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WD 2007/ 084310PCT/ US2007/ 000669 REVERSE ROTATI ON
PREVENTI ON DEVI CE CROSS- REFERENCE TO RELATED
APPLICATIONS 5STATEMENT REGARDI NG FEDERALLY SPONSCORED
ESEARCH OR DEVELOPMENT BACKGROUND [ 00031 The present
“%V@H%Fﬁﬂ rel ates generally to rotating conpFeSYpaif7/000669
equi pnent More 10particularly, the present invention
relates to devices to prevent the reverse rotation of
conpression equi pnment. Still nore particularly, the

ever o rot atryhsy 480y RGO REVR R esnar «

of a centrigngad RERIREREEY0 REDOPHT AbBr BEPRHRS

rotating conpression equipnent, such as conpressors
and punps, is used to increase the pressure of a fluid
in other to nove fluid fromone point to another or to

provi de a SFAFENIPNY REGARBSELFEZEC L1 vEPONSORED
conpressi on equi pRESEARCFRORDEVELOPMENT ef fect at its
inlet that draws in fluid so that work can be
performed on the fluid. Once pressurized, fluid can be
di scharged to other equipnent, conpressed further,

used i nmedi ately, or stBﬁEEQR?QNPaccunulator f or

[&(ﬁ}[ e&'hc §1e t' %te I t{(]) %.It lr.%tsle?ﬂl:llp ?elg%ﬁgg fes.g:‘%r%;luxlament. More

utnli a3 FO

pﬁ%ﬁlﬁﬂﬁr\ﬂc ' %Qlt iﬁ{;engsn L@y ’t gw@es etnPt I *v'e:rse(;,jl a’otgtilon of

otating punps incl centYrruga

cﬁhﬁmmrﬂqﬁmnﬁm adtilf hoW GHrtidRAPehé Blesddt! mémtloﬁtrglates to devices to
Rot ati ng conpressors include centrifugal conpressors,

PzovERLIreveYse fotptibn buedmﬂpemﬁog & déertaltlore oennifes:s edipresedel .
&00051 Reverse rotation in rotating conpression
Bdhi Prasatralcminting eqypprovien equinang sechiap gompressors and pumps, is used to

increase the pressure of a fluid in order to move fluid from one point to another or {o provide a
supply of pressurized fluid. The compression equip.ment creates a suction effect at its inlet that
draws in fluid so that work can be performed on the fluid. Once pressurized, flnid can be
discharged to other equipment, compressed further, used immediately, or stored in an
accumulator for later use. Rotating compression equipment generally utilizes a rotating
clement, usnally comprising a shaft and impellor or rotor, as a means to compress a fluid.
Rotating pumps include centrifugal or radial flow pumps, axial flow or propeller pumps, etc.
Rotating compressors include centrifugal compressors, axial or in-line compressors, scroll
compressors, ete.

[0085] Reverse rofation in rotating compression equipment can occur when the rotating
equipment is shut down, intentionally or unintentionally, such as when there is a power
interruption. When power is no longer provided to rotate the driveshaft, the rotating
components of the compression equipment are free to move in response to pressure

differentials existing between the inlet and outlet, There is a tendency for the compressed
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equi pnment is shut down, intentionally or

uni ntentionally, such as when there is a power 25

i nterruption. Wien power is no |onger provided to

rotate the driveshaft, the rotating conponents of' the
P LS4 BN equi prent are free to nove in reSHHNSHITPO6E
pressure differentials existing between the inlet and
outlet. There is a tendency for the conpressed WO

2007/ 084310PCT/ US2007/ 000669 fluid stored in the

it ar &ﬁﬂo%f?%?wl%%%?g%ﬁﬁ%ﬁﬁfﬁaﬁa@ i B BaRrI B O orsdov- 1
uﬁ@lp;%fk[%z %?%él!ﬂ\lﬁ'{q)f ﬁqe chmS?éQJeh lﬂﬂ df»Q i1 %Qerpyfb&'&%n the un(g:ellorfs), which

npe may" resu inreverse rotat

rﬁa'ﬂveregxﬁ’@ B {0 RAIMBRR Re rddhth r%odégﬂwoﬁﬁ%er ARhdugh E}He%@ 1’0§1t10n is
comonly caused by the backflow of conpressed f

cbm@Blylcalsad Bk PARNGW bNESmpréssdl & h &eytmﬁe@mﬁheﬁtmat ﬁs driven by

notor, reverse rotation can al so be caused by

au relestrgntobn akveysecotiec kamgist e @hed thyi wintattionallye@sigecting the

backwards. 100061 Al though the reverse rotation nmay be

eb?“§ﬁ@ﬁ¥*%ﬁﬂwwkﬁﬁ§$ent duration, there are nunerous
atlve onsequences of reverse rotatjion. Revers

aﬁtawg ® TREHF rofefon B}aéfc'i“i é'!ﬂ“ea‘h’oT‘%‘eﬁh amﬁom thete are

\é}nglr gl OgﬁhveF us %sr:]ael;dnc S O @rsé: rota? ty %{Q% Xotra]tlon may result in
esl 8 1C6 erate un revéerse ro ?

on%Bﬁ’dntable NRise And Wat%ﬂerﬂr%cp Q%Adndmg@{emﬁ eyaeyr B¢t be designed to
rotation conditions. Failure of the l'ubrication system

offeusitel @fld tevbde uﬁﬂme&aawnamrm@n&aeww Bl uklRABGRrsk Qotation
various parts. Still further, drive mechani snms, such
canditiear iHagwe ofdmrinhricatieh piskemomsy, ravely innginedsesayeséagmad physical
to operate under reverse rotation conditions, or may
deﬁéseaf% VI IPgTun GEN THRASr diver BERPIISRS cCYRHIPY PeneS: Sigets and

bear i ea i ni ons, may al so suffer
pImnions, mgy nolgb 5331@%1 to cP erate under erse rofation condxtlons, Oor may opcrate

poorly under reverse rotation conditions. Such bearings, gears, and pinions may also suffer
unnecessary wear and physical damage under reverse rotation conditions. Still further, in the
case where reverse rotation is taking place and the equipment suddenly regains power, the
abrupt application of torque to the drive shaft opposite the direction of reverse rotation may
tesult In extremely high sfresses in the drive mechanisms (e.g,, driveshaft, gears, pinions,
etc.). These stresses may be significantly larger than stresses under nommal operating
conditions and may actually result in the physical breaking of certain components.

[0007] Damage to the certain components by unnecessary wear, physical breakage, or other
negative consequences of reverse rotation may necessitate a complete shutdown and repair of
the compression equipment. The downtime required to repair damages cause by reverse

rotation may be very lengthy and costly.
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15 unnecessary wear and physi cal damage under reverse
rotation conditions. Still further, in the case where
reverse rotation is taking place and the equi pnent

suddenl y regai ns power, the abrupt application_ of
F%Wﬂﬁ@m¥%othe drive shaft opposite the direcPtHH5p7/000669
reverse rotation may result in extrenely high stresses

in the drive nechanisnms (e.g., driveshaft, gears,

pinions, etc.). These stresses nmay be significantly

| arger than stresses, under nor ' .
o3 Her PR ST mat? B e e ot sdlehd for e s means
P pRIENN QL. GAEAA B SOURBARIS wikAOERokRBAR b ukforogoing
certal n conponents by unnecessary wear, physica
AR5 SRR Mite BlovRidRGhord flakth B CARARGHANGes of reverse
rotati on may necessitate a conpl ete shutdown and

repair of the conpression equi pnent. The downti ne

requi red toSUNPAARY TR BREEERRED FMRVRIMIENTOt at | on

may be very lengthy and costly. WO
1200 71384 SHOHET 1382 DO QU6 sLdsgd(pg prrprs 2nd pigthads to prevent the

remai ns a need to devel op net hods, and appar at 0 )

