 5 The %
organi ¢ phosphite stabilizer may thus be present in sone enbodlne' S
of the ynvention. Preferred organic phosphite stabilizers are.
those yith a nol ecul ar nass greater than 300. The organic phosphlte
stabi Il zer may be selected fromthe group consisting in i-.
tris(2,4-dj-t- p Jiﬁr e
tri A 4- non§/1 phen %bp nogg%%’ptqgfl%ﬂ)ﬁ'&?, e iaing: e
teth aki s(2, 4-di-t-butyl phenyl)-4, 4" -di phenyl enebi s- phosphoni te, ‘ahd
ig(2,4-di-t- butzlphenyl)pentaerythrltol el
ubular housing; i::
ﬂﬁ%
a tubular mandrel substantially coaxially arranged for '”'j
telescoping longitudinal movement within said tubular -

n housing;

a first piston positioned radially betwean sald tubular
houlind and mandrsl, said first plston being adapted for

novement with said mandrel in response to movemant of said

18 mandrel in a first longitudinal direction relative to said .
housing and adapted to resist longitudinal movement in :??
response to movement of said mandrel in a second ;Eé;
longitudinal direction relative to said housing; and é&%

20 & second piltcn pouitionod radially between said .;ii
tubular housing and mandrel, sald first and second pistons S

~ forming a substantially sealed chamber thersbetween, sald 2*?
second piston baing adapted for movement with said mandrel :‘ﬁi

- in response to movement of said mandrel in the second 2

'./ 23 §3 f - *

-~ b/ ‘ig 3/3 ‘25’ 25 38 o n

ot s v Y5 33 i o

) # - v . ) ey

* R

. PO

2o/t A

l‘a

M-'fw‘%%' s R IO T IR Lo F e T R SRR M U WO T ...,.‘c

. : ,:{-;34y{._'fﬂk.§~ R R ke 3
. This Sheet Has Been R e e e e ;

"J Hllll!! mm IHI !ll Illf




i1 oxi dant and especially with a mxture of a phenoli
nd a nononeri c phenolic antioxi dant grafted onto t

t
copol yre M‘H‘ M dizentioncraiative tq sadd; heusing and adapted-nc/ pent ent®

copol y fLd0a |g§;“‘ gpm a&*a&}. rovi des gopd

| ong t rm?‘ueat sgsxtﬂg'?t y. 1 ﬁﬁ‘h%an rﬁe’t‘ salt o g‘eﬂ?gher aliphatte
aci d mmumm in the tirst anmmhawxonau;naw tas a nagnesiéim
sal t

lciumsalt or . a_ba msalt; an alkali netal salt; A nc
cadM’tﬁn"QﬁP 'L)l;'h&sﬁ'?aﬂ‘ I*%&g '}ﬁs'gﬂﬁr %’FM\%& > aci dagﬂth

asfSt ear i preuguiie LAWasPori Co RARNeRt 61 baidl mandrel in \WoeR6/ 38485 B
/ GB96/ 01294 pal mi tic:3
id.  Theldtdrst rand mecond Jopqitudinal afrentions r-hthn to N

ol

A

%

] said housing.

Pt

-

10 2. A double acting accelerator, as set forth in olaim i,

‘e
!

including a coll spring positioned in said chamber and
extending longitudinally between the firat and second

%"
e s
l'-.

e e s

% &
L7
+

- pistons, whereby the first and second pistons are urged away ‘:
from the longitudinal center of the chamber. -. |

18

RIS

-

3. A double acting accelerator, as set forth in claim 1,

including a fluid reservoir and whersin said first piston

defines a restricted passage sxtending thersthrough in filuid E:

20 communication with said chamber and said reservoir, '

4. A double acting accelerator, as set forth in claiwm 3,

- vherein said second piston defines a passage extending .

28 " therethrough in fluid communication with said chamber and ‘::
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steaummmm"mmuﬂ}men a higher aliphatic acid metal salt is added to*

o

t hyl'ena/ 1ipente copol yner or an 5 ~“5
et hyI ene/ Jfggnt ene/ 1- hexene copol ymer conposition obtained vl
accor di n tmrm;renomrf onevel: hieok Jvalvies pesisdionad oin sald !«3
suf fi ci n | from the vi&
cataly BLé‘%'af?%rod t‘im Rﬂﬁ“ e,og.;,q.,eaimq The pol yner "f
conposfti Wdlhlldn ﬂmnombmh of floe edfhndingi twoanti on, corrpr-l;,e'
(i) he eth Iene/ 1- r]ﬁgne/ 1- hexene terpolyner, in an £
amougft Qf'ﬁ gﬁ/ mber. " (ii) the phenolic stabilizer %
conggonent in an anount of 0,0005 to 0,1 parts by rrass: $
prgferably 0,001 to 15 0,05 parts by nass; and RN

ii) the higher aliphatic metal salt in an amount from e
,005 to par S referably from0.0 0,

parts by #ﬁ i“‘%h %‘Hgahmgr.é%odfnﬁtt J’(?%%h‘ép PM%t‘I'on, t he pol\i¥g
mr-m said mandrel includes a first shoulder formed g__-:;';:
thereon and adapted for sngaging satd first piston in ;2.33'_‘.}:;
et

10 response to movement of said mandrel in said first L _
longitudinal direction relative to said housing, and said . '
housing includes a first shoulder formed thereon and adapted . )
N tor sngaging said second piston to resist longitudinal i:.

novesent of said second piston in response to wmovement of T

1S said mandrel in said first longitudinal dirsction relative v '.
to said housing. l....
s, A double acting accelerator, as set forth {n clainm 1, ii;:
20 vherein said mandrel {(ncludes a second shoulder formed Gf.
thereon and adapted for engaging said second piston in :
response to movement of said mandrel in said second m
longitudinal direction relative to said housing, and said ;;
- housing includes a second shoulder formed therson and _ i
23 adapted for enqaging said first piston to resist i:;
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20 J}w}lﬂmﬂ mmmay conprise .« i (i) the
tpemnt ene/*1- hexene terpol yner in an _ anmount

100 parts by nass; WD 96/ 38485
PCT/ GB96/ Atudinal movement of said first piston in resposse to (i
t he phen t 0,1 pa¥
by mass, MIV 63%?%@9{}63@ géﬁ)s’gggé‘ Tongitudinal by nass;
(1) Ahatiregeion releciva t6 séi@hbusging.i n an amount of 5 %

o0 0,5 parts by mass, preferably 0,005 to 0, 2 pards
by ; and (itv) the higher aliphatic netal salt in an a%‘uﬂt
fro 0,005 to 3 parts by mass, preferably 0,01 to 1 "

parfs by nass. 10 Additionally, other antioxidants, |ight
St#ibi | i zers, A doubls acting acoelerator, cowprising:

& tubular housing;

10

& tubular mandrel subscantially coaxially arranged for
telesooping longitudinal movement within said tubular
- housing; v
\"."-,
'.-'.'f‘.
e
15 & fluid reservoir formed betwsen said tubular housing -:‘.E
and mandrel and adapted for receiving an coperating fiuid o
therein; :.;::
S
a girst piston positioned radially between said tubular ‘
20 housing and mandrsl, said first piston being adapted for
novewmant with said mandrel in response to movemcrnt of said '_
mandrel in a first longitudinal direction relative to said h@;
housing and adapted to resist longitudinal movement in :’
- response to movesent of said mandrsl in a second
s longitudinal direction relative to said housing; and R
This Sheet Has Been Replaced ’ 28. .‘__.‘
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T e
et

anti sii“ﬂmum r“!ml ‘anti bl ocking agents, .slip agents._____ _ nucl eat;i,.';_
agent! ANERAGY! &Y organic fillers, inorganic . and organic .-..:E
pi gnents nmay be _Dblende ith the above nenti on _

et hyl ene/ 1/ pent'eﬁM@ggﬁA%“ Pe8LFisnad; radinl iy  hetwasn “fgget her with th

above nent ¢@RArCROVELYG! afd mandrel, saidTPErdt WA dddnd plevanl be descril
by way the follow n non-limting exanples and wth referse
to th "“‘%Edﬁﬂﬁ%’ﬁhb‘b‘ﬁnﬂ?ﬂ!‘eaﬂm ararebatvepng saddcess for

rodugd n ﬁ?ﬁﬂao ' t | n : In the
3rawi g, gre erenggxﬁm”gﬁwggﬂ%r%‘{ %Y‘r&“?a{'ggpa"“ mer'ﬁrocess for X7
Ci ng antxwapohyeeto meveminti B daid Rendrel in thé)\e@BbHON. VO -1
PCT/ GB96/ 01294 .
Ireeisudinal aigection, ralative,to eaid, hoveing andcadanted vessel

to resist longitudinal movement in response to movement of
said mandrel in the Zirst longitudinal direction relative to
said housing, vhersby said chamber has an increase in

_10. pressure in response to movement of said mandrel in both

said first and second longitudinal directions relative to
said housing.

