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WO 2007/ 084310 PCT/ US2007/ 000669 REVERSE ROTATI ON
PREVENTI ON DEVI CE CROSS- REFERENCE TO RELATED

WRRRZOEATI ONS 5 STATEMENT REGARDI NG FEDERALL YPCT/US2007/000669
SPONSORED RESEARCH OR DEVELOPMENT BACKGROUND (00031
The present invention relates generally to rotating
conpression equi pnent. Mdre 10 particularly, the
present invention relates to devices to prevent the

reverse rot REVIIRSH ROFDIRIS PREGENTIORBEVREE! | more
particularly, the present invention relates to devices

to prevercROSY-REFERBNGE TORBYATEDQAHIYCANUGSKNY t he
driveshaft of a centrifugal conpressor. (00041 In

general, rotating conpression equipnment, such as
conpressors and punps, is used to increase the
pr essur e STAEENMENTIREGARDING EEDERAEL ¥1gpagNdorrhONe
poi nt to anot her RESEARQH®R. DEVELAFRMENDP! y of
pressurized fluid. The conpression equi pnent creates a
suction effect at its inlet that draws in fluid so
that work can be perfornmed on the fluid. Once
pressurized, fluid can B&CKGREIMAPged to ot her
equi pnent, conpressed further, used i medi ately, or
(0003 GFheclptesent inventiosu midtas gencradly foatogrting smmpRetiat | qqgipment.  More
conpression equi pment generally utilizes a rotating
partiquisiiyntthe peagent| ipvensiopr febritesg ton dstiedst toaprbvempdilel miverse rotation of
rotor, as a neans to conpress a fluid. 20 Rotating
“B’U‘??B‘Q“ iCABPTgR- c§‘h‘i e garticwlarly.ohe aresent gnveptinp selatax kalevices to
ow or gro pell ey punps, .etc. _Rotating conpressors

PreYGRETy g BERDE PY dﬁ%ﬂﬂyee}ﬁapﬁ"&%?@ve%@ ofla csririfygal gampressor.
ress scrol|l conpressors, etc. (00051 Reverse
oo B igeisgel; “ﬁfaPB% ST RIS ESHHEEETb DS cpBTeesEaAPdRuEps, is used to
th t t hut d
L R
suobl o pRSHTERs 4 "?‘" S e oMot PP Ao 1o o sl tha
f t f .
T e, RSB oG o B i v
dlsclﬂglrgwqg Jtﬂﬁ éfﬂjlﬁkerﬁngoﬁff}egga furt err %se:dS 1mme ge‘leyrj CXr stored in an

€ conpress
accumulator for later use. Rotating compression equipment generally utilizes a rotating

element, usually 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, etc.

[0005] Reverse rotation 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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WD 2007/ 084310 PCT/ US2007/ 000669 fluid stored in the
accunul ator and conpressed fluid in the conpressor
word7es43t® backflow. |f uninpeded, the backf| pex/ok200Me00669
conpressed fluid will exert a force on the
impellor(s), which may result in reverse rotation of
the rotating conponents. Although reverse rotation is
commonly caused by the backflow of conpressed fluid,
fluid StofeQlih BichcOiIRBEMA ddAdiredsdd AR thelRpmPradsorDubet b bckflow. If
notor, reverse rotation can al so be caused by
unithpddad, afié baukabi o e duRGirkd3ed f11d willeR€rt b ifgredroh e ilmpaNlsi(s), which
backwards. [00061 Although the reverse rotation nay be
mayOfesGRdhtreminsk tot@ivai @the diotadib Wompbh@ie athoughl f@leeidSrotation is
negati ve consequences of reverse rotation. Reverse
commBdndy ¢amBedByythe BSdKfTow o compiededi fiid hh eertaén mipmnsht that is driven by
vi bration. Further, lubrication systens may not be
an ¢legtignasiot, aevBseopedtivhecannges be evaagedeby otiatentionally connecting the
conditions, or may operate poorly under reverse
electrixt mbpiootead<lombiwendons. Fail ure of the lubrication
systemmay result in unnecessary wear and physica
[oooglansifeutin tharews Péatios. m&y ite| of sharhend twnsigrd duration, there are
mechani sms, such as bearings, gears, and pinions, may
numgaeushpegative gquqv@cgm@fate@er% delptiprey eReverseorafatiopnmay result in
condi tions, or may operate poorly under reverse )
objectprabie Hose mad tvilsaton. s&@ﬁh@feévbméon gsias, map ok e designed to
may al so suffer 15 unnecessary wear and physica
°Pe’fi‘§i'rﬂ§%¢fu’ﬁd‘*e‘?5 rr@%*é‘?*’s 60'?%‘1!‘5151 SR T BRSER e 9OTlByndpr reverse rotation
e where reverse rotation is taki %
°°nf)‘|“86$e Ei’f&‘r? it t@q‘HP‘ﬂ‘f?é‘ﬁP Sgﬁﬂ&éﬂﬂ%"ﬁs%‘ééﬁ H%”eﬁ?ﬁﬁ%?’ Wesh é‘"d hysical
t applicati o] the drive
dan@gﬁ&@.‘tﬁé‘c’ﬁ% g5 ¢ SEH igh Wl cPetr Rt FoR Trapeories s nd

he
pmxtngs, S'r)x(gyr ‘g?ﬁ?y%ﬁﬁgﬁ?d ? é;gﬁsritgsxwl %I %H%rse roé?tbon) congﬁigg% Or may operate
poofclg dxgﬁéc'r r%vé.@%/ ropa%o§l ?nél 15115 §uc¥ bg ?Q%r ééars gnﬁ_&i??oané tmaa/I ?.180 suffer

nor ma pera 20" con

unn%ceeééﬁlr)? VJBa n%nng,hgayﬁ 'dgx%l; ?&%l—‘{eﬂ‘zgrsé’frot&?orn c%bﬁ‘inS;?J‘pa"cﬂPﬁLh%er, in the

000l h C rtarn conponents by unnecessar

caseWAbre rgbé@é F(Qiltlogrlg @Jﬁ%&e 1a&d afo Bn@re m{ﬁ%ﬁ{ éu\éﬁenly regams power, the

consequences of reverse rotation nay necessitate

abnfiR ABpRlaBorn BELAQMN o aah @PMaft RhosifeBe BRETROE S8 &c%rse rotation may
equi pnent. The downtine required to repair damages

reSLgtgishtSié(Meﬂ)eH%h%%ess%@'ir@tﬂeo&h@ﬁxe&%niéﬁ{s)’(e lseR@ityBshadNGears, pinions,
etc.). The);a stresses may be significantly larger than stresses under normal 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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2 WO 2007/ 084310 PCT/ US2007/ 000669 [00081 Thus, there
remai ns a need to devel op net hods and apparatus for

woeoog/0863lio abl e nmeans to prevent reverse rotat PONUSIDN7/B00669
conpressor, which overcone sone of the foregoing
difficulties while providing nore advant ageous over al
results. 5 SUMVARY OF THE PREFERRED EMBCODI MENTS 100091
These and other needs in the art are addressed by

[ooozﬁp ARGS hkte AMchined ARl So BepaHERbdstdne apparitas fod Madé reliable means
shaft in one direction that conprises a collar

to [HbvER0Severay Qotafion RE £ Raipresdbr] Glidhngveradme Woink @ the foregoing
unl ocked position and a | ocked position, and an

diffRelidaivaile PG RofeQdimNaebitovetAiaksulg- ar m bet ween t he
unl ocked and | ocked position. Wen the |locking armis
in the 10 unl ocked position, the collar and shaft are
al | owed t oSUMMARYI OF a4 PREFERRED tEMBODHIRERAS , when
the locking armis in the | ocked position, the collar