B o S AL Grr IR G SPERRATE o FSIPE RER PO BT gt g tocking

(o]0] €SS0 i ch overe one. of t.he for i

oG Pt osk A pste? SRS RERs P S a1 abSHEIGAc to mqve te
l . @ﬁggﬁg E i is in the

1#%%%31?%%@%3&& e gJFlEd teJ he art apéhgémér ggggc?n[g?/&%] s o th

wARBIYISodiBioRNHe PR oS sH:A RS A16RRE 16 Reatt A atikd@ir@tioR However,
shaft in one direction that conprises a collar

vehies piltes Bdkiag @onds tih ¢hesthelfet ,positibg aké ngjlaamnd whafharg rprevented from
unl ocked position and a | ocked position, and an
retelingdin e seaop@disdstien.t o nove t he | ocki ng-arm bet ween t he

unl ocked and | ocked position. Wien the | ocking armi

. S . .
[0 ¢ Frerba@menis BeX BlEP (EPriET WRZAEHIIBINOLE OIRTY R NUF Y gfegotation
|lowed to rotate in a.first. dir [ : e
o? BeCqripLessor t[ﬁat comprises a flﬂ\ées aé%c I? e%pq'%tr § ;B)‘ly b@u\ﬁf\égt{) Cl)'l%fégl? of th

CKing armi*s™in osItion, o
agingshéﬁ %géranﬁs B RRY 8RLR0ehiP A 4 Alfli-REol, b SUSCHAR around the
irection. gunol Enbodinents may al so conprise

BRROARAL 48 ARekiAREBOA8h b ufloEieaHositie aldey BIcB& Fositiah.i When the
of a conpressor that conprises a driveshaft, a power
Isek-armde inpihe dnibdked pesithund the fcolldrend Bhe dirivesbsthak tallowed to rotate in
operable to rotate the driveshaft in a first . )
th fistdirestion. HevgvParber bpleskige-ars ifrie thedesked pasiigpdhg driveshaft is
and a Iockinﬁ-arn1mﬁt9?an.unlocked position and a

$%@W@ﬁﬁBW§P?.ﬁﬁpa@W@H F&"Pbcking-armis in the
[gjl{} }lgwe egxggdi{néﬁg of &Q?ﬁ%&# !irﬂ/‘éntﬂ)gdco}r@ﬁsedg Eaﬁ?ﬁﬁ@m oftfefitures and

to rotate 1n irst direction. However,

a\@bﬁﬂagtap hat %@&bﬂ?&f Adrithd §ro.bf&mts he diee lﬂ@ﬂceﬁo StHel Rifous HRracteristios
driveshaft is prevented fromrotating in a second

dbisdrded kive, as well as other features, will be readily apparent to those skilled in the art

upon reading the following detailed desctiption of the preferred embodiments of the invention,
and by referring to the accompanying drawings. It should be appreciated by those skilled in the
art that the conception and the specific embodiments disclosed may be readily utilized as a

basis for modifying or designing other structures for camying out the same purposes of the

3



10

15

20

25

20 [Om Thus, enbodi ments of the present invention
conprise a conbination of features and advantages t hat
overcome various problens of prior devices. The
various characteristics described above, as wel| as
WO BB ures, will be readily apparent to PhHEYEH07/000669
skilled in the art upon reading the follow ng detail ed
description of the preferred enbodi nents of the
i nvention, and by referring to the acconpanyi ng
drawi.ngs, | howul e appreci at ed t.hose Il ad i
R SRS (S ee G eRr B Mk d 1 BT Bl st edlaten
3 S0t beeli ARG PR Smli §8He! of tH lidvbARY ASeftorth in th
g%%ﬁgbg§9$nggP y#ng orm%%g?gﬁ?ngg%ther étructureg fbrln "
a@%ﬁ&ﬂdﬁ%ﬂ%ﬂ the sane purposes of the WO

07/ 084310PCT/ US2007/ 000669 present invention. It
shoul d al so be realized by those skilled in the art

that such eqmﬁﬁiﬁ'&éﬁ%@?ﬁféﬁ?bh%&ﬂ&%&epa” from

the spirit and sco e Invention as set forth in
[0y Bppremaiedeeiled drserintiprpithe pebary prpegineyt of fiye present mvention,
DRAW NGS [Og%Zl For a nore detail ed description of the
TeieEnes Wil Aow s SHCRER e BCOTRASY IR SBEMEs RFERT on,

f will now be nade to th i o
Ié‘sa\?\n‘i’ %ge, 1V\§\Mlﬁ 8?%1?1? V\(ax[pgaaﬁ?ee‘ﬁ iog a Erhée%-is%'tl%g geg}gxﬁiggaltl irc]:‘grfl;&)r?/ssor including

ael)épﬁ%r& §duod BWRfioPad REce- stage centrifugal conpressor
Including a reverse rotation prevention device;

[0014] Figure 2 is a schematic top view of a three-stage centrifugal compressor including a

Tr

reverse rotation prevention device;

10015} Figure 3 is an end view of one embodiment of a reverse rotation prevention device in
the unlocked position;

[o016f Figure 4 is an end view of the reverse rotation prevention device of Figure 3 shown in
the locked position;

[0017) Figures 5a to Se are selected end views of the reverse rotation prevention device of
Figures 3 and 4 preventing reverse rotation;

[0018] Figure 6 is an end view of one embodiment of a reverse rotation prevention device;
[0019] Figure 7 is an end view of the reverse rotation prevention device of Figure 6 shown in

the locked position.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
{ooz0} The following discussion is directed to various embodiments of the invention.
Although one or more of these embodiments may be preferred, the embodiments disclosed
should not be interpreted, or otherwise used, as limiting the scope of the disclosure, including

the clahixs. In addition, one skilled in the art will understand that the following description has
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10[ 0014] Figure 2 is a schematic top view of a

t hree-stage centrifugal conpressor including a reverse
rotation prevention device; 100151 Figure 3 is an end

vi ew of one enbodi ment of a reverse rotation

POIUMBIBH device in the unl ocked position; PCT/US2007/000669
10016] Figure 4 is an end view of the reverse rotation
prevention device of Figure 3 shown in 15the | ocked
position; 10017] Figures 5a to 5e are selected end

b\é?! g\gglég’gté’”g%é%le? (E{c,g% or O at | bR SL ;nl ar{t oglﬁYo & exngnary of that

reverse ro

elﬂbg&t enCadaSioBiRtefMd 1 a@fmap@g s&gpeﬂwamosgfe, ﬁcmnghé €laims,

rotatioh prevention device; Figure 7 1s an end
1yh§m&g£ﬁhn§ﬁb@mﬁ5§e rotation prevention device of

Figure 6 shown in 20the | ocked position. DETAILED
(EHCREMRh @nOhreNinkd RktkdhRRED: ENBODIgMdEHio0 QR0 claktheto refer to
followi ng discussion is directed to various
Enizoki spinsomporiehts. Anvenskilled in e e 9l PSR diffepmbpasgons may
t hese enbodi nents may be preferred, the enbodi nents

fesécr es"e@P?%hB‘U Ptff%f nppaes. TiE ;S‘P@t“?é’ﬂt doFs ot R oedistinguish

l?eﬁv&qeﬂ d:iowaoqeﬁlg tbirtal 1nI lﬁlrl'%e]a.ﬁ tnioé Eunctl n lTE %rawdng glfl‘ﬁs ar¢ not

S AT GRS 5 e

in somewhat schematic form and some details of conventional eleinentis may not be shown in

interest of clarity and conciseness.

[0622] In the following discussion and in the claims, the terms "including" and "comprising'-'
are used in an open-ended fashion, and thus should be interpreted to mean "including, but not
limited to... ." Also, the term "couple” or "couples” is intended to mean either an indirect or
direct cormection. Thus, if a first device couples to a second device, that connection may be
through a dircet conmection, or through an indirect connection via other devices and
connections. Also, when a compressor is referred to as "operating normally," this refers to
the compressor that is propexly powered, compressing fluid and not in reverse rotation.
Further, when a shaft is referred to as rotating in the "forward direction,” or in "forward
rotation,” this refers to a shaft that is rotating in the desired direction and not in reverse
rotation.

