WD 03/ 104665 PCT/ US03/ 08524 .APPARATUS AND METHOD FOR RETARDI NG TRANSLATI ON
BETWEEN TWO BODI ES Techni cal Field The invention relates to apparatus and
nmet hods for preventing or limting relative |linear novenent between two

bodi es or ‘3@1‘%&@ More particularly, the present |nvelggll{l9§3d5)£% ains to

the const¥ and operation of brakes and | ocks for g the
transl ation of an object. 5 Background of the Invention | ocking devices are
needed in various settings to prevent, and selectively allow, |ongitudinal

translation of an ABpARATUSWND METRODFOR RETARDIG TRARBLANON body.  Cooper
Cameron Corporation provides a nechanical device on a subsea col | et

“connector that is used to securB WEEHM%@%MH stack to a well head to
prevent the 10 i nadvertent unlocking of the collet connector. The Cooper

Caneron Corporation lock is shown generally at 10 in Fig. 1. A pair of
opposed ja\l\gﬂ&ékﬂw I eld4 provide an opening within which a rod (not shown)
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in the javvsmfg aggllatl%'ﬁf‘%a%he Jgtavvs 12 and 14 are novabl e al ong the guide

bolts 20 within the restrictions of the shoul der screws wused to nount the
jaws pn theghyk %%&?gn&gftn@%\%nﬁ&nthe ends of the guide bolts 20 keep the
gui de bolts I'n e holes in the bracket 18 and the jaws 12 and
14. 20 Spring wakaeking devices are peedad;inVRtigus, pjinpstA arayBitg@ndtdiactvedh pet ween
tﬂe bracket ali&fhmgutudlm“a@mbaofmgdjm subleag aved] Peldtvads gndifee bbaywy %4 Thus, ;
the spring washers 22 t e two WS n get her aroun
the rod thapoﬁ%%g@?%‘cﬁggﬂmfﬂb?ﬁw%?ea mgfnaf’%iqaeé’\‘ceé’gc?hsug?eat%g&tm jaws 12
and 14 t hat cemetiacthat i lueed ebsre abionedt pravehtéristasll to awebhegd dopreverdithe t eet h

e teeth,24 e . [ | ooves
def i Wng t olPHRSET FEkRisy of s QctioiRitd THEXHoKE batherch CoieBaocklel oDt
rel ati ve toshdve ganereBy 4610 iofiigs by mp‘plf Dmﬁed)]ﬁm@f'lzﬁﬂﬂﬂﬂ@r@ﬁiﬁ anERENINAdi nal
force on thﬁr{tﬁlﬂ hICFI%rl'O gﬁtgﬁ&@r@éﬁ %\é?ﬁué)fz ale1d A ikdflotaltRinde® 12 and

14 i nteract orce t ai nst the spring washers
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bolts 20 also pass through appropriate holes in the jaws 12 and 14. The jaws 12 and
14 are movable along the guide bolts 20 within the restrictions of the shoulder screws
used to mount the jaws on the frame 16. Nuts at the ends of the guide bolts 20 keep
the guide bolts confined within the holes in the bracket 18 and the jaws 12 and 14,

20 Spring washers 22 are positioned along the guide bolts 20 between the bracket 18 and
the jaw 12, urging the jaw 12 toward the jaw 14. Thus, the spring washers 22 tend to
force the two jaws 12 and 14 together around the rod that passes between them. The
surface of each of the two jaws 12 and 14 that contacts the rod is curved, and lined
with grooves and teeth 24. The teeth 24 engage the rod by being received within like

25 grooves defining teeth on the rod, to hold the rod against longitudinal movement
relative to the frame 16. Only by application of sufficient longitudinal force on the rod
can the teeth and grooves of the rod and the jaws 12 and 14 interact to force the jaw
12 to be pushed against the spring washers 22, moving away from the jaw 14 and
allowing the teeth of the rod and jaws to disengage to allow the rod to move.Friction

30 and mechanical spring forces thus provide the resistance to hold the rod against

movement relative to the frame.



WD 03/ 104665 PCT/ US03/08524 2 A pin 26 is threaded through a hole in the
bracket 18 and can be advanced to engage the jaw 12 and so limt the '
novenent of the jaw 12 and the bracket toward each other, while the guide
bolts 20 |imt movenent of the jaw 14 away fromthe bracket. The pin 26
can t hus WK j aws 12 and 14 agaﬂznst movenent away FTOREOEAEh of her
with a rod engaged by the jaw teeth 24, and so | ock the rod agai nst
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washers thus en I'ongrt udi nal
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applied to phabnhos W&emh Fetexmemgﬁmr.;@m&reeﬂte%é plopépyt 1 It of the

washers and rel ease’ on I tudi nal novenent relative to the
wash&t s and %ﬁ'@"eﬁ%hq{d’s'@d'nﬂﬁgﬁﬁﬁe Wﬁénﬁﬁteltﬁ%féﬁﬁj reriied e This makes sol d
under the rﬂglsgﬁ.@j\agghtefgaéj@m\}@ BEAR -LOCO. This | ock includes a netal

sl eeve, and is n. ith nci stlc ansion of netal under
oot o the s et Mg Gt Bovlt i oopRL Bah e G oY Bl st ot
amount of f heusing cani@ining aﬂb@aﬁ@dtwdsﬁarsmyairfabbsetymmﬂrw thatexiepgd i ed to the

devi ce. AST dnd & BRLE W SUNSHE ool I Bnahilesdhed Bk faflorBsa’ Vo, 25

the sl eeve AUSY2B enera € the
frictdon reffbé stack tﬁfovaSJ;ergm Tilk alhmftther\ez@hstsanl@éve todhe todr The slnniedt he device

wor ks of f Oﬁaél{?iﬁhhgé‘n ELAE BRd o8 bE Rt 1r?ét Bﬁblhﬁhﬁgmf)\?@neﬂ here is a

tendency for the resistance to ecrease Wt cycles as the
sl eeve wear Birough theshouging n ARiEls peovided whetspy Qﬁ?%mﬁ‘bb% ?ER)'PG@ BH$hithebr oved

| ocki ng, orwhdhakd dihinst 8 sﬁﬁh@ t@@ovflmhertmtoan@mhburs@malrabawth@fodaorr od, for
exanpl e, relatjve ct of the present

o_anot i | e |
i nvention t "%P’SW‘F%E lﬂg%ggltgef”ﬁ%ffer%ﬁw tB% h’ésdflg in awde range of
si zexy and that Aretheritype ofilpcking évycetie thahsddilindeg thepogisterdddradpmatkt e. The

present i nvEEl\h—?.Bd@ ef’l'ﬁs E%ﬁ&u@&eéiﬁletal sleeve, and is based on the principle of
elastic expansion of metal under pressure. The sleeve surrounds a rod.and grabs the
rod with a consistent amount of force, and is released when hydraulic pressure is
applied to the device., Aside from the tendency of this style of lock to be expensive,
25 the sleeve must be long to provide enough surface area to generate the friction
required for significant resistance. Further, since the device works off of friction
between the sleeve and a polished rod, there is a tendency for the resistance to
decrease with number of cycles as the sleeve wears. _
It is advantageous and desirable to provide an improved locking, or braking,
30 device for retarding translation of a rod, for example, relative to another body. itis an
object of the present invention to provide such a device that can be made in a wide
range of sizes, and that requires no highly technical equipment to operate. The

present invention meets these needs.

Summary of the Invention
35 The present invention provides apparatus for retarding translation of one body




Summary of the Invention 35 The present invention provides apparatus for
retardi ng translation of one body WO 03/104665 PCT/ US03/ 08524 3 relative
to anot her body wherein a first body circunscribes a second body. A
cylindrical surface is part of one of the first and second bodi es, and
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cylindrical surface is part of the and the retainer is carrie
bg the secohf® %ﬁgﬁl‘?evfcﬁ '?ﬂiﬁ ”?%??ﬁq%qsfh?%gm g grﬁ" ShMo{HE gy q[frh device is
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constrai ned ast [
grooves.

In one form of the invention the cylindrical surface is part of the second body

and the retainer is carried by the first body. In such form of the invention, the elastic
25 device is distoried and removed from the one or more grooves by radial expansion of
the elastic device.

In another form of the invention, the cylindrical surface is part of the first body
and the retainer is carried by the second body. In this form of the invention, the elastic
device is distorted and removed from the one or more grooves by radial contraction of

30 the elastic device.

A second round elastic device may be included, constrained by its elasticity
toward the one or more grooves of the cylindrical surface, and confined by the retainer
and thereby restrained against longitudinal movement relative to the retainer. In such
case, one of the first and second elastic devices is inside the other elastic device so

35 that the first elastic device is between the cylindrical surface and the second elastic

device.



toward the one or nore grooves of the cylindrical surface, and confined by
the retainer and thereby restrai ned agai nst |ongitudi nal novenent relative
to the retainer. In such case, one of the first and second el astic devices
is inside the other elastic device so 35 that the first_elastic device is
bet ween tW@O¥YM§6idri cal surface and the second el astic PGRUSOES24H0
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the cylindric sur ace, t1ona novenent en I rst and second
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magni t ude t geceivéetikifiva lelastioddviceleproaided in thetwindricabsutfase, refdtiondl posi ti ve | ock
of the rod in a fixe t he
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conflguratlon ‘ow movenent. A "l ock," or | ocking device may pe used to
positively The present invention prowdes a significant resistance 10 translation of a tod,

with the resistance being consistent and of a magnitude to effectively lock the rod in
place as desired. A positive lock of the rod in a fixed position is also provided.

25 As used herein, the terms "retarding” and "braking" denote resisting or slowing
movement, and stopping or preventing movement. Thus, a "brake" as used herein
may resist movement and prevent movement, but which can be moved to a release
configuration to allow movement. A "lock," or locking device may be used to positively
hold a brake in a configuration in which the brake prevents movement and cannot

30 move to a release configuration. Also, the term "rod" is used herein in a general sense
to describe a body that can be circumscribed by another body, and is a body o portion
of a body of any shape that ¢an be so circumscribed; an elongate shape, such as that
of a rod, would be a convenient shape for this purpose and is so referred to for

simplicity of description.



hold a brake in a configuration in which the brake prevents novenent and
cannot 30 nove to a release configuration. Also, the term"rod" is used
herein in a general sense to describe a body that can be circunscribed by

anot her bod and is a body 4 portion of a body of any t can be
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conveni ent shape for this purpose and is so referred to for sinplicity of

descri ption, 03/.1046 PCT/ US03/ 08524 5 Brief Description of the

Dr awi ngs Fi M@Mi ew of a prior art device discussed above;
Figs. 2 and 3 aFig. isth isdriated Vieunsf a prigp artidedbe Bleﬂlsisélilalﬁtfveﬂ'-'lgi)d anagke
according to th ons and 5

!
are.side el 8FF eo%@"s\ [Hnsplﬁrpf"f/t Pseggﬂquﬁo%}soaﬁggg@é %BF%R@Q%FL'\%?’@?." 2 and 3,
wi th a | ockintgosbef@uetiohs kigs. 4 abdd adi didecelevationsin padial sectionsftheliod. 6 is a

Crossgsect | i akegs Ak LS G fig el Showdin Hflndoh ol AREWJ.© Vi oW

of the I ocking s eve of ’
f r agment ar y 6d% 2€/9ss sestipi taken §hbwlfl¢93-ﬁlfl’f g% frig- ﬂﬁmlsmﬁemhee\ypﬁhﬁg that can

be used in jdiRng el HifyOh-67F@s. 8 #10B areenﬁrdéagﬁagﬁ&t@veroéés&r.&sen' ar ged,

fragmentary cross sectlons show ng different cross 10 sectional roflles of
t he spring shayvingdiiergnt fammps ofdbe %‘"&ﬁ'@&cﬁ%bet yRed /i theppdRieke pf Figsy €-5;

EI gi 12- 1|5aﬁ>cr Eig$. mrﬂl 16\6eRé ema@fs Ifmghﬁhtamr&sgél‘ectuﬂrs_ihorbhg diforRnM %rsssadr gc;l
ra e 0 S.ra n.a COI ri,Ng; 1 0S. n ar e
o0+ aP Pl oy prores g IR Gt Bt Ry yoe bt bio i ige- BN o

brake of Fi§s. 12-15; and Figs. 18 15 and 19 are enlarged, fragnentary

Cross sections Sﬁgw‘e@h r&Eﬁ@%i&atﬁéggﬁmléﬁﬁtﬁgﬁéls bit’ g&%&ﬁ @f prhRE rings and

grooves that can De use 20-23 are
si de el evat fopleying aplit Aings wetier then azobspringt Flgﬁd\ﬁnangﬁare@omatamereﬁpﬂ oyi ng an