18 8. A double acting accelerator, as set forth in claim 7,
including a coil spring positioned in said chamber and
extending longitudinally betwesn the first and second

.
{
H
{
. - oad
1
3
1

phtom, vhereby the first and second pistons are urged away

- - adand

from the longitudinal center of the chamber, L —

-...:

2 R
e

9. A double scting accelerator, as set forth in claim 7, I&&q

wherein said second piston defines a passage extending ”

- therethrough in fluid communication with said chamber and \)
p~] said reservoir, and a one-way check valve positioned in said L—.—
This Sheet Has Been Replaced 29 o o
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12”wm/mm"u”{‘giﬁ&tlon zone, and fitted with an agitator 14

Yoaers
ad 0t

f ornf of¢ a troa stirrer. A nitrogen purge line 16 | eads int}&@
t he vessel 12, as does a heptane feed 5 | ine 18. A cat al yst feedﬁﬁb
line 20 al Piston paspege and adaptedcto parsitcfimddse| 12 is provided

wi th heati

Bacson in ol e UBNRR LT of AN Do NG i 211 s

controllifg erature. ydrogen feed |line 22 al ;sq'“';
| eads i o sabid remmgrebir dntdomcid éhamberan et hyl ene feed line 24. A L
1- pent efie/ 1- hexene flow | ine 26 leads into the vessel 12 as doeg™ ¥
propangl feed Iine 28. A product withdrawal |ine 30 | edO%"
fromghe vessel 12 to a filtration stage 32 with propanol, nethano}
and ficetone 15 feed lines 34, 36 and 38 respectively, leading into-the

1 gfrati on 18ench Hduble tantiny yanseleratai,anm set fortly drcqligim 7,  into the

| ntr odudBAERIR Jatf SandedS tniclugan, o £5ear MPARE BERRP) 00 1. Ther catEe

e vessel thereon and adapted for engaging said first piston in

response to movement of said mandrel in said tiret

10 longitudinal direction relative to said housing, and said
housing includes a firat shoulder formsed therson and adapted
for angaging said second piston to resist longitudinal
movemant of said second piston in responss to mover ant of
said mindrel in said first longitudinal direction relative

18 to said housing.

il. A double acting accelarator, as set forth in claim 7,
vhersin said mandrel includes a seacond shoulder formed

20 thorcoﬁ and adapted for engaging said second piston in
response to movement of said mandrel in said second
longitudinal direction relative to said housing, and said
housing includes a second shoulder formed therson and
adapted for engaging said first piston to resist

25 longitudinal movement of said first piston in response to
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20 Hm“ M“Ilm\g“mmﬂh means of nitrogen introduced along the flow ”

|i ne* 16, wheeatertrleHwIMUanumcauﬂyﬁ in the form QR
hept ane sol ution thereof, is introduced along the flow line ¢
t oget he tof saddimanidred YumaidssecondThengitudinal WD 96/ 38485
PCT/ GB96[ 01 20 tenperature S
set at (Wégwm.ﬁéﬁ't%*%tmmﬁhd t he contents stirred w't;
the stirrer 14. After a predeterm ned stirring period, hydroge' S
i ntroduced along the flowline 22. At the sane tine, a 5. fixed
quahtity of ethylene, along the flowline 24, is fed into the«. el
17/ at a,prege Soaldp 1:1 nolar m xture of -

penteng a%dhgaﬂieﬂgggiﬁ\gﬁeaiﬁe.??o riulnYa I ne 26. The pressure 1‘

ncreases continuously to a predeterm ned pressure of 15 3§;

kg/cnferr]. EventuaIIX the
a tubular housing

a tubvlar mandrel substantially cocaxially arrsnged for
0 telescoping longitudinal movement within said tubular
housing {n first and second longitudinal directions;

~ a first piston positioned radially betwaen said tubular
housing and sandrel; and

1S
a second piston positioned radially between said
tubular housing and mandrel, said first and second pistons
forming a substantially sealed chamber therebstween;
0 a first shoulder formed on said mandrel and adapted for

angaging and moving therewith said first piston in responsa
to moveaent of said mandrel in said first longitudinal
direction relative to said housing;
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uw,&mnmmmnﬁmhecreased to the initial pressure by nmeans of
all the ethylene and 1-pentene and 1-hexene m x hS¥s
been fed int'o fhevessel 12, the vessel is depressurized, and t pes
cat al yst ecorﬂpdéut mxmpam wnl shid housing and sdapted Lo vessel

al ong th | ne syl t ant s, wi thdr awn; o)
al ong thé “|'| Hﬁ" qf&é‘? Tesist Hmfﬁ'g"s?gg%%i?? Yoget her w. rh
repeat 60 whshifiskbind piaton 1R PoMRRee EBIMARMNERE agRS ONe i niroduced

al ong £ he lines 34, 36 and 38 respectively. Thereafter
t er pgf ymemapdzsiudn sald,Ziret Jengitudigal irection "leBWQ it®e 40, and dr

I n the dr Arus re being w t hdrawn al ong the flow |ine 44,'
WO 6/384@&id Qﬁ&P PCT/ GB96/ 01294 e

& second shoulder formed on said mandrel and adapted
for engaging and moving therswith said second piston in
response to movemsnt of said undrc)._ in said second
10 logitudinal direction relative to said housing; snd

& second shoulder formed on said housing and adapted
for sngaging said first piston to resist longitudinal
novenent of l:lid first piston in responss tc wmovement of

1S said mandrel in said second longitudinal direction relative
to said housing.

13. A double acting accelerator, as sat forth in claim 12,
20 including a coil spring positioned in said chamber and
extending longitudinally between the first and second
pistons, whereby the first and second pistons are urged
tovard the first and second housing shoulders respectively.

® - . a e 4 . A
. P P .
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10

- 21 The process 10 was sinulated on a | aboratory scale in the
" foll owi ng exanpl es: EXAMPLE 1 3000g of highly purifi ed

n- hept ane was introduced into a 10 5 1 stainless steel polyneri z.a,r.,l'

vessel @[LOVA diaiibletHi:ting accel@rhtés Oas st tfrth hiy @1gkmPay,gi ng of t
vessel with nj t rogen 100 mi of triethylal um n| um (10% sol uti o, +

hept andPeIudipg; s5glyic wafiervolr and vhaxedn aadggfieat pisten t enpes
vas Se?ﬁgnzz[éurtﬁr ql mﬂhsﬂiﬁ%hlgnl ]dé%OOmJ of hyi

were a a sl rru taneous g of ethyl,

a constcommuficatioh @itdgkrid chasbar mvddsaid reseoveir.ni xture of 1-pent® and
1- hexene at a constant flow of 6,6g/mn were started. The pr eé ur e
i ncreased continuously to 15 kg/cnferr], and the reaction was 15 g
continued until all the ethylene had been fed to the reactionx.-
vessel , at which stage the flow of 1-pentene and 1- hexene vvas"‘

i nterr Afteedd double acting acesieraterp ashespdloptbrinzlaém Massel was
depr ess‘H‘r‘lr;g‘q sald second piston defines a passage extandine .

therethrough in fluid communication with said chamber and
said reservoir, and a one~way check valve positioned in saia
second pision passage and adaétnd to permit fluiad
communication in a first direction of flow extending from
said reservoir into said chamber.

) B VL
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/ .* R et
and the catal yst deconposed with,,propanol. The resultant 20 ter pok
was then filtered and repeatedly washed with propanol , nmet hanopsds
acetone. The terpolynmer was dried in a vacuum oven at 70C for 'L:|~

hours. The yield of t hARSTRACT ORTHEIRSCTOSIRESS0]. WO 96/ 388%
PCT/ GB96/ 01294 22 A botw

fed blowmn filmof 30 mcrons was obtained fromthe t er pol yner nﬁ
31,75 mmextruder with 220 [err]C nelt tenperature and a take nfi
speed of 4,2 mimn. The conposition of the terpolymer and thig
measured  5a douliRetineE acoétnrtosclt fdiuded A nandrel 2 PLE:.

arranged in a housing 3 for sliding longitudinal movemant.
A pair of pistons 89, 111 are positioned radially betwesn
) the housing 3 and mandrel 2 to form a substantially sealed

chanber 88 longitudinally therebatween. MNovement of the
inndrcl 2 in a first direstion urges the first piston 49

10 towvard the second piston 111, thereby greatly increasing the
prassure of fluid in the chamber 8. Novement of the
mandrel 2 in a second, opposite direction urges the second

piston 111 toward the first piston 89 to, likewise, greatly RO
increase the pressure of fluid in the chamber 8$8. Thus, a
15 large amount of energy is stored in the accslerator i BN
independent of the relative direction of movement of the ORI
mandrel 2 and housing 3. ;f?%
NI
acee
4 ooy I
RO B
MDAIAWTAPASLMOC : 3
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4

The terpolymerization was performed according to the

specified in Exanple 1,
1- pent ene and 1-hexene added, which was
havi ng a conp05|t|on of 5 parts

10

except the quantity of

2000g,

Md Wt i on¥§5

and the said m

of 1-hexenﬁaa§ rt of 1-pen
An anngﬁ[ qf PA5g of Rl M8 catal yst was ¢d {dnd the reactio
t enper at ur was set at, 75 err C. The yield the terpol yner we ﬂ
?gng | To tgﬁ Frled't-zigf rtpgm?e{ 2@ﬁ g 1102 wei ght 9666.
/ tetraki nmefihyl ene N - uty ro '
hydv ocilnlagat &N et fane, 0, 0b weld .'%)tetrakls(z . he‘
but yl p?enyl | phenyl en bi i“’fh onite, 0,01 | g () 12 of 2‘;
4- bis(’ 1-di herthyI) 4-f et h§Q 2y phenol , 0. 095 I 'ght quﬁ
di cunyly pero and 0, 15 wejght N .! calcium 20 | te. After ¢ &
rthoroudh m X¢ t élmxture \}vas 'a h i zed 1on wettttuder
equi pp¢g th andjcut{ Mth - e nes .
t enper a 210 0/ 240/ 240 ¢ § and a t s p‘@?‘)of 10 rprn
FromtHe p filmwas R oL ‘ accor dM Comddat i ons
described i le 1. ! ’ / G
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The conposition of the terpolyner and the neasured

propertles are presented in Table 1.

perfornmed according to the
t he quantity_of
was /IG‘ 2%91

parts of 1l-pentene to 1 par

W40 cat al yst was adfed and tt he
80[err]C

. An anount,iof 200 of
the terpol yner maS/gSOQ.
0, 02 wei ght % of

YD NS W S T A

and tLQi?ﬁ urm

conditions specified in Exanple 1,
f 1-pentene a

h&fEne added, mh'f:
re having a cﬁgéi%n of 10

An anop

ene.
ion 10

t hyl ene
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hydrogen {as K g
he dried terpoly
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RO N 0

pot el/45416 Tl
The terpolymerization ;

eX

111‘
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The yield d
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Fromt

descri ly

nmeasur
96/ 38445

24

‘hydr oci nnanat e) net hane, 0,09 wei ght % tetrakis(2, 4-di t-u/?éﬂlﬁ
but yl phenyl ) -4, 4 -di phenyl enebi sphosphoni te,

2, 4-bi s(.1, 1-di net hyl et hyl ) - 4- (et henyl ) phenol ,
di cunyl *peroxi de and 0, 15 wei ght
t hor ou | XI
equi ppﬁﬂ@i‘t

t enper @

the m xture
ter
210/ 240/ 240/
a fﬂln1mas
pnpl ¢ 1.