(0023} Also, the term "shafi" is intended to mean any elongated body that can be rotated
about its longitudinal axis, including without limitation driveshafts, compressor shafis, etc.
In addition, in the discussion and claims that follow, it may be sometimes stated that certain

components or elements are in fluid communication. By this it is meant that the components are



10

15

20

25

broad application, and the discussion of any
enbodinent is nmeant only to be exenplary of that

\NSQRQ%% , and not intended to intinate that pl-h&rs2007/000669
scope 0 the di scl osure, including the clains,
l[imted to that enbodi nent. [0021] Certain terns are
used t hroughout the follow ng description and clains
to refer to 5 particular systenrconponents As one

illed.in t rec drffer er sons
COHZFEgLﬁr‘:Ee"f"Qr‘ZtEEZ%FG@ i nt endatgg di sti ngU| sh be?miegﬁl &em’ e
Pas\‘?g??ﬁ@’n ORI ffer in name but not function. The
oorf S gg,%{ ForRhGa I EoGSRREbY 1 SoRBANE: o RELR Tk, roverse
rot%PnLgrﬁoérH:{on oﬁ%v[me\é\'%g; btugrr]ﬁeegrmg ¢ forerr‘n ﬁl‘ﬂgws Qﬂe_fﬁ%eal |4,S and three
con%p%ﬁns%o%.rs% I?ércs:ﬁ sst%fel éo¥n %gsgmc 8 Fhe X '&es!ia%g Jogﬁrggs]smj &2 taH& third-stage

corgf'ﬂra P%bf‘g gpgmﬁec egmﬁ egg g%l abE ﬁb%@%%fkw?ga msﬂ,ge@@ €frst-stage

|on e inte prete t o nmean

1mp§'1189 b?’ ddn'a%rsPéf%'ﬁ% led 2471 Es&nh%gx € compx%sscd? 62l d¥agREdMecond-stage

I's I nten mean either an

hodsﬂ%' 3roe§écof?c§-stggé RipeiGOM hd LBnd Irﬁgle?»@uﬂei 34 ﬁlfcﬁ-gtageeé/dr@ﬁessor 63

I'és to a Second device, that connection may

corﬁlmééy A Bstelde ﬁﬁﬂém%ol’@n aftd-Qiae Ripclibf 82/0MdanirdBAigE @aflet 44, First
connection via other devices and connections. Al so,

staé@%ﬂpﬁl&qmlse%@[edl f fighefpedhi® MSsuchPBiALidGtage impellor 22 is
normal ly," this refers to the conpressor that is

rotRIMBRY lfiked QM edio frenfses shafig24.] Sidilang saaindishagedupeler 32 and
rotation. Further, when a shaft is referred to as

thirdedisegdel ingelldr 42he: ofaomonatydfixkdrrelativotwe, stcad-stage 'shaft d@r d
rotation,” this refers to a shaft that is rotating in

[oetsnePoesad supalydi 2 Batouplad andnaend jofi drivssbaft d 62Gdqiravidenthe torque to
100231 Also, the term"shaft" is intended to nean_any

rotatk gnyeshefl 1660 hetrst runaentreessent H: cBRazindgstofiposgver supplies that may be .
| ongi tudi nal axis, including without limtation

usedrfovdsisiecsf campressppinglyde wvithant Hisitatigneinterppl &ambtlrtm etjgpes, electric
the discussion and clains that follow, it may

mogeypatiitbies, ai¢-aBwleeas 2P l%mtw#btﬁﬁ%ldﬁléﬁr%wcﬂmér@#e‘rﬁ Jull-gear 50
is pplebi iR & ”26\%%'@%899 sgpcbel s a%%re%esamwn 28 and
o St o rahelt, Mk ssrgﬁr%“agwsa@gg' T
f@saﬁa’gzn%é%wgﬁrqegs"&ﬁf%‘ RS PG, PR B b 33, g v
lmga & 450%52@ s, sf.gwg &s,%ﬁéﬁamw L8R Bfheing QUET < driveshaft
16, fixst-stage shaft 26 and second-stage shaft 36) provide support and lubrication during the
rotation of each shaft.

{0026] When compressor 10 is operating normally (i.e., not in reverse rotation), fluid enters

compressor 10 at compressor inlet 18. Fluid passes through first-stage inlet 21 into first-stage

compressor 61. The fluid is compressed by first-stage compressor 61 and is discharged at
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5 conpression stages (first-stage conpressor 61,
second- st age conpressor 62, and third-stage conpressor
.k St-stage conpressor 61 conprises firs
W(Eg%)gﬁondgi'go, first-stage inpellor 22, and fi rs%?ﬁlgggmooo“g
outl et 24. Second-stage conpressor 62 conprises
second- st age housi ng 30, second-stage inpellor 32, and
second- stage outlet 34. Third-stage conpressor 63

e B 0 A A LS8 L A8t
[ | | 22 1| I fi -
oo B 3R ST S b1 S £ At s

rel ati i rst- Ly :
foid Enf st b R FAPETH MR et Rl 9k e sompgossed fui

FUPRGST AREPTE 3 ana "
o 53 ALK LSS At epateriratadte sipde. i

stagg Hoﬁg%g{ni 6% Zuﬁ{ég cﬁﬁaﬁ}gs&@sth& hfid Q64 H?scﬁﬁ%%sqh@tc%mpressed fluid at

and hence, run conpressor Exanpl es

thircg-gta O WalierSHP P @3t Ql?ctc?gs'ﬁ% el cUASE ik Guiidr Rnpressed. Finally,

ressor include wthout Irmtation internal

corr% #11i8% GRYaNRA frof] &EhdrbSoN TS AMiBird-bdgPbiAiRE 44,61 C.
ull-gear 50 1s rotationally fixed relative to

o028y IR resd BUldiscBRBEd BOm thirG@taR 604t A4 a8k tirba@edischarge
shaft 26 "'and second-stage shaft 36 via first-stage
conBiifit o 2&uahithtSERN NtheSdRgReREAFIOR @8y bé eHRAGHI a¢lulatbs 23 until
driveshaft 16 rotates, bull-gear 50 rotates, thereby
such €8¢ dsi ddgnpréssédfuidds atdded. @i oftiet sinbsdiagets the ektwonul2@r may be a
second- stage inpellor 32, and third-stage 20 inpellor
stordge vd3e€l] dNEBcds plansbiasne Ibedtived pipingawhich hasithe abiithto accumulate
rotating shaft (i.e., driveshaft 16, first-stage shaft
conghesaatifisidcimetiaigtd fremshahtprd@89r. pr ovi de support and
| ubrication during the rotation of each shaft.
100280 ORFerrinan Figymgpr Bawol, raGriesotstion ardvaptiorodayise 8 ip phqwvn attached
not in reverse rotation), fluid enters conpressor. 10
to feamer brhpf eoseipessph] bt Revgrsepplglien preyentioniderigy g comprises locking-arm
first-stage inlet 21 into first-stage 25conpressor, 61.
81, Tielar B3y hingss Sopngy abustey &Yy fpeiipe-amade. evHPe8Sotndghinge 84 are
and is discharged at ‘WD 2007/ 084310PCT/ US2007/ 66 .
shopprgeuniedigdragist }4hY ackeriy LoniiesEnl s GPercrig R 2nd a hinged-
first-stage tlet 24 enters second-stage.conpre r .
endebl A inggdadatl gt ATATER 1 Bine8 00 AUCUPE JEHEPLEL i pivor about
hi62 urther COEFEF§§%2 the fluid and discharges the
TES D FESTRESE fofch® econd- stage outlet 34. The
ressed. 1o - tiletr.34 :
ooy BRI s oichellg 352 BIART G LROGHANEE TeA o BRUERS aro provided

on g{;\:ljalrr g?.a Era %g?g gﬂt}&’d’{%&é SN2 fdy g\g:nge%ﬁgg Blgetséﬁ&lt toPSore than one

arges the conpres flui
.. "5 Eﬂgﬁe &&t@&n 45 ﬁ%n‘ il %Sl%h%ﬁ'fg&ﬂ &bodthRe outside of
cw@%ﬂnéiﬂ?s fur?ﬁer cgﬁpﬁgé%gd. F?na?ly, con%resged fluid
coll=s gfli scharged from conpressor 10 at third-stage outlet
44. (00271 The conpressed fluid discharged from
podo) 1 FiluRg S, QKB arftft 81 1@ \uBbwn LiRr e OIS Rasigen. During normal
conduit™ 15 to accunul ator 23. The conpressed fluid nay
opBtidil S RehprdksACUTN], Ab10Ih réZrdéNotation), locking-arm 81 is maintained in the