I nt ernal thﬁﬂﬁqglig-% ako | itd.efh W th t he
rod; Figs. 24 an gf%bﬁat?@&%ﬁggﬁq\ﬁeme?gq ﬁ%h‘%ﬁé'{%oﬁ% izegtglaglﬁgidghgbw ng

diff & ent fanhio areeny Qﬁtdhga%? Y CPﬁéﬁe%'a‘i‘F %l‘é’“i@éiﬁﬁrﬂnttcﬁesﬁé‘amﬂﬁiake of
Fi gs. 20- 23profigsl ofthg SingLandgrdovdé tidit earthé asedad thefro®BRRE LAFIYs.aRASS Sections

can be used i n HES DA REe SvRiohs Smyg D §sr dcbut3BouRd g A ypi,~ |
el evati ons empibying ab drtdfngshreaded2Brfadpuecavioye ngl spring thab isadesied auitplttey i ng spl i t
rings ratheg,q tﬁg@ A dids a?QEh:Q:\%ed f}agﬁr];epé.%/ @B 3 cﬁ(s%h&ﬂi’n ;%nt r%ﬁn? os of

fragnentary ctoSs sections sh erent cross-sect I a pro

t he 20 ngs afidhe gpring\teat can ke ué%ﬁ"l'"lﬂl? rgd &tpkp 9f Fige J04P; Bpd kigs.o46 ﬂnﬁ@g areg- 31;
Figs. 34 anénréﬁe%rfe H@ﬂtaw@wsé&ﬁor@ shb\}ﬁﬁg Bifelent bBks-Sctfions profiks of et he rod
brake of Fi gr;snng %m—j :t)’hreadFthgt can be uset&i in the rod brake of Figs. 20-23.
Figs. 28-31 are side elevations similar to Figs. 20-23, but showing a rod brake
employing split rings rather than a coil spring; Figs. 32 and 33 are enlarged,
25 fragmentary cross sections showing different cross-sectional profiles of the rings and
grooves that can be used in the rod brake of Figs. 28-31; Figs. 34 and 35 are iwo
views of a ring pack that can be used in the rod brake of Figs. 28-31; Figs. 36 and 37
are side elevations similar to Figs. 30 and 31, but showing a locking pin rather than a
locking sleeve; Fig. 38 is a cross section taken along line 38-38 in Fig. 36; Fig. 39 is an
30 isometric view of the locking pin of Figs 36-38; Fig. 40 is an isometric view of a single
split ring with a lead that can be used in any of the rod brakes of the present invention
that feature a threaded surface; and Fig. 41 is an isometric view of a split ring packet
with a lead that can be used in any of the rod brakes of the present invention that
feature a threaded surface.
35 Figs. 42, 43, 45 and 48 are side elevations similar to Figs. 2-5, but showing a

rod brake employing an elastic sleeve; Fig. 44 is an enlarged, fragmentary cross




are side elevations simlar to Figs. 30 and 31, but showing a |ocking pin
rather than a |ocking sleeve; Fig. 38 is a cross section taken along |ine
38-38 in Fig. 36; Fig. 39 is an 30 isonetric view of the | ocki ng pin of
Fi gs 36-38; Fi 40 is an isonetric view of a single lit ring with a

| ead thaﬁwlﬁ%wgﬁsused in any of the rod brakes of the KQEEWWMF ention
that feature a threaded surface; and Fig. 41 is an isonetric view of a
split ring packet wth a |ead that can be used in any of the rod brakes of
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andl 46 are %ﬂefoﬁ:@aﬁlwasahmé %hdF@zﬁ‘lQén isdmetrickishy SFAAMBE: Seeve0d br a\lj\%
enpl oyi ng an el astic, sl eeve; a e a Cross
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sprity count er - Vi 84 aue 5 arefsidesalevalions in saitialfgetiani G§ & robrakait 487 are si de
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configurations,
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di fferent camdrefibodtidupations Znmayigeydoil gpmg wedungliover spliige; Riyse 58 and 69 |
spring; Figs i yat | iy of a rod

60 and.61.are side. el
brake in tV@{ea|dﬁfe§ervamnsd'z)ﬂ?rf@3?§k°pgﬁg ro eo'%“ﬁo Bﬁﬁ}egfwgﬁﬁéﬁ ‘eeve over
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Fig. 63 is a view si ng an elastic sleeve W|tha
| ongi t udi nasleayglaver, sp|hbr,mggslag;\/ﬁ2t|ﬁar@ isametric view of an elastic sleeve that can be

used with the rod brake of Figs. 58 and 59, having a longitudinal split; Fig. 63 is a view
similar to Fig. 62, showing an elastic sleeve, with a longitudinal split, for use with the

25 rod brake of Figs. 60 and 61; Fig. 64 and is side elevation in partial section of a rod

' brake employing a second coil spring counter-wound under a first coil spring; and Fig.
65 and is side elevation in partial section of a rod brake employing a coil spring under
split rings.
Fig. 66 is a schematic diagram of an operating system for controlling the

30 position of a locking sleeve according to the present invention; Fig. 67 is a view similar
to Fig. 66, but indicating a fluid pressure actuator; and Fig. 68 is a view similar to Fig.
66, but indicating an electrical actuator.




25 rod brake of Figs. 60 and 61; Fig. 64 and is side elevation in parti al
section of a rod brake enploying a second coil spring counter-wound under
a first coil spring; and Fig. 65 and is side elevation in partial section
of a rod brake enploying a coil spring under split rings. Fig. 66 is a
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el ongat e nemedirst body sraballows far kielsstoat iadly 3 mpee ongifudaalhotelativeodiee first

undet er m ne e 0 n he first
body and thg (ﬁ'e%gpg%& eqx}?c’dlngenltﬁer&%hgsgﬁ%%ﬂd}@migﬁ%& appgé?sr %tz shapes.
Furtf&r, foan pﬁhepmdefenmns@%tmﬁy is l!"l'%faﬁﬁéc@?ﬁia pertieryofian glongatei fi ed only by

the term" @@mb\@{ﬂﬁr fod, a%gmeépeéiygn bf%n%ed%@@nd&@rmﬂé% debsiiitbdagdt id ncl udes

a passage 3 he second econd dy 34 is
shown as anU@%ﬁM@aﬁBﬂ “H%ﬁ}‘?q?@o@hg T%E)P%dyﬁé’lj |ﬂ?',eare”5‘|‘rt§8§/‘g Hyecop 8 d, 38 on
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to the f t . t | d th th
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menbgs i n the forafot iy achided a pgﬁsagg3&m vmlu:l‘cﬂ:lﬁseq:qndégdx dferepides.34 and has
the same pi ﬁ'ﬁ@s&%n& Bgdf éH 'ggﬁiowqh as>h elongate rod having a single helical groove, or
thread, 38 on its outer cylindrical surface. A retainer in the form of a cap 40 is bolted
to the first body 32. The cap 40 has a central opening 42 aligned with the passage 36
so that the rod 34 also passes through the cap. A round elastic member in the form of
25 a coil spring 44 circumscribes the rod 34 and has the same pitch as the thread 38 so

that the spring may be received within the thread. The spring 44 is held tightly against
the rod 34 by the geometry and elastic constant of the spring so that the spring restdes
within the thread 38 as shown in Fig. 2, in the spring's most relaxed, or least strained,
configuration circumscribing the rod 34,

30 The coil spring 44 is located within the cap 40, and is too large to pass through
the cap central opening 42 or ta enter the first body passage 38. Further, the spring
44 extends from the end of the interior of the cap 40 the end of the first body 32.
Except for the presence of the spring 44 residing in the thread 38, the rod 34 is
movable longitudinally relative to the first body 32 along the passage 36. However, the

35 coil spring 44 is restrained by the cap 40 and the end of the first body 32 against such
movement relative to the first body. Therefore, the spring 44 residing in the thread 38



that the spring may be received within the thread. The spring 44 is held
tightly against the rod 34 by the geonetry and el astic constant of the
spring so that the spring resides wthin the thread 38 as shown in Fig. 2,
in the spring's nost relaxed, or |east strained, configuration

ci rcunscW®PHP4ese rod 34. 30 The coil spring 44 is | ocHEeFMEAt n the cap
40, and is too large to pass through® the cap central opening 42 or to
enter the first body passage 36. Further, the spring 44 extends fromthe
end of the prevants the rod Mﬁ@ndrapslatmgﬂmﬂ@malwelaﬁn@ te theg”trsttbeébgﬁ%m eithgtxcept  f or
the presencg.ffiofhe spring 44 residing in the thread 38 the rod 34 is
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and tiests abedyre diives bylhelanbitudioskfoica apblieditetheasd Aolong gapdlficien shown in
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relative to ven é | ongl tudi nal force applied
to the rod.3%snd biggohmay se fﬂPE? elative fothg first, ?%92 figugisientlopgipdinglforcs t he rod

34, the spripQusd i dorind 84 fcﬂ"e%ﬁ@aéluhto%e headt 3w ie e re§&|@Mf§Lhﬁ|M my SO
nmove relative to the first bod

fficie I ong dj. ng force will
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confpmurati psdyd2. Fig. 2 wherein the rod 34 is prevented from | ongi t udi nal
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the rod 34 relatfng’ fowar in Fig.
2 is siml aasyiewesinrig. ﬁesisnbyladmesftmmﬁd kydhe nejl spring dhteaciing Withirmiha threed t hr ead

38. In this scenario, it is the cap 40 that applies force to the spring 44, causing the
spring to press against the side of the thread 38 toward the right as viewed in Fig 2.
25 Again, sufficient force applied to the rod 34 toward the left will cause the spring 44 fo
ride up the side of the thread 38 fo the release configuration of Fig. 3, allowing the rod
to be moved to the left relative to the first body 32. As long as sufficient longitudinal
force is applied to the rod 34, the spring 44 will be forced out of the thread 38 and the
rod may so move relative to the first body 32. Insufficient longitudinal force will allow
30 the spring 44 to relax back into the thread 38 in the restrain configuration of Fig. 2
wherein the rod 34 is prevented from longitudinal movement relative to the first body
32.
Figs. 4 and 5 show a modification of the rod brake of Figs 2 and 3, indicated
generally as 30a. In both Figs. 4 and 5 the coil spring 44 resides In the thread 38 of
| 35 the rod 34, restraining the rod against longitudinal translation relative to the first body
32 in efther direction along the passage 36. A wider cap 40a is boited to the first body



38. In this scenario, it is the cap 40 that applies force to the spring 44,
causing the spring to press against the side of the thread 38 toward the
right as viewed in Fig 2. 26 Again, sufficient force applied to the rod 34

toward the left will cause the spring 44 to ride upt ' t he thread
38 to t he"Q &4ss configuration of Fd g. 3, allow ng thgpecr'[z[éscd%{]%%e noved to
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the first bgl con I'gur at’t ons ‘can fied for a rod brake
acco2i ng tmdtdaanqirbesmved longifustirallywndes apyeameut af 9881 i gurati on as shown in
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nmovenent, but suf |C|ent orce can

to over the restraint; a
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wherein t hecondiﬁon. That is, as long as sufficient longitudinal force is applied the rod 34 will

25 translate relative to the first body 32 with the spring 44 skipping over the tums of the
thread 38. When the magnitude of the force propeliing the translation of the rod 34
falls below that which is required to drive the spring 44 out of the trough of the thread
38, the spring will slip back into the restrain configuration of Fig. 2. If the propelling
force ceases to move the rod 34 when the rod is so positioned relative to the first body,

30 for example, that the spring 44 is on the crest of the thread 38, then the spring will
come to rest in that position as illustrated in Fig. 3. Then, the rod 34 will be free fo
move relative to the first body 32 in either direction until the spring 44 is pushed off of
the crest of the thread 38 and contracts into the trough of the thread. Thus, a slack
between the rod 34 and the first body 32 equal to half of the thread lead in each

35 direction will be produced. This slack can be reduced and even eliminated by
rotational motion between the rod 34 and the first body 32 about the longitudinal axis