[ooogndhedeadnt] ottiee npade wretht ed afer widressedtbatappayatus awd wetbodsdo prevent the
direction. [0010] Enbodi nents may al so conpri se

rotatipipaf ashast iawnde dis¢dtion shat comprises acolidndispesed rswnd dresshm locking
of a conpressor that conprises a driveshaft, a power

armswitp by uglogisidepbsitoncmd aclnekedfposition, argl 2y dofusitregperable to move the
operable to rotate the driveshaft in a first

lockdng-sat betveen tho bhlapkedi aydoloekedapasifiva. t Waen rthe, dagkiagtarm is in the
and a | ocking-armw th an unl ocked position and a

unlqcised pesipersthe epflarwrd shathare allowe hgyrefpin ip e fist figretion. However,
unl ocked positiaogn, the collar and the driveshaft are

wheg| 1hg leeking apBiiadn th, locketh pesfia thy calar #d., shef g @evented from
when the locking-armis in the |ocked position, the

rotagipg A #aPRd fisctiBRevent ed fromrotating in a second

SR S SR W W LN

dvant t hat bl f
of HEVPLESE Y a1 TpiERe vl SUPET PR s saa of e

rent tO

dnvte%fteopseﬁ%% g ?re e:&rgrlpf uxaozhh?sp(eh ec%ont %601? F%fsgosed around the
dnvel%a%t lagc‘ii adlgélginé Qltnjl gxptkl)logn &:P&k@é% 8(151? q @%Q&egrgﬁa 1%‘im‘?]c ‘When the

nventi on, e acconmpanyil n

loclgﬁ%\ﬂnq % tké uﬁl%%d%o%oﬁ‘ﬂﬂg g&lia@'ﬁﬁ&' tﬁ%ydrwg%?t =K hllldv?&il th Fotate in

the first direction. However, when the locking-arm is in the locked position, the driveshaft is
prevented from rotating in a second direction.

[0011] Thus, embodiments of the present invention comprise a combination of features and
advantages that overcome various problems of prior devices. The various characteristics
described above, as well as other features, will be readily apparent to those skilled in the art
upon reading the following detailed description 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 carrying out the same purposes of the
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25 art that the conception and the specific
enbodi nents di scl osed nay be readily utilized as a
wham 84300 nodi fyi ng or designing ot her structPCEES1007/000669
carrying out the same purposes of the 3 W
2007/ 084310 PCT/ US2007/ 000669 present invention. It
shoul d al so be realized by those skilled in the art
that such equi valent constructions do not depart from
predeR€inS@itioh! 188KbuSE BE bETredliB@ by WHRBE EldiNledith thetard @it duch Bquivalent
the appended clains. 5 BRI EF DESCRI PTI ON OF THE
conBIRAWENGSo [0 ddpar-RromatheapRit dal acdpedofl deciniv@itionrasakt fdith in the
preferred enbodi nent of the present invention,
appefedcise Wil | now be nmade to the acconpanying
draw ngs, wherein: 100131 Figure 1 is a partially
expl oded view of a three-stage centrifugal conpressor
including a gt r i ice; 10
[0014] R gur e SUEE BRSLRIEHCAT ORHE B A5
[0o1zhr B -ashergaletaded descriptidn efshpprefested embotingting gf te present invention,
reverse rotation prevention device; [0015] Figure 3 is
refaence vdll wpw\beghads e therebemipreying dfavengse wema: r ot at i on
prevention device in the unlocked position; [00161 .
[0013] gFigered if 8 pariially @xplpdsd o¢w phethresyuzgscepipifegal gpmpressor including
prevention device of Figure 3 shown in 15 the | ocked
a TYBESE (LR IOFRYIN fF itk es 5a to 5e are sel ected end
views of the reverse rqtation prevention_ device of )
[00p) ghiguss Z3isgntehamptieipentish gt ¢ dyes-@es et fugh, copmeesyr including a
igure 6 is an end. view of one enbodi nent of a reverse

Fi .
revF’é?Hit‘i‘ttﬂﬁ‘pﬁ?VﬁB?ﬂfl%vhceéievi ce; [00191 Figure 7 is an end

view of the reyerse rotati,on. pr ntion devjce of .. ..
100 GYHERTed BRBAS VP SooerhaOBRRG S SV 16 Ao A e kP Gafion device in
h DEFCEQI,{TI OF THE PREFERRED EMBODI MENTS [ 00201 The
el aCEHl RS ¥ s cussion is directed to various

[001e GETb 19%{11%6 its 3n %Ld g/lhe% AHE ﬂ:‘/lergg] totation 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
{0020) 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 clairhs. In addition, one skilled in the art will understanci that the following description has
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Al t hough one or nore of these enbodi nents may be
preferred, the enbodi nents disclosed 25 should not be
WO ndoenpe3ed ed, or otherwi se used, as |imting tPeT/SSIOB000669
of the disclosure, including the clainms. In addition,
one skilled in the art will understand that the
foll ow ng description has 4 WD 2007/084310
PCT/ US2007/ 000669 broad application, and the
bro&H SplisAioa ardfthediycuesThi 6f 415 dmboginiBanis imeanl ohly @ titexemplary of that
exenpl ary of that enbodi nent, and not intended to
embodirh &M} ad nbeintehfil 16 Gatprate that ihe sehips of ts diselosiracihcidding the claims,
the clains, is limted to that enbodi nent. [00211
is ligafetl & hatedibsdingme used t hroughout the follow ng
description and clains to refer to 5 particular
008y sCamic erponentisd thsougheutstke folegving) dedveiphion and lelaims to refer to
appreciate, different persons may refer to a
particulpoaystam coypadndntse rAanenersiilied in hiag vdt enpuseiated didfremppersons may
intend to distinguish between conponents that differ
reférntonmwempertennby diffierenti mamesThEhid rdawimentfdogeimet ingeral teodistinguish
necessarily to scale. Certain features of the
betivagre nenpenentsythiedidien win nesg gy met denctipn.s cHieedigpving figures are not
somewhat schematic form and sone details of .
necesmavibripisedlel Certaipderturenf;tha devepdonsmayke shown exagaerated dg scale or
~of clarity and conciseness. [0022] |In the follow n .
in someplasicBpmatisdorm andhgorpt detpils oftcRaVanEpRAd clepiepis Rt be shown in
. and "cong;isingﬂ are used in an open-ended fashion,
intefpef of HGELyRE GPRFII5E SNt er preted to nean "incl udi ng, but
not |imted tg... ." so, the term "coupl.e:. " e
(00223 v Solanang fipciseion a@%lwg HE‘BPT’ tergre gl iy ang)“comprising
direct connection. .Thus, .if a first deyj coupl.es t.0
scepsg s pe T Tt 200 e SRl e Eo FRED e 4fe, but not
lim\g/lt:eé%&t k ?ﬂgog %el t%grh ggog;pﬁeg gocﬁ) ugcb ATENE Xﬁcie?to\?ﬁe%ﬁ %gt{iér%rﬂ indirect or

ot'He Vi C necti ons.
. C ressor i.s referre "oper at.j | "o
arfBRRERY o’ T2 Bl R D RABRLTI, Yoncction may e

thr?xg%@g 5?%’&%? %ggllliet%ﬁélllg,’ngr ftl’nldh%l gﬁd%p@ﬁlécti donh&MohSHa other devices and

tion. when a shaft iI's referred to as
cotRERSdsNAILE) WG a EhMBdsHr Bl bRALE as "erdtilg nbAhMBY 'Ohis refers to