prfoperties
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ABLE 1

y AN

0. 01 wei ght

%
0, 005

st ate. After
F@Ga %Vl ext ruder

t he .extruder zones

a Sspeed of 10%
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_Exarrpleﬁd%ﬁ%]ﬁ’iﬁh é‘. é i MFI  Density Inpact Tear strength Hobs -0 577

mononer{ /I-hexene =~ 1} strength content ratio

g/ 10 = 72 MAR B9pD | D 5 % nmol ar mn g/cnjerr]

g gl[er% 1 2.5 112/1 0.56 0.9253 112 3.08
19.76 =270 0.3/1.7 6-8 0.9258 61 4.1 16.6 3
2.2 50/1 0.1 0.19240 174 6.1 21.5 10 Cat al yst (A)
prepara%|on T T'na 250 flask equi pped with a reflux condenser and
stirring facilities 19991)% Ibﬁiﬂ'@ﬂlmRare

suspended in 60 m hi gHV§E HRIMKBTIG JARSof di but yl

et her was added. After the heat of m Xi ng was di ssipated the m xture
was stirred for 3 hours. An anpunt of 5g of triethyl alum nium was
slow y added dropw se to avoi d excessive heat build up and the

m xture allowed to BACK OF NTgoNder stirring. The
slurry is then subjected to twel ve hexane washing with 50 mM hexane
20 each tine. To the activated support 1m of a 1:1 nolar

m xt ure of et hanol with pentanol was added and the slurry was

stirred 4, TECRNFCARWigLp Further 10m of TiC[err] was added and the

This invention relates generally to an accelerator for
use with hydraulic jars in a drilling environment and, in
particular, to a double acting accelerator for use with

double acting hydraulic jars.

2. DESCRIPTION OF THE RELATED ART

Drilling jars have long been known in the field of well
drilling equipment. A drilling jar is a tool employed when
either drilling or production equipment has become stuck to
such a degree that it cannot be readily dislodged from the
wellbore. The drilling jar is normally placed in the drill
string in the region of the stuck object and allows an
operator at the surface to deliver a series of impact blows
to the drill string via a manipulation of the drill string,

such as by lowering and raising the drill string.

4 H 435
v =® »
v % 3
v ;
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ahot JRE ARG "E‘“:%&l”ux' After cooling down the 25 slurry is
washed EE@M@&MWM i

L s with 50 ml hexane each tine. After the
final shry™t he S17Ur r—ﬂ i{s adj ust ed to a concentration of 0,01lg
cat al ysty ni gﬁ(m WM WO 96/ 38485 :

PCT/ GB96Y 011294 2 25 Cat al yst
(B) prepar atd-ph==——======Thia cat al yst preparati on was repeated in the

condi tiobhs specified in Exanple 4 except that to the activated
support ¢t ~Tfi—of a 1:1 nol ar

~ m xture of ethanol w th hexanol
added i nstead of the ethanol/pentanol

was
m Xt ure. EXAMPLE 6
Catal yst (C) preparation.

Hopefully, these impact blows to the drill stiing are

sufficient to dislodge the stuck object and permit continued
operation.

Drilling jars contain a sliding joint which allows
relative axial movement between an inner mandrel and an

outer housing without allowing rotational movement

thexrebetween. The mandrel typically has a hammer formed

thereon, while the housing includes an anvil positioned

adjacent the mandrel hammer. Thus, by sliding the hammer

and anvil together at high velocity, they transmit a very
substantial impact to the stuck drill string, which is often
sufficient to jar the drill string free.

In some instances it is desirable to greatly enhance
the force of the impact blows 80 that a much larger

hammering force can be applied to a stuck object.

‘PTyplically, the force of the drilling jar has been enhanced

by adding an accelerator to the arill string. The

acgelerator is used to store energy until the jar is

triggered. When the jar is triggered, ‘Eh_e accelerator

quickly releases its stored energy and accelerates the

hamner of the drilling jar to a very high speed. The force

of the impact is, of course, related to the square of the

velocity, thus, the hammer force is greatly enhanced by the accelerat



The cat al yg%gﬁ_%i* Yﬁhﬁ&éoﬁ&%’% repeated in the conditions 10 specified

i n Exanpl e} 4 except that "t t he activated support 1M of a 1:1:1
equi mol ar i kt @y 8 MXR ¢goranpl, pentanol and hexanol was added i nstead
of the ethanpl/pentanol mxtyure. EXAMPLE 7 2500g of highly
purified n{heptans-was=+wtr oduced into3a 15 10[ err] stainless steel

pol yneri zagi on vessel providyd wth agitation. After a thorough
purgi ng of tThe Vesser wtn nitrogen, 100 mM of triethylal um ni um
(10% sol uti on Ratently, ddiatiane)jawmshdreibedn chdvdMsped st i anbe oduced.
The tenperature was set to 80[err]C and after 1 hour of stirring,

20 2cemakls of deddarendne hanpar blgws t e rbethian | urwRred sand
508y o s PO . e phARel ik 0 e g a8 ' °
const ant @%f“u&%ﬁ%&f 365 L] ,t &b Robert W%\?&ﬁé?‘@éscribes such

PCT/ GB96/
a double acting drilliing jar.

Heretofore, double acting accelerators have not been
available to cooperate with double acting drilling jars.
Thus, it has not been possible to deliver enhanced upward
and downward hammer blows with these double acting drilling

jars.

The present invention is directed to overcoming or

minimizing one or more of the problems discussed above.

SUMMARY OF THE INVENTION

In one aspect of the present invention, a double acting
accelerator is provided. The accelerator includes a tubular
housing, and a tubular mandrel substantially coaxially
arranged for telescoping longitudinal movement within the
tubular housing. A first piston is positioned radially
between the tubular housing and mandrel, and is adapted for

movement with the mandrel in response to movement of the



26 :%E:"'UTT q M?m %HLéprhe pol ymeri zation vessel was depressurized

and the ‘yst--deconposied wi th propanol. The resultant copol yner
was t heh gﬁ?éﬁﬁ%%ﬁﬁerpp atedly washed with propanol , met hanol- and
acet one s dried 5 in a vacuum oven at 70[err]C for 24
hour s. he yield.of.. the ter pol4mer was 790g. To the dried

t er pol yirer powder was added 0, 02 wei ght % of tetrakis net hyl ene
(3, 5- di Li=butyd~4=trydrox hydr oci nnamat e) net hane, 0, 09 wei ght %

t et r aki shandrdl - in alﬁirstbhbugbhmayhal4dﬂrdbphenyfemabivpha&phhéitE, 0,01
wei ght % of 2,4-bis(1, 1-dimethylethyl)-4-(ethenyl)phenol, 0,005
wei ght qh@msﬂmQunyFupthex»dbhanﬂins§5p¥etgntisbelseaaéaphﬁd to stearate.

AL E TR ST RN ROV g Y e RPN (R
Cones  BEHRERRL " abong, deng1ZARIRAY MBREATLRT FhEARY 0 RRY P00 O
Conditioﬂéusing. Adﬁﬁﬁbhﬁeﬁibﬂoﬁxigpbésltioned radially between the

tubular housing and mandrel, and with the first piston forms

a substantially sealed chamber therebetween. The second

piston is adapted for movement with the mandrel in response

to movement of the mandrel in the second ldngitudinal

direction relative to the housing and adapted to resist

longitudinal movement in resﬁonse to movement of the mandrel

in the first longitudinal direction relative to the housing.

Thus, the chamber has an increase in préssure in response to

novenment of the mandrel in both the first and second

longitudinal directions relative to the housing.

BRIEF D F THE DRA

Other objects and advantages of the invention will
become apparent upon reading the following detailed

description and upon reference to the drawings in which:
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The conpo%ﬂiﬂnﬁ’ﬂt %he erqolyner and the neasured 20 properties are

presented ih Tabl e i i EXAMPLE 8 The terpol yneri zati on was
per f or ned bceb?&%ﬁb%ﬁé tih conditions specified in Exanple 7,
except the i xture of 1;J pent ene and 1-hexene added, having a
conposi ti pn of 1 hol ar % WO 96/ 3B485

PCT/ GB96/ 91294 ‘ 27 part of

1- hexene t© 1 nolar part of 1-pentene. An anopunt of 3 m of

catal yst C waFigledlArl ihlustrate osuccessive @mmm:e nsgearten
80[err]C The anount of hydr ogen was QP The yield of the
t er pol yneteSidOn 0 9% eSaCti“‘éo?ﬁl%4-?’F‘b‘FP’6f ‘P%t?‘érbﬂl ¥BEr and the

neaSLwexiégégggi éﬁérating 5%§1€{es?nted in Table 2.

Figs. 2A-C illustrate successive portions, in gquarter
section, of the accelerator in its downward operating

position; and

Figs. 3A-C illustrate successive portions, in quarter
section, of the accelerator in its upward operating

position.

While the invention is susceptiblé to various
modifications and alternative forms, specific embodiments
théreof have_been shown by way of example in the drawings
and will herein be described in detail. It should be
understood, however, that this specification is not intended
to limit the invention to the particular forms disclosed
herein, but on the contrary, the intention is to cover all
modifications, equivalents, and alternatives falling within

the spirit and scope of the invention, as defined by the

appended claims.



EXANPLE ﬁﬁ”b’kiﬂf’ihﬁe Ny % ‘

Iynerlzatlon was performed according to the
condi ti né”spetlfled in

anple 7, except the mxture of 10 1- pent ene

and 1- hqx negatied, 19haviing a conposition of 1 part of 1-hexene to
10 part pf} 1-pentene. Al gnount of 3 m of catalyst A was added and
the reacti n-fenperatUTé ﬁa set to 80[err]C. The anount of
hydrogengmas 1800ny. The yield of the terpolyner was 780g. The
conposi t FR=eTtfie 15 terpolynmer and the neasured properties are
presented in DESURRAHON OF A PREFERRED EMBODIMENT TABLE 2
Exanpl e Total 1-pentene I nsity Inpact Tensile strength

nmononmer / 1- hexene strength at break 20 cont ent
ratio g/ 10 VD TD nol ar mn
g/cnerr] Referring to i drawings,/ and iR, partidul&r, to rig8., 0, 9194
85 26,6 25,3 8 3,2 1,7/1,5 3,7 0,9183 108 29, 2

28,3 1A-®, incligsive, ttene is shoy® a doubBe dsing 86célefAtdr
1, which is of substantial length necessitating that it be
shown in three longitudinally broken guarter sectional
views, viz. Figs. 1A, 1B, and 1C. Each of these views is
shown in longitudinal section extending from the center line
{represented by a dashéd line) of the accelerator 1 to the
outer periphery thereof. The accelerator 1 generally
comprises an inner tubular mandrel 2 telescopingly supported
inside an outer tubular housing 3. The mandrel 2 and
housing 3 each consists of a plurality of tubular segments
joined together preferably by threaded interconnections.