unlocked position by actuator 87. Actuator 87 provides a force 90 to linearly extend pin 86.
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10 such tinme as conpressed fluid is needed. In other
enbodi nents, the accunul ator may be a storage vessel,

or process plant or sonme | ength of piping which has

the ability to accunul ate conpressed fluid discharged
VP 728hpr essor. nmom Referring to Fi gures DCHHEP0S7/000669
reverse rotation prevention device 80 is shown

attached to frame 14 of conpressor 10. Reverse

rotation prevention device 80 conprises |ocking-arm 15

g3t ok dipass,® I nﬁfmé'f%zaé%%@%"%vﬁg AU BHTo e ey be

o B o BBk B2 13 SRR B B b5 b EEREE oo 50,

tl&e?ebb':ﬁhﬁﬁaz%g 1Rk §1 |1@ﬁ1'é'uﬂﬂc]%rd'ﬁo§i$oﬁ Qs dn %Qi% p@\b ply 12 is
hinge 84 In"response to actuator 87. [0029 %

rirfinpOt @ tist et dohodimentyla kelsat dnder othesl bdmttbs Babds xsh@ beT pvided to
cutouts 88 are provided 20 on collar 82. In other

cethd dhenaiatation oD hdtaator8Y svely thahaduate 8Vihyin@ing lokingtirm @l in the
nmore than one cutout. Further, the cutouts may be
ug]@akeé@osjmlﬁ af lhg asarowsoRwehiil? efomdys ieFa to rofés GiredrfdSof

82, 10030) In Fi | k 81
e A nm%m@bﬂ% FEGN B RRGTL, BEEPEEPOH Ror sbout
hll g%l RreBy c glﬁee-ehd QI(E 0 ra%fg %%f ﬁgm ﬁ%ﬁﬂ@%? OR)slot 85 is provided in

I Rg-at M BLcis. mal ntal
IMgIahﬁ 31 %lc@%ﬁlk‘@& Rekifd-amf el t‘dfﬁ\ﬁﬁ akblt RREY 84jx%ﬁt1?e HYiCEs as pin
90 to linearly extend pin 86
SBQQ@&QSA&&@RE%AME&QQ§1000669 Force 90 is transferred
to |l ocking-arm 81 by ring 89 of pin 86. Actuator 87
ipa3 Bérile frebt phloekel pogbump fudshad i9and colba 8P hip ﬁrsﬂ tcsm@ﬂﬁ about the
that actuator 87 has power to generate force

l?rrsgwéw 2y OR taySEiaty! o d?@pabfﬁ eng-gmy H s mﬂhs ew@tawd position,
t I I 12 o
A A OO AT oSt S0y and] of ot her - cont Col

igﬁgﬁnﬁegﬁ%g%gzgg gcﬁf{{gﬁxgg i 'én(Pd § r&rgma Ecgz!l ang‘ay%gﬁr%ﬂeﬁ Bmgér supply 12

act'uat or at act Gat or mal nt'al ns

ik QR iaB@n, BN Sdnallf of REinteRldEHEL dIMNRSIet bibly &5 id MPdde, pressure
power supply 12 provides torque to rotate driveshaft
differentials across compressor 10 will attempt to equalize. Compressed fluid at high

pressure in accumulator 23 will attemnpt to hackflow throngh compressor 10 to inlet 18. This
backflow will exert a force on the compressar impellor(s), thereby generating a torque on
bull-gear 50 and driveshaft 16, resulting in reverse rotation. Reverse rotation prevention
device 80 serves to prevent the reverse rofation of driveshaft 16, and hence prevent the
reverse rotation of compressor 10.

{0034] Referring to Figure 4, locking-arm 81 is shown in the locked position. 'When locking-
arm 81 is in the locked position, free-end 81B positively engages cutout 88. Engagement of
free-end 81A and cutout 88 prevents the reverse rofation of collar 82, thereby preventing

reverse rotation of driveshaft 16.
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[0031] As ring 89 translates upward force 90 to

| ocki ng-arm 81, | ocking-arm 81 pivots about hinge 84

t hereby causing free-end 8113 to rotate away from
collar 82. A slot 85 is provided in |ocking-arm
WRi20H9%13bws | ocki ng-arm 81 to pivot about h?ﬁﬂ@s%ﬁ”‘"’“”
relative to pin 86 as pin 10 86 extends linearly from
actuator 87. 100321 Wiile in the unlocked position,
driveshaft 16 and collar 82 are free to rotate about

[tfogsik:égn%l-ﬁrt Ll!l | nc?i%scg]gﬁ)éh,s ?%(ga %:] eS b fntbs g c{cmg le'{x[ntl l}ﬁr in W; unlocked
p&gﬁ&‘l Mo@ ggg | neg?'%%#]gu Pfebgﬂi%é CHJQQJ) lr(ﬂste %?lvesangg q’gln the forward

errin reverse rotation

diBMicAC EbY ex‘ﬁﬂﬁl@ RAWRS: 83 WP bY elbdriddmyicoupifitidr clRWRally interlocked to

intentionally or unintentionally. If power supply 12

poSres QighlyI2Wiich KHae a&tikter gl hdsqroant halosg ac pose MPPIPrieImeo power.
10 win attenpt to equalize. Conpressed fluid at high
Huvessithe inspnabe pewsr atpply i2 Shupidpim,force fhprovidedbickenfakay @7 ceases.
t hrough conpressor 10 to inlet 18. This bacicflow w ||
Fegexemple, by e &0 a5ipatds 87 SHibe Seudrnepbetrbiqrey whangesy gpyjer supply
]genera ing a torque on bull-gear 50 and driveshaft 16,

&Y 995" i n reverse rotation. Reverse rotation

[&r V%ﬂl\ge &rcfe%grl VVI §¢ 1?%5%@1; sﬁg é%i xH&%XﬁHéarl I'h% @Xrﬁ it ?esponse

at I on ence preve

th GMhStP & d Fﬂ{sg'ggk &fno?%fﬁ%&ndl% re{r&@ ]86 Eﬁ@ﬁ rlhtB @eth&or 87,

Frgure 4, Ing-arm8l1 1s shown int | ocke
IﬁQﬁd}ﬁa.d:r(Bihbthﬁﬂt k @ik salftgsprng B8 Pavidad ﬂoﬁe&dﬁﬁplhczﬁhﬁadaﬂy into actuator
position, free-end 81B positively engages cutout 88.
Engbepefoeget S0¢eafase clurihdr. dhee fouek 2Utess. 88 §fr andering 8¢ e longer
reverse rotation of collar 82, thereby preventing
pEpeipdpaing matl Brinerriaeked gopilien Hegnce, fgg-end 1B pivots downward

B ORI G0t (RPb PRt B R SRRy Prl B euins
tH QJ)tgﬁl(iS gevglgé II&A]&H& CF?II%V e&q& ;%§1n99§"\@ﬁ%a%éj 91.91)1}{ S:hallé}éﬁ}vﬂrg@ﬁtmg the

torque to rotate aft 16 in Torward

Bl &G0 of AR IR | By thGhdsal, %9181? oWBRYupdB/ 12 is shut-down, reverse
electrically coupled or electrically interlocked to

pavies peugitby ddZcesiicdssuringta ltafapoiti® prévastiymothe revase rotation of
| ong as power supply 12 has power.

driveshaft 16 and compressor 10.

[0037] Referring to Figures 5a to Se, reverse rotation prevention device 80 is shown in five
sequential positions. Figure 5a shows locking-arm 81 in the unlocked position while power
supply 12 provides torque to rotate driveshaft 16 in the forward direction. Figure 5b again
shows locking-arm 81 in the unlocked position as power supply 12 continues to provide
torque to rotate driveshaft 16 in the forward direction. In Figure 5c, power supply 12 has
shut down and no longer provides the torque to rotate driveshaft 16 in the forward direction.