rotation,"” this refers to a shaft that is rotating in
thel BEmptesbf @tht G4 HRPeh19 pARREed) RompfostifY FuSE and Ghof G 3bie@dR. 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 "shaft" is intended to mean any elongated body that can be rotated
about its longitudinal axis, including without limitation driveshafts, compressor shafts, 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
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[0023] Also, the term"shaft” is intended to nean any
el ongat ed body that can be rotated about its
wo eovgios4sde nal axi s, including without |imtatiBPOT/US2007/000669
driveshafts, conpressor shafts, etc. 1In addition, in
t he discussion and clains that follow, it may be
sonetinmes stated that certain conponents or elenents
are in fluid comunication. By this it is nmeant that
condthBte8 QAR AMerdife@fiRh that\AO1AA @611 84 Tbhntalatd 32 Bdel AREH,%s via a
constructed and interrelated such that a fluid could
passagewHME of abrRilitbet ween them as via a passageway,
tube, or conduit. [00241 Referring now to Figures 1
[0028N Referrig MpwvenSKigurtd 1 Cdpl, | cdaprebtoryHe bahirist6 drivestieft 46, reverse
rotati on prevention device 80, bull-gear 50, power
rotafiop Pprgvehtion f deie 3@, balkgedhS6e pover copplesEl,ofrasieadds and three
(first-stage conpressor 61, second-stage conpressor
confpRessidvnditdghs (ftstsdiapg econpmss@sel) sedddd-stage cahpebmg @2, and third-stage
conpressor 61 conprises first-stage housing 20,
confpressor 63)ag&First-supel tompra@or &hdconmprises Sitshgego lohgng 24, first-stage
Second- st age conpressor 62 conpri ses second- stage
impebors2 gn@ Girstssage odtlett 24g eSécapdbiape c@pressnt 62 cempuses tsagped-stage
outl et 34. Third-stage conpressor 63 conprises
housing 38, sseenfesttgsimppldprd8, andependsstaggeouflpipidl [Tdnrdspege gagppressor 63
third-stage outlet 44. First 10 stage inpellor 22 is
conmmm thirdrstper hoysing fegindteiee ippedarcht. epdihird- ﬁ’%&e Qtlgya4. First-
inmpellor 22 is rotationally fixed relative t
stageu ympeller Zdels stpypled g firsi- ?F%‘“a?ll‘%ﬁ 28 éeelhdh%t%@estw?pmeéw 22 is
and _ third-stage inpello re rotatlo aII [
rotamer%llx \f}éedc frlatve dﬂ%'rgtr%ag%é <A f2t6 3@@”@6@525@1?0 rﬁxsm 32 and
rovi des

thir%ﬁ&ag? henlr 8 sreaplenTi g ééﬂ%#vtve%i ge%faﬁ%rstﬂ%%%éﬂ%
0 St CATEACS S B B R e
rotalte ?n&easkai? c; ﬁernrclg l rfuq ggxgﬁfe%éo‘i—’%e'%%ﬁrﬁﬁl%s of o%%r su lreﬁ that may be

I nes, s rotation

useIl & Give %l ﬁr*py %trqn E&ev\%gﬂg{ttlm%gmoggﬁtlamgle@d’ lﬁxgtloﬁ En m?s electric

coupledto age decond-stage sha

mo%@s,\ﬁir@mfeé ﬁ:t "B%tllaébgkgé ﬁ r81!é1u 1 '}gced §&ﬁ%ctio ﬁltl@&ﬁafp i@' ﬁ@ll—gear 50

38, respéctively riveshaft 16 rotates, bull-gear
is c%Qtpfe@tt@tﬁ%v-st$é%e§h§§h6 E5P WdohdGtabd shd¥e 36 Q)tlzﬂtﬁ'ré?@tagé pmlon 28 and

first-stage inpellor 22, second-stage inpell
sechbiM-5HgSHiRMA 38, respectively. As driveshaft 16 rotates, bull-gear 50 rotates, thereby
resulting in the rotation of first-stage impellor 22, second-stage impellor 32, and third-stage
impellor 42. Bearings (not shown) between frame 14 and each rotating shaft (i.e., driveshaft
16, first-stage shaft 26 and second-stage shaft 36) provide support and lubrication during thé
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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20 inpellor 42. Bearings (not shown) between frane 14
and each rotating shaft (i.e., driveshaft 16,
wo poogssst@ge shaft 26 and second-stage shaft 3BQT/US2007/000669
provi de support and | ubrication during the rotation
of each shaft. [0026] Wen conpressor 10 is operating
normally (i.e., not in reverse rotation), fluid enters
conpressor 10 at conpressor inlet 18. Fluid passes
firstispe Ughlef R4 .St @@tpréstt® Flurdlirbit frsf-sthiged oRtleB Q@ enths second-stage
conpressor 61. The fluid is conpressed by first-stage
compEFPITaRSA sedvhd atige lifletdiss cdrasgsdagit confprabEdrAPOMtBE@4dhipresses the
PCT/ US2007/ 000669 first-stage outlet 24. The
flui¢ e ARslsrges thelicomprressat ffiuid &t st aglstayet duelet 24, Ghe eompressed fluid
second- stage conpressor 62 at second-stage inlet 38.
fronbeerond-stipa getladdpintss tirdeRagl wotripesssa didpat abisestagdhmlet 48. Third-
fluid and di scharges the conpressed fluid at
stage eoopdesseradi fitiher ebmBresseF ke doibawk dwchaigagi the compressed fluid at
second- stage outlet 34 enters third-stage conpressor
thirStage otithétr4h sthagachi micetssiy staphi thd fhid timfatheoepmprgssgd. Finally,
63 further conpresses the fluid and di scharges the
compespreiga ds disaprged from qempaesseradeat Sird-vagesmtieygd. each
successive stage, the fluid is further conpressed. .
{0027 fdie| opmpres wid dlisgharged f(‘gomghlgj—gtégpa@lg@aﬂf fraygls through discharge
conpressor 10 at_third-stage outlet 44. (00271 The )
condbnh? &5 aesgmuiaier3di Brerroruecssed Bty Re ergddn agpmiators23 until
travel s through _di scharge _conduit 15 to accunul at or

sucly §mefgcoppigsFes Twe 15 neRded- iy oher erbndgents the aorhmuiismay be a
23 til 10 ti d flujdj ded.
work e Yo onasSs et & o SRS RE S PES Gt
esse .Qr..pyoce | ant or some | ength of pipin
co“vﬁ?sé‘f# ng dfsﬁéar%qsﬁ?tg)? PEPEEE Ol at e gcorrpr eg Isglol fg | ui d
[oozg! Slfel}grrri%e (éo H ABsd SAPL&RAEL ot Qnogr%%nlﬁ%tl QELicd g() Esosho ttached
Fi gures 5 AR §f reverse rotatron prevention evi ce 86

to fL %esthMOﬁ{p%?s%&%. I{eQ'elfs§ %.{Etloéxgqlrg\tenﬁggﬁé&c‘?’esﬁ comprises locking-arm

everse ro on preventi on I cée conpri se

81, lé:gﬁéﬁ'l $W 1k S%Sangiacm%%lrlﬂ.r ]§gc’kitl'éi-zﬂg1e8ﬁ4acuﬂw @gtah@thg{ge 84 are

Locki ng-arm actuator 8/, and hinge 84 are
shogrﬁ QWL PRUP G thel 19 vy 1AMk erlEE. B¥cRMBGkKA]8133s a g:‘%@ﬁhdﬂgrﬁiﬁm a hinged-

has a free-end”81 B and a hi nged- end

endr1NI e 1R E-Bd 8P 1§ afidhed RERInkO 3 BN ifAlocRinkA¥h 39 to pivot about
| ocki ng-arm 81 to pivot about

hinge 84 in response to actuator 87.