The mandrel.z consists of an upper tubular portion 4
having an inner longitudinal passage 5 extending
therethrough. The upper end of the'upper tubular portion 4
is enlarged as indicated at 5a and is internally threaded at
6 for connection to a conventional drill string or the like
{not shown). The lower end of the upper tubular po:tion 4
is provided with a counterbore ending in an internal
shoulder 7 and is internally threaded as indicated at 8. An
intermediate portion of the mandrel 2 consists of a tubular

portion 9 which has its upper end threaded as indicated at
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L The terpol yneri zation was perforned according

og | w= _
tojthe = AR 1 @pd tjons specified in Exanple 7, except for the amount of
t hg ')QLH% %f pent ene and 1- hexene added which was 800g, 5 havi ng a

o

conp s rts of 1-hexene to lzpart of 1- pentene. An anount
of |3 m of catalyst 3 was added and the reaction tenperature was set
t o “r5terri€=The=anount of hydrogen was 1500ng. The yield of the

t er pol yneto s &8ighection ifd#tdéothesthreaded poetienps! M@thandpbaﬂ
measured 10 properties are presented in Table 3.
terpolywm#uhn&axwpwnﬁipnridwhhu teouppey eovdtpertion abubhﬂnglbhe
specified in Exanple 7, except for _the anount_ of the m xture of

1-pentené’%ﬁﬁﬂqgﬁeienéwgﬂdéﬂwﬁﬁ|Eﬁdmﬁg the tubulagogorkienrngd asconposition
of 1 parttﬁ%e&dQSXSQEeéﬂailgaﬁé indicated at 11 and is provided with

an internal bore or passage 12, which is a continuation of
the passage 5 in the upper tubular portion 4. The lower end
of the mandrel 2 consists of a tubular portion 13, which is
provided with a counterbore ending in a shoulder 14 and
internally threaded as indicated at 15. The tubular portion
13 is threadedly assembled to the lower end of the tubular

portion 9, with the lower end thereof abutting the shoulder
14. |

The lower end portion of the tubular portion 13 is
threaded as indicated at 16. A sleeve member 17 having
internal threads 18 is threadedly secured on the lower end
of the tubular portion 13. The tubular portion 13 is
provided with an internal longitudinal passage 19 which is
an extension of the passages 5, 12 and opens through a
central opening 20 of the sleeve member 17. The three
portions 4, 9, 13 of the mandrel 2, are threadedly
assenmbled, as shown, into the unitary tubular mandrel 2,

which is longitudinally movable inside the tubular housing
3.



of@-’ﬁeﬁt@m kﬁzﬁﬁ%nt of 1,5 mM of catalyst B and 1.5 ni

of
cal aj yst " A"Was ‘added; and the reaction tenperature was set to 85C
The ?n@pﬁ@%@{ﬁﬂ@drbgen was 1500ng. The yield of the terpolyner was
930g: The conposition of the 20 terpol ynmer and the neasured
properties-are presented in Tadl e 3. EXAMPLE 12
The terpolynmerizati on was performed according to the condi tions
SpécifTTéd Tn Exanpl e 7, except for the anount of 25 the m xture of

1- pent ene andrie hexisukandsods ity ch dsisformed in seVEralb/ 8848%ons for
PCT/ GB96/ 01294 1500g,

29
havi ng PYERRRs t9Hmesenbly, sepeybatyabuilar tpskhe mandreloR.1- pent ene.
An am)urli.hé) fugperg' gx];dcg a gttgbx\i\‘fgralqggging 3 consists of a tubular

member 21 which has a smooth inner bore 22 formed by a
conventional bearing 22a at its upper end in which the
exterior surface of the upper mandrel tubular portion 4 is
positioned for longitudinal, sliding movement. The lower
end portion of the tubular housing member 21 has a portion
of reduced diameter forming an annular shoulder 23 and

having an exterior threaded portion 24.

The tubular housing 3 is provided with an intermediate
tubular member 25 which is internally ﬁhreaded as indicated
at 26 at its upper en@ for threaded connection to the
threaded portion 24 of the tubular mémher 21. The upper end
of the intermediate tubular member 25 abuts the shoulder 23
when the threaded connection is securely tightenéd. The
lower end portion of the tubular member 25 has a portion of

reduced diameter forming a shoulder 27 and is externally

threaded, as indicated at 28.

The lower portion of the tubular housing 3 consists of
a tubular member 29 which is internally threaded, as
indicated at 30, at its upper end for connection to the

threaded portion 28 of the intermediate tubular member 25.



T T
: §1 erature was set to 85[err]C. The anount of
hyd ogen was 1500 The yield of the terpolynmer was 5 960g. The
conposi {1 DA %he ;terpol ynmer and the neasured properties are
prekehted in Tableg3‘ The terpolynerization was perforned
accbr #i-ng ‘to the conditions speRified in Exanple 7, except for the
amoyint_of __ 10 . _...thel nmixture of 1-pentene and 1-hexene added whi ch was
4009, having a conposition of 1 part of 1-hexene to 3 part of

1- pent enBheAnpperuendoof3 thie diowest dustla® wenbedd@® akhits the the
reaction tenperature was set to 85[err]C. The anDunt of hydr ogen
was 1500FBoutderyi2d) when the thneadad copnecdddon isisecurefy conposition
%m tehg tiFRANE" B 1WE R $he tubulax | %‘?J“es ye presented in

8 Exanpl e Tot al

1-pent e”&nt'@nal%%ﬂﬁéadé@a%h; TeRfideft et ra‘i{‘%tlh monomer

/ 1- hezene t at yreld 2 content ratio
g/ 10 VD % nol ar mn g/cnjerr]
g MPa

A tubular member 29a has a portion of reduced diameter
forming a shoulder 27a and is threadedly connected at its
upper end to the threaded portion 31 of the tubular member
29 in abutting relation with the shoulder 27a. The lower
end of the tubular member 29a includes a threaded portion
3la engageable with a tubular connecting member 32. The
tubular connecting member 35 is externally threaded, as
indicated at 33, at its upper end and hés a shoulder 34
against which the lower end of the tubular member 29a abuts
when the threaded connection 31a, 33 is securely tightened.
The tﬁhular connecting memhef 32 has an inner longitudinal
passage 35 which is a continuation of the passages 5, 12, 19
through the mandrel 2. The lower end of the tubular
connecting member 32 is of a reduced diameter and is
provided with an externally threaded surface 32a for
connection into the lower portion of a drill string or for
connection to a fish, or the like (not shown), when the |

apparatus is used with a fishing jar.



1gRE _.f‘ ‘@M‘ 1?35 0,65 0,9455 55 18,6 17,9 11

0,9 /17" ”"‘o 44 0,9377 85 17,9 17,4 12 1, 00

1 0 7 MR 59970, %370 88 16,7 14,7 25 13 0,3 1/ 2

0,3! 0, 9488 45 I 18,9 18,5 10 WD 96/ 38485

PCT/GB/ 96/ 01294 30  EXAMPLE 14
The > terpolymerization was perforned according to the ~conditions
specified i n Exanpl e 7, .except the anpunt of the ~ mxture of

1- pent ene and‘nshbasnaladd@ﬂ beenhnoked308he mandrebagi agdahoasing B3 on of
1 part of 1-hexene to 3 parts of 1- pentene. An amount of 3 nml of

catal yst areEormeddinngections fax purpeses eEnpesembily.wafheet to

Cer pol y e Bog gta “arranaeq 245 SUTALNG, maveRABE Lpgstipnboudiag e

neasurEd.AléhambgfOfgfﬁéssbaﬁgegﬁeéﬁgtﬁgnhgeIaglgné'housing 3 is
filled with a suitable operating fluid that is preferably
compressible, e.g. silicone, and it is therefore necessary
to provide seals against leakage from threaded joints formed
at the various sections of the mandrel 2 and housing 3 and

also from the points of sliding engagement between the

mandrel 2 and housing 3.

As previously noted, the exterior surface of the upper
mandrel portion 4 has a sliding fit in.the-bore 22 of the
upper tubular member 21 of the housing 3. The tubular
meﬁber_Zl is provided with at least one internal annular
recess 38 in which there is positioned at least one seal 39,
which seals the sliding joint against leakage of hydraulic
fluid. Likewise, the threaded connection between the
tubular housing members 21, 25 is sealed against leakage by
an O-ring 40, or the like, positioned in an external
peripheral groove 41 in the lower end of the tubular housing
member 21. The threaded connection between the tubular |
housing members 25, 29 is similarly sealed against fluid
leakage by an O-ring 42 positioned in a peripheral groove 43

in the lower end portion of the tubular housing member 25.
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T ‘-erp%-%ﬁgrﬁga I on was perfornmed according to the condi tions

S 'tﬁﬁﬂv %&, | ¢ 7, except the anpunt of the m xture of

1§p ntBAe™and? 9" héxéne added which was 700g, 15 havi ng a conposition of

pdrts.of Jl-hexeneito 1 part of -pentene. An amount of 3 nml of
é the read

cdtal yst C was addeg and lon tenperature was set to

8 ft-Cr—TFhe—amount Of hydr ogen was 3000ng. The yield of the
terpol ynmer was 970g. The conposition of the terpolyner and the
measur ed LiXewisd)y g (tlntefial MManTEEElbn betiien 4£he tubular EXAMPLE 16
The terpolynerization was perforned according to the condi tions
speci f i ehqusibemenbars 3@ eR9a his ssealted cﬁgaimst fluid Ieaktage lof

1- pentene and 1-hexene added whi ch was 1400 havi ng a conposition
of 1 par ATbO-EINg Ara tRPSipipnad oin a perip er%wm a in the

PCT/ GB96/uoplpzegx4 end portion of the tubular housing member 29a.