20 rod cannot be noved | ongitudinally under any anount of force. For
purposes of illustration, the release configuration is shown in Fig. 3 with
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descri ptlon above, it will be appreciated that the rele nflgur ation
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| ongi tudinal force is applied the rod 34 will 25 translate relative to the
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When t he. it (o gkon b s wihchERpa irunieAd s padsthesh e roq- 34
fal | s bel owneridages whi th thrsad mche r@ﬁaih@oﬂﬂgumw BEFig. [ witt@utdéhyGuithedf the trough

of the thre the s wlLl sli he ,restrain
configurati %Hg%'% n’ral raoveén d b&fc"'ﬁ%n {5'%?)%?&@ ?rs %dté'eTbgé%tatéonf" B he rod 34
when t he rOGIE\HIElB@lﬂpmSBltlSeOﬂBﬂiSr@Mhﬁmﬂleﬂ-hmd tlptcsuhajﬁdmto&ﬂvafmetrmxarrpl e,

that ghe spg;srmg 4ﬂ4e|meqan{eftﬁrea& §§L oﬁm:ﬁ@g nﬁa@'fﬁﬁe s@%@%@% PR agng W | |

cone to res I on as | ['ustrate rod 34
will be fre® th@respwge digactien. Ehig f@atur%offried@nngmmgm@atmgﬁhep@mqle glagkect i on

until the spitvieh thé fitsh ammﬂd Q&iy |9£|valltaﬂ§ vﬁtﬁ ﬁ%ﬂﬁé rddhﬁaﬁemr@@&n@&t@nd

contracts intao the trough of sl ack between the rod 34
and the firdgcloRsg\nerein *@ﬂUH‘F"rPQSaﬁﬁ tf"eéf’ Q"!ﬁie';hf"l'i?' Q%H“‘Iieéﬁﬂ"q preadeguabdhedi r ect i on

will be plr orﬂzwaeélcoﬁﬂgu@n@d iarbkn@@asc.;tyguus&atuaeﬁbuaifa_sbﬁmlr)stﬁicldmzmﬁ% ed by

rota ona not i e [0 e I.rst abou

ool it nal i TSRt Inktesh BB e Py oS tBher REs iRt fahsdFon  ne
spring 44 V\iottht e amouriiof ofsistdnse phovisiad b Sresprindiéd degeads pn theglasﬁngages W th

the thread hﬂdﬁuﬁ?ofﬁﬁesé;{)rﬁit;%s%ﬁtfa %rg%gtn%néehﬂgggmgs V\%tfffgpéﬁnﬁlﬁgy L t her

| ongi t udi nal  novenent ween e ro rotational
nmovenent  cAAregesistanes. Aseringwisaorerties prayideg mera siiiag @lasticityednd: hand, up to a

hal f turn tmeﬁﬂ*@!ﬂﬁﬁldé@ﬁloﬁe 12Bi61aREe. %sﬁrﬁig‘ﬁe&;ﬁﬁ bb*@:ﬁoééﬂlra%?gn&ﬁ% oPtné 0 one

half the lead of the spring and the thread he respective direction.

Thi s1% eat ur@mepnt PE‘G&‘EﬂaH‘@e B?edéﬁ PAvRR AT AY "t"F?é'eﬁB%tWBF"@t §’Ia&5R dicfgiadi¥en t he

first and Sm@@ﬁﬂthmﬂMn Which \id fod btake\d Gidedalid géterdl tRe ARduRopksistimboRI Nnent s
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in a static draviad shbOs alseried adawrmmmsdtmattlbaomutUallypomahg Fil Oshows gles a
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provi ded b ep eﬁ t|c us o spring as
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general, t ht% push H’letspl(‘?r];g r tso% %eqfhreag 38 is determined, in part, by these shapes.

25 Figs. 2-5 illustrate a round thread 38 and a round spring 44, that is, a spring with a
lateral cross section that is round. Fig. 10 shows a box-type thread 38a on the rod
34a. The spring 44c has a complimentary box-type shape on that part of the spring
that fits into the thread 38a. It will be appreciated that the box shapes of Fig. 10 may
provide more resistance to moving the spring 44c out of the thread 38a to the release

30 configuration than is provided by round shapes. The slope of the side of the box
thread 38a may be varied, as well as the slopes of the profile of the spring 44a to
further alter the resistance these shapes determine.

Further, the thread shape and the spring cross section need not be symmetric.
Fig. 11 illustrates another box-fype thread 38b on a rod 34b. The thread 38b,
35 however, Is not symmetric, having one side with a slope that is steeper than the slope
" of the other side. The coil spring 44d that fits in the thread 38b is complimentary to the




dependent on the spring design. Fig. 8 shows a spring 44a with turns that
do not mutually touch. Fig. 9 shows a spring 44b that is sized so that, in
the restrain configuration, the turns of the spring do 20 not reach to the
root of the rod thread 38. Another factor that determ nes the anount of
resi st anc¥O&3tWepSor ake provi des against noverment of t ECYBWINE2 he

conbi nation of the design of the thridad and the desi gn of that part of the
spring that contacts the thread. The anount of force required to push the
spring 44 otireask having sidpsenith differery slapeeasiveledt wil ke gaprecialsyl that geateshapes. 25
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It vm% ?%9 |at that ”%é @ 'Ehapes of Fig, 10 may provide nore
resi st ance Fﬂg? W@W‘t a8 of the thread 38a to the rel ease 30
confi gur at i on t hEinallysthp tlovadiard! that pactof thesdpeine profil®lieat & repeivealf withingths | de  of
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t he spring ter the’res ance ese shapes determ ne.
Furt her, theomplimeathrsepmbdnaling. t he spring cross section need not be

symetric. Fig. Aﬁo%ér'vél'éﬁahro%@éd %Qé Q&rordﬂ%ofth@ﬁ‘re&é?ﬁ ﬁ‘ﬁgnt%ﬁ@s sdwp rod 34D.

The thread 38b, 35 however, 1Is de with a slope
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in the
drives them out of the grooves 56 to the release configuration illustrated in Fig.13.

Note that the splits in the rings 58 are wider in Fig. 13 to accommodate the expansion
of the rings out of the grooves 56. The locking sleeve 48 is shown added to a the
25 wider cap 40a in Figs. 14 and 15, with the sleeve advanced into the cap in Fig. 15 to
prevent expansion of the rings 58 out of the grooves 58, and establishing the lock
configuration
Again, a force factor determining how much fongitudinal force must be applied
to the rod 54 in the restrain configuration of Fig. 12 to expand the tings 58 out of the
30 arooves 56 is the elasticity of the rings. More rings 58 increases the force required to
release the rod 54 for longitudinal movement, as does stiffer rings. One of the split
rings 58 is further illustrated in Fig. 16. Fig. 17 illustrates a variation of the split ring
58a having a diagonal split.
Also, the profile of the grooves and the profile of the rings ¢an be varied to alter
35 the amount of force needed to move the rings out of the grooves. In Fig. 18, circular
grooves 58a having box-type profiles are shown faormed in the cylindrical surface of the



restrain configuration of Fig. 12. Again, the rings 58 extend fromend to
end within the 15 interior of the cap 40 and are thus fixed agai nst

| ongi tudi nal novenent relative to the first body 32. Each ring 58
circunscribes the rod 54, but has a split as can be seen in Figs. 12 and
13. The OF@PHIME of the rod brake 52 is the same as t RCUHPIBERHN of the
rod brakes 30 and 30a, except that d&fficient longitudinal force applied to
the collection of rings 58 by the end of the first body 32, for novenent
of the rod 854 %48. Twe ringgABb agrillustyated hayig fmpllm@ntgmmraﬂﬁ%thatareé@earp@l ied to
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may be received within the thread. The spring 72 is held t:ghtly agamst the side of the
passage 66 of the first body 62 by the geometry and elasticity of the spring so that the
spring resides within the thread 68 as shown in Fig. 20, in the spring's most relaxed, or
25 least strained, configuration.
Longitudinal force applied to move the rod 64, relative to the first body 62,
either to the right or to the left as viewed in Fig. 20, is resisted by the spring 72
pressing against the side of the thread 68 of the first body passage 66 in the same
direction as the force applied fo try to move the rod. If the magnitude of the external
30 force applied to move the rod 64 is sufficiently large, the spring 72 will be forced
radially inwardly and out of the thread 68 of the passage 66, transforming the rod
' brake 60 from the restrain configuration of Fig. 20 to the release configuration of Fig.
21. Then, as long as the magnitude of the longitudinal force tending to move the rod
64 is sufficient, the spring 72 will not be allowed to reside in the thread 68 of the
35 passage 66, and the rod will be able to be moved longitudinally relative fo the first body

62.



A rod brake according to the present invention is not limted to structures
wherein the rod noves within an elastic device that is longitudinally fixed
relative to the first body. Figs. 20 and 21 illustrate a rod brake, shown

general | wherein a first body 62 circunscri bes within a
passage é’gg%sfﬁ)gﬁl nterior surface of ;the 15 passage 66 i % ér?)glc(:]?séred with a

thread 68. The rod 64 is longitudinally novable within the passage 66
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more resistance. A spring with more turns provides more spring elasticity, and
therefore provides more resistance. A spring design may be chosen depending on the

25 amount of resistance needed as well as any size restrictions that may be dictated by
the application in which the rod brake is used. In general, the amount of resistance is
‘dependent on the spring design. .

Fig. 24 shows a portion of the first body 62 and the interior thread 68 receiving

a spring 72a with turns that do not mutually touch. Fig. 25 shows a spring 72b that is
30 sized so that, in the restrain configuration, the turns of the spring are received in the
thread 68 but do not reach to the root of the rod thread.

Fig. 26 shows a box-type thread 68a in the first body 62a, receiving a
complimentary coil spring 72c, requiring greater longitudinal force to drive the spring
out of the thread in either direction. Fig. 27 shows an asymmetrical thread 68b in the

35 first body 62b, receiving complimentary spring 72d, requiring forces of different
magnitudes fo drive the spring out of the thread, depending on the direction of the




48 shown in Fig. 7. The locking sleeve | egs 78 are sized and oriented so as
to be received in the slots 74. In Fig. 22, the locking sleeve 76 is I
positioned with its legs 78 10 received within the slots 46, but not

extending within the interior of the retainer sleeve 70a. Thus, in the |
arrangem¥RO0B04G55 g 22 the spring 72 is in the restraikf W?P‘ﬁa"ratlon to
restrain the rod 64 fron1|ong|tud|néf translation relative to the first ,
body 62, but the spring can be forced out of the thread 68 to the rel ease |
confi gur at i OAOHENAI IPBR- t he rod to be noved. In the arrangement of Fig. 23, |
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any size regbidnts lofgifudinabinovaiyenbef thé ridaiqadiatve tottiefireitipddy 62t i on in which the

d brake i . |, ..th t .of | dent
he spring des grd: 2% poasgn gt RS ap o6l e Fod BB B ' o
i nterior ththedfickt B8dy &xteidistortthe singpsa argl diRe thent kadially inwatdyednddbort afdhe nut ual |y

touch. Fig. ;%?v RIRG (t)rf]e léa{%%ééd&"eo?tg Bu&g\(hﬁﬂla roFto rﬁ&eﬁb@ﬂdﬁ&@%&éﬁ tb the 1?&

restrain col |gurat| the spri t hread
68 bifi do nkdyitietielease dasfigurationofThemaslong asrth@mgmtng of the !osﬁmna& box-type

thread 68a ﬂoFbettE'i’?dxﬁgl {o%oﬁqﬁymﬁ%a,.s SBERINY [ tADrifhs SB%iPhbtrB%rHiIéWéﬂ ©0kdigesSPr i ng
72c, requiring grea longitudinal force to drive t B‘Qp”n out of the

thread in e'F't“FﬁéGfOEI‘(qsé@tquT? P3spRge 8?73%@%0%‘94'"&%?9{%? Pf’ ®d hread 68b in the

35 first bqugr@amagf.@muéuortgeﬁ,@[wdyggnt ary spring 72d, requiring forces of
different nmagnit

the direction of? {“I‘fg‘? eﬁ&h\éﬁt@t he%q\ggﬁﬁg@gﬁe"eﬁ[yl gi‘g"\ad de n]gl)pge'on
Yet 2mot herandedis irobotiofiga. 30ahd ke riggsiBoesidg mrtbe giobyesas Ethe fnsthogs 28 and
29. 1N thegd AbiRliiind étlhaéafngﬁo@‘hudlﬁ&l{%ﬂ&g@%r{t’)\‘efgnvégtgrtﬁé fibiiday i eeve 70
S anabIe ong| I na to a fir passage 84
t hr ough t heeither @utecb@uglong'tli@ passage 86. The wider retainer sleeve 70ais bolted to the
rod 64 to contain the rings 88. The cap 70a has its six slots 74 to receive the legs 78
of the locking sleeve 76, just as in the case of the rod lock 60a iltustrated in Figs 22
25 and 23. Thus, in the arrangement of Fig. 30, the rings 88 are in the restrain
configuration to restrain the rod 64 from longitudinal translation relative to the first body
82, but the rings can be forced out of the grooves 86 to the release configuration to |
allow the rod to be moved. In the arangement of Fig. 31, the locking sleeve 76 has
been advanced so that the legs 78 extend through the slots 74 into the interior of the
30 retainer sleeve 70a all the way to the second body 64, and underlie the rings 88, In
this configuration of Fig. 31, the rings 88 are prevented by the legs 78 from being
forced radially inwardly, out of the grooves 86. Consequently, in the lock configuration
of Fig. 31, the rod 64 is locked against longitudinal translation relative to the first body
82.
35 The elasticity of the snap rings 88 provides a resistance factor that restrains the
rod 64. The amount of resistance provided by the rings 88 depends on the elastic




