WO 2007/ 084310PCT/ US2007/ 000669 REVERSE ROTATI ON PREVENTI ON DEVI CE

CROSS- REFERENCE TO RELATED APPLI CATI ONS 5STATEMENT REGARDI NG FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT BACKGROUND 100031 The present invention
relates generally to rotating conpression equi pnent. More 10particul arly,
the pr esent“"??’ﬂ?ygﬁ‘?]@n relates to devices to prevent thé’CrTQ{)sé‘ﬁ’é"@““F@t ation of
conpression equi pnent. Still nore particularly, the present invention
relates to devices to prevent reverse rotation by directly engaging the
driveshaft of a centrifugal conpressor. (00041 In general, rotating

conpressi on equi pnent, ompressors and punps, i s used to increase
the pressure of a flui WﬁB%WIWW?WI‘EF%W@ point to another or
to provide a 15 suppl Q&ﬁ&ﬁ&ﬁ}ﬁgﬁh i T, i on equi pnent
Creates a suction efféggﬁgt rts 1nle %E%ﬁquéggqﬁﬁﬂﬁﬁﬁ? so that work can

be perfornmed on the fluid. Once pressurized, fluid can be discharged to
ot her equi pnent, conpressed thither, used i mediately, or stored in an

accunulat or for | at esTATEMERT REGASDOMYREBERKONYEHONYRYD general |y
utilizes a rotating el ement,REsURCH ORIMPVESOPERTShaft and i npel l or or
rotor, as a neans to conpress a fluid. 20 Rotating punps include
centrifugal or radial flow punps, axial flow or propeller punps, etc.

Rot ati ng conpressors include centrifugal conpressors, axial or in-line
conpressors, scroll conpressors, @&CKGRPUNP Reverse rotation in rotating

conpr essi on Lpment can qccur _when the rotating equipnent is shut down,
otont T onoptos R Tk GBS iy Sehlees Rt fepaeres snpet Moo

10 particularly, the present invention relates to devices to prevent the reverse rotation of
compression equipment. Still more particularly, the present invention relates to devices to
prevent reverse rotation by directly engaging the driveshaft of a centrifugal compressor.

(0004] In general, rotating compression equipment, such as compressors and pumps, is used to
increase the pressure of a flnid in order to maove fluid from one point to another or to provide a

15  supply of pressurized fluid. The compression equipment creates a suction effect at its inlet that
draws in fluid so that work can be performed on the fluid. Once pressurized, fluid 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
element, usually comprising a shaft and impellor or rotor, as a means to compress a fluid.

20 Rotfating pumps include centrifugal or radial flow pumps, axial flow or propeller pumps, etc.
Rotating compressors include centrifugal compressors, axial or in-line compressors, scroll
COmpIessors, eic.

[0005] Reverse rotation in rotating compression equipment can occur when the rotating
cquipment is shut down, intentionally or unintentionally, such as when thers is a power

25 mterruption. When power is no longer provided to rotate the driveshafi, 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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25 interruption. Wien power is no longer provided to rotate the driveshaft,
the rotating conponents of the conpression equipnent are free to nove in
response to pressure differentials existing between the inlet and outlet.
There is a tendency for the conpressed WD 2007/084310PCT/ US2007/ 000669
fluid stor®P2087984&#0accunul at or and conpressed flui d i PAAB2WEHAYFEssor
outlet to backflow |[|f uninpeded, the backflow of the conpressed fluid wll
exert a force on the inpeller(s), which may result in reverse rotation of
the rotating conponents. Although reverse rotation is commonly cauSed by

t he backfl ow of conpressed fluid, in certain equipnent that is driven by
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obj ecti onabl’e noi se an ration. ubrication systens nay not be
desi gned t.@mkRnRRAKRHE By HRDELALEH R ESRpERLARIO NN ARMA dbDRSH: Rt i BWePREr at €
poorly under reverse rotation conditions. Failure of the lubrication system
may resul tani dlediit) 8RS Siktsa\Bdtioa dn Rl SheC Qduscdap GEintAtionaily esime@Bittie Stil |
Ant her, drive nechani sns, such as bearings, gears, and pinions, may not be
desi gned tedecojpencibeads bekwrver se rotati on conditions, or nmay operate
poorly under reverse rotation conditions. Such bearings, gears, and pinions
may al so dJefle Althguahnthe cevesr iptafien rmaynbe 9RFaoTE and darsinge dufetier thergarge

rotation conditions., Still further, in the .case_where verse rotation is
t aki ng pl JCECHRY ReREVE U THRTESS ﬂfjd‘é‘ﬁ’f%‘i WRYST nsRPSTREOPHAL WH ISt 1o
applicati qp.
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rotation _maileresu I'n extrene stresses 1n the drive rreé ani sns
(e. 9., 10dr igpeaRalidder 98RFsS roflidl OARItioBE, Cor) may! BEEHe Hob@P SRGer MBVrddCrotation

significantly | arger than stresses under normal operating 20conditions and
may act ualdoyditiesul Eailufe dfhie: phySiioa kysene alsy Agudlin ookttt ceapodanyscal
damage 1o various parts, Still further, drive mechanisms, such as bearings, gears, and
pinions, may not be designed to operate under reverse rotation conditions, or may operate
poorly under reverse rotation conditions, Such bearings, gears, and pinions may also suffer
15 unmecessary 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
result in extremely high stresses in the drive mechanisms (e.g., driveshaft, gears, pinions,
ctc.). These sitresses may be significantly larger than stresses under normal operating
20  conditions and may actually result in the physical breaking of certain components.
0o07] Damage to the cerfain 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.