Finally, the threaded connection between the lower end
of the tubular housing member 29a and the connecting member
32 is similarly sealed against leakage of fluid by an O-ring
46 positioned in an peripheral groove 45 in the upper end of
the connecting member 32. Similar seals are provided to

prevent leakage through the threaded joints connecting the

several sections of the mandrel 2.

The space between the inner bore of the various
components-of the housing 3 and the external surface of the
mandrel 2 provides an enclosed chamber and passages for the

flow of operating fluid, such as silicone, throughout the

accelerator.

At the upper end of the tubular housing member 21, the
space between an inner bore 50 thereof and an external
surface 51 of the tubular mandrel portion 4 provides a
chamber 52. The upper end of the chamber 52 is provided
with a threaded opening 53 in which a threaded plug member
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31 A E\Eijzgﬁf An anmount of 3 ml of catalyst C was added and

t he! E_g%ggﬂﬁﬁ%ﬁggrt Uure was set to 85[err]C. The anopunt of hydr ogen
was h d of the terpolyner was 1000g. The conposition
of h terpol yner_ al dpthe nmeasured 5 properties are presented in Table
4. The terpol yneri zati on wadZerforned according to the
condrt1oﬁs -speei-fi-2d_| n Exanple 7, except the anpunt of the m xture

of 1-pentene and 1-hexene added whi ch was 25009, 10 havi ng a
conposi t i%h I8 #eqared. of THe hehreeadéd dpeningo$3 providéspesiegBe An anount

of 3 m of catalyst C was added and the reaction tenperature was set
to 85[ er rintrodygtion @f the operatiparBividwas 4000ny. The yield of the
t erpol ynmer was 1015g. The conposition of the terpolymer and the
measured 15 properties are presented in Table 4.

TABLE 4

The exterior surface of the tubular mandrel portion 4
is of slightly reduced diameter at a lower end portion 55
thereof, and is provided with a plurality of longitudinally
extending grooves 56 forming splines therebetween. The
lower end portion of the tubular housing member 21 is

- provided with an inner bore 57 having a plurality of

longitudinally extending grooves 59 therein and
circumferentially spaced to define a plurality of splines
therebetween to interact with the splines and grooves 56 in
the upper tubular mandrel portion 4. The grooves 56, 59 in
the tubular housing member 21 and in the tubular mandrel
portion 4 arg.of.greater depth than the height of the
opposed splines posifioned in those grooves 56, 59. As a
result, longitudinal passages are provided along the
respective grooves 56, 59 in the mandrel portion 4 and the
housing member 21. The passages formed by the clearance
between the splines and grooves 56, 59 permit operating

fluid to flow between the chamber 52 and the lower portions

of the accelerator 1.

Additionally, the arrangement of longitudinally
extending splines and grooves 56, 59 in the tubular housing



Exanplé&ﬁpkéf%M&&ﬁeﬁﬁgﬁg MFl  Density Inpact Tensile strength

mononer A F1-héxéne = - strength at yield cont ent
ratio J % nol ar mn g/cnjerr] KJ/ nmerr]
MPa B JoR @6%8 3/1 193 0.9400 51 18,6 15

0,8 ——d2--0, D395 6,4 >7 16 1,65 10/1

14 0, @283 15 44 12, 7 17 3,1 1/5 29 0,9183 29,0
10,39 * ——WO-O6+38485 PCT/ GB96/ 01294

32 memben giaandobnthhedtyhuéapOMynérebbparhédnaécprdw&geBOa

Exanpl e 16 efore stabilization were added 0, 02 mela % of tetrakis
met hyl ene9¥ ?3f3rdF°P935P9#nélh98Vﬁ%?nt5°f thearapArRAnat &n #Behane, 0, 09

& 0 phorbPRREROCR HERER, porpisting) GRERSY Movomept pexehptvesn.

1 di met hyl et hyl) -4-(ethenyl)phenol, 0, 005

The clearance between the tubular housing member 25 and
the mandrel portions 4, 9 is such that there is provided a
hydraulic chamber 63 of substantially enlarged size relative
to the hydraulic chamber 52. In one embodiment, this
enlarged chamber 63 operates as a fluid reservoir for a main

operating chamber, described in detail below.

The tubular mandrel portion 9 is provided with a
plurality of longitudinally extending grooves 76. The
grooves 76 provide flqw passages for the flow of operating
fluid, as will be subsequently described. A spacer ring 77
is supported on the tubular mandrel portion 9 and has an
internal surface 78 spaced from the exterior surface of the

mandrel portion 9 to provide an annular flow passage 79.

The spacer ring 77 is provided with apertures 80 which
open from the passage 79 into the hydraulic chamber 63. The
lower end of the passage 79 also overlaps the upper end of.
the grooves or passages 76 to provide for continuous fluid
communication between the hydraulic chamber 63 and the

grooves 76. The upper end of the spacer ring 77 abuts the
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melghtuhéﬁﬁAchﬁuhy e b&lde and 0, 15 wei ght % of cal ci um st earate.
Af ter a‘thorough m xi hg! the m xture was 10 pelletized on a CIM
extrudér;edbg@@%@@%@ﬂl1 wat er bath and cutter wth t he ext ruder
zones Lenperature ofl 210/ 240 240/ 240 [err]C and a screw speed of
10 rp ——-—=The Pel | ts obtai ned ab4descri bed above were subjected to
nultlp e extrusions (190f[err]C and 60 mn[err]) on a Brabender 15
Pl asti-cordar single screw extruder (4 zones). The results are
pr esent adwer il @15 .the tubulamtidiirel portion 4 100rye ahswetr &hd dry
terpol ynmer obtained according to Exanpl e 16 before stabilization

wer e adddd mxeazsmwtrim)f’l? Zts, imckaepcyabuatied by the upper end

etr aki & % Lz BARnGRy 192 6 SRASH EEts over thei SRESFERMOSphoni f e,

0, 005 welHHREaE FF df pftriarer portion bOEh MERTIbhoTGEELVRRYALPAEE" |

SctT E/Iar at Grorféd £ Phe Zéubulab%e#ebom Shpgtﬁxéﬁeﬁbi‘évrénMSSB@ kgl zed on a
grooves 76 and defines a system of longitudinally extending
passages. The lower end of the tubular portion 82 abuts an
annular spacer ring 83, which is provided with a plurality

of apertures 84 opening into the ends of the grooves or

passages 76.

An inner surface 86 of the housing member 29 and an
outer surface 87 of the tubular portion 82 are spaced apart
to define a hydraulic chamber 88, which is the main
operating chamber mentioned above. Generally, the operating
fluid within chamber 88 resiéts relative movement of the
mandrel 2 and housing 3. That is, relative movemen£ of the
mandrel 2 and housing 3 reduces the volume of the chamber
88, causing a significant increase in the internal pressure
of the fluid within chamber 88, theredby producing a force to
resist this relative movement. This resistance to relative
movement allows a large buildup of static energy. Thus,
when the force urging the housing 3 is suddenly removed, as
by tripping of the associated drilling jar, the static

energy is converted to kinetic energy, causing the mandrel 2
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F"extrudét” equ@ ped with water bath and cutter with the

d @Qﬂga&kgnperature of 210/ 240/ 240/ 240[err] C and a screw

f rpm f L The pellets oqyalned as descri bed above were
ptfmkftr"5h~_~ﬂﬁIS|ple extrusi ons 8190 [err]C and 60 min[err]) on a
Br abénder Pl ast£-corder single screw extruder ( 4 zones ). The
resul ts are presemeaTn Table 5. EXAMPLE 20 100 grans of

the dry teapdl hoasingt 3i tedmeveordphdlyoandlaccekrrapecalhalméer ¥ithin
stabilization were added 0, 02 wei ght % of

Cct adecyl - shesassocéﬁtedbér}nlingh;}aroxpsheﬁppynpr§pi shuike an anvilo, 16
i gh 2 ,4-di-t-butylph -4, 4" -

0 phenyl enBHEERRBHIGH BES5, 9vter gni thpBPUII B, sppreciated that

dlﬁEthy|etQ¥hL éuﬁihﬂﬁnxk)QQgﬂgh’egegﬁyWQBQQEO%%BEiQh%H”K& movement of

the mandrel 2 relative to the housing 3 in either

o 9?%&%‘ TR T

longitudinal direction.

Preferably, the operating fluid is selected from a
group.that is relatively compressible. For example, liquid
silicone is preferred because it is substantially more
éompressible than conventional hydraulic fluidf It should
be appreciated that it is the compression of the fluid that
stores the energy in the accelerator. Additionally, any of
a variety of compressible gases, such as nitrogén gas may
aléo_be used as the compressible fluid without departing

from the spirit and scope of the instant invention.

Accordingly, means is provided for substantially
sealing the chamber 88 to permit this buildup of pressure
therein. The surfaces 86, 87 of the chamber 88 are smooth
cylindrical surfaces, permitting free movement of a pair of
pressure pistons supported therebetween and defining the |
chamber 88. At the upper end of the hydraulic chamber 88,
an annular pressure piston 89 is positioned between the

surfaces 86, 87 for sliding movement therebetween. The



15 péﬁ@kné&“&ﬁd'o éﬁ WEIght % of calciumstearate. After a

thorougm ffi Xi g the ‘Tt Ur e was pelletized on a CTM ext ruder

equi pped wm atth sand cutter with the extruder zones
tenper$%uretﬁzw%%§$%%0/240/240[err]C and a screw speed of 10 rpm
20 i

'ﬂeLpeJLetsmabL&hnad as descri bel6above were subjected to
nultipl@ extrusions (190 [err]C and 60 mn[err]) on a Brabender
Plasti-'u.uc.'arngue'screm/extruder ( 4 zones ). The results are

present dtbr] 93 €19 sealed aqain¥{)9§ﬁ§§4§5akage by O-rings 90, 91
PCT/ GB9 1294 34

TABLE 5 positionédaiml &anular &Fbogés092i,n93, respectively. First

Third Fifth extrusion extrusion
ext rusi dpvement of the piston 89 is caused by engagement with the

mandrel 2 and, in particular, a shoulder formed by the end
of the spacer ring 77. That is, downward movement of the
mandrel 2 and spacer ring 77 engages the piston 89 and urges
it downward. Alternatively, the lower end of the tubular
housing member 25 forms a shoulder that prevents upward
movement of the piston 89. Thus, the longitudinal position
of the piston 89 is affected by movement of the mandrel 2 in

only the downward direction.