5 interior surface of the passage 84 is structure with circular grooves 86.
In Fig. 28, a round elastic device in the formof an array of snap rings

88 (four are illustrated) is contained within the retainer sleeve 70, and
the rings reside in the circular grooves 86 of the passage 84 to hold the
rod 64 ad¥® A¥t04468ngi t udi nal novenent relative to the fi SOB/BR$4 82 in the

restrain configuration. As in the cdde of the spring 72 in Figs. 20-24, 10

the rings 88 press against the sides of the groove 86 to[ﬁprovi de the force
that so praedyssofitmbngsasiwedias theeaoeietry gnd pRebere rings. (gt iR to the first
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cap 70a hasmbhdfitudbstodrivb hefthgh But'F &R greodel Sddpedding Bn thefdirbitdnlopthei ng sl eeve
76, just as in the case of the rod lock 60a illustrated in Figs 22 25 and

23. Thus, i A9WENgLPERGerent of Fig. 30, the rings 88 are in the restrain
configuration torrreaﬁgs:ssmaarwdrsablnﬁa@bbﬁmmelgenghtfodh nithe ting B8 Blaivindn rel ati ve

to the firs 82 reed grooves 86 to
the rel ease ﬁj%bWFa{PP% Ow"' I:([gg/]vf?t Fog ‘{I FE‘% ?r%g]]ieddég?ﬁo e arrangenent
of Fig. 31, octristeucttlon lof mgltugleemgaesawodmsled tolge@nr bycersidates 8. tTHGtTmﬂﬁ@aq egs 78

ext end throy.gg %Ealy%eqﬁa\g&ﬁm%gg fie el BlalcRTasd lagliélPio W &Rk 3k Hing eeve 70a

all the wa e’secon underlie the rings 88. In this
configurati '@th%JﬂmGnghe@Ee o the rmgﬁggd 8@ dlptes M\P@fﬂ“é’ﬂ@ﬁe iHeSPlegs 78 from

bei ng fOrC%sfraaioﬁlthxmWrséldron@wec@afma@nﬂrmmp% Consequently, in
the l'ock configuration

ke
| ongi t udi nal t rd?‘@’@ﬁ*la%?\" t@? &‘%’15%“'95 BF'HE‘CIIUH? 5?3%%&‘9“‘@'29 ﬂ‘ejg'gﬁ’ H@"r@ asticity
of the snapags!enmg &E‘Hﬂﬁ@ummbﬁﬁltyebfm&ﬁlbsbfaﬂheengsantempartdh'@tand@sntrawhmgs Thee rod

ol asti o AegasHes R Es) e e b 45 R BRIEERATEE B8 T o
geonet ry angheraintiiee rimgds expag:tsto fige tifef rod Setifergsovement, as well as in the rod brakes
of Figs. 28-31 wherein the rings contract to free the rod 64 for movement.
The connected rings 88c of Figs. 34 and 35 are employed in another version of
25 a rod brake shown generally at 80b in Figs 36 and 37. In the restrain configuration of
Fig. 36, the rod 64 is fitted with a cap 70b that is wide enough to accommodate a
locking pin 76a having a shank 78a that is received in a slot 74a. Fig. 38 further
illustrates how the pin shank 78a is positioned within the cap slot 74a, and Fig. 39
gives another view of the locking pin shown generally at 76a. The opening between
30 the ring end caps 88d is aligned with the cap slot 74a. In the lock configuration of Fig.
37, the pin shank 78a has been inserted within the cap 70b all the way to the end of
the rod 64, and is received between the ring end caps 88d, preventing the rings 88¢
from contracting out of the grooves 86 in the passage 84 through the first body 82.
Thus, the pin 76a combines with the ring array 88¢ to lock the rod 84 againsi
35 longitudinal movement relative o the first body 82.
In the rod brakes shown in Figs. 2-5 and 20-23 wherein threads receive coll
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brake is W@8H104¢68 general, the ampunt of resistance is PCEPEHRR on the
design of the collection of rings gg¢ Fig. 32 shows box type grooves 86a in

the first body 82a, receiving an array of conplinentary snaLP ri ngs 88a,
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to the ends® ng or or the rings and end
pl at es nay Hedya conpl et e, |nt egral construction, that is, may be of one

pi ece of materigl,, eP{rerQ&Sﬁ‘Hif% Rd HiEkeRESERS t@fhetda&eﬁﬁﬁﬁérﬁmtslsaam%c i ncl ude
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anot her version_of | 6 and
370 Tt he Sretpaiegs £y 88 alih B pop R ORRRER Y f%f';ﬁé%@ A B i h a
cap 80b t haftorh snahiccendewithinghe mteruat@fdhm@m‘g% eggaginte iyl threm 7'3639!‘ W8ving a
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anot her vi esgnisfagthe OPéfé'RWﬂ“Eﬂ fl‘?dWoﬁﬁ@tmq[%?”’]gﬁ'e“f&'g"ﬂ‘ﬁ'@q%ﬁ| ng between
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cap 70b. al | here s Yo rateren degr FHE o gt PvaRER of BR%6d Bl 0 1 TR
ringeend cam:esafé sigBve ieraad 103 ctdhef the ngyth&@d 38ffroomithe sestraisconfigyralion obf t he
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2-5 and 20- g3 WReLRi48, il fRdRelSaRiaHSediRiolthe cap in Fig. 46 to prevent expansion
of the elastic sleeve 102 and removal of its thread 104 out of engagement with the rod
25 thread 38, and establishing the lock configuration
Again, force factors determining how much longitudinal force must be applied
to the rod 34 in the restrain configuration of Figs. 42 and 45 to expand the elastic
sleeve 102 to remove its thread 104 from the rod thread 38 are the elasticity and
geometry of the elastic sleeve. A longer sleeve 102 increases the force required to
30 release the rod 34 for longitudinal movement, as does a greater elastic modulus of the
elastic sleeve. Also, the profile of the rod thread 38 and the profile of the sleeve thread
104 can be varied to alter the amount of force needed to disengage these threads, as
in the case of the coll springs and the rings discussed above.
An elastic sleeve may also be substituted for the split rings in rod brakes as
35 filustrated in Figs. 12-15, wherein the elastic sleeve would circumscribe the rod 54 and

engage with the grooves 56. Such an elastic sleeve 106 is illustrated in Fig. 47,
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into the cap I'n kI _prevent expansion of the el astlcisiil,‘eeve 102 and
renoifal of ¢anourstie butsyfficisnt lorgituding fersraneliediq e rerbforesg hestlefiFead 38, and

est ﬁb: i shi ”Qeaév@q? P&ﬁéﬂf ' yﬁ&ﬂfah&i{gﬁﬁééﬂglag&m'rmheftmﬁﬁ& Saamttﬁ)é &:lezeé er m ni ng how
nmuc ongi tudi nal force st _be lhed. tot rod.34 . , ain
confi gurati ‘Eﬂ'l‘ﬁa‘l"aﬁ?’b'g"!s'“ﬁggé{h@gﬁé P@’e&%m&?ﬁeﬁ%‘;% ggtbfaéédb% \R'e'gj\?tgg %Ft o)
renove its ¢dp @ackslhédwh nHigs. BE and B3 tduchiste 8dockcenfigueatioh as tni FGg.t23, with
geonetry of, the el astic sleeve. . : V. Walely rce
required tothgd)OcF(@Pé}? © P%Sglorﬁ%(gwﬁtﬁh #h%;%@ﬁgl}etg‘ﬁedﬁ%ﬁ&;%%ﬁ? @gggggéfg a
greager el athbietastivgetvedhrendy i fram thetfird bofleldiaads @8.so, the profile of the

rod thread S8 andalan ekt hiaflichdPusliefYid M@Anpidfih &rdads sikard ed 1o

alter the anoun orce neede o_di sengage these thr eaqhs raswesiarg t he
case of t heltfowith apeuterparfasrthatis sirygiyed Witg 8%9%‘?%1 155%9%9399 € groo
within the passage 84 through the first body 82 as shown in Figs 28-31. See also Fig.
53. The cap 70 may be used to confine the elastic sleeve 116 in the release and
25 restrain configurations, as in the case of the rod brake 110 shown in Fig. 49. The
locking sleeve 76 is shown added to the wider cap 70a in Fig. 52 to prevent expansion
of the elastic sleeve 116 and removal of its grooves 118 out of engagement with the
first body grooves 86, establishing the lock configuration.
Again, force factors determining how much longitudinal force must be applied
30 to the rod 64 in the restrain configuration of Figs. 51 and 53 to contract the elastic
sleeve 112, or 116, to remove the slesve thread 114 from the first bddy thread 68, or
the sleeve grooves 118 from the first body grooves 86, are the elasticity and geometry
of the respective elastic sleeve 112 or 116. A longer elastic sleeve increases the force
required to release the rod 64 for longitudinal movement, as does a greater elastic
a5 modulus of the elastic sleeve. Also, the profile of the elastic sleeve thread 114 and the

profile of the first body thread 68 can be varied to alter the amount of force needed fo




An el astic sleeve may al so be substituted for the split rings in rod brakes
as 35 illustrated in Figs. 12-15, wherein the elastic sleeve would
circunscribe the rod 54 and engage with the grooves 56. Such an elastic
sleeve 106 is illustrated in Fig. 47, WO 03/ 104665 PCT/E&?@/ 524 17
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A secondary round elastic device may also be employed in conjunction with

25 snap rings as the primary elastic device. Such a rod brake is shown generally at 150
in Fig. 56 wherein the first body 122 circumscribes a rod 152 within the passage 126
through the first body. The surface of the rod 152 is structured with grooves 154. The
retainer cap 1130 is bolied to the end of the first body 122, and the rod 152 passes
through the opening 132 in the cap 130. A set of primary snhap rings 156 is confined

30 within the retainer cap 130, and is received within the rod grooves 154 in a lock
configuration (not shown), as in the case of the rod brake 52 illustrated in Fig. 12. The
secondary coil spring 136 is wound around the primary rings 156. Longitudinal force
applied to move the rod 152 longitudinally relative to the first body 122 must be
sufficient to expand both the primary rings 156 and the secondary spring 136 to move

35 the rings out of engagement with the rod grooves 154 to the release configuration
illustrated in Fig. 56. A modified version 150a of the rod brake 150 is shown in Fig.
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thread 68, or the sleeve grooves 118 fromthe first body grooves 86, are
the elasticity and geometry of. the respective elastic sleeve 112 or 116. A
| onger el astic sleeve increases the force required to release the rod 64
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structured yiddde gbFRVREOA Mdstraldtfin Fig. 58. A modified version 160a of the rod brake

160 is shown in Fig. 59. The extended retainer cap 130a having slots 138 is employed

25 as part of the rod brake 160a shown in Fig. 59 in the lock configuration. The legs 142
of the locking sleeve 140 are received through the cap slots 138 and overlie the elastic
sleeve 162 and maintain the rod break in the lock configuration illustrate in Fig. 59. As
discussed above, the profile of the rod thread 128 as well as the profile of the primary
coil 134 may be varied to further adjust the threshold of longitudinal force magnitude

30 required to move the rod break from the restrain configuration (not shown) fo the
release configuration of Fig. 58.

A secondary round elastic device in the form of an elastic sleeve may also be
employed in conjunction with snap rings as the primary elastic device. Such arod
brake is shown generally at 170 in Fig. 60 wherein the first body 122 circumscribes the

35 rod 152 within the passage 126 through the first body. The surface of the rod 152 is
structured with grooves 154. The retainer cap 130 is bolted to the end of the first body



retainer cap 130 is bolted to the end of the first body 122, and the rod
152 passes through the opening 132 in the cap 130. A set of primary snap
rings 156 is confined 30 within the retainer cap 130, and is received

within the rod grooves 154 in a lock configuration (n as in the
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splits 180 and 186 facilitate expansion of the respective sleeves in moving the rod

25 brake from a restrain configuration to a release configuration, for example.