[0029] Collar 82 is rotationally fixed relative to driveshaft 16. Two cutouts 88 are provided
on collar 82. In other embodiments, collar 82 may include only one cutout or more than one
cutout. Further, the cutm;ts may be spaced uniformly or non-uniformly about the outside of
collar 82.

[0030] In Figure 3, locking-arm 81 is shown in the unlocked position. During normal
operation of compressor 10 (i.e., not in reverse rotation), 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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hinge 84 in response to actuator 87. (00291 Col | ar 82
is rotationally fixed relative to driveshaft 16. Two

W@ 2000843188 are provided 20 on collar 82. | n BCTER2007/000669
enbodi nents, collar 82 may include only one cutout or
nore than one cutout. Further, the cutouts may be
spaced uniformy or non-uniformy about the outside of
collar 82. 100301 In Figure 3, locking-arm81l is shown

Foréd 90 ¢ thnbRakedo nsadiﬁg'-m 8Dusyl Figg r89r 8B in @per AttudBr 87 may be
conpressor 10 (i.e., not in reverse rotation),

eledt@sallly REnFEdtBdowes sifply I 2 bwwddhdtRctubdr 82 hasipdvaghe denerate force 90,
position by actuator 87. Actuator 87 provides a force

thei@By trairdtdini@gnbokiekimnel pi the &blockell MBItRMOAY B4 33 Power supply 12 is
PCT/ US2007/ 000669 Force 90 is transferred to

runhiagK iln gelacteBodimentts,ng s@Sorodndfur rotids . coArdluatars Bay baprovided to
be electrically coupled to power supply 12 such that

con@ol thataperadidn d aicipatve 87tsoclgdneadtaof 87 aaiglins lddkdigedim 81 in the
mai nt ai ni ng | ocking-arm 81 in the unl ocked position,

unlagked pogtias aptonveras poywed sppdlP 12 provides téragg to| tagedrveshaft 16.
embodi ments, a sensor and/or other control means nay

[00E A3 OVE g transdatss worrrd firce Hetodpeking-ion8 bflogkingremp$l givots about
such that actuator 87 mmintains |locking-arm81 in the

hingm$bibikeelly posing fore-cndB 1Bop gotats apyanée Bl §2. 12 slot ¥ isgrgvided in
torque to rotate driveshaft 16. [00311 As r|n1g,89 . .

lockipgragm &1 advidhllers lodiivgagud t 9 RIGE RPAY-Piftem S refative to pin 86 as pin
| ocki ng-arm 81 pivots_about hinge 84 thereby causing

86 ?’?t%‘éisé‘ﬁﬁarb’lfs”?écﬁ“?)‘?é?E avvay fromcollar 82. A slot 85

onfed R ek B RS e Soier B S e 4 i fout e
8! i, I [y .f 7. i
10ng%5€%1@' Ar 8o ‘qﬁﬁég %P%laz%»e? iy ¥1f1v%%r@n§? i Befpiiégisa postion,

100?' Z%r 830 re ct ef. i rot ate about the

8%3\“?& e MU PR ONF i Neshaf t 16. Furt her, when
e o k0 2SS4 B vy
is Jﬁﬁ{ gé&ﬁ,nigteaﬁ té} lﬁhﬁgﬁtﬁﬁal i Zﬁdli%verrsﬁgﬁlg/s@ {sQdnf H(SWn pressure

may occur omer supply down,

dlffemnﬁﬁg'&%lsl%nﬂfreédw b el &%{dt %o dduaiRRNe rCo?rH:QEHsé/d $4id at high

I's shut down, pressure
pressure in accumulator 23 will attempt to backflow through compressor 10 to inlet 18. This

backflow will exert a force on the compressor 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 rotation 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 rotation of collar 82, thereby preventing

reverse rofation of driveshaft 16.
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differentials across conpressor 10 will attenpt to
equal i ze. Conpressed fluid at high pressure in
waewansdsat or 23 will attenpt to backfl ow t hr ourRtT/US2007/000669
conpressor 10 to inlet 18. This backflow wll exert a
force on the conpressor inpellor(s), thereby
generating a torque on bull-gear 50 and driveshaft
16, resulting in reverse rotation. Reverse rotation
[003B] EXE HhdvidusBOdROWkER d2€ashr ¥ nditaifs Qyaiig-die 81€itefReunlocked
rotation of driveshaft 16, and hence prevent the
positinedsSiong 6 pdweasuphlyCINPoeRIBO fordit. to[ 10Q8AdrivehaT 116 i tHeoforward
Figure 4, locking-arm81 is shown in the | ocked
dirgeeisn.t Forexambinadtoabi 3TymagbeeBdirically coupled or ekeitally interlocked to
position, free-end 81B positively engages cutout 88.
povirgAgEINElRt suwoh thdtrageatn B781aA mndr eslangt asg®wer eupply S 2t iwe power.
reverse rotation of collar 82, thereby preventing 25
Howewey the insnhathe ppwef sugpiye shvaflowa gorcg IMreaded 0Ba3k@or 87 ceases.
PCT/ US2007/ 000669 [00351 As previously discussed,
Foraxtmateppo a7 tora¢tudton $ismby bk simyltaneengy shui-dokva wheineesk @dwer supply
position as |ong as power supply 12 provides torque to .
12 ;sghattdowdy i veshaft 16 in the forward direction. For
exanpl e, actuator 87 be electrically coupled or
[0036) c@Req oxde| 9P AcHing R FIK §é ceases, HEES memﬁdrrsﬁad.‘z dgwewaqdﬁatrcsmnse
actuator 87 has power_ as |ong as power su has
to gravigror abissiiganeans (Retehowd) thaitonds &0 SRS §€ Bp'iﬁﬂiygnw actuator 87.
In %}I}:tj teé)%gx[\gnﬁﬁlgfeg{a g\%é}? 2?%2%%{15 %?Hg‘ylg%c {?gr;%%rgr p?r? 8% ?meaﬂsy into actuator

57 SHIE g0 FORRo1 UL PBC ”evgée?a%%%rpai el sbho tonger
8 |

S e R peﬁs?n- B b d SRRy B

anJ o a%s coﬁa n828%nce e%—reln 8'1 1sS i %on a@tt\gﬁm §ollar 83‘ 1f hﬁve&h«%ﬂ 16 begins

er enbodi nent, Ing 1s

to {o?gté ?hcl;ev%{ﬁr t1 é(llllé Qx%?%!l Xwil %%988&% g%%[e cﬁg)uwg gcﬁ'e\%?xtmg the

eases once for pln ring

rev§%e9 Ioog{&ﬁgvegﬂ@h%a thg%n%“%g%&w pqz gpé}faeg@»dn, reverse

posi nce, free-en

rot&tﬁﬂlt }ﬁg\i;émg,@ hbAke 82 asstReE althifaes ggs@c;ﬂ?’pﬂe%ﬂtﬁg GROtAse rotation of
collar 82, if driveshaft 16 begins

dnveshaft 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 Sc, 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



10

15

20

to rotate in reverse, locking-arm81 wll| positively
engage cutout 88 thereby preventing the 15 reverse

wo otoasomo of driveshaft 16. By this neans, whePCPOSEN7/000669
supply 12 is shut-down, reverse rotation prevention
device 80 assumes a fail-safe position preventing the
reverse rotation of driveshaft 16 and conpressor 10.
[00371 Referring to Figures 5a to 5e, reverse rotation

acrdR$ QUAPRLsR 1LV DRE: BOwES sipBMI2 i) shvit R wnS Gspptdral 81 comes into
positions. Figure 5a shows | ocking-arm81l in the

contdBi Wik 6l @istrce Actultol 87 pE W&izer AQvidepfiae IPtophainiatheldcking-arm
torque to rotate driveshaft 16 in the forward