Driveshaft 16 and collar 82 continue their forward rotation, but the rotational velocity of

driveshaft 16 and collar 82 declines due to the effects of friction and pressure equalization
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5 However, the instant the power supply is shut-down,
force 90 provided by actuator 87 ceases. For exanpl e,
power to actuator 87 may be simultaneously shut-down
whenever power supply 12 is shut down. 100361 Once
W&%@’“@f?lgctl ng on pin 86 ceases, pin 86 novESI/US2007/000669
linearly downward in response to gravity or a biasing
nmeans (not shown) that tends to retract pin 86

linearly into actuator 87. 10 In another enbodi ment, a

fail safe spring is rOVId Q retract pin 86
a‘f*f?ﬁe%?mpgﬁsml& s O SR h o SPbE 50 ehedtim 81 comes into

c?nl%actc gﬁt& ngl?arll%g mfngr & %i(a.%or 89 &3 1shzer 19‘5“?%@01@9 Eol rﬂ% t§1% ]Q&{mg—arm

I Nt ai -arm e unl ocke
' fr &9@0 ity OF AriARMIIBE Hectinéh until a zero
Scﬁth{gclt&gbcgg#ef%ﬁm ﬁ%ﬁce fnrglé%kgn% t518 is in contact
fvhiy foRldoadl BRxity fis détienes.hafifurd Gd g H Sockingfath alleremining in
reverse, |locking-arm8l will positively engage cutout
cSfadt hathellap BE en ks dgvdashet 16 and valias 82 rbggianihg)mo @tﬁtate in reverse.
driveshaft 16. By this means, when power su 12 is
Fmaur, it Gigwre Sep herteversegpiationef dsiveshafit P thlﬂé‘%lg’ igged once cutout

sunes a fail-safe p55|t|on preventing the reverse
S?QP%Y‘Y%‘”@PEG&M"VQQ 16 and conpressor 10. [00371

[(E?%\e/é-h{h? gﬁx&g%{;%lgggl%%nqg Féglfgl);reég 5, Eo%¥i§% zx%% gpggetslngp?ontact collar 82
ot e ltd)f-ﬂfdt@ gn@rsmﬁ&]é inthd RBward direction.
aS%ﬁ%ﬁL gﬁwggkg#gﬁmaﬁﬁﬁggﬁ%mer 20 supply 12 provides
HoPb:dfp1d, Bowd@t@icuattt I8V @Rl @b timhifianetustyhduf-duvwaawitbnever power supply
direction. Figure 5b again shows | ocking-arm81 in the
1anik ehitedbwro sHoweier, A€ fgoeer saspplayudier 8 frtils mdls moyer supply 12
provide torque to rotate driveshaft 16 in the forward
cHPHTIES tomxovwlqwtomug R e driveghpd 16dp His forwesd dizpstion, gpd lpplipe-am

et P2 it Sl e P e o
“to'f 9%; ég@c&m& xfg&fg %&égﬁaﬂi hut, tﬂeh@nma a&a&ml Thus,

Ve|OCI rlves ar 82 decl i nes

dn sdiRa Eiﬁ fRCHS wall abprbdidth Qb 30 rdM:E S5 WhStheOatRbakdk a7l ﬁﬂs or not,
WO 2007/ 084310PCT/ US2007/ 000669 acr oss conpressor 10.

ORee pevel peugioy ddded 80 silupercioviig foneolt irotgticar ofi Biveshatt 16 and
cones into contact with collar 82 since actuator 87 no
renget ther ioveretertation ©f dogesheft dfi rip 4ither [sgeRPipgtar lopigne-pyp 81 of
t he unl ocked osltlon g&e rotationa#av§£o§th of . v is
fa‘fﬁfﬁﬁe&ﬁﬁf"t’ ° B Arde Bherey 898 §OHBr ard T St BYYBAAPPY

a [ Qﬂg@ ocki ng-arm 81
pmw mﬁwé%uesto Kgm’ ‘fegha SQH coI 2 J!nust as

H&sbﬁ%ﬁ?fx%vel-@ Gk %Lév@:!uo%%ebﬁglsﬁ Nk Pebviddd r4afa8de drifleshaft 16 to
reverse. Finally, in Figure 5e, the reverse rotation

fEvelt thy e8Baé totilin bSdsphyaiiidslahy caipgped Oovhes powireuipl BB is shut
posi-ti vely engages | ocki ng-arm 81.

down, intentionally or unintentionally. Further, by preventing reverse rotation of compressor
10 before it begins, reverse rotation prevention device 80 also serves to eliminate the scenario

where the compressor is operating in the reverse rotation and suddenly regains power.

10
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(00381 In the enbodi nents shown in Figures 3-5,

| ocki ng-arm 81 does not contact collar 82 as long as a
power supply provides torque to rotate driveshaft 16

in the forward direction, 10 For exanple, power
WONK8#187 nay be si mul t aneously shut - down WQH%Z\‘){WOO%”
power supply 12 is shut down. However, if for sone
reason actuator 87 fails while power supply 12

continues to provide torque to rotate driveshaft 16 in

;u'bﬂ} tlfgc(fe gin, ef,]mqsl I ECt éeaer nd t%(t?o% prQ 1) %rl*hé?}?e‘:%%y 'b@t;%smoned

I ng-arm
b &%emﬂ 16N1S, sl diaddQlatPIe VRBAA-stage
aagehggﬁskﬁagﬁg?%ﬁgﬁﬁ%ﬁﬁof drlveshgf$ 16 |ﬁﬁthe f orwar d £
SKHEN 85; lelcQNto pléVeit thd Sevefde r&ktidnl @Cihé Borifiess@t t Fusihbd, reverse rotation
appreci ate that regardl ess of whether actuator 87
pfe@érltion odevizet 80 meyeles dcated at | differpnt elvemibno rlodg he der@h of such
will permit the forward rotation of driveshaft 16 and
cpmpressat shafie Still\fenthsn mase then ope wFereh folatishaeyentign dyvipe 80 may be
ot her enbodi nents, |ockipg-arm.81 of reverse rotation
PEESFaNeR érﬁlftﬂ?\/F‘&’@’r%"fn%‘?ﬂ OB P RHTERS| PIPregT e iogprevent the

ower supp roviding torque to rotate driveshaft
%@“FH“? ‘?ﬁp EcﬁﬁFectlon 20100391 Thus, reverse
(@Qﬁ awltﬁﬁlfgg rc%é‘n%@éio? ﬂo%%&%waﬁéz RE Sidwieg: @%&cﬂge centrifugal

I'ves revent e reverse rotation of

cgﬁlbiégs%h %ﬁbo@ﬁn&ﬁ&doﬁﬂﬁﬁfr&gﬁﬁﬁw&ﬁoﬁ\hﬁ‘} BOWRH BURPlit 2 reverse
I's shut down, intentionally or unintentionally.

rbttidrh& any bytam{@tﬂfﬁésﬁl@ (&.2y emstugad batpressomf axixd pprprssors, scroll
10 before it begins, reverse rotation prevention
compicewrg ir-lirlesompssspesote-b auy forting PenR: eanyrelatns Hatkher e
the conpressor is operating in the reverse ﬁota on
0043 Refiring 19 Fﬁ%‘g%ﬁ q,]gndp’b\;@ra ernme embodiment of the present mvention is
007/ 8431OP / 1382007/ 00066 [00401 lnagertal
E r%rﬁ; S ORNY FFEE B B (gt og)zpr event i 18(?1kmtfev ce §8“ar iy
akeﬁxaﬂp §47t tLQEl&S’% -adi %%%spﬁ:&d Qi HTRRSR OF 238 "i‘lfagr Riche ﬁlnearly from
than driveshatt 16 (e.g., first-stage shaft 26,
<AeRNI7.SRags Shiabloviied wahﬁ shppo@t Preuent attheor v Supgort 33 may
rotati on of the conpressor. Further, reverse rotation
prev et conpreavi Eand6 anpyilsble soedire depable df fupperting reverse rotation
| ocations along the |l ength of such 5 conpressor shaft.
@WWPPZFiﬁ%mkﬂﬁmm®$%mﬁhan one reverse rotation