A secondary round elastic device may also be employed with a rod brake that

features contraction to release the rod for longitudinal movement. Fig. 64 illustrates a
rod brake, shown generally at 190, wherein a first body 192 circumscribes a rod 194
within a passage 196. The interior surface of the passage 196 is structured with a

30 thread 198. A retainer sleeve 200 is bolted to the end of the rod 194. A primary coil
spring 202 circumscribes the retainer sleeve 200 and is constrained by the slesve and
the rod 194 to move longitudinally with the rod relative to the first body 192. The
primary spring 202 is held tightly against the side of the passage 196 of the first body
192 by the geometry and elasticity of the spring so that the spring resides within the

35 thread 198 in the spring's most relaxed, or least strained, configuration, that is, in the
restrain configuration (not shown) of the rod brake 180. A secondary coil spring 204 is




25 as part of the rod brake 160a shown in Fig. 59 in the |ock
configuration. The legs 142 of the | ocking sleeve 140 are received through
the cap slots 138 and overlie the elastic sleeve 162 and maintain the rod
break in the | ock configuration illustrate in Fig. 59. As discussed above,
the prof WQMH4GHe rod thread 128 as wel | as the profi IBETHS¥E2r i mary
coil 134 may be varied to further ad} ust the threshol d of | ongi t udi nal
force magnitude 30 required to nove the rod break fromthe restrain

conf i gur at | extinfewourthundey thecprinsey spriag 884 and éralsgeandnedhy the ratlaiger 58, A

secondary rgémz@b%ﬁ&ltrs‘ee%\ef%rb&*1©41qcfn@ﬁaauﬁifo?¢aﬁipﬁéaﬂoqnoiﬂew.@drmy al so be
enpl oyed in conjunction Wt nap ri el astic device. Such

a prim
a rod brak®% ?'@W@\Kﬁ‘@éﬁ%l"a‘w @zd?usi?@traﬁt l?gﬂb&‘e@ﬁmﬁ'ﬁ’e%é’f‘%z?%@df ¢ st body
122 ci rcurnsggcbﬁxmy & itig 304 SOcidAtY thdiivel the bhﬁar@%ﬁﬁ@@tbﬂ&gabémetﬁmthhe first

bod Th f th 152 1 154. The
Do imar ot 18 Bod thisnt 488 fo,mBeh g Hspks T F thelfplefedor g TR Shwe e
PCT/ US03/ 08iaF. 620 Aradiifiedndrsidneot thedtod bikp 496 ellizing ran egpartdad rebgiseri ng 132 in

the cap 130 é@ggﬁa 2Nbodly’ B, st P BBl G 0BLL BEEW I, b

r et ai ner cap receive grooves 1

restrain cwmwlgundato achieyarlock panfigyraticadnetrshowe). Aisdn, dte prefile ofdae tishke 150
i1l ustrat edbd tirbSds il aﬁual%qwaeme6#ﬁ@fphﬁ.aﬁrlc%ﬁg.@nr%@zln%ymaﬁahémed around

the 5 prim sna rlnq he_el asti c sl eeve be structured with
intet@or gr B‘E threghold ef forqe paagniiisdedeqyiregitemoygthesrpd b'i?ﬁ‘étffﬁ'ﬂéhe t hat engage

W th the sn@gtrih Bﬁﬁrg&éﬁen (He@ﬁﬂdﬁnylﬂitﬁ@l‘eléa@é@@nf@ﬂfﬂttb@dfI‘r‘lQ gpve the rod 124

longi tudinally relative t L Fﬁj é 5%‘ ﬁ)t tf'ées ffl to expand

both the pri narf'%rﬁéd""lsf"ﬂﬁ§ai% 3 SP‘P%“ 1ot Hé‘% in lP 5’ 172 to

nove the riwigsh i@%othérmgﬁ@ﬁwmdmdkhmdnempmb gpntraviam tdﬁatleasetﬁb()odfce rel ease

configuratio IJutrated I.n F # he rod
Ig %{lﬂ %veﬁeat agfiL ls% ncﬁjge% %%g.d&g%{m‘éeela%g Hev}% ér th

brake 170 i tal ner aV|ng slots
138 15 enptheyatbrake H3(0 of Fig. 6thdn ngdﬁraﬂ@ZmM@Qﬁﬁmfrﬁwquéﬁ 61 in the |ock

configuratig ngﬁa Hf%éd%imﬂﬁm%%séa@@'ﬁh@gﬁéﬁ%\‘:@riﬂf@cébﬁhéﬁ%by@d t hrough

the cap slots el astic sleeve maj ntarn the rod

break in th&l4isskudgad wih emoven? 16adinexpaided feiaiBgr eRye2002 §Poflrbieithe of the

rod groovesgrkhd tisSrodelol. Aset Jsrq)rrﬁfaﬁfériap nﬁ?s 2 feecifelimBEHbEs tHel re@medSifevery be
varied to further ggust t he shol

required t o24fEABdiheOnsEaingd By 916 &Y ‘["Wetg‘?’ :t% lﬁ%’e{%f‘guﬁé{?ﬁ%ﬁﬁ?ﬁ%t ugﬁown)
to the el RAsSlamRIb itgLAretiodn 204, FierinGly rifgs@yBicheld tghlg against thezsidk as
cxanpl o, e (PEERRSPE® P08 g PR AF By 2Rt Y Lieds SRS el enr e s 310, "
brake. Fi g.thé2the riogsreside lwithin redpastive grenvest6 intige washnpsttrdaxedr ortleastads 178
and a strained, configuration, that is, in the restrain configuration (not shown) of the rod
brake 210. A secondary coil spring 204 is wound under the primary rings 218, and is
25 also confined by the retainer sleeve 200a and the end of the rod 194. Longitudinal
force applied to move the rod 194, relative to the first body 212 must contract the
primary rings 218 and the secondary spring 204 sufficiently to drive the primary rings
out of engagement with the first body grooves 216 to move the rod brake 210 to the
release configuration (not shown). The extended retainer sleeve 200a has slots 220
30 that allow the retainer sleeve to accommodate a locking sleeve 222, receiving the legs
224 of the locking sleeve. In Fig. 65, the locking sleeve legs 224 are shown positioned
between the secondary coil spring 204 and the retainer sleeve 200a, holding the
primary snap rings 218 engaged within the first body grooves 216 fo achieve the lock
configuration, helding the rod 194 against longitudinal movement relative to the first
35 body 212 by providing slots. A modified version of the rod brake 210 utilizes a non-
extended retainer sleeve such as the retainer sleeve 200 as described above and




split 180 extending the entire length of the sleeve. Fig. 63 shows an
elastic sleeve 182 wth interior grooves 184 and a split 186 extending the
entire length of the sleeve- The splits 180 and 186 facilitate expansion
of the respective sleeves in noving the rod 25 brake froma restrain

conf i gur &0 &i04665 a r el ease configuration, for example. PATAS0U®H 4y round

el astic device may al so be enpl oyed?hith a rod brake that features
contraction to release the rod for |ongitudinal novenent., Fig

i 11 ust r at esllustrated in Hiaafdeto ashievarPoifeA &reaSe,PoRTgUIioN (SR &p wabshorrr@'f body 192

circumscri s ) hikfla jfrainMohfjufbtign §I@cﬂﬁ1 1agamEheprdﬂreeﬁtrerrrﬁtbbapce of the
passage 196 Ts structur t al ner sldgteve 200 is

bol ted to tdecvepdi®ps M’HE%@SF’M@& ‘b?rfr?r%{y?“@d'r'qgs %gmaﬁgefﬁ% Prcunscri bes
the ret ai neygjust ﬂ\e\tmeaﬁlﬁu aﬂ‘fdrcb&ra@ﬁln&ibrr@qmed tdyiotdihe shdiereak faord thet he rod 194

| t ti dy 192. Th
pr i %/5 sgp Iﬂ&‘“ﬁ% PE'%H%H G’O{ ?hﬁﬁf'rt?)%é zf*era?g? \c/:?erﬁlggrsalh%(no* OE"mPgagsage 196€of
the first body diiZatioy of hdockiag sleeveyto amve @l ras biake frpmaf restnain senfigwigtirn t hat
the spri ng aﬂé wé'hlfrtg@nﬁﬁe E&L%@qlolllgg Péﬁcﬂ%pﬁﬁ%ﬂtlgﬂoﬁhm rel axed,

or | east st | ne con estrain conflguratron
(not shown)brase, immdmdlraﬂammybbonww@owm gPREGRIIate farieNgmple4Ans WO

03/ 104665 039%}4 :éﬁ%}%/eo%éga%ﬂ% s?slenr%pbeab%%ya@ﬂ%on&a%@ éé’%h)ﬁfiﬁ@“ ng 202,

and is als he retai ner sleeve 200 an of the rod

194.10 ongi tleckinggleever E 19 8 proviges 2 schepiplic fliyeiratigy of sugh an PB?@F’?WSPB’ 'the first
body 192 mumbwh @Bhérafif atl2ab) hAﬂdl;ﬁmQ iV 9325 Ras ROs 284 T gataf asecondary

St he t i r steBeet ke, Gaf v, Al e R aR B bRl ey ERRRBE e "
confi gur at i @fuatdr@sas. Alcmnﬁmlgmrtﬁm1sAomm¢tefd|teme\astLam:rr236byBPIHOW@@B brake 190
LT Zing Qe cxBandss TS BUARK 238 LEEUR-30 M Bk O ol 1Rl BRI adhe bl LSt at e

escri to achieve a | ock
conf1&gur at i lmaek @nd)forkhrremm)e tOAgieratamer pRP prretpineeslegve %aﬁﬁfq’@ﬁfe By t hreads

198 as wel | {dE10BK biFaira br 18 Rttt 0% tHBJocke vari ed to
10 adj ust t?géclértr egcﬁ{olf}g g’?céelgr?a |tg rg req%r red zggve tr?e rod br eak

fromthe rossfiguatipne spder @WE‘FFQﬁfr‘(“h he ?Fé“zft%rl MY PR Ur ati on
of Fig. 64.,kb@ingGe ahﬂr bﬁtﬁbﬁr@l&&c@ofa@ﬁ dhli:laif@ besdmmmm@emenﬁr lapy at 210 in the

cont racti orerPEPwgIEdseolRE by B 2Porol ri kel At A Sl ghER STl 2, ° v
i nclagles a wikbedidedtat bythea techhalagy of thibeaontrel,ung a0l ar to 15 the rod brake 190
g}‘ rEL?réc?rAfbe!snt chje?x%%%i‘géf%@gtkﬁ&l%f%e&'@ %gé’ﬂ’ ESF'éryﬁéée nt eY?%‘?AsIEF}eace of the
passage 2lsthematit diagrauwa Fig/T. thqrm@gzwemmwswamee fluiskpipsdere s| eeve
200a is bolg pat%d)a&nﬁ’corrﬁ%ﬂﬁm ENEpised ak@dylinders@mblatiod. | ABylMdér2ap rings 218

circunscri b e retal ner sleeve
contains the piston head from which a piston arm 236a extends to join the locking

25 sleeve 232. A fluid pressure system 248 includes a compressor, a pump, and/or an
accumulator as needed. The fluid pressure system is connected to the cylinder 246 by
fluid pressure communications lines 250. A control unit 252 is connected to the fluid
pressure system 248 by appropriate connection 254. The control unit 252 generates
commands that are communicated fo the fluid pressure system 248 by the connection

30 254. 1n response to the commands, the fluid pressure system 248 applies fluid
pressure to one side or the other of the piston head in the cylinder 246, for example, fo
operate the piston 236a to drive the locking sleeve 232 to lock configuration, or to
withdraw the locking sleeve to restrain configuration, of the associated rod brake. The
control unit 252 may be of any appropriate technology, such as electrical or fluid

35 pressure, and the nature of the connection 254 is determined accordingly.