81 i the @hiceRed posilivhe Bl agalionalsdvsEtyl afcdtiveghafir 16 8&clines tuél a zero
unl ocked position as power supply 12 continues to

forvrd iioth@iondl Ovelpetty tie acbieatd Higuwre Stdasttows6lorkingdasn f&ir wamaining in
direction. In Figure 5c, power supply 12 has shut

conthovwvitangbllao 82 qugyens drivestiafies6 tind colbarciZebeginming &d @otate in reverse.
driveshaft 16 in the forward direction. Driveshaft 16

Finallygl irc 6iguar 58 Zhecomersa indatidnedfrdriveshadir @ is phpti¢adly, stdpped phes cutout
rotational velocity of 25 driveshaft 16 and collar 82

88 whsitivielyesngaltes lackingiaeme¥lf ect s of friction and pressure
equal i zation 9 WD 2007/084310 PCT/ US2007/ 000669

[003gc rlpghe ewhestiments shovn indHgerep dvie flockingpiy Bilodqes ngh%&ntact collar 82
down, | ocking-arm 81 cones into cant gg wi.th c [lar, . .

as 1gpg a5 AROVSE FYRAHPTOSHeR, Y et F U S t8yig éheg befd direction.
mai ntain | ocking-arm 81 in the unl OCkegPﬁ08| i on.

ForegppleohRiyer e PRAt RS Taraybs YR HaeushE SRR SRt PO supply

f d rotat | | t
2 G5 g Rl oot o 30 S s 12
haf,t |1
°°“g8‘§‘fsatﬁ iPA "‘% wms&ei% é°‘?t\é%|§‘é’\°}sé’ra§té% | nao %rd"gz‘ﬁ" gﬁ?d locking-arm

81 c5c1(:mes int lc]rotelt\z/lettr With {otla gi B goigr{r{ Qllsgﬂﬂ(ott ngsg ﬁ?{/ ene%aée cutout 88 and

oppe donce cut pos

thu.'qzezc'llf nggpr%l;q?t %‘?& &gﬁ%ﬁéP%ﬂgﬁ QF dggggﬂzﬁt i ﬁle Pﬁecué)% Thus,

ures does not contact co

oné ﬁqh&ﬂgnag{% A R ﬁﬁrwg@ YaPE QUGS Jf%migetum%efmxs or not,

drives orward direction

rev%é‘%ht@on PRYERioh Aeict BB RfmiTaNe RRwald kBN P Wivfshatt 16 and
shut - down whenever power supply 12 is shut down.

preFiNaUE revekde folitiof WTEIHRAMIN 1 QCtIHANRYT Srfbddahdris, WBéliSg-arm 81 of
power supply 12

reverse rotation prevention device 80 may contact collar 82 while a power supply is

providing torque to rotate driveshaft 16 in the forward direction.

[0039] Thus, reverse rotation prevention device 80 is provided adjacent driveshaft 16 to

prevent the reverse rotation of driveshaft 16 and compressor 10 when power supply 12 is shut

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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continues to provide torque to rotate driveshaft 16 in
the forward direction, and | ocking-arm 81 cones into
wa@oeowasgtsioni t h col lar 82, |ocking-arm81 will nBCT/US2007/000669
positively engage cutout 88 and thus will not prevent
the continued rotation of driveshaft 16 in the forward
direction. Thus, 15 one skilled in the art wl|
appreci ate that regardl ess of whether actuator 87
[0046)ailh TeatinnOhbodithats rseersetaitiomnpierantientdevive v inag WOpositioned
will permit the forward rotation of driveshaft 16 and
adjapere @ a tomhessoe vifs@hercbat drpestaft Idr (e\ge Shistfstage Bhafl 26, second-stage
ot her enbodi nents, |ocking-arm81 of reverse rotation
shafpBéy empitompreleut e ©rsmiptationtdfche compressoB2 Rukthére reverse rotation
power supply is providing torque to rotate driveshaft
preve6tiom dewise f & weayd beli Ipested oh ditfgentoBRgionFhaleng itksy dength of such
rotation prevention device 80 is provided adjacent
comghrgsg@sshaftts St fugherpmesgdhan eneerer@serosationgrrenention ggvice 80 may be
driveshaft 16 and conpressor 10 when power supply 12
proyideds [t @ sifglth compreasat skt Pr on gliffergnineppipssag shafts, to prevent the
Furt her preventing reverse rotation of conpressor
'WV%@“@@PGP@fﬁPCB@@Fﬁgn reverse rotation prevention
device 80 al so serves to eI|n1nate t he scenario .
(004¢1h Nlghouah csmpress Dby Bigpisg 1 #nd Res showr 28 ar%lfeﬁfﬁt%ﬁﬁ Centrifugal
and sudd rega power ., 10 WO 2007/084310
COHWE‘?FF‘USZ“’ETS’WI n‘leoﬂ%"i“ IHVGREPR P BRUSET AR Mrevent the roverse

t at t dev 80
rolafigR °f A ré%at?rzéjf%ﬂg%ﬁ%f B POV SoPPEr, 25Ehepmpes scrol
d haft 16 {- haft 26
comgrées\égrg 11 lgle com ﬁegg)[ré % ), a & Sﬁa?ﬁgplgrpg,v Iany {ci;latlnlg es\}}zéfrt.se
t
[004%]? el%eﬁ%;]r?mg ﬁg é‘t e%}l% @ gﬁ& gsg’no%ltergag{;}g?g{ od{rr? \éx A f‘t:he C}Es%H ng'entlon is
Shoég c a#é ltaq{&g r#;rg\?entn ch@ 52 c%ﬁ‘?)rées Q)gpil;lg 309 r9 IS Iaglfk}r 94, and
furt re t

an one reverse rotat

actdfde Nt L&.@ur%f &1 $sod1$¥ecp Gith B R4A5D7 A Aay LRghE linearly from
conpressor shaft or on different conpressor shafts, to

actRERWENIRJCBE 907§ pRIvERd WA kAY b%oﬁf%ttb ®oGRRIBRS 9. Support 33 may
(00411 Al t hough conpressor in Figures 1 and 2 is

be SaROW RtnRedsbrf B8nSbALE saRAYId sthitdrb capabRMFsBSHBing reverse rotation
enbodi nents of the present invention nay be used to
devite®2aifacédia ro@uAg R/, 10 rotation of any rotating
conpressor (e.g., centrifugal conpressors, axial
{00480 NPSIRS DaTiS ,disposed dround shaft 11 and is rotationally fixed relative to shaft 11.

Shaft 11 may be a compressor driveshaft or any other rotating shaft in which it is desirable to
prevent rotation in oné direction. Two cutouts 98 are provided on collar 94. In other
embodiments, collar 94 may include only one cutout or more than one cutout. Further, the
cutouts may be spaced uniformly or non-uniformly about the outside of collar 94.