In one embodiment, the piston 89 is provided with at
least one passage 94 to permit a small leakage flow of
opgrating £luid therethrough. This leakage flow from the
chamber 88 to the chamber 63 occurs during thermal expansion
of the operating fluid as the accelerator 1 is lowered into
the wellbore. However, during jarring, only a very small

amount of operating fluid passes through the passage 94.

The lower end of the chamber 88 is similarly sealed by
an annular pressure piston 111, which is substantially
similar to the piston 89. The piston 111 is sealed against
outward flow from the chamber 88 by a conventional one-way

check valve 112. Also, the piston 111 is moveable upwards



RE:
5 18" = 1y 13,8 12,1 19
13,3 | 0 748 % 1997 } 11,3 20 14, 4
13,7 i & v ’ The evaluation of the processing stability
was thus L. . perianBd by nmeasuring the MFI after nultiple extrusions.
10 Miltti pl e extrusions §s a well known technique for the
eval uati o= fefoefi =abi | i zati on conpositions for pol yol ef i ns.
100 grans of the terpolyner pell ets stabilized with different
conposi ti 0By VRGAgeREALSWRLRCERE annular!SpavésiPiRgexsragbong (190 [err]C
and 60 mn[err]) on a Brabender 15 Pl asti-corder single sCrew extruder
( 4 zones yovementrof the mandréleltupwavd andaoptcofiathanhbuagdgfl o t he
nodi fication of MEl. The nodification of the MFl value is a neasure
of ThacurBRkoerdi 6f Ehej Epbuigr hq%imrlee%ﬁrst asa fhumsFa

a0 O b398, +hAE, RShhSbe Fub BeSRBRCTLL Sha prfynibe aommuata™ "
ef ficiencypo\asentt! 8hBedol? ! MieEERIBk®Salve 112 permits the
replacement of the very small amount of f£luid that leaked
through the passage 94 during a previous jarring action.
That is, after a jarring action, the pressure in the chamber
- 110 exceeds tﬁat in the chamber 88. Thus, fluid flows from
the chamber 110, through the check valve 112, and into the
chamber 88, thereby restoring the volume of fluid in the
chamber 88 to its pre-jar level.

The mandrel 2 and housing 3 are urged to remain in the
central or neutral position illustrated in Figs. 1A~-C by a
pair of coil springs 118, 119. The coil spfings 118, 119
are coaxially positioned about the tubular portion 82 within
the chamber 88 and respectively extend between the pressure
pistons 89, 111 and a pair of radially extending flanges
120, 121. In particular, the flanges 120, 121 form
shoulders 122, 123 against which the coil springs 118, 119
rest. The springs 118, 119 also operate to urge the pistoﬁs
89, 111 toward the ends of the chamber 88 and to maintain

the accelerator 1 in its central or neutral operating

position.
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35 F TTTTTCLAT T NE: 1. A polynmer which conprises a

po |)€ﬁéfl@§1‘tm§ﬂ@ 997, | product obtai ned by poI yneri zing at | east ethyl ene,
1- pentene and 1-hexgnk. 5 2. 18 A pol yner of at |east ethylene,
1-p nfeﬂe~aﬂd-“~-—~j 1- hexene. 3. A pol ymer according to
Claifm2 or claim 2, wﬁich Is a terpolyner of ethylene, 1-pentene and
1- hexene === A pol yner according to Claim 3, mheLeln t he
molar 10  ar anatgh hxk8ne 109 tilae posMAloneddan %E‘aﬂ d n-hexene-1
in the terpolyner is bgfgeen 99,9:0,1 and 90, 0: 10,0, whil ﬁﬁ’ t he

mol ar raramahioﬁspdptbn&wbenlthex@mmthar@druﬁbdxﬂ3M%ﬁu the tubWlds 99, 9
and 99, 9: 0, 1. 5. A pol yner according to Claim3 or Caim4,

which member 29a to isolate a hydraulically filled chamber 110
from the internal passage 35. The chamber 110 is
hydraulically connected to the grooves 76 through the
plurality of apertures 84. Thus, the chamber 110 is in
hydraulic communication with the chambers 52, 63 to form a
substantial fluid reservoir for the operating chamber 883.
The floating piston 109 moves longitudinally within the
chamber 110 to accommodate pressure changes between the
chambers 52, 63, 110 and the internal passage 35. These
pressure changes are ordinarily associated with variations

in the temperature of the operating environment.

A better appreciation of the opération of the
accelerator 1 may be had by reference to Figs. 2A-C, where a
cross sectional view of the acceleratdr 1 in its downward
operating position is shown. The interaction and merment
of the various components of the accelerator 1 may best be
appreciated by a description of its operation during an
actual downward and upward acceleration. Therefore,
referring now to Figs. 2A-C, the movement of the various
components of the accelerator 1 during a downward

acceleration is illustrated and discussed.



Eé %3&%§ﬁaie as nmeasured according to ASTM D 1238,

15

inth an e of 0,01 td 1009/ 10 m n. 6. A pol ynmer accordi ng
to an n@ BR4A8 Bivds 3to 5 i ncl usi ve, which has a density, as
measu e%Taccordlng to E ASTM D 13@5, in the range of 0,89 to

0, 95gf chferr] ™ \AD 96/ 38485

PCT/ GR96/.01294 | 36 7.

A pol ynmer according to Claim3, which, when it is bottom bl own into
a fil mhavi ng ¥ttsherbdske capBfeaiatadsthat a signifiGint 7aperatioder with

220[err]C nelt tenperature usin :1 blowratio, conplies with

g a
the fol | RFFEFE0E tntEhe agcelerator }yis EhﬁE@Pe¥¢B%Pnnﬂéﬂ as neasur ed
accordi ng,t

Coyor e ndfetidtion ot the miskons #0( ihkyy AeSraliely)o%ad M e

0,890 to QpdrREi6Al 88 the pistons 89, 111 is discussed in detail in
conjunction with the drawings illustrated in Figs. 2A-C.
Further, a description of the accelerator 1 in its neutral
position has already been shown and discussed with respect

The accelerator 1 operages to enhance the hammering
action of a drilling jar by storing a large amount of energy
therein, which is released in response to the jar being
triggered. Accordingly, before a downward jarring action
can be initiated, it is first preferable to "arm" the
accelerator 1 by placing a portion of the weight of the
drill string onto the accelefator 1 and jar. Figs. 2Aa-C
illustrate the mandrel 2 and, consequently, the spacer ring
77 moved downward relative to the housing 3 and, in
particular, to the tubular member 29. This downward
movement is, of course, caused by the weight of the drill

string resting thereon.

The mandrel 2 has moved sufficiently far downward that
the spacer ring 77 has longitudinally moved into the chamber

88, carrying the upper piston 89 therewith. The spacer ring



e

WOAS Tae i
(c) anﬁ g‘é% E?éng%hfSas measured according to ASTM 10 D
1709, ,oﬂ greater t han 16Qg; (d) a tear strength, as neasured
accordlﬂg B MERVPRS ¢ ¢ 1922, of greater than 3,0g/[err]min
the mgchjine by direction (MD) and greater than 12g/[err]min
t he L ' tﬁansverse direct on (TD); and 15 (e)
contaiyis.__units dg from 1-pentene and 1- hexene
between 0.1 and 10 nDIar % as det erm ned by [err]C

NVR (%53 caft$8q! ¥Rd éétEgn G@szinto the chamber 88d' %'ﬂeg:r efRenzene) .

8. A pol yner accord| aim3 which, when it bot t om
bl own i néGmpréssingavh8grauilli 6knehe ehanbeki 68QNThe lower @istonl. /7MM

extruder with 220[err]C nelt tenperature using a 2:1 blowratio,
conpl i esi¥lj hhoweven| | basngontgoted: &he upper end of @@pzxuhuhaﬁlcwvindex
as neasur ed accordlng to ASTM D 1238, of 0,01 to 10g/10

ni nut es; hoyging member(B?araPH@N?PF}nga§“F§E§Hw%9qgiﬁﬂqﬁﬂﬂ}tNPWQFH%?)1505

of 0, 890t£ereb%§0g&%nkgoﬁhd be appreciated that if a relatively non-

compressible hydraulic fluid were to be is used in the

chamber 88, then only relatively minor movement would occur.

The coil spring 118 is shown to be relatively
uncompressed, owing to the lack of longitudinal movement
between the piston 89 and flange 120. The coil spring 119,
on the other hand, is highly compressed, owing to the

longitudinal movement between the piston 111 and flange 121.

At this point, the accelerator 1 is fully "“armed" and
prepared to accelerate the hammer of the jar in response to
the jar being triggered. 1In this downward actuation, the
mandrel 2 has been forced into the housing 3 by placing the
weight of the drill string onto the accelerator 1. When the
jar triggers, the support for the housing 3 is removed and
the housing 3 is free to move downward with the hammer of
the jar. However, the accelerator 1 enhances this downward
movement. Since the jar below no longer resists downward
movement of the housing 3, then the pressurized fluid in the

chamber 88 is free to expand and force the housing 3
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37 i 07 dA gnbact strength, as neasured according to ASTM

D 1709, 1 gr er than: 5®g (d) a tensile strength at break,
as neas e ﬁ according to ASTM D 882, of greater than 25
MPa 5 in the machine dire2tion (MD) and greater than 25

MPa in ﬁ T ransverse=gtrection (TD); and (e) contains wunits

derived from 1-pentene and 1- hexene between 0.1 and 10
mol ar % aaodﬁ.b%%@ Q%n with the hammer Bf ft@er her. NMiis (fiﬁ'ﬁﬂdes

dlssolved di chl or obenzene) . A
pol ynmer dzlmnt graaww 2nhlancies When hamering forcebaift d.mdf)ljam into a
filn1having a thickness of 30 mcrons on a 31.77mm extruder with
220[err]C nelt tenperature using a 2:1 blowratio, conplies with

the foll ow ng requisites:
g Referring now to Figs. 3A~-C, an upward actuation of the

accelerator 1 is described. Once again, the upward
actuation is proceeded by the accelerator 1 being positioned
in its neutral position, as shown in Figs. 1A-C. An upward
actuation begins by the mandrel 2 being withdrawn or pulled
upward and out of the housing 3. Upward movement of the
mandrel 2 causes the spacer ring 83 to engage the lower

piston 111 and move the piston 111 upward with the mandrel
2.