Another example of a form of operating system is shown generally at 258 in the



200a and is constrained by the sleeve and the rod 194 to nove
longitudinally with the 20 rod relative. to the first body 212. The primary
rings 218 is held tightly against the side of the passage 216 of the first
body 212 by the geometry and elasticity of the rlngs sQ, t hat the rings
reside WW‘KPWOﬂ@gpectlve grooves 21 ,in the rings' nost PGILYSY®I24 or | east
strai ned, configuration, that |s iM“the restrain conflguratlon (not shown)

of the rod brake 210. A second co i Es %ﬁ 4 is vvoune§F
primary ri rﬁjeermcmasfam@*:@s%g RGFFFUNG SRR SOPRISEF A0 Flegiigaly 200a and
the end of ddeeatédaetdRér mlﬂmgrmubhsraénoucfmmmqné canbitationoMeokchaid 260l 194,

relative to the fi rsmsaﬁf%@fgﬁ?q'%a%fﬁ: h{ 2 H&?\ thQ ch%g[egver% %&18 and t he

secondary s out " of
engagenent erlecttmc d;dnmnt souste 262dy camecied & iﬁ&solemldrﬂ%bxtmrwmldtelﬁlqitr&alzlo to the

rel egse conti Iy Oa has
sl ot g,s 220 g%) nﬁ %%Bh Q:tB h‘éa p@}'\%enltsa}%B%EZ@?%%A%C%H@%%E%}%%%?ng sl eeve
222, recei vbmptmatee@gne@@ﬂzﬁﬁ Theccanbieliunii @66 persyates commangs 1@ ar¢ he | ocki ng

sl eeve | egsco?ﬁﬁu.ﬁéﬁ?eﬁaqweueaﬁé %ér@%& ze@%\w@ébnhba.oﬁes@nm%ypo@.eé fo th®Fi Ng 204

and the retal ner eeve % 8 engaged

wi thi n t he gammandsolp eéﬁcgl‘}\ﬂéﬁerEt?BZQ%gVSEH?W&W%@”%éBE@
hol di ng t headpshribRAconbadtion Red, @@mowﬂierwﬂnammmna tweeigatmemeqeﬁae f| rst 35

body 212 b ro of. the rod br e 210
oG es ay‘ﬂ V'% & Pl diing i 186 258 (e k¥ enirdafort S HMERME Ve 200 as
descri bed ahewekiagdledl dILAHOEHIRCEIIISEIPERHEY, of B assbaiated aaddmlaken Fig. 64

to achieve fhoth rel, f t Fig. 64)
and a rest rﬂfencogﬁﬂ "n'te‘,gg ag'(r%l)Ig ngwgﬁﬁoﬁﬁ?kﬁ%ﬂmﬁ)gy, gﬁﬁﬁtaﬁ the first

body _groovmnn@dtiﬁnﬁswdtermeﬂmcqﬁloﬁlvI e of the primary snap r| ngs 218 may
be varied to qir!:!r?ughé RfeddtoGSo ol dh Rbt tﬁ@b@@eﬁi%@hﬁdﬁ%o\ﬁ&éala .fn&érdi@ move the

rod break fromthe restrarn configuration (not shown fhe re| ease
conf1&ur at i hat Ytiizas theslRrtc prepsstiesar sRynds orgengially sundica ‘C?%mr?ﬁ'&@‘dﬁ‘gr od
brake from & doRgédiifb nTﬁl‘é@fcbﬁﬂgﬁEﬁhbﬁmarefaﬂalhblepmkluﬂiﬁg’ab&tﬁé}h dRfigurgtivhni que

sui table for thg artdl cuII [ ? orénofethe r el% £ ng direct
e ) SR R ity e
oper at i ng. syeve ILEhRGBAAE e PR Gieg. dethiah b BeTenBBEVRET |
234, 2@mnd i sthpdrakeainddine elasimcmfameelastmiewpemsmqme slhmgewcmumfm 236
connects thg 4 ﬁglheﬁq”lﬁ'ultﬁgﬁ@ggé%r ﬁr&nf@@ caﬁ&lf‘n HeUlastic Bevidd tﬁ‘é%én‘alorun' t 240 is

connect ed t 3" ¥HE act uat or ri connection . The_ actuator
238 oper at esontrectyatiaky rlvnﬁnﬁmaev@qqrrequgewt rhthe fnvegiions Ihe fe‘ksa%ﬁbeawd forth

rel ative t ombh@es! @nfigirafiohPwiErein Gteiol @an b GaNAated STIROFIAKDN 2drRain f  an
the release configuration as long as sufficient force is applied to force the elastic

25 device out of engagement with the groove or grooves. With the brake in the restrain
configuration, the brake can be moved into the lock configuration by use of a locking
device, such as a locking sleeve that resides against the elastic device and prevents
its removal from engagement with the groove or grooves. A locking pin is available to
prevent contraction of a set of split rings. In all embodiments utilizing an elastic device

30 and a groove having leads, rotational movement between the first and second bodies
to align the elastic device with the thread will remove longitudinal slack between the
first and second bodies in the restrain configuration.

An elastic sleeve as utilized in the present invention may be made of any
appropriate material, such as rubber or fitanium, for example. The size of the rod

35 brake, the magnitude of force involved in its function and the environment in which the
rod brake is to be used will determine the material of the elastic sleeve.



associ ated rod brake to achieve a | ock configuration or to withdraw from
the I ock configuration, under commands fromthe control unit. The actuator
238 may operate according to any appropriate technol ogy, and nay be
comande Hgﬁr ny appropriate technol ogy by the cont hdsr240. Al so,
t he natusgyo ?ﬁg connection 242 20,0 Il be dictated bf&?wg%?g§%nology of
the control unit 240. An exanple of one form of operating systemis shown

general ly at 244*1%&13&5?{% 2R R the pRisBSiH RSN iytbe Shstrddied MRALIGE 1 N System

244 conprises a ressure operated actuator in the formof a piston
and cyl i ndéangsorfisizeaandresisianes strangthes to meet ingupiial Arothe PRS- head from

whi ch a piston arm 236a extends to join the | ocking 25 sleeve 232. Afluid
pressure system 248 includes a conpressor, a punp, and/or an accumul ator
as needed. The fluid pressure systemis connected to the cylinder 246 by
"fluid pressure communications lines 250. A control unit 252 is connected to
the fluid pressure system 248 by appropriate connection 254. The control
unit 252 generates comuands that are communicated to the fluid pressure
system 248 by the connection 30 254. In response to the commands, the
fluid pressure system 248 applies fluid pressure to one side or the other
of the piston head in the cylinder 246, for exanple, to operate the piston
236a to drive the | ocking sleeve 232 to took configuration, or to wthdraw
the | ocking sleeve to restrain configuration, of the associated rod brake.
The control unit 252 may be of any appropriate technol ogy, such as
electrical or fluid 35 pressure, and the nature of the connection 254 is
determ ned accordingly. Another exanple of a formof operating systemis
shown generally at 258 in the WO 03/104665 PCT/ US03/ 08524 23 schenatic

di agram of Fig. 68. The operating system 258 conprises an electrically
operated actuator in the formof a solenoid and armature conbination. A

sol enoid 260 contains an armature that extends as the arm 236b to join the
| ocki ng sl eeve 232. An electric current source 262 is connected to the

sol enoid 260 by appropriate electrical 5 connection 264. A control unit 266
is connected to the electric current generator 262 by appropriate
connection 268. The control unit 266 generates conmands that are

communi cated to the electric generator 262 by the connection 268. In
response to the commands, the electric generator 262 provides electric
current to the solenoid 260, by appropriate connection 264, to nove the
armature 236b to the right or to the left as 10 viewed in Fig. 68 to drive
the | ocking sleeve 232 to |l ock configuration, or to withdraw the | ocking
sl eeve to restrain configuration, respectively, of the associated rod
brake. The control unit 266 may be of any appropriate technol ogy, and the
nature of the




connection 268 is determ ned accordingly. Fromthe foregoing it is seen
that the present invention provides a rod brake 15 that utilizes the

el astic properties of round, or generally cylindrical devices in expanding
or cont ractl n% Three configurations are available, i mi,l 'fflfsﬁ% 2,4 est rain
confi gur 8herein the rod is held in place due to the engagerrent of

t he el astl C deV| ce with either <circular grooves or a single helical

gr oove, Ss o Iaread Longi tudinal force of a magnitude at |east as
gr eat as a ?é% HaI$%%gni t ude, deternined by the geonetry of 20 the brake
and the elasticity of the elastic device, pushes the elastic device out of
engagenent with g Vi reldife 8 d@tteEb ice to expand
or contract ra('jaf amﬂfs(?@ergtgwlﬁﬁglﬁﬁﬁnhg%%g ment of the |§1t§'\e/nt| on. The
brake is then ifomprging:.e| ease configuration, wher ein the rod can be

translated. The jr %l?ﬁst%wmfcanﬁbﬁbmgrhséobﬁdbﬁ ease confi gur ation as long as
sufficient force is a ied to force dev out

e iC
engadement withhkhé ‘@iﬁl%% Sﬂﬁa@rﬁd&?gs"% oG ?Hﬁﬁaef {ifét aﬁ?gorf l’f’é ‘P"gb%? ain
conf i gur at i gi¥acd BeulMsaibingtas sntbudthridytactied Withake oombregyroaseispn by use of
a | ocking device, ch as a n Vv t sAagai nst the
el astic device a?hd Et@'\?gmég"e*fy%é ﬁ‘o\%fﬁﬁ ﬁ%%}'gr?eé&?n%ﬁ% With the groove or
grooves. A | ockidg ap‘“rst roupdaplasiit delics, canstrpined/einits Qi@ﬂii't:lhaf@wa@ﬁh%?n%mset of
split rings oﬂe::bot?tl\)es Sﬁh ﬂgma?s&#a‘b!a'ﬂd%nﬁ@d%}'ﬁﬁtkfal@?!h&ﬁe%yand a groove

havi ng | ead? t ona vemen et ween irst and second bodies to
al i g t he oesitained againstiengifusinakmevemeniglativg tothe @HRIRRS | ongi t udi nal sl ack

between the first yan@useaiass déOidé B86ing Moldife b&twbérna rbs&amfcbmyumttmm An
elastic sleeve as utilized in Bgesent i hventi %? any

elastic resid ong or mo g g{eracéggl r]alc}ﬁ éo .
appr opr i at evielt Beielastic dgyics red qsd?) 5T FOF PR AT EWH45e% si ze of
the rod 35 ﬁ}é@éﬁ@reléth@trﬁi’mmmh beveeh tHedirstand se@ind &ddies) antl & réleaset | on and t he

ator ol ofeonfateleide v eiKarte fesinsas sl BERkslls) oRBLTRENIRbTC, 1 ke

accorsdi ng tgrotves oftheslinidrical venfadedo aliyrelatvevanstation betweemthe fiitavd r ange of

si zes and resi%g@%ﬁ% strengths to neet industrial or other applications. WO
031104665 PCTP 8524 25 What is clained is: | Apparatus for retarding
translation of one body relative to another body, conprising: a. a first

body circunmgcri t}i@graﬂjssé:‘s%'ﬂge(hﬁ@alma mre,a cyI indrical surface as part of
one of the Tirst ‘and second bodi es %P

a. the cylindrical surface is part of the second body;

b. the retainer is carried by the first body; and

20 c. the elastic device is distorted and removed from the one or more grooves

by radial expansion of the elastic device.

3. Apparatus as defined in Claim 2 wherein;
a. the elastic device comprises a coil spring; and
b. agroove in the cylindrical surface comprises a thread that receives the coil

25 spring.

4, Apparatus as defined in Claim 3 wherein the profile of the thread and the profile
of the spring are mutually complementary and asymmetric.

5. Apparatus as defined in Claim 2 wherein the elastic device comprises an array

of split rings.




surface circunscribing the second body and structured with one or nore
grooves; c. a retainer carried by the other of the first and second bodi es;
d. a first round elastic device, constrained by its elasticity toward the
one or nore grooves of the cylindrical surface, and confined by the
retainervﬁhﬁyﬁﬁﬁﬁeby 10 restrai ned agai nst |ongitudi naFCHOPLHERH rel ative
to the retainer, e. the round el astft device bei ng novabl e between a
restrain configuration in i.ch, th | astjc device resides.in.the one or
Tor e ar boves. of APRIE AR AT CIAT BT, e gy EoERE ML HIEY o § or
bet ween t heyrédves thatnrdeinearmhgbodi es, and a rel ease configuration in which
the elastic device is distorted and forced out of the one or nore 16
grooves of the cylindrical surface to allowrelative translation between
the first ahd sppamiliskedefisd i@ Cldn SAhsmintheprafte efdhs gredvasandithd m 1

wherein, a. e L.ndr r ' r ;second body; b. the
retainer i Spréiﬂ? Pﬁﬁ%h% %r%ZA%l%yg%&g@%@émgﬁc# g%‘{rﬁ@&gﬁasti c device is

di storted and renoved fromthe one or nore grooves by radial expansion of
the gl asti g devigBarafs ARRARRE K S1AR 5dfHerdieo giddvEinhatylinwitel Qirice 2.t he

el astic device conprises a coil spring; and b. a groove in the cylindrical
surface corgompsises athfgaddhay regelies edii®bes the coil 25 spring. 4. Apparatus
as defined in Claim3 wherein the profile of the thread and the profile of

the spring are nutually coppl enentary .and v J as
defined in 9 ai rﬁpﬁa%%’r@raéidﬁﬁ%)?ﬁ’é'qgﬁ'aé{?ta?/%he&eé%ﬁ%é’%éngﬁﬁ%g‘geaé’ﬁéq‘gﬁ'ﬁ A split
rings. WO QFAHOMRS ard aiubiBODhBmdshtarg BndasyAppeiriat us as defined in aim5
wherein the grooves conprise nmultiple circular grooves that receive the
rings. 7. Apparatus as defined in Claim6 wherein the profile of the
grooves andi® he Apparafisias definedia Claim@svharein Hhetalaglic jeviegnsamprass 1 §lasifd
asynpetric. g8 aﬁ?@@ﬁ%ﬂﬁoéﬁr&%& fafmbefdaab Montit hidré gRo@ER: i N the
cylindrical "surface” conprisés a thread that receives the rings. 9.