[0044] In Figure 6, locking-arm 91 is shown in the unlocked position. When locking-arm 91
is in the unlocked position, shaft 11 and collar 94 are free to rotate about the longitudinal axis

of shaft 11. Further, when locking-arm 91 is in the unlocked position, locking-arm 91 is

11
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conpressors, in-line conpressors, etc.), any rotating
punp, or any rotating shaft. 100421 Referring to

wok@anes1® and 7, an alternative enbodi nent of P€TES2007/000669
present invention is shown. Reverse rotation
prevention device 92 conprises |ocking-arm91, collar
94, and actuator 97. Locking-arm 91 is disposed
wi thin actuator 97 and may extend linearly from 15

dispRSédRitBih a3tiatdROG FaSerdleh SudhtRai16@EngMbinlIH N d§ééﬂﬂii’?bsi§\?ely engage
to house actuator 97. Support 33 may be part of a

cutéif PP LLEARF 94.r ane or any suitable structure capable of
supporting reverse rotation device 92 adjacent a

(00450t RdVERE 1ohdibh .prdREdenl deditd 80 i94mdifitaitied dashe vAlRWET position by
shaft 11 and is rotationally fixed relative to shaft

actubdor 97 SiBidingldevigyodoie peovidedpridss actuator ¥ sBiabihg-devied§6 provides a
other rotating shaft in which it is desirable to 20

forqerieatartmpittalinedilyl extamddodkingeatn Dinfromvastuattt 00t AsSBowh én Figures
provided on collar 94. In other enbodi ments, collar 94

6 andy, biasihgrdevien Py ioaaptny, dotveodr, mDothert drabodiments,uhe bifasing device
Further, the cutouts may be spaced uniformy or

manbe ayritharent yaghautlettimanagnets prethef devidd eapaldld of [g8axtting a force.
In Figure 6, |locking-arm91 is shown in the unl ocked

Whego ppwered, acifatar 97aukvides afaree93 to lockingahe % rthaoivergomes the force
position, shaft 11 and collar 94 are free to rotate

genatgendt byt hasingrdgivicg i gherelyi prevasingfloging-prm Pl fpmpierggnding from
when | ocking-arm91 is in the unl ocked pgsition,

actyadRr 3 nEpr gnayal to eontapt coiisr Ao 7inpeateinperpbadipeBiporE i ehomay be
di sposed within actuator 97 far enough such that

elegtrieally rguRledon ¢legisical bhisferiogiesd: tp fag poestFupRIY thajrfies gt 11 such
of collar 94. [00451 Reverse rotation revegﬁion .

thatefaies 936‘*‘? BOYWRS QteXPTHEYCT &5 Ehie e At BERey pSHPY i§ivpyne- In other

-devi ce 96 is%€rovjd

t 97. Bi asj it hi .
emBEpiigEre Soa IR RN Bensarybrasecy Yo Eiigh fhe oporaion o
sl oI Sk SRS TRk S LSRN BB o1 i e
unlg‘%g é?gﬁgﬂfék Fot%ﬁgag apdwd &Bélg\r;f?%rgbl%%tgtqge ‘gf‘ro?}té‘ Slagt 11.

rasi ng per manent
. e ; ) t: i a . .
SRy g EFATRIA o 0K O ERRE N Shing a1

in B g&fl%??géitit)&r fRKiA8-akA J10FMCiNBIALIBagds LG SBYBF EQMR D4, 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
shown) provides torciue 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 rotate 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 control the operation of actuator 97 such that actuator 97

12
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generated by biasing device 96, thereby preventing
| ocking-arm 91 from extending from 10 actuator 97 far
wenr@a@3t® contact collar 94. In certain enbodP@ENERN7/000669
actuator 97 may be electrically coupled or
electrically interlocked to the power supply that
rotates shaft 11 such that actuator 97 has power to
exert force 93 as long as the power supply is running.
maihtaind &R ing-@mIdh iRNfockad pEHISE, aOlonghhe howendupply pi@adS torque
may be provided to control the operation of actuator
to r@dteshahit.hat actuator 97 exerts force 93, thereby
mai ntai ning | ocking-arm91 in the 15 unl ocked
[004p10 Dricke dorce A3 adtdpgndsciingamed] seasl lockimgrro Al dixtegds from actuator
torque to rotate shaft 11. 100461 In Figure 7,
97 unoid ki cogtaets woRdk J4sin séxparseitn biabiag [devike 86.pdsiit the poinvWvbere shaft 11
| ocking-arm91 is in the | ocked position, |ocking-arm
ach@¥esp gerbi rortiynad nghgdy, lockiograrn® 81 ofillcexkdndriapdnoughde dbljy engage
preventing the reverse rotation of shaft 11. [00471
cutdiy P8 of oddlag Rduthereby Fieyenting ossiblp raygise sefatign. Ay that weang,7when the
as long as a power supply (not 20 shown) provides
POV{ed rSYPRYY tREOiding tterayp dptrotete pipft bk ip élméqrafaaf fAieqtiogris shut-down,
However, when torque is no longer_ applied to rotate
revepRFoLatipn PRGYCRtn JeyioRa i s eHRes @gﬁaf(’ é’(’ﬂ“"n PrR¥eRIBRaE Verse rotation
gggly is shut down), force 93 ceases. For exanple,
of sppfe 1hct uat or 97 may be electrically coupled to the

ool " fetbiont. e oabaioas SRendpincRindaim. Qe Phin Bl 6 ana 7.
certai enbod nents sens

| hut .
In ozﬁ%? 8%{)08151?{:21@9 8 gmg:{\ég?ctvfgor Qe r[%an theo aézrtu(_)a\tﬁrae (jlytbe 1edto prevent
' tuator 97 h t hat
the geg’t%sg %‘?*‘%ff%%% %@B"C}’Fﬁgﬁﬂg PCT/ US2007/ 000669
100£P'n 1R aﬁbw&m gho%p? ws $he il es ked hes '9wa96neacﬁ%omposed

as a Povi des torque to rot

of ?\p@fptartg- ]that[ %%te@&)@e&&r GRund cﬁ%éﬂ&ﬁ ?8 zln@cg‘ﬂa?tgl ﬁrr%pectwely

91 ceases, locking-arm 91 extends from act uat or

Frid#idhhll foldes GQHaR tRe HRArTRE bk tHeCDRRNSRY JYQﬁkiir@&:hf‘ﬂxe collar from
device 96. Near the point where shaft 11 5 achieves a

movi8E AnéLlyadr |r8tBﬁJ>naYlF|rél§h¢eYto th®§HakNdn 818 ShbdMimbntEXh&66llar may be
far enough to fully engage cutout 98 of collar 94,

couplt@reb§hafrgvemel fgai)Stdiidifs MEhehtSEmitdhal pRes filihg Mekding, etc.
means, when the

Further, the collar may be coupled to shaft by the mechanical interaction of a key on the

inside surface of the collar that mates with a corresponding cutout on the outside of the shaft
or vice versa. Still further, the collar and shaft may be machined or cast as a single piece.

[0051] The actuator used to maintain the reverse rotation prevention device in the unlocked
position may be any device capable of gcneréting a force including without limitation an
electromagnetié solenoid, a hydraulic actuator, an electric motor, etc. Further, the actuator
may be mounted in any suitable manner as long as the actuator can provide the force