Bl Uk riampoegorma pary F R tsogaiin el Sred AP o gt 1.
SR Mhar's4% LRI ol SR P Plundr "G Y RERSHic & B

Prelef efathaE Cont et idnlTBho cLOIRIBSED provekRQG FBtAE 94.0Tn other
the present invention may be used to prevent the

¢rahe@ingmits] Oollad Bainiag indbide @ply dnetcatbirng re@eine 8o cutdl. Fusther, the
centrifugal conpressors, axial conpressors, scrol
Qumy easigrspaced paifirmdy Qz@nppeﬁwbsaboe‘tttbe 9‘“’31% cplipe 8¢-i ng

t at haf t 0042) Ref
B i Sl S e
t t t
G145 R0 KA e
haﬂqq qg;%lﬁ‘l@lt %er? ?ackr'n GiL 8 ma{nr@h? %nﬂoace%p%ﬁ’ig&?,qoéﬁ'ﬂgmnﬁ 91 is

uator ahd end |near

11



10

15

20

25

15 actuator 97. Recess 99 is provided within support

33 to house actuator 97. Support 33 may be part of a
conpressor frame or any suitable structure capabl e of

upporting reverse rotation device 92 adjacent a

W&Qa@’fl/qii@l%haft 100431 Col | ar 94 is di sposedP&aF/Heaqef/000669

shaft 11 and is rotationally fixed relative to shaft

11. Shaft 11 nay be a conpressor driveshaft or any

other rotating shaft in which it is desirable to 20
prevent rotation_in one direction, outs 98

P9t et EST P S T HSGP PS SR SPT G hospeses

nly one cutout or nore than one cutout.
°&ﬁ¥?ﬁ%& 3$cutouts may be spaced uniformy or

ié}r%? Fﬁevers%rxjglaﬁfn? ?E %En&ogede %%dig t&lﬂéd M th%%nlécggfl 6Js1hon by

ure I ng-arm I's shown I n the unlock
BR3! 10 MBiadMLA ViR K IiNGo A Bithih Scthdlorione Bidln@k@e 96 provides a
position, shaft Il and collar 94 are free to rotate
foRee tHat dteiptsab ghdarisieR@hd Rxtisg-A5091 Bdvabémdds 97Fuxd shewn in Figures
when | ocking-arm91 is in the unl ocked position,
d ogKi, hipsiapicGde PS is ANPrROOFVGEL3 IORET/ddRAGRAB00E dGsing device
di sposed within actuator 97 far enough such that
TYHChHE hERTBRARANY MAgesb<Llyempst: Of 9@F‘ydet¥i?§ é@@blﬁﬂf&%e@g‘gd‘f force.
Ilar 9 1004 Rever s preve t dev c
G St AR RS ffﬁﬁ“%%@id‘%%%}s% Lol fhal oy e force
ncrat?c!l %§ J-evmgec}ég%g 9%6tdc%bp li)%\(lélg F‘O rl%l&rl%eﬂma&lt ﬂ%oéxte%zlng from

|aS|ng €S a ce that attenpts to

dchBRAbY YarSabegtd:ol aﬁlﬁbmasua;r o9, 9ﬂn bdrain @stodBiedts, SofuatdhP7 may be
shown in Figures 6 and 7, biasing-device 96 is a

d@thcallly cduplsa \oe Electritalytifteriockabdhnpaves suppipethiti ragienghaft 11 such
device nay be a permanent nagnet, electromagnet, or
hathematde¥] ke powprdbleserbforqgSA ap emi ngﬂﬂa PPHPFCSEPPIVcHNning. In other
power ed, actuator 97 provides a force

tmlf??gtsa? IS LR Gvfé%% S TR HP‘élae“gE’rf’é’Pﬁ?léﬁe Rprtion of

' 96 1

FER AR o S B AR o
g&sosﬁ.% | Blong 4o o b@w&%ﬁﬁpgj 1 pRARA R Bro@eihat ar 97

ectrically coupled or electrically

mm]euh oRkRd, ikinBard OV showip il tie lobledd poeitiad. e hahlatkingtdm 91 is
such that actuator 97 has power to exert force 93 as

inothg Iaked hasitponckisgpmh W1 ipositfivaln evggges| eutapt 38 rof collar 94, thereby
enbodi nents, a sensor or other control neans may be
E@BVPG@@@ﬁﬁmé%ﬁFFBPOfﬂﬁﬁdberat|on of actuator 97 such

fogdca‘ﬂt(l %ﬁt {ﬁng%r{'e %ﬁé T }Irngge% by abtuatlgre é'reasylorgga a{s%tp%kvnll gply (not

shown) provides torque to rotate shaft 11 in the forward direction. However, when torque is

no longer applied to rotate shaft 11 in the forward direction (e.g., the power supply is shut
down), force 93 ceases. For example, the actuator 97 may be electrically coupled to the
power supply that provides the torque to Totate shaft 11 such that actuator 97 is shut down
when the power supply is shut down. In certain embodiments, a sensor and/or other control

means may be provided to conirol the operation of actuator 97 such that actuator 97

12
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15unl ocked position, as long as a power supply is
providing torque to rotate shaft 11. 100461 In Figure
7, locking-arm9l is shown in the | ocked position.
When | ocking-arm91 is in the | ocked position,
WOSRMG43a? m 91 positively engages cutout 98 BFT/EAH7400669
94, thereby preventing the reverse rotation of shaft
11. [0047] Force 93 shown in Figure 6 is provided by
actuator 97 as long as a power supply (not 20 shown)
provides torque .to rotate shaft 11 in the forward .
sl P RE-aE A 7 e R PP A 24 7675 A RSREE PR BT e toraue
ttotrq%g% shaft 11 in the forward direction (e.g., the
HEET =18 gbly is shut down), force 93 ceases. For

{({ﬂg@f ?ﬁﬂéeq"orca b adink Uﬁliégkin?—?irmy cA8es bSGhd-drft | 1R Hotuator

e power supply that provides the torque to rotate
93 hafittit dohtash GO DA tn REFoMES Bbiikg idevicdas Mkanme phRnwhire shaft 11
power supply is shut down. In certain enbodi nents, a
aciHa&e h Anthakoal Rebeity hckiok-afb Sihredil sxieed Ty engipb e ddly engage
to control the operation of actuator 97 such that
calgt 2B icolBF 94 \NB ety (T GRIEIORINY BSFRRPIAGOn6BY tbm e g Hen the

RSN A R T SR D

O S LB B b T PO s 50588 i
of shaft 11.

[0845] Two actuators, each operable to extend a locking-arm, are shown in Figures 6 and 7.
In other embodiments, a single actuator or more than two actuators may be used to prevent
the reverse rotation of a shafi or compressor.

10050t In the embodiments shown in Figures 3-7, collar 82 and collar 94 are each composed
of two parts that are bolted together around driveshaft 16 and shaft 11 respectively.
Frictional forces acting at the interface between. the collar and shaft prevent the collar from
moving linearly or rotationally relative to the shaft. In other embodiments, the collar may be
coupled to shaft by other means, including without limitation press fitting, welding, etc.
Further, the collar may be coupled to shaft by the mechanical interaction c;f a key on the
inside surface of the collar that mates with a corresponding cutout on the outside of the shaft
or vice versa. Siill further, the collar and shaft may be machined or cast as a single piece.
10051] The actuator used to maintain the reverse rotation prevention device in the unlocked
position may be any device capable of gcneréﬁng a fores including without limitation an
electromagnetic; solenoid, a hydraunlic actuator, an electric motor, ete. Further, the actuator

may be mounted in any suitable manner as long as the actuator can provide the force

necessary to maintain the reverse yotation prevention device in the unlocked position, while