Appar at us aylieicalseda¢en C ai m 8 wherein the profile of the thread and the
profile of the rings are nmutually conplenentary and asymretri c.

11,  Apparatus as defined in Claim 10 wherein:
a. the elastic sleeve has multiple circular grooves; and
b. the grooves of the cylindrical surface comprise multiple circular grooves

16 that engage the elastic sleeve.

12.  Apparatus as defined in Claim 10 wherein
a. the elastic sleeve has a groove in the form of a thread; and
b. a groove in the cylindrical surface comprises a thread that may engage the

elastic sleeve.

20 13.  Apparatus as defined in Claim 2 further comprising a locking sleeve receivable
by the retainer with the elastic device in the restrain configuration to lock the elastic

device against moving fo the release configuration.

14.  Apparatus as defined in Claim 13 further comprising an operating system
connected to the locking sleeve that selectively inserts the locking sleeve into the

25 retainer and withdraws the locking sleeve from the retainer.

156.  Apparatus as defined in Claim 1 wherein:
a. the cylindrical surface is part of the first body;



10. Apparatus as defined in Claim2 wherein the elastic device conprises an
elastic 10 sleeve having one or nore grooves that may engage the one or
nore grooves of the cylindrical surface. 11. Apparatus as defined in Oaim
10 wherein: a. the elastic sleeve has multiple circular grooves; and b. the
grooves OO ®318468§| i ndri cal surface conpri se mul tiple cif F%CHSB?’ 86?“ooves 15
that engage the el astic sleeve. 12. Appar at us as defined in Caim10
wherein a. the elastic sleeve has roove i e formof a thread; and b.

a groove in thebcythpielpingalp G@WF?Q&%% %98% A% hread that may engage the
el astic sleeve. cthé%lasﬁ@a@Ic@tiyﬂrsﬁﬁediaid reerabvédifolh dienor drumdréigroowssnpr i si ng a
| ocking sleeve. receiv the retainer with the elastic device in the

bl e
restrain cEhFadalPl °rl?)ﬁh%%!ﬂsqclﬂf'3w8? ‘astic device against moving to the
rel ease configuration. 14. Apparatus as defined in Claim 13 further

conpri sing gn o S‘%’%%"ﬁ% ﬁ{(e(a% hegh&dint © the | ocking sleeve that

sel ectivel y™ins I'ng sleeve 1nto the 25 retainer and w t hdraws
t he Bocking sl eavethferezlﬂﬁtlcﬂeﬂmnﬁéﬁ?saqgl sPHpE @At us as defined in aim1

wherein: a. thepc b Grfthe SinbiAGE sirfce 8brthpides BRrehd it reaeidys th¥\boi)
03/ 104655 PCT/ U§03%’8§%¥4 237%%}1 thesret ainer is carried by the second body;

and c. thesplingstic device is distorted and renoved formthe one or nore
grooves by radial contraction of the elastic device. 16. Apparatus as

defined in Qaim 15 wh t, i|
ot ng. and7b. Aogaabe e cabiardn BT aMFe 0F pRIES BRI ARERl P (ot

recei ves t hgofledéfithe Ppringgare AGtualpeamperosntary avkd bsymuoetiia CI aim 16 wherein the
profile of the thread and the profile of the spring are nutually

conpl enentary and asynmmetric. 10 18. Apparatus as defined in Caim15
wheri@i n t helgel agpparatis\asciefinssiip Claied 5 aherain g elashic dyiGeCcoppHRs anFray

Appar at us ao?s@ﬂt d in Caim18 wherein the grooves conprise nmultiple
circul ar grodve receive the rings. 20. Apparatus as defined in Caim
19 wherein the proflle of the grooves and the

19.  Apparatus as defined in Claim 18 wherein the grooves comprise muitiple

circular grooves that receive the rings.

20.  Apparatus as defined in Claim 19 wherein the profile of the grooves and the

15 profile of the rings are mutually complementary and asymmetric.

21.  Apparatus as defined in Claim 18 wherein a groove in the cylindrical surface

comprises a thread that receives the rings.

20. Apparatus as defined in Claim 21 wherein the profile of the thread and the

profile of the rings are mutually complementary and asymmetric.

20 23.  Apparatus as defined in Claim 18 further comprising a locking pin that is
receivable within the split in the rings in the restrain configuration o lock the rings

against moving to the release configuration.

24.  Apparatus as defined in Claim 15 wherein the elastic device comprises an

elastic sleeve having one or more grooves that may engage the one or more grooves

25 of the cylindrical surface.



15 profile of the rings are nmutually conpl enmentary and asymetric. 21.
Apparatus as defined in Caim18 wherein a groove in the cylindrical i
surface conprises a thread that receives the rings. 20. Apparatus as i
defined in Caim21 wherein the profile of the thread and the rofile of |
the ri ng¥ 48466 ual | y conpl enentary. and asymetric. 26’055{50%3?5% atus as
defined in Caim18 further conpri s¥8hg a locking pin that is receivable

within the split in the ri Jdn the restrain configuration to |ock the

rings agaPfst %Wrﬁﬁsﬁﬁd?ﬂgﬁﬂ%{g]@%%‘ggﬁr "yurati on. 24. Apparatus as

defined in O ai ; lihewhmtiekslbetctas ebtipld dredievgroevesb@pt i ses an el astic sl eeve

havi ng one or r roove . ; ; 25 of
the cylindri cargstﬁ?%éocog‘?s @@%@'Eﬁékﬁ%@%&ggf 8@@“ %r 0“{23@5 r.gé\%g\gﬁat us as
defi ned i nefhagetheélaslivesledve; a. the elastic sleeve has nultiple circular
grooves; and b. the grooves of the cylindrical surface conprise multiple
circular grooves that engage the elastic sleeve. 5 26. Apparatus as

def i Bed i n26 ai Avparatys@s aefined in Elain ¢ Wheiel s| eeve has a groove in the form

;)1;] ? t hr ead, angt Etheael%rtie?l\éévé rlfhstar‘g}oa\?gh n@rfbmabftasmreha,md?prrpri fsesCIa _thrigd
at may engage the elastic sleeve. : arat.us aim
further conprisPnd@ géoqv(ed'm‘%@v'g\daéf8“&%9%08@56%?3& tﬁreﬁgﬁ'l g@a& gﬁ%qlﬁg?e with the

el astic dewdefc slBeddle restrain configuration to lock the elastic device
agai nst noving to the rel ease configuration. 28. Apparatus as defined in
Claim 27 further conprising an operating system connected to the |ocking
sl eeve t hatz7sel @cpbhm&ls;asideﬁmdtiscta?mwwg‘e' hepraprising @ lpgking slag¥e r et ai ner and
wi t hdraws the.l i 41 1 Dafia t63ock3hsief | ned
i o 1 PR e A B VVRIECHE LIRS esikal SofieRalal el

const r ai necklasyic eicesagainst movipg todhm raleasp €o¥firalP-nor e gr ooves of the |
cylindrical surface, and confined by the retainer and thereby restrained i
agai nst | ongi tudi nal nmovenent rel ati VE@%O t he retainer; .and Pe‘ one of the
first and $8cond\perrlisias delngddn S1aim 27 AWTheE CrpRNSEEIAD OPEIl PY8'HLyi ce 20s0
that the fidsphedbdpithdlodiiNg SiGevethdieboetvlytiiterts Hei lonkingesidove intd thee and t he

second el astic device.. 30. rat us def i Ln Claim29 wherein:
retainer and withdraws thérl)d%%ng slléeve rom %19 r@t%ﬁ'iel'.

15 29.  Apparatus as defined in Claim 1 further comprising: |
a. asecond round elastic device, constrained by its elasticity toward the one x

or more grooves of the cylindrical surface, and confined by the retainer and thereby
restrained against longitudinal movement relative to the retainer; and
b. one of the first and second elastic devices is inside the other elastic device
20 so that the first elastic device is between the cylindrical surface and the second elastic

device.

30. Apparatus as defined in Claim 29: wherein;
a. the oylindrical surface is part of the second body;
b. the retainer is carried by the first body; and
25 c. the first elastic device is distorted and removed from the cne or more
grooves by radial expansion of the first elastic device and radial expansion of the

second elastic device.

31,  Apparatus as defined in Claim 30 wherein:
a. the first elastic device comprises a first coil spring;
30 b. the second elastic device comprises a second coil spring; and




a. the cylindrical surface is part of the second body; b. the retainer is
carried by the first body; and 26 c. the first elastic device is distorted
and renmoved fromthe one or nore grooves by radial expansion of the first
el astic device and radi al expansion of the second elastic device. 30 31.
Appar at u$¥@e/ @B ned in O aim 30 wherein: a. the first FETAS0IBSHevi ce
conprises a first coil spring; b. t & second el astic device conprises a
second coil spring; and WO 03/104665 PCT/US03/ 08524 29 b. ve in the
cylindrical surh. acaaglvovmmﬂ@@h@mﬁﬁéﬁﬁecCF?&IP"F%%%W%"Q ”Pﬂée‘?ei“’r%ﬁ‘ spring.
32. Apparatgasi efined in Caim30 wherein: a.the first elastic devi ce
conprises an arr ly of split rings; and 5b.the second el astic device
conprises a coil spring. 33.Apparatus as defined in Caim30 wherein: a.
the first QéaStAﬁpé?&Méﬁedéfmawrrﬂaam:mwwmémspr| ng; b. the second elastic

devi ce conprises an el ast eeve:; and b.a e cylindrical
surface conpris®s the ? ?ﬁf'ct(ﬁ?i eF@E%rfs\?genf"ﬁ@ggfgﬁ%ﬁter%spérnpng 34. Appar at us as
defiged in d ai p) 3fesbesrdichsti@devideeomprisas sedailspiing. devi ce conprises an array
of split rings; and b.the second el astic device conprises an elastic

sl eeve. 36. Apparatus as defined in Caim30 further conprising a |ocking
sl eeve 15 pacei ApdHratubgs téfined it Apined0 whereint he first el astic device in the

restrain confi QHra%hle%t%%stum%%oh%é%%mdpmgastl c device and lock the
first elastic dévice agal nst noving t rel ea%e confl guration. 36.

Appar at us as debi n@ésﬁﬁpr@leéﬁsﬁﬁ’é%"qe@mé?e SRS PlREvea A S per ati ng system

connected to thg | Qgldol8irkheeNiRdricapsuriacs e@hprise‘s;lthrméhha’srecélmsltbezbmlng sl eeve
into the 20 retainer and withdraws the | ocking sleeve fromthe retainer.
37. 1Pppar atb@%as defined in Caim29 wherein:

34.  Apparatus as defined in Claim 30 wherein:
a. the first elastic device comprises an array of split rings; and
b. the second elastic device comprises an elastic sleeve.

35.  Apparatus as defined in Claim 30 further comprising a locking sleeve
15 receivable by the retainer with the first elastic device in the restrain configuration to
engage the second elastic device and lock the first elastic device against moving 1o the

release configuration.

36. Apparatus as defined in Claim 35 further comprising an operating system
connected to the locking sleeve that selectively inserts the locking sleeve into the
20 retainer and withdraws the locking sleeve from the retainer.

37.  Apparatus as defined in Claim 29 wherein:
a. the cylindrical surface is part of the first body;
b. the retainer is carried by the second body; and
c. the first elastic device is distorted and removed from the one or more
25 grooves by radial contraciion .of the first elastic device and radial contraction of the

second elastic device.