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

13
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power supply providing torque to rotate shaft 11 in
the forward direction is shut-down, reverse rotation
w@r@vesiliion device 92 assunes a fail-safe posiPCDOS2007/000669
preventing reverse rotation of shaft 11. 10 [0049]
Two actuators, each operable to extend a | ocki ng-arm
are shown in Figures 6 and 7. In other enbodinents, a
single actuator or nore than two actuators nay be used
allovihgPhe iRPice tb RESURRVIBE 36cKe@tRLIkIBR wHen ahd Bidfile Plovided to rotate the
conpressor. [0050[ In the enbodi nents shown I n Figures
shaf@isfinte&@bledr 82 and collar 94 are each conposed of two
parts that are bolted together around driveshaft 16
(005N AHehédripohdnts @F AE trewdey rotatidn  prev@itioanddvickomage e made of any
acting at the interface between the collar and shaft
suitffle \ieatdriall hecludihgd atithbutomiarionngetaisnieay, | iyong mluminum, titanium, etc.),
rotationally relative to the shaft. In other
metelndilogh (g} Seeltihevnehletcdt norenelads (e@opbstd wapdséraf)icomposites (e.g.,
ot her neans, including without limtation press
cartiant fibengetc\edtdi Ryrthet ¢f corFasidnhisra cdrvernc el @mpuaynthef the reverse
coupl ed to shaft by the mechanical interaction of a
rotakiey pogvettian dévicsi May be mfasle of @hy tshigabdo Foragsivierrasistanit rasterial and/or
with a corresponding cutout on the outside of the
coatgl afith Depitgble gpuesixeamgigetiGtlpyar. furt her, the collar and
shaft nmay be machined or cast as a si ngI e piece. )
(0053005 1the Thannax derstibed, b gresentnigvention hag fhe pdvantage of directly and
rotation prevention device in the unl ocked ositio
phyﬁ;ﬁylljb@rea&ﬁm)ymg dhe retatipn Bgﬁ phatiyp t]beeﬁg?raq ihff*g:tlgn f lgﬁ)éeepartlcularly, in the
|nclud|ng without limtatio éectro gnet i
masr fe55TEPedy ey, BFesenti QVERitata ?f'r @iees 9 cd‘Fﬁ‘hﬂéS rand physically
etc. Further, the act uat or nt ed

progipasheHh B e | R BY gﬁﬁ‘it@rp“é‘?ﬁ“ﬁ% Bt eerse rotation
5
of 4 8‘?“81?3%%? Vet By / i eﬁgﬂq?}ﬁtg% fhe ke gf’é%ﬁ%ﬂ?a‘bzed by ey bearings
2007/ 0843 PCT/ U
destifed G RSP EGRE DADOPOHEERT RPN Sone i biSHs designed
for tfo xra%%i a%qgvegseedroga%or,oetmac# sqeﬁﬁ?zeds nl%rlgat %/E%l%r r&égltg&% to provide

€ comnponen e reverse I'Ot

ade%%er or c%ndlﬁnvfb%rmd %@e@?clﬁaﬁgn ¥ thed %/tdﬁgét?y }.)reventmg reverse

I NC Ud|ng W t hout tat|0nrre
rotdtioRN the@ b Uerkibh 3RbWEEs Bldtection against physical breakage of various

compressor parts. In particular, the present invention will prevent 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
turned 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



5 nmetal alloys (e.g., steel, inconel, etc.),
non-netals (e.g., plastic, wood, etc.), conposites

W@ eoog/og43e@r bon fiber, etc.), etc. Further, if BOT/USENDM0669
is a concern, the conponents of the reverse rotation
preventi on device nmay be made of any suitable
corrosive resistant material and/or coated with a
suitabl e corrosive protective |ayer. [00531 In the

or (¥BRINE bf GESRvERRE, ThBemBbesRAls desdtall herein@s ekdiplary only and are
advantage of directly and 10 physically preventing

not liR@idg0 Midyorriafiord 250 afddificatibipeoftiby/ g didrappirame arelorsble and
particularly, in the nmanner described, the present

are Withithé sdoph as tHelAveadlvian Fag exapipld itheridtive dimenpiops pLedrioys parts,
preventing the reverse rotation of a conpressor. By

the ghateeials| fyorp vénienthe Ngridus arte wersaie; atdidbthenpargheters can be varied, so
conpressor, the present invention elimnates the need

lond @as thpeaevertd raatidnwpreventiobedaviaegstainke dhieg pddnfeges flisewsaedd herein.
and reverse rotation, specialized two-way gears and

Accpidinginshel esipg vod grotéetipn is fiaydimzited tamht ¢rebasdiments desaribadrherein, but
and specialized |ubrication systens desi%ned to )

is oplydimitied by thecpleims tha ielloya theossops of whighrshalhinglude gl eguivalents of
rotation. Further, by directly preventing reverse

the gubjest matter efitee pJpid¥ent i nventi on provi des protection
agai nst physi cal breakage of various conpressor
parts. In particular, the present invention wll
prevent the over-torquing of a conpressor driveshaft,
which may result in physical 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. Still further, another advantage of
the present invention is its ability to assune a
fail-safe, |ocked position when a conpressor is shut
down. [00541 Wil e preferred enbodi nents of this
i nvention have been shown and described, 25
nodi fi cati ons thereof can be nmade by one skilled in
the art without departing fromthe scope 14 WO
2007/ 084310 PCT/ US2007/ 000669 or teaching of this
i nvention. The enbodi nents described herein are
exenplary only and are not limting. Many vari ations
and nodifications of the system and apparatus are
possi bl e and
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are within the scope of the invention. For exanple,
the rel ative dinensi ons of various parts, the
worioessie from which the various parts are naReT/USI007/000669
ot her paraneters can be varied, so 5 long as the
reverse rotation prevention device retains the
advant ages di scussed herein. Accordingly, the scope
of protection is not limted to the enbodi nents
WHagssglaigprsi n, but is only limted by the clains
that follow, the scope of which shall include al
1. eqW dadicent predént tidwetasivipfcthafrid drerdiettidrhenglriangs. 15
WO 2007/ 084310 PCT/ US2007/ 000669 WHAT IS CLAIMED I S:
1. A dewi odlat disposed emoundhie rsbafat wireiofsaid sibf tis irotatiomelly fixed
direction conprising: a collar disposed around the
shaélativevthéhressbaft:sai d collar is rotationally fixed
relative to the shaft; 5 a |ocking-armw th an
unl ocked lpddng-trn with| aowintagkeshpebiting| 4llpwinmehid hellasjand the shaft to
to rotate in a first direction and a | ocked position
pr dotetstin adirs slirgction| and e lepked posétiofiyeventingypid wi@a@ndntge phaft from
a second direction; and an actuator operable to nove
saireatiggwiafgeondidilsetioeald t he | ocked position and the
unl ocked position. 10 2. The devi.ce of claim1 .
wher ei n 28 arHatopeRsTaRle I HPWCRY IRciingamt brtvenathg Iqcked pgsition and
mheg @3“@@ | ocki ng-armis in the unl ocked position. 3.
ThebWPEEd BPS™ m 1 further conprising at |east one
cut out di sposed on said collar, 15 wherein said at
| east one cut out engages said | ocki ng-arm when said
2. lo V3L T L) 1 \L}be%inl 9§ o%gin -%%’Intdlog nﬂot‘c":bn Tcl}esaig%glll  hen said
of clfarm’3, erein sard T ocki g-arm has SR SRR
locBRdad, ﬂiirpﬂxg%ﬁ}gféede&gti%n The device of claim4 further
C&Wprlsing a hing Yra

attached to said hinged-end of said

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.
S. 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.
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| ocki ng-arm wherein said | ocking-arm can pivot about
said hinged-end. 6. The device of claimb5, wherein
W@ 200d/0843¢ki ng- ar m pi vot s about sai d hi nge whenPGRUS2007/000669
actuator noves said | ocki ng-arm between the | ocked
posi tion and the unl ocked position. 25 16 WO
2007/ 084310 PCT/ US2007/ 000669 7. The device of claim
6, wherein said free-end positively engages said at
7. | egnt dOR® Telomtis, WwhbRh Sl fled-@dldokifivaly Bhgaped $aid &tQeast one cutout
| ocked position. 8. The device of claim1l, wherein
whe#f 8416l 1dcRizkiafg idinthd Beladd posiden. partially di sposed wi thin
5 said actuator. 9. The device of claim8, wherein
sai d | ocki ng-arm extends linearly from said actuator
when said | ocking-armis in the | ocked position. 10
8. 10.Thdkevickeut claindfl, eheadein daid lockingame dnprr feadst ipgrtalip disposed within
supply coupled to the shaft, wherein said power
saidaupployy provi des torque to rotate the shaft in said
first direction. 11. The device of claim 10, wherein
said actuator maintains said |ocking-armin the
unl ocked position as |ong as said power sqpply )
9. pr dhediegice of glaiam 8p whereint eaid fnskingarm exfendsy lipeaply fsqm saig actuator
direction. 12. The device of claim 10, wherein said
wheg spid deckngrappdsinghg lockessiesigo-ar m from t he  unl ocked
position to the | ocked position when said power supply
does not provide torque to rotate the shaft in said
first direction. 20 13. The, device of cl ai 0, .
10- ¢ bR EPvigo e hé@%m&@@rp‘wﬁr F?P@@a?f’“ﬁe%’éa gty wherein
.the shaft, wherein said hull-gear .| t at.ional |y
SalORBEPPE A S O 2 oD Sttt} oo i BB ol i m
13, further conprising an inpellor coupled to said
conpressor bull- 25 gear, wherein said inpellor