13
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97 until it contacts collar 94 in response to biasing
device 96. Near the point where shaft 11 5 achieves a
zero rotational velocity, locking-arm91 will extend

far enough to fully engage cutout 98 of collar 94,
VRGPEHH3H event i ng possi bl e reverse rot ati onPCHYSHH{Q669
means, when the power supply providing torque to

rotate shaft 11 in the forward direction is shut-down,
reverse rotation prevention device 92 assunes a

fail-safe position reventing,revgrs rotation.q{_ "
allspieing the PevienfuisiEpe FRdodet RaTErs “henth (YRRt B5Eet & motate the

ext.end a | ocking-arm are shown in Figures 6 and 7. In
s H%V”%ﬁ%%%inents, a single actuator or nore than two
0 e Nof an
o B B e B e pAfof any
SRRV diltiar @RS, Withbut GRlthtdh Betalanelg.s abh, alurfidudy tasian)ete.),
conposed of two parts that are bolted together around
afdtal MESH AL 4., i1, andnahad. ), ndikmeaiieet plasicywodb e®))i ®miposigb (e
forces acting at the interface between the collar and
carbaf fibgy etvaretc.t Fertivo| if gprésicanis rrosonergm| th egippaperjp of the reverse
rotationally relative to the sha%%. | n qt her, 1 and/
respisaOIPERTQ davice may) hedRradeeRf 2B SEhS TR BRipRt gperial andor
ot her neans, includin 'tpout [imtation press
opqtyt Vily2 Suieb e PHgsivE P cgﬂﬁ' fHér, the collar may be
P;EH.1.Q t . i {hfdbeOff drectly and
S Pl ) BBy, B ARG £ o, Rl onlr ety
pﬁ%ﬁ QNG pfeQb:ftiB s RIS MG 07 dlsBdit inQk delifseiresticiie Mire pditcularly, in the
shaft BOor vice versa. Still further, the collar and
nidaadd davejbele thenphienednventianabis de aivsitaggl of direatly. and physically
[00511 The actuator used to maintain the reverse )
wrotatiigdhe pveverntdtion ofle gorapresspr. t Puo digretly erexenting dhq jeggise rotation

may be any devi ce capabl e of generat] a for .

of ACPEreRGT- e PrEtPt InyeRipn plingie W“él“&f‘c‘{ ’gg FFE@%@T“’?C‘SW"‘W*‘Y bearings
olenoid, a hydraulic actuator... ectr . .

BOEIr R AP E VT By a5l bRy iy TR fhions designes

f? u lgotr?gjdean e 1@-&&&9 NGq %ﬁccﬁaﬁ‘i@ac?ﬁﬁ:ﬂ@a‘iigﬁ s&@éﬂnspéiéa}ghéiﬁ to provide

orce necessary to hmlntaln the reverse rotation
a%g:\é%ﬂblbﬁuati&ﬁwf&e.vatcrhnhhevemlr&ﬁk@d Mueséerd bpdirecif ptegentidPreverse
2007/ 084310PCT/ US2007/ 000669 al  owi ng the device to ]
ramsonretht Ipeeskrocenitipo sravidss pteation rgaine yeicsd rggakagsd of garious
rotate the shaft is interrupted. . ) ]
compressor parts. In particular, the present invention will prevernt the over-torquing of a
compressor driveshaft, which may result in physical breakage of the driveshaft, in the case
when the compressor is rotating in reverse and suddenly the compressor power supply is
tumed back on and applies a torque to the compressor shaft in a direction opposite to the
reverse rotation. Still further, another advantage of the present invention is its ability to
assume a fail-safe, locked position when a compressor is shut down.

[0054] While preferred embodiments of this invention have been shown and described,

modifications thereof can be made by one skilled in the art without departing from the scope

14



100521 The conponents of the reverse rotation
prevention device nmay be made of any suitable materia
including without limtation netals (e.g., iron,

alum num titanium etc.), 5 netal alloys (e,
WPaM0843Honel , etc.), non-nmetals (e.g., plalt]/ES2007/000669
wood, etc.), conposites (e.g., carbon fiber, etc.),

etc. Further, if corrosion is a concern, t he

conmponents of the reverse rotation preventi on device

may_ be de, of .any..sui le carra
on e AT AT SO TS CEU R a L B PRy only and we
n&?lg:tit?ncﬁ% I e l a aq{ons %n d?ﬂ# Jaﬁ (‘J{/ rb?tﬂé%pﬁ&ﬁ a%a?:%ﬁﬂa@@ﬂe pEQﬁnle and

ese I on antage of directly and
a2 WiSiaRl L&Gp@ﬁi.eﬂﬁg MvER@nt NRr EQhMd, @R Bthtid dhalsions b ﬁaheus parts,
reverse direction. Mre particularly, in the manner
thd @EdrialReEbm WARL Mliccmeitis Pany ertrizcle, ndwiid parasivterstoa be wiried, so
directly and physically preventing the reverse
longtaat the newksearotatiop rpesvention @yvicd| retadns| the pﬂw@m figosprd herein.
reverse rotation of a conpressor, the presen
Acepréinglydhe sloprrpfirrpesetiontienetdinited & ﬂ@ﬁ@éP%W&% aesmk?dwﬁgf*m but
bearln s, de rd and, rever,s
<apBchane oo ARl 5 frofy o WS HRE sl Wl Byiggtens of
ormard r.ev rotation, and specialized
ﬂwﬁggﬁgaaﬁoﬁﬂycé%%g desi gned to provi de adequate
lubrication in forward and reverse rotation. Further,
by directly preventing reverse rotation, the present
i nvention provides protection agai nst physica
breakage of various conpressor parts. In particular,
the present invention will prevent the over-torquing
of a conpressor driveshaft, which may result in
physi cal breakage of the driveshaft, in the case 20
when the conpressor is rotating in reverse and
suddenly the conpressor power supply is turned back on
and applies a torque to the conpressor shaft in a
direction opposite to the reverse rotation. Stil
further, another advantage of the present invention is
its ability to assune a fail-safe, |ocked position
when a conpressor is shut down. 100541 Wil e
preferred enbodi nents of this invention have been
shown and descri bed, 25 nodifications thereof can be
made by one skilled in the art without departing from
the scope WD 2007/084310PCT/ US2007/ 000669 or teaching
of this invention. The enbodi nents descri bed herein
are exenplary only and are not limting. Many
vari ations and nodifications of the system and
apparatus are possible and are within the scope of the
i nvention. For exanple, the relative dinensions of
various parts, the materials fromwhich the various
parts are made, and other paraneters can be varied, so
5 long as the reverse rotation prevention device
retains the advantages di scussed herein. Accordingly,
the scope of protection is not limted to the
enbodi nments described herein, but is only Iimted by
the clains that follow, the scope of which shal
i nclude all equivalents of the subject nmatter of the
cl ai ns.
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WHAT IS CLAIMED IS 1. A device to prevent the

rotation of a shaft in one direction conprising:

a collar disposed around the shaft, wherein said

collar is rotationally fixed relative to the shaft;

a locking-armw th an unl ocked position allow ng said

collar and the shaft to rotate in a first direction

and a | ocked position preventing said collar and the

shaft fromrotating in a second direction; and

an actuator operable to nove said | ocki ng-arm between
WHAA ISddkeldipingst i on and t he unl ocked position; wherein

said locking-armis at |east partially disposed within

said actuator. 2. The device of claim1l, wherein said

1. | ocly NGiREHRYES tROfotARA R & bhafinthne Alrk@fon\oBRrisiakd
| ocking-armis in the unl ocked E03|t|on. 3.

The
devi ce of ©llai disposedrarpieid thenihefts whgrelt spid ollap frerotationally fixed
cut oyt dispRSgEdron said collar, wherein said at |east
one cut out engages sai d | ocki ng-arm when said
| ocki ng- arloakirge-anm Witk dnookedked positibmnllowing sthlecadlew puxk the shaft to

of claim3 erein said l.ogki ng-arm has a free-en

and 8 3 g SR onha wloekl SoRo PRy g e Rl the shat rom
CONpéthtidlig adecindgireatidnragn®d to sai d hinged-end of said

| ocki ng-arm wherein said | ocking-armcan pivot about .

sai d hi ngeactugier opegableripamees, saidlogkingiagn hetyveeqtles lopked position and

sai ¢hd kBRI VOt s about sai d hinge when said
actuat or noves sal'd | ocki ng-arm between the | ocked

pos ivthieram sandilocking-anh exddensppasiiallyodisposat withip sdidvacietoof
claim6, wherein said free-end positively engages said
at | east one cutout when said |ocking-aimis in the
2. | ockiad dpaisd bf @im 1, wherein said locking-arm does not contact said collar when said

locking-arm is in the unlocked position.