Movement of the piston 111, of course, reduces the
volume of the chamber 88 since the upper piston 89 is
prevented from moving upward by gngagement with the lower
end of the tubular housing member 25. Thus, this movement
begins to drastically increase the pressure therein. As
discussed previously, a small amount of hydraulic fluid is
allowed to leak from the chamber 88 through the upper
pressure piston 89, thereby permitting continued gradual

mévement of the mandrel 2 upward and out of the housing 3.

The coil spring 119 is shown to be relatively

uncompressed, owing to the lack of longitudinal movement
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15 o apglf flow index, as nmeasured according to ASTM

D 1238 yOﬁ%é 100§/ 10 ni nut es; (b) a density, as neasured
acco %%?D 1505, of 0,890 to 0,950qg/cnjerr];

(c) #past_erength as neasured ac%?rding to ASTM 20 _ D
17092 of greater than HO0g; %d) a tensile strength at yield, as
nmeasured——= - according to ASTM D 882, of greater than 15 MPa
i n the machi ne dlrectlon (MD) and greater than 14 MPa in
t he transetweendthecpistonTAN1l amd filange 121. (m)e daimaplﬁnwmxfas
derived from 1-pentene and - hexene between 0,1 and 10
mol ar % @B HBFePﬁgREdhandc is hwghywwyymmyessed: owing to the

38
E)C/ZT / Gl[?:g? ?éé éﬁﬁ&“al( DRYsment hftuwesn dhe piston 89 and flange 120.

At this point, the accelerator 1 is fully "armed® and
prepared to accelerate the hammer of the jar in an upward
direction in response to the jar being triggered. In this
upward actuation, the mandrel 2 has been forced from the
‘housing 3 by lifting the drill string. Wwhen the jar
triggers, the housing 3 is no longer held downward by the
jar and drill string there below. Thus, the fluid in the
chamber 88 is free to expand and pull the hammer of the jar

rapidly upward. This forced expansion greatly enhances the

upward hammering force of the jar.

In an alternative embodiment of the accelerator 1, the
chamber 88 is isolated from the chambers 52, 63, 110 so that
a different operating fluid may be employed in the operating
chamber 88 from that used in the chambers 52, 63, 110. 1In
the first embodiment described above, the operating fluid
used throughout the accelerator 1 is preferably silicone,
which tends to have poor lubricating qualities when compare&
to conventional hydraulic fluid, but is preferable for its
greatly enhanced compressibility over that of conventional

hydraulic fluid. Therefore, in this alternative embodiment
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RE ORI 595
drc Fh W"j?h“zeneﬁ%“‘m;{ 10. A pol ymer according to O aim3 which
% jection noul ded according to ASTM D 647, conplies with
Lt 4‘*6?I ng nequi sites: (a) a nelt flowindex, as
fasured according to ASTM D 1238, of 0,01 to 10g/10
gnutes i (b) a density, as ‘iteasured according to ASTM D 1505,
of* 0896+ : Ggﬁén[err]; 10 (c) an lzod notched inpact
strength as neasured according to ASTM D 256, of between
5 and 60 of the acceleratgy a.t shei bperatdngt khambgireB8, ias prefewaddy
accordi ng ASTM, 638 M of _between 10 MPa and_25 15 MPa; and
(e) contgﬁg%e uﬁﬁgg tHSrFﬁéétiVPéﬁlc?“ﬁEﬁFéﬁbleaHEerating fluid,

%é???%ﬂe Eﬁ&ﬂeggsg%%ﬁgggelgfggg ghQSagggigghQ%g 1 may store its by
di chl or obene®§e) by compressing the silicone. However, the remaining
chambers 52, 63, 110 are filled with the relatively
incompressible but highly lubricating conventional hydraulic

fluid. To prevent mixing of these different fluid types,
the upper piston 89 and lower piston 111 are not provided
with the passage 94 and check valve 112. Additionally, as
discussed above other relatively compressible fluids may be

readily substituted for that of silicone, such as, but not

limited to, gaseous fluids.

Although a particular detailed embodiment of the
apparatus has been described herein,‘it should be understood
that the invention is not restricted to the details of the
preferred embodiment, and many changes in design,
configuration, and dimensions are possible without departing

from the spirit and scope of the invention.



20 el le e Al mer according to any one of Clains 3 to 10

i ncl ?@Wgﬂu FHED SHgiEThat obtai ned by reacting ethyl ene,

and }1-frexenet-n- at-—heast one reaction zone, while ”mmt”@ﬂr@%m’ﬂ%"
reac_ti;on@zip@ﬁga@! gressure in the range bet ween at*nospheri s 3
pr essur e“dn 0} %l inflerr], and at a WO 96/ 38485

PCT/{GB96/.01294
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tenperature between 3Q[err]C and 120[err]C in the presence of a

cat atyst—er—catalyst—system 12. A process for producing a
pol ynmer, which process conpri%%s reacting at |east ethylene,

1-pentene and 5 1- hexene in at | east one reaction zone, while

mai nt ai ni ng the reaction zone at a pressure between atnospheric
pressure andCRAXRE/ cnR2, and at a tenperature between 30[err]C

1. A double acting accalarator, comprising:

5 a tubular housing;

a tubular mandrel substantially coaxially arranged

for telescoping longitudinal movement within said tubular
housing;

10

a first piston positioned radially betwean said
tubular housing and mandrel, said first piston being
adapted for movement with said mandrel in responss to
novement of said mandrel in a first longitudinal
direction relative to said housing and adapted to resist
longitudinal movement in response to movement of said

sandrel in a second longitudinal direction relative to
said housing; and

15

20 & second piston positionad radially batwsen smaid

tubular housing and mandrel, said first and second
pistons forming a substantially sealsd chamber
thersbatweaen, said second piston being adapted for
movement with said mandrel in response to movemant of
said mandrel in the second longitudinal dirvection
relative to said housing and adapted to resist
longitudinal movement in response to movenment of said
mandrel in the first longitudinal direction relative to
said housing, vhersby said chamber has an increases in
prassurs in response to movament of said mandrel in both

sald tirst and second longitudinal directions relative to
said housing.

30

2. A double acting accelsrator, as set forth in claim

1, including a coil spring positioned in said chamber and
extending longitudinally between the first and second

as



anpEROL e G it ﬁﬁ presence of a catal yst system thereby to

pr o 3e’t‘a§éLg§L 3@% pr oduct . 10 13. ﬂ

C aim 12, wherein i hee reaction or polyneri zat | Amrm mlmw mﬂl in
a %l r@'(fﬁﬁ&%é?%‘? and in a substantially oxygen and wdt et fFeesstiate,
usi an Uhe t saturated hydrocarbon as a slurrying agent.

14; T~ A"process apcording to Gaiml2 or Caim13, 15 wherein the
re

is in the range 60[2Br]C to 90[err]C, and the
reaction pressure is in the range 4 kg/cnferr] to 18 kg/cnferr].
15. A process according to any one of Clains 12 to 14

I ncl usive, wherein the catal yst system conprises a titanium 20
Ziegler-Natta catal yst, and, as a co-catal yst, an al um ni um
compound, with the catalyst having the ability to i ncor porate

si mul t aneousl y RASESRE.A #bY| the | fiyst. and secopd, pistons Ave wegadene in
the pol yet hyl enawapatron the longitudinal centar of the chambaer.

based

3. A double acting accslerator, as sst forth in claim
1, including a fluld reservoir and vhersin said first
piston defines a rastricted passage extending

therathrough in fluid communication with said chamber and
said reservoir.

10 4. A double acting accelerator, as set forth in claim

3, vhersin said second piston defines a passage extending
thersthrough in fluid communication with said chamber and
said rescrvoir, and a one-way check valve positioned in
said second piston passage and adapted to permit fluia
communication in a first direction of flow extending from
said reservoir into said chamber.

15

5. A double acting accelerator, as set forth in clain

1, vwherein said mandrel includas a first shoulder formed
thereson and adapted for angaging said first piston in
responss to mavement of said mandrel in said first
longitudinal dirsction relative to said housing, and said
housing includes a ti.rst shoulder formed thereson and
adapted for engaging said secoid piston to resist
longitudinal morement of said second piston in response

to movenent of said mandral in said firat longitudinal
direction reslative to said housing.

a0

a5

€. A double acting accalerator, as set forth ia claim

1, vherein said mandrel includesx a second shoulder formed
therson and adapted for engaging said second piston in
responss to movemant of said mandrel in said second
longitudinal dirsction relative to said housing, and said
housing includes a second shoulder formed theraon and
adapted for engaging said first piston to resiat
longitudinal movement of zaid first piston in response to

30

3s
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N . a;A process according to Cd aim 15, V\/ner
Zijed| eb-IN& ‘\ﬁa@@& 4l ﬂ i s that obtained by wmﬂﬁ’ kmﬂ
etfthédr _under inert jcanditions to a susp ro

mggnesi um chlori’ L iinan 5 i nert saturated hydrocar bon

| itguid, . with th_g___:__j nol ar ratio of anhydrous magnesi um
chloride to di butyl 26 her being between 0,3:1 and 3:1, and
stirring the resultant m xture for a period of 30 m nut es
to 10 hours at roomtenperature; 10 (i) adding
triethylalumnium dropw se to the
t he nmol ar ratio of

suspensi on, wth
triet hyI aI um ni um to anhydr ous

nmagnesi um chl ori de bei n betvve ]l g to forman
activated  movemant of said yapgrel 35,8814, sego tugina (iii)
addi ng to t hedirsctixrecdelappvetta muid hnugi.nzj.urry

7. A double acting accelerator, comprising:

a tubular housing;

a tubular sandrel substantially coaxially arranged

for telsscoping longitudinal movemant within saild tubular
10 housing;

a fluid reservoir formed between said tubular
housing and mandrel and adaptsd for receiving an

opesrating fluid therein;
1s

& tirst piston positioned radially batween said
tubular housing and mandrel, saiad tirst piston being
adapted for movement with said mandrel in response to
novansent of said mandrel in a first longitudinal

20 direction relative to said housing and adapted to resist
longitudinal movement in responss to movement of said

mandrel in a second longitudinal direction relative to
said housing; and

2s a second piston positioned radially bstween said
tubular housing and mandrel, szid first and second
pistons forming a substantially sealed chamber
therebetween, said sacond piston being adapted for
movemsnt with said mandrel in response tc movanent of
30 said mandrel in the second longitudinal direction
relative to said housing and adapted to resist
longitudinal movement in response to movement of said
mandrel in the first longitudinal direction relative to
said housing, vhersby said chamber has an increase in

as pressurs in responsa to moveamsnt of said mandrel in both



ath E ReEEtciakeohol m xture consisting of et hanol ,
hexa E iR Mith the mol ar ratj I
m xt to the initipal; magnesi um chl or I%ﬂ&’g&lﬂ;!@%@@%‘r
0,4:1 and} ZNAR G | % (iv) stirring the alcohol/act' 4 .
mxtyre ~ . for between 1 and 10 hours; and (v)
addi hg“titani Um chl'origle to the al cohol /acti vated support
m xture such that_the_fpolar ratio of

titaniumchloride to
magnesi um chloride initially 25 used is between 2:1 and 20: 1,
to forma magnesi um

chl oride supported titanium catal yst.
W) 96/ 38485 27 PCF/ GB96/ 01294
41 17. A process according to Claim15 or C aim16,
wherein the cocatalyst is _an organo al um nium conBé)und

said first and second longitudinal dirsctions relative to

said housing.