11. " Ot'ﬁlte ec?ev% &t & gllng 16,0 WRe&d ia ba%tulafog qga[mtgiglts agaﬁls locking-arm in the

unlocked position as long as said power supply provides torque to rotate the shaft in said first

direction.

12. The device of claim 10, wherein said actuator moves said locking-arm from the
unlocked position to the locked position when said power supply does not provide torque to

rotate the shaft in said first direction.

13. The device of claim 10, further comprising a compressor bull-gear attached to the shaft,

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

14. The device of claim 13, further comprising an impellor coupled to said compressor bull-

gear, wherein said impellor rotates when said compressor bull-gear rotates.
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17 WD 2007/ 084310 PCT/ US2007/ 000669 15. The device of
claim 14, wherein said inpellor conpresses a fluid
wob@n/os43e0 shaft is rotated in the first direce@€DNS2087/000669
16. A device to prevent the reverse rotation of a
rotating conpressor conprising: a driveshaft; a power
supply coupled to one end of said driveshaft, wherein
said power supply is operable to rotate said
driveshaft in a first direction; a collar disposed
around said driveshaft, wherein said collar is
15. r OtTakidaniat loy clains ad, whérelnedadd ineellbo caapressely b \fasdh ahen tl@ shaft is
| ocki ng-armwi th an unl ocked position allow ng said
rotated it the fizstdirsaiod. dri veshaft to rotate in said first
direction and a | ocked position preventing said collar
and said driveshaft fromrotating in a second
direction. 15 17. The device of claim 16 further
16. c onpdévidertg peemerd dteiravesse ropEembf arotatingrpwrepressptcdnsisingy -
arm bet ween sai d | ocked position-and said unl ocked
posi ti om.driveshafthe devi ce of claim 16, wherein said
| ocki ng-arm does not contact said collar when said
| ocki ng-2apayer supply sapeled e @ak ead phsiaid; dpivesipdt, pdherengaid power
device of claim16 further conprising at |east one
c utsueRly & apsmBledo Biate said dgvsshaft in a fgpfcligetipns ai d at | east
one cutout engages sai d | ocki ng-arm when sai ) .
| ocki ng-2aoHs dsroppdazppd SP‘G@K‘@?%%S‘W‘%’%H ?‘a‘%%"lgﬁ s rpfpgonally fixed
devi ce of cl %i .m 19, wherein said | ocking-armhas a
f r SERRYFOSHE HVHPHGed- end. 18 WO 2007/ 084310
PCT/ US20Q7/.000669 . 21. Th evi.ce claim?20 further, .
Compr 1 s PSR e pErieen lonirigel Sl SF aagveshan

to rotate in said first direction and a locked position preventing said collar and said

driveshaft from rotating in a second direction.

17. The device of claim 16 further comprising an actuator operable to move said locking-

arm between said locked position-and said unlocked position.

18. The device of claim 16, wherein said locking-arm does not contact said collar when

said locking-arm is in said unlocked position.

19. The device of claim 16 further comprising at least one cutout disposed on said collar,
wherein said at least one cutout engages said locking-arm when said locking-amm is in said

locked position.

20. The device of claim 19, wherein said locking-arm has a free-end and a hinged-end.
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| ocki ng-arm wherein said | ocking-arm can pivot about
said hinged-end. 5 22. The device of claim2l, wherein
wa@ asod/oBgeki ng- ar m pi vot s about sai d hi nge whenpesBUS2007/000669
actuator noves said | ocki ng-arm between said | ocked
position and said unl ocked position. 23. The device of
claim 22, wherein said free-end positively engages
said at | east one cutout when said |ocking-armis in
said | ocked position. 10 24. The devi ce of claim 16,
wherein said | ocking-armis disposed wthin said
21, actTmtdekice 2B claith @0 d@ttict eorppristlgad hingel attasheat ©i saiddangtd-end of said
| ocki ng-arm extends |inearly fromsaid actuator when
locladd-giml, et engsaid Iockisg-him cai pivdt abdue chigpbiviged-end. 15 26.
The device of claim 16, wherein said actuator
mai ntains said | ocking-armin said unlocked position
as long as said power supply rotates said driveshaft
22.i n 'Bwi dbviceraftclaiinrX¢c whewin 2t loThisg-day ipivetsofbont giidrhinge when said
wherein said actuator noves said | ocking-armfromthe
acth@Eormmives $eddilopkisg-giny hetweent saisl Ipdkek edsipersand; said uieskedsepsigion.
power supply does not rotate said driveshaft in said
first direction. 28. A conpressor conprising: a
driveshaft; 19 WD 2007/084310 PCT/ US2007/ 000669 a
23.conbicedadte pUFRIY A Wh?‘?‘&c%ﬁé’dﬁF?ie%daP%F“b‘feM@%&?St said at least one
wherei n said bull-gear, i rotatlonally fixed relative
mﬂ@ﬁ“@ﬁ?&”@#F@@éﬁ&Pﬂsmémﬂéﬁﬁ? B¥HIY coupl ed to one end
of said driveshaft, wherein said power supply
provides torque to rotate said driveshaft in a first

directjon; d. 5 s.to vent th .r ot sai
241 S of aigt LE S er R Ay B Simgied i Sa &Rl

engagi ng said driveshaft when said power supply does

not provide torque to

25. The device of claim 24, wherein said locking-arm extends linearly from said actuator

when said locking-arm is in said locked position.

26. The device of claim 16, wherein said actuator maintains said locking-arm in said

unlocked position as long as said power supply rotates said driveshaft in said first direction.
27. The device of claim 16, 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.

28. A compressor comprising:

a driveshaft;
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rotate said driveshaft in said first direction. 29.
The conpressor of claim 28 further conprising an
wo p@eloono coupl ed to said conpressor 10 bul | - BEBUS2007/000669

wherein said inpellor rotates when said conpressor

bul | -gear rotates. 30. The conpressor of claim 29,

wherein said inpellor conpresses a fluid when said
driveshaft is rotating in said first direction. 20

a compressor bull-gear attached to said driveshaft, wherein said bull-gear is

rotationally fixed relative to said driveshaft;

a power supply coupled to one end of said driveshaft, .wherein said power
supply provides torque to rotate said driveshaft in a first direction; and

means to prevent the rotation of said driveshaft in a second direction by
positively engaging said driveshaft when said power supply does not provide torque to

rotate said driveshaft in said first direction.

29. The compressor of claim 28 further comprising an impellor coupled to said compressor

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

30. The compressor of claim 29, wherein said impellor compresses a fluid when said driveshaft

is rotating in said first direction.
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