3. The device of claim 1 further comprising at least one cutout disposed on said collar,
wherein said at least one cutout engages said locking-arm when said locking-arm is in the
locked position.

4. The device of claim 3, wherein said locking-arm has a free-end and a hinged-end.

5. The device of claim 4 further comprising a hinge attached to said hinged-end of said

locking-arm, wherein said locking-arm can pivot about said hinged-end.

6. The device of claim 5, wherein said locking-arm pivots about said hinge when said

actuator moves said locking-arm between the locked position and the unlocked position.

7. The device of claim 6, wherein said free-end positively engages said at least one cutout

when said locking-aim is in the locked position.
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8. The device of claim1, wherein said | ocking-arm
extends linearly fromsaid actuator when said
| ocking-armis in the | ocked position. 9. The device
of claim1 further conprising a power supply coupled
to the shaft, wherein said power supply provides
torque to rotate the shaft in said first direction
10. The device of claim9, wherein said actuator
mai ntai ns said | ocking-armin the unl ocked position as
| ong as said power supply provides torque to rotate
the shaft in said first direction. 11. The device of
claim9, wherein said actuator noves said | ocki ng-arm
fromthe unl ocked position to the | ocked position when
8. Sai ThpQRke DERRIM 10aafrdiR saidNOMiEe atn® ERRISt Bhdafly Fcn said actuator
the shaft in said first direction. 12. The device of
whep gpighleekinepriHs in e desked pesitief: conpr essor  bul | - gear
attached to the shaft, wherein said bull-gear is
rotationally fixed relative to the shaft. 13. The
9. deviThe dofice bhéland P further tbeprisiogrp powsemsypply donpled kwothe shafi, wherein

R bR e R Rl B e gy =

rotates. 14. The device of claim 13, wherein said

i npel l or conpresses a fluid when the shaft is rotated .
10; n' tThe dgvicet ofjiclaimt $-omherein soid RotMats maingynsy g3l lpprdng-arm in the
ol U] DRI SR a el oAb SRR ISAE 1 RRE L3I ok in aid fir
direfticai d dri veshaft, wherein said power supply is

operable to rotate said driveshaft in a first

di rection; a collar disposed around said

11dr i s dadite ofdisined, viradial said hétadtor movaatsaidiloskidd-yrnf frxadhe unlocked
relative tq said driveshaft; and a | ocki.ng-ar

. m
PORIPR t HEURPSE OFIIAB TR SRIIAIRISHIRPTY APe RASIPFRfideipgaue to rotate the

sho@iaflf inveg§hafibnto rotate in said first direction and
a | ocked position preventing said collar and said

driveshaft fromrotating in a second direction;
122’2?[}21{6:21}3&%& gf &Igf?ﬁ( b,nﬂl}tﬁém&n’f‘prgin%%oéo%rwsgmﬁl—@e@ilr gl‘tached to the shaft,

wherein said bull-gear is rotationally fixed relative to the shaft.

13.  The device of claim 12, further comprising an impelior coupled to said compressor

bull- gear, wherein said impellor rotates when said compressor bull-gear rotates.

14.  The device of claim 13, wherein said impellor compresses a fluid when the shaft is

rotated in the first direction.

15. A device to prevent the reverse rotation of a rotating compressor comprising:
a driveshalft;
a power supply coupled to one end of said driveshaft, wherein said power

supply is operable to rotate said driveshaft in a first direction;
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16. The device of claim 15 further conprising an

actuator operable to nove said | ocki ng-arm between

said | ocked position and said unl ocked position. 17.

The device of claim 15, wherein said |ocking-arm does

not contact said collar when said |locking-armis in

sai d unl ocked position. 18. The device of claim15

further conprising at |east one cutout disposed on

said collar, wherein said at | east one cutout engages

sai d | ocki ng-arm when said | ocking-armis in said

| ocked pasbtizratispostarotiiiesatiedriveshadif whbminnsaidBsollwhisretationally fixed
sai d | ocki ng-.arm has a free-end and a hinged-end. 20.

The TH80Y%R S%fi%glvgﬁhﬁﬁ’l@df urther conprising a hinge

at t ached at|gcksrit-anWwith 86l uebekedfposiaibal all @0 B4Id @b1Ar and said driveshaft
wherein said | ocki ng-arm can pivot about said

hi ndedotaigdn saih firstrHizeqtion and aofockedapopitian pPrgpetiag saidagodlar and said
| ockigrahBo] ¥RmedPRMooRdlifledtiohOe when sai d act uat or
noves sal ocki ng-ar m bet ween sai d | ocked position
and sai d vietackedloghisgaimons disied Fithindeidi acmatf. cl ai m
21, wherein said free-end positively engages said at
| east one cutout when said |locking-armis in said
16. ocK@@d deoik bf @Rim 15 Fdrthef kem@aving an @ttualofbperdic toviek€bild locking-
said |l ocking-armextends |inearly fromsaid actuator
argyhstvesssefd leskgs H@iltéqqﬁﬁd§aidd1“§§?<5‘¥ PBHI®I position. 24,
The device of claim 15, wherein said actuator
mai ntai ns said | ocking-armin said unl ocked position
17as |'dhegleaise sdicthipolfe whetgip sgid lokangarms does it icortg¢iaid collar when
i aid first dir ian. ..25. The device of claim 15,
Emﬁﬂ ?%?'wgép G ﬂﬁ@@%% c@@égSaid | ocki ng-arm from the
unl ocked position to the | ocked position when said

0 S |y does not rotate said driveshaft in said .
L rs hegfer e of GRIm 136“911%6@08@\91@65 apfeagh e it digpgiedion said collar,
wisdlifl 2t HALRE ohS c@bRCIIghER! dald fRKAL A 1vhenddath RRMAE-arm is in said
supply. 27. The device of claim1 wherein the device

logksapobi§e’ two or nore actuators operable to each nove
a | ocki ng-arm between the | ocked position and the
unl ocked position.
19.  The device of claim 18, wherein said locking-arm has a free-end and a hinged-end.

20.  The device of claim 19 further comprising a hinge attached to said hinged-end of said

locking-arm, wherein said locking-arm can pivot about said hinged-end.

21.  The device of claim 20, wherein said locking-arm pivots about said hinge when said

actuator moves said locking-arm between said locked position and said unlocked position.

22.  The device of claim 21, wherein said free-end positively engages said at least one

cutout when said locking-arm is in said locked position.
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28. The device of claim 27 wherein said collar

conprises two cutouts such that each cutout engages

each of said | ocking-armwhen each of said | ocking-arm
is in the | ocked position. 29. The device of claim 15
wherein the device conprises two or nore actuators

operable to each nove a | ocki ng-arm between the | ocked
position and the unl ocked position. 30. The device of
claim?29 wherein said collar conprises two cutouts

such that each cutout engages each of said | ocking-arm

23whehedevicobf slaing 15.0¢kéraig-saidntoclsing-arm kestehdechmeeerly from said actuator

osi.t.ion. N -
W}E:n said locking-arm is in said locked position.

24.  The device of claim 15, wherein said actuator maintains said locking-arm in said

unlocked position as fong as said power supply rotates said driveshaft in said first direction.

25.  The device of claim 15, wherein said actuator moves said locking-arm from the
unlocked position to the locked position when said power supply does not rotate said driveshaft

in said first direction.

26.  The device of claim 24, wherein said actuator is electrically coupled to said power

supply.

27.  The device of claim 1 wherein the device comprises two or more actuators operable to

each move a locking-arm between the locked position and the unlocked position.

28.  The device of claim 27 wherein said collar comprises two cutouts such that each cutout

engages each of said locking-arm when each of said locking-arm is in the locked position.

29.  The device of claim 15 wherein the device comprises two or more actuators operable to

each move a locking-arm between the locked position and the unlocked position.

30.  The device of claim 29 wherein said collar comprises two cutouts such that each cutout

engages each of said locking-arm when each of said locking-arm is in the locked position.
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