8. A double acting accelerator, as set forth in claim
7, including a coil spring positioned in said chamber and
axtending longitudinally between the first and second
pistons, vhereby the first and second pistons are urged
avay from the longitudinal center of the chamber.

10 9. A double acting accealerator, as sst forth in claim
7. vherein said sacond piston defines a passage extending
therethrough in fluid communication with said chamber and
said reservoir, and a one-way check valve positioned in
said second piston passags and adapted to permit fluigd
conmunication in a first direction of flow extsnding from
said reservoir into said chamber.

15

10. A double acting accelerator, as set forth in clain
7, vherein said mandrel includes a first shoulder formed
thereon and adapted for engaging said first piston in
tupomc' to movemant of said mandrel in said first
longitudinal direction relative to said housing, and said
housing includes a first shoulder formsd therson and
adapted for engaging said mecond piston to resist
longitudinal movement of said second piston in response

to movement of said mandrel in said first longitudinal
dirsction relative to said housing.

20

25

11. A double acting accelerator, as set forth in claim

7, wherein said mandrel includes a second shoulder formed
thereon and adapted for engaging said second piston in
rasponse to movamant of saild mandrel in said sscond
longitudinal direction relative to said housing, and said
housing includes a second shoulder formed thereon and
adapted for engaging szaid first piston to resist
longitudinal movement of said first piston in response to

30

a5



expr ] gohghula A Rlerr], X[err] wherein is a

hydr peditpedtadf citori conponent of 1 to 15 carbon at o’rm"

hal ogeﬁ atom and miis a nunber represented by 0 < "m W#ﬂ t he
atom c r&&g@%ﬁ&%ﬁ?un1niun1to titaniumin t he cat’al yst tsyst

bet weep 0, 1:1 and 500:{1. 18. A process according to any one
of Qalis IZ7t0 17 I nclusive, wherein the reaction is effected in a
batch_ 10 fashion, f with the 1-pentene and 1-hexene bei ng added

simul taneously to the reaction zone at the start of the
wi th the ethyl ene being added continuously during
reaction, and with no product being

reacti on. 15 19. A process according to any one of Clainms 12 to
17 i nclusive, wherein, the reaction is effected in a batch

fashion, with t#RVeRsnt,of saiq mandral. in B&%g‘&&&éd"%ﬂ?}?“‘“

reacti on zone sdimsctdonorslative to i hpusfwg.and with no pr oduct
bei ng renoved during the course of the reaction. 20 20. A
process accordi ne Q inclusive, wherein
t he reacti osn [ sgg'ff t ﬂ ﬁcgé %h‘“‘“"&t' couprising:

reaction,
the course of the
28 renoved during the course of the

a tubular housing;

4 tubular mandrel substantially coaxially arvangsd
gor telescoping longitudinal movemant within said tubular
10 housing in first and second longitudinal directions;

a first piston positioned radially betwesn said
tubular housing and mandrel; and

15 a sscorid piston positioned radially batwvesn said

tubular housing and mandrel, said first and second

pistons forming a substantially sealed chamber
tharsbatwesn:

20 a first shoulder formed on said mandrel and adapted

for engaging and moving tharewith said first piston in
response to movemant of said mandirsl in said tirvst
longitudinal direction relative to said housing;

25 a first shoulder formed on sald housing and adapted

for engaging said second piston to resist longitudinal
novenant of said second piston in response to movemant of
said mandrel in said first longitudinal diraction

relative to said housing;
a0

a sscond shouldar formed on said mandrel and adapted
for angaging and moving therewith said sacond piston in
rasponss to novoeaant of said mandrel in said sscond

longitudinal direction relative to said housing; and
a5



fashion,. and. either..1-pentene or 1-hexene being added to t he

: S N T e he reaction, ethylene \
r eaREPokCEHRETRIRER] start of t mmﬁ BT,W
C(%%%#%Ugl y -éurr*ﬂg ‘t he reaction, the nononer 4I\21!!IMHH § Whll i

I £h was
Eo /@g?fg/q&gg *‘gﬁ?ﬁg bgegi nni ng of the reaction then b](:,‘I tn% Slrjgglzlt ;agl,n and
wi th ao_p.r._odu.at._.bei ng renoved during t he courzs;a o17 e5 :
21IE A process according to any one of Clains 1 ti(l’)IUOUS ner
i nCHusive-—wherei-a—the reaction is effected in a con nuouS
with the ét hyl ene bei ng added conti nuousl y2and (F:)tion A e
1- hexene bei ng added during the course of the rea ,

[ el .
[ i nuousl fromthe reacti on vess
product being remveg “etond shoulder formed on said housing and sdapted

for engaging said first piston to resist longitudinal
novement of said first piston in response to movement of

sald mandrel in said second longitudinal direction
- relative to said housing.

13. A double acting &ccelerator, as set forth in claim

12, including a coil spring positioned in said chasber

and extending longitudinally batveen the first and sscond
10 pistons, vhereby the tirst and sscond pistons are urged

toward the first and second housing shoulders
respactively.

14. A double acting accelsrator, as set forth in claim
1s 12, including a fluig reservoir and wherein said first
piston defines a restricted passage extending

thcrc‘_hhrough in fluid communication with said chamber and
said reservoir.

20 15. A double acting accelerator, as set forth in claim
14, vhersin said second piston dsfines a passage
extending therethrough in fluia communication with said
chanber and said resarvoir, and a one~-way check valve
positioned in saiqy second piston passags and adapted to

25 permit fluid communication in a tirst airection of Llow
extending from saia reservolir into said chamber.



10 L - rocess according to any one of Clains 12 to 21
mcl'&Eﬂl&‘f%‘Wéﬂei\ﬁ F’lﬁ mol ecul ar wei ght of the terpolymer

S
regul Fed by addlng hydrogen to the reaction zone.

23. A
process aoren -t® any one of Cains 12 to 22 I ncl usive, wherein
t he dqn5|ty of f e tefpolyner is 15 regul ated by the total content of
1- hexenre -and--1-pent éne 24. A pol ymer conposition, which
COITSI’I ses i (i) a terpolyner of ethylene, 1-pentene and
1- hexaneT '

(ii) a phenolic stabilizer conponent;

(iii) optional I y, at |east one organjgc phosphite 20
stabilizer; and

(iv) a netal salt of a higher aliphatic acid.
VO 96/ 38485 PCT/ GB96/ 01294

A DOUBLR-ACTING ACCELERATOR FOR USE WITX
KXDRAULIC DRILLING JARS

10 A double acting accelerator 1 includes & mandrel 2
arranged in a housing 3 for sliding longitudinal
novansnt. A pair of pistons 89, 113 are positioned
radially batvesn the housing 3 and mandrel 2 to form a
substantially sealed chamber 88 longitudinally

15 therebatwasn. Novement of the mandrel 2 in s first

direction urges the firat piston 89 tovard the sscond

piston 111, thereby greatly .increasing the pressure of

£luid in the chamber 88. Movement of the mandrel 2 in a

sacond, opposite direction urges the sscond piston 11t

20 toward the first piston 89 to, likewiss, greatly increase
the pressurs of fluid in ths chamber 88. Thus, & large
amount of energy is storsd in the accslerator 1
independent of the relative direction of movement of the
mandrel 2. and housing 3.

23 :

30

Sheet Has Been Replaced

i
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45 31. A pol ymer conposition according to C ai m 24,%eesp o mes

whi ch conpri ses (i) the ethyl ene/1-pentene/ 1- hexene terpol yner
in an _ amount of 100 parts by mass; 5 (i) the
phenol i ¢ stabilizer conponent of 0, 0005 3(® 0,1 parts by
mass; (1ii1) the organi c phosphite stabilizer in an amount of
0,001 to 0,5 parts by mass; and (iv) the higher aliphatic netal
salt in an a 0

32. A %ve pol'y r‘fkeé’ﬁng(&bAt IE'LE 3’11‘(21% g@s‘ﬁ:r |@e a?g RYBRAULIC

il lustrated fBRHJJINGJARS 33. A novel process for producing
a polyner, substantially as described and illustrated herein. 15
34. A novel polynmer conposition, substantially as descri bed

and il lust ratgﬂsmq}:f.

A double acting accelerator 1 includes a mandrel 2 arranged in a housing 3 for
sliding longitudinal movement. A pair of pistons 89, 111 are positioned radially
between the housing 3 and mandrel 2 to form a substantially sealed chamber 88
longitudinally therebetween. Movement of the mandrel 2 in a first direction urges
the first piston 89 toward the second piston 111, thereby greatly increasing the
pressure of fluid in the chamber 88. Movement of the mandrel 2 in a second,
opposite direction urges the second piston 111 toward the first piston 89 to,
likewise, greatly increase the pressure of fluid in the chamber 88. Thus, a large
amount of energy is stored in the accelerator 1 independent of the relative direction

of movement of the mandrel 2 and housing 3.

No suitable figure
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