38.  Apparatus as defined in Claim 37 wherein:
a. the first elastic device comprises a first coll spring;
b. the second elastic device comprises a second coll spring; and




a_the cylindrical surface is part of the first body; b. the retainer is
carried by the second body; and c. the first elastic device is distorted
and renmoved fromthe one or nore 25 grooves by radial contraction of the
first elastic device and radial contraction of the second el astic device.
38. AppaM 0304665 def i ned in C ai m 37 wherein: a. the fiBCIUSEHYSH ¢ devi ce
conprises a first coil spring; b. t & second el astic device conprises a
second coil spring; and WO 03/104665 PCTI US03108524 ﬁ%éb. a grogv? in the
cylindrical surface geavpin thesylindical suface samprises & thigad flabrecpivesthe B,
spring. 39..fehgat us as defined in Caim37 wherein: a. the first elastic
device conprises an array of split rings; and 5 b. the second elastic
device conprises a coil spring. 40. Apparatus as defined in C aim 37
further congyi Siﬁbﬁa@tds%lﬁbﬂ@:ﬁhMﬁS?memmabl e by the retainer with the

first elastic devi restrain gage the second

el astic device é‘nd?}?eo%% eﬁaﬁﬁc ??‘Pcsetcogpés? %}%ﬁ}é%&gag%hsﬁ@rmw ng to the

rel egse confi gumat itieensecdiid elastxcﬁppaqeemmﬁﬂsasa@tgﬁwméﬂ in Caim40 further
conprising an operating system connected to the | ocking sleeve that
selectively inserts the locking sleeve into the retainer and withdraws the
| ocki ng sl etdve fAppaatuseasdefingdie Claim 37 T es FYPRISNGS IAEfIIEFYePn Caim 1

further cOMBEdislofifhyAnt ARSIk RENS! §1£416 WAbd 1 thdXeskdle cofigaialion tonf th t he
first elastic device 1n the res trawg ‘?CkéF ﬁ%ﬁ [atJon to Sﬁ % ft A

el astic de\ﬁf@ég%@@ﬁ%‘i“drﬁéﬁﬁ“ﬁﬂe‘f'??? esteRARARYEe 3??% m X'gg %{)par at us
as defined fasd edniiydatidndr t her conprising an operating system connected to
the | ocking sleeve that selectively inserts the |ooking sleeve into the

retai ner and withdraws the | ocking sleeve fromthe retai ner. 44. Apparatus
as def i ned 4m ClAgiparad® astdefissdin CiRimdPdurier aoMEsNden AReFRINg S¥dem 20 fluid

pressure act “at%]éd to‘%?e loéﬂﬁg”"éléé\}ést Qtsseféﬁtfde Reht8 tHd 1BéKRFetB it e t he

operati ng s P I'ses” an ec rica act uat or. A rod brake for
retarding rretairterand wrtlwlie\wamemkbmshéﬁf@“ftherf§ia"l§6dy and a Second body
conprising a rod that is circunscribed by the first body, conprising: 25 a.

a cylindrical surface as cPart of aone of the first P ﬁlx a]nd the.rcg)(il Wth
t he 42. Apparatus as defined in Claim 1 further comprising a locking sieeve receiva g

by the retainer with the first elastic device in the restrain configuration to lock the first

15 elastic device against moving to the release configuration.

43.  Apparatus as defined in Claim 42 further comprising an operating system
connected to the locking sleeve that selectively inserts the locking sleeve into the
retainer and withdraws the locking sleeve from the retainer.

44.  Apparatus as defined in Claim 43 wherein the operating system comprises a

20 fluid pressure actuator.

45.  Apparatus as defined in Claim 43 wherein the operating system comprises an

electrical actuator.

46. A rod brake for retarding relative translation between a first body and a second
bady comprising a rod that is circumscribed by the first body, comprising:
25 a. a cylindrical surface as part of one of the first body and the rod, with the
oylindrical surface circumscribing the rod and structured with one or more grooves;
b. a retainer carried by the other of the first body and the rod;
c. afirst round elastic device confined by the retainer and thereby restrained




cylindrical surface circunscribing the rod and structured with one or nore
grooves; b. a retainer carried by the other of the first body and the rod;
c. afirst round elastic device confined by the retainer and thereby
restrai ned WO 03/ 104665 PCT/ US03/ 08524 31 agai nst | ongitudi nal novenent

rel ati ve WQO¥Ha666et ai ner; d. the first elastic device iRCTEGN¥PE2 ned by its
elasticity toward the cylindrical Slrface and engagenent with the one or

nore grooves; and e. the rod brake bellg% npvabl e, by application of
| ongi t udi nAigaingtlergitydipaleagyement iriatiye,ig tIANES £ r st~ body, between a

restrain confi gy aHieGisticheniélicetis eorstrained by isélasticitdiwwarkhe edindrisl i n t he
one or nore %rooves of the &%l ndri cal surfac %Eﬂd a release configuration

wher ei n t hSUiipsesandangagsrpent Mih e gne ofmare,greaves; ushed out of the one or
nore grooves of ef heneypll brutte ibeimb nsovable,dgy. appitation ofdohgﬂudikd forse Hefveered i n

G aima6 f Hflé?‘%"ﬁgﬁ?@s e@? b%t\llee?ll%ﬁgtrﬁﬁ Fé}glpuraﬁ& h“:ﬁ@hét Q%{stf:he retainer

with*the f e res ncon ration to | ock the
first el astdemceleaatcmem@monsbrmomgtgmt%Ofﬁécvlmldéﬁ"ﬂéu ﬁ‘éér"&lﬁ?% 48. A rod

brake as def] 'n@ﬂatloﬁ uﬂe |mhé§r§f@%§ﬁd dbvics s &Q@rté“d’érld}ﬂfshé@but%ﬂﬂ]%%ﬁé of s part of

the second B retainer is carried by the first body; and 16 c.
the first ehagtgr@ve%vﬂfb%cyl@d%ﬁ%%fap%d and renoved fromthe one or nore
grooves by radial expansion of the first elastic device. 49. A rod brake as

defined in C aim46 wherein drical.surfa i R of the
first body;47-b. Pﬂl@ébf%‘%wsﬁnﬁdé"9&%‘%%&“&@?%@@8’8&'8&@19&%98@% 20 c. the
firsfy el astiegeifidw Bahe Eet&ih@‘tvﬁmttﬁélf @helastie deviesiinftios restréin configuetiontsr e gr ooves
by radi al contratlon the fi.r t el rod brake as
defined in leFkthRd %E'Fﬂictdr‘?g'lce@%%sl’ R g%l[h% rglgééec%ﬁf (a)ttljdﬁd el astic device,
constrained by its elasticity toward the one or nore grooves of the

cylindri cal ””;@P%Pf%dq cu%ﬁﬁé ey 4%%3[1&? .ai ner and thereby 25

restrai ned gal |na novement ative to the retainer; and b.
one of the firsta arﬂnb%n@'ml%lrfagq isatof thesecond hodKi de t he ot her el astic

device so that h%éée'ia?ﬁer?d@a?ﬁéd% ﬁyﬁ@ﬁ‘bdc@ &t ween the cylindrical surface
and the second el astic device. %{T‘é for q,et di n?qmlmg}gsl ation of
one Body rel ative the HEGIE dB\'iER/'S di 8H§F’l"§?"ﬁ8 rPWe ?811 ow ng steps:

grooves by radial expansion of the first elastic device.

49.  Arod brake as defined in Claim 46 wherein:
a. the cylindrical surface is part of the first body;
b. the retainer is carried by the second body; and
20 c. the first elastic device is distorted and removed form the one or more

grooves by radial contraction of the first elastic device.

50. A rod brake as defined in Claim 46 further comprising:
a. asecond round elastic device, constrained by its elasticity toward the one

or more grooves of the cylindrical surface, and confined by the retainer and thereby

25 restrained against longitudinal movement relative to the retainer; and
b. one of the first and second elastic devices is inside the other elastic device
so that the first elastic device is between the cylindrical surface and the second elastic

device.

51. A method for retarding transiation of one body relative to another body,

30 comprising the following steps:
a. providing a first body circumscribing a second body;



a. providing a first body circunscribing a second body; WO 031104665
PCT/ US03/ 08524 32 b. providing a cylindrical surface as part of one of the
first and second bodies, wth the surface circumscribing the second body

and structured with one or nore grooves; G prow di ng r carried
by the ot Y3 %81'66§ he first and secong bodi es; pr mﬁ&fﬂﬁé%tsg Y rst round
el astic device, constrained by its e"f asticity towar the one or nore

f the cylind d d
Pheroby restrai hocPRUAPA Ao/ FHRGA Etreaar PROoLaee BLmsl Tl bRkl e,

e. prevent iwitg tﬁe&dwrace/enrdumnﬁﬂnmhenedmeﬁmmnmutiur@tmmemmmj bodi es by
the first round el astic device residing in the one or nore grooves of the
cylindrical® "®Yf¥ace 10 in a restrain confi guration, and applying

| ongi t udi nal f ob.ceprovidi stretatner trsigd hydbe pthanef the frstand seswn @d@ﬁd push it

out gf the one gr ﬁ?&({‘ax 9 Off?é‘t‘?éurﬂfelésh@d&yée' E&Hslrﬁﬁéd Byitd AetichProdard’ €l ease

configuration to a a ive translation between the first and second
bodi es. 52 .thetonesarmeste gepoves efifegicylindricalsufacs) apd perHiapd Eb?ﬁ?rr?@iﬂﬁba“

pr;)w di ng EHE' Qﬁ}%t A §lfﬁar'iE%it%%lfnastBﬁ@tuaﬁalbm\ﬁeﬁ»‘éﬁﬁtbﬁﬂ@aﬁoh?e tetdiharng rrerrbe{ into '([jhe
retai ner wi e first e Y n e restrain oc ion an

|l ocking the fir&t BIeNeRtng " %@\Mﬁ@@?@ﬂfﬁ?@(ﬁeﬂdf‘% st seepned ges%g i gurati on.
53. A et hagkt asund @idstedevide rEbidinginhe bmafarkmre(gmqves gfi the cyliadriqal sviadé ng t he
cylindrical surface a rt o f g the

ret dPner Cd;i;?r%sgagfopﬁ%f)?atlops?ndo%g&nﬁ ﬁ.?q.?é??&f towst%mgf%lr%?rst el astic
device to retastiy devideearidipush nteum‘ﬁme:omwrmegmms affiee e r@?‘ﬁh‘ﬁ?‘@tgraooves by
radially ex Aol Dy c\E)J}San tE)%ﬁouﬂe?a‘fl{/é fra %Ybﬁﬁetwléén the 78 ah@ Yec@nd ggdiésed in

Claim5 1 f F?ﬁ? providing the cylindrical surface as part
of the first body; 26 b. prow d| ng the retainer carried by the second

body: and 6y 50 Ghah8lbi Brelith Eafnds1 Rl dompAsiECe Lo remove the first
el astic deV| ce rom e one or nore grooves by radially contracting the

first elastic d@vi @@V'Wahcﬁiﬂ'ﬁﬁﬁb%{"sa%fl ned in daimb51 further

compyi sing: a. Ry Omsémﬂgﬂfelsa@@demwnﬂo tHeastainer witlvthe dirst ettt desricadd by its
elasticity toward 30t

e. one . OQV. rj‘é:%\ urface,
and conf i nehe BstraigSopliguzatign and g’ﬁﬁm% eg'%t @(ﬁ:ld ﬁa%@ﬁe&ﬁ Ay eaﬁe second
el astic devioaggurationt hat one of the first and second el astic devices is
inside the other of the elastic devices with the first elastic

53. A method as defined in Claim 51 further comprising:
a. providing the cylindrical surface as part of the second body;
20 h. providing the retainer carried by the first body; and
c. so distorting the first elastic device to remove the first elastic device from

the one or more'grooves by radially expanding the first elastic device.

54. A method as defined in Claim 51 further comprising:
a. providing the cylindrical surface as part of the first body;
25 b. providing the retainer carried by the second body; and
c. so distorting the first elastic device to remove the first elastic device from

the one or more grooves by radially contracting the first elastic device.

55. A method as defined in Claim 51 further comprising:
a. providing a second round elastic device, constrained by its elasticity toward
30 the one or more grooves of the cylindrical surface, and confined by the retainer; and
b. so providing the first and the second elastic devices so that one of the first
and second elastic devices is inside the other of the elastic devices with the first elastic




WO 03/ 104665 PCT/ US03/ 08524 33 device between the cylindrical surface and
the second el astic device. 56. A nethod as defined in Caim51 further
conprising: a. providing the first elastic device structured with a |ead;

b. providing a groove in the cylindrical surface conprising a thread that

5 recei v&¥0IHE4655 r st el astic device; and G causing r otPAI{UEAHISHOY ement
between the first and second bodies3 o align the first elastic device with
the thread to renove | ongitudinal slack between the first and second

bodi es i n deliee beisieenihe aybnvrica)sudagesnd the second elastic device.

56. A method as defined in Claim 51 further comprising:
a. providing the first elastic device structured with a lead;
b. providing a groove in the cylindrical surface comprising a thread that

5 receives the first elastic device; and
¢. causing rotational movement between the first and second bodies to align

the first elastic device with the thread to remove longitudinal siack between the first

and second bodies in the restrain configuration.