100071 Danage to the certain conponents by unnecessary wear, physi cal
breakage, or other negative consequences of reverse rotation nmay
necessitate a conpl ete shutdown and repair of the conpression equipnent.
The downtine required to repair danmages cause by reverse rotation may be
very | engt W@Hﬂ"%ﬁ&t ly. WD 2007/ 084310PCT/ US2007/ 000863/ {S3WF8N6Phus,
there renmains a need to devel op nethods and apparatus for nore reliable
means to prevent reverse rotation, of a conpressor, which overcone sone of
the foregoing difficulties while providing nore advantageous overal
results. 5SUMVARY OF THE PREFERRED 5NBODIM%§;§ 100 9%,These1%g ot her needs
in the ar 2% e TBISdERESHPPIRA RSP 1 S5 EIP WsERo SRR 81 BOEATAP S B at i on
of a shaft in one direction that conprises. ' t he
shaft, a I"DFETRY SFHwi rf’ér"%l %h Ut 8¢ grP S!forby I%O%Q%E%Cag#)rg%gﬁq%géﬁgﬁ}%n, and
an act uat g . . 1.0gs ween the unl ocked and

| ocked pogﬁﬁggﬁéﬂetgﬁkﬁﬁgﬁ¥ggﬁPﬁgkggﬁF?gw?ﬂﬂ%ﬁﬁ&lo unl ocked position, the
collar and shaft are allowed to rotate in a first direction. However, when
the | ogking armis i nstivvAsvker THEPREFERREDIEMBODIMENARd shaft are
prevented fromrotating in a second direction. 100101 Enbodi nents may al so
conpri se appar Thess axhatharmbddo disthe art pre eddedsed Yyeappargtos s mahads foamevsht te
conpressor that conprises a driveshaft, a power supply coupled to one end
of the 15 releticreafaahalt winae dispetion hay comprigestairallaydispesed agopnd he shafl; § lopking
direction, a collar disposed around.the driveshaft, and a locking-armwth
an unl ock&dm g 41 PHeck P%f“tl"&c?ﬁgdq%g‘ipf’?sétﬁ’.“’ AT gt 83‘75?%5-%?1%%” ®in the
unl ocked position,, the collar .and t Lveshaf a te in
Phe T st e Aig Bt oo enb McH pHEET bl BrlonBiib i) & b2

posi tign, JohiRkd piRBRAhE cbifar RLE VSRL RE 2l &AM th Qball iR G firlt dreSRMONEbwlivESCL T ON.
20 [OW 11 Thus, enbodi nents of the present invention conprise a conbination
of feat ur egheantle adbyaptAQes ih M lookr sRitRnVAE icolle ichhiere pEvqarddokontlevi ces.
The various characteristics described above, as well as other features,

w | | be reattibyinappamddiredtiont hose skilled in the art upon reading the

followi ng detailed description of the preferred enbodi nents of the
i nvent i on,0010] Embodiments may also comprise apparatus and methods to prevent the reverse rotation

of a compressor that comprises a driveshaft, a power supply coupled to one end of the

15  driveshaft operable to rotate the driveshaft in a first direction, a collar disposed around the
driveshaft, and a locking-arm with an unlocked position and a locked position. When the
locking-arm is in the unlocked position, the collar and the driveshaft are allowed to rotate in
the first divection. However, when the locking-arm is in the locked position, the driveshaft is
prevented from rotating in a second direction.

20 [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

25  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



and by referring to the acconpanying drawi ngs. It should be appreciated by
those skilled in the 25 art that the conception and the specific

enbodi ments di sclosed may be readily utilized as a basis for nodifying or
designing other structures for carrying out the sanme purposes of the WD
2007/ 084313820 URIHB7/ 000669 present invention. It shoﬁpgﬂ§ﬂ§8m8@”realized
by those skilled in the art that such equival ent constructions do not
depart fromthe spirit and scope of the invention as set forth in the
appended cl ai ns. 5BRI EF DESCRI PTI ON OF THE DRAW NGS [ 00121 For a nore

detailed d i.pti h d di t.of th L. ti
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2 is a schepBlkgalige, vView of a three-stage centrifugal conpressor including
a reverse rotation prevention device; 100151 Figure 3 is an end view of one
enbodi ment of a reverse rotation prevention devi-ce in the unlocked

posi tion; [ 0016] Fi j reverse rotation
prevent$on devi ce of FigE%%égnéﬁgaﬁqﬁgﬁEgy%égﬁ%%ke position, [00171
Fi gures 5afovigl For ameresietadled descoprivnpf thagraffrredipmbpdipnepisef theqregentdpveptidyent i on

devi ce of Figures 3 and 4(Preventing reverse rotation;
reference will now be made to the accompanying drawings, wherein:

[0013] Figure 1 is a partially exploded view of a three-stage centrifugal compressor including
a reverse rotation prevention device;
10 [0014] Figure 2 is a schematic top view of a three-stage centrifugal compressor including a
reverse rotation prevention device;
[0015] Figure 3 is an end view of one embodiment of a reverse rotation prevention device in
the unlocked position;
0016] Figure 4 is an end view of the reverse rotation prevention device of Figure 3 shown in
15  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

20  the locked position.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
{0020} The following discussion is directed to varous embodiments of the invention.
Although one or more of these embodimaents may be preferred, the embodiments disclosed
25  should not be interpreted, or otherwise used, as limiting the scope of the disclosure, including

the claims. In addition, one skilled in the art will understand that the following description has



[0018] Figure 6 is an end view of one enbodi nent of a reverse rotation
prevention device; [0019] Figure 7 is an end view of the reverse rotation
prevention device of Figure 6 shown in 20the | ocked position. DETAI LED
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS | oom The foll owi ng di scussion is
directed t HOT/H4E0enbodi nents of the invention. Al thd&HFVSYRFOWEIn0ore of
t hese enbodi nents may be preferred, the enbodi nents discl osed 25shoul d not
be interpreted, or otherwi se used, as |limting the scope of the disclosure,
including the clains. In addition, one skilled in the art will understand
that the follow ng descrjption has W 2007/ 084310PCI/ US2007/ 000669 br oad
Lol i cat i oo CAREIE i thbe OO S st RTFEH oG 16 B eIy Tt
exenpl ary of, t.hat enpodi nent.. and i,nt - AL hat. the scope
of the. d) serisetiie SRR hifRie o Reltdhar o' SOLEE ub BBkl BB B e
[0021] Cer{ glited BB efbQikaed t hroughout the follow ng description and
clains to rePﬂer to particul ar system conponents. As one skilled in the
art will agehe b, edhsi &€ (eat thResRAN heBYowinf Gésciiftich HANTMMMSHS rdRE to

di fferent nanes. This docunment does not intend to distinguish between
conponent Spdrtiailar dystdhecomponenanegstne skindd ih dratti vl appibmatel rdififirerg pégumes ar e
not necessarily to scale. Certain features of the invention may be shown
exagger at egfirro sceinwonsnt by diffireiirames c Fdivadocemers fresane isignd i) dishirduishof
conventional elenents nay not be shown in 10interest of clarity and

conci senes¥etWesioLmpopsRts, fat fiffer Hupaee HPts‘éclEsf%'?cBﬁ“‘aﬁgleiq‘ia"f‘H% PIEF 3 D¥he
terms "including" and "conpri.sing" e,_used in an_open-ended f.ashion, and
hus. shoul BB FLEPe CatRp SoRE TR R R Rt g

Al so, the }nesromesvﬁﬂlgmcﬁ%jﬁwon;iﬁ?&j% Stotat1$ of JHEAHGH: L9nERA R hithE kndh fndi 1 ect

or direct connection. us, irst device couples to a second devi ce,
that comnegkdeofMtiPdkandithedgh a direct connection, or through an

i ndirect connection via other devices and connections. Al so, when a.

conpr essor [oh®) riafier fokeving diasusSiaparddt itrglabas, e tyns ' inchidingl eddieompsingie
conpressor that is properly powered, conpressing fluid and not in reverse
rotation. FgreHdn anppperpndedshsifion, png thesf shpyld He intprergted it mgany frelugingiwt notor war d
direction,” or in "forward rotation," this refers to a sh&ft that is
rotating i HMiiAkiodesi A6 BT PER { FORICaAY AGIeY i ‘P‘&U%Pé%mﬂa“ cither an indirect or

direct connection. Thus, if a first device couples to a second device, that connection may be

15  through a direct 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 teverse

20  rotation.

[0023) Also, the term "shaf" 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



20rotation. 100231 Also, the term"shaft" is intended to nmean any el ongated
body that can be rotated about its |ongitudinal axis, including wthout
limtation driveshafts, conpressor shafts, etc. In addition, in the

di scussion and clains that follow, it nmay be sonetinmes stated that certain
conponent s Y6 2087484#At s are in fluid comunication. By PRITAIS07/066%eant t hat
t he conponents are WD 2007/ 084310PCT/ 1JS2007/ 000669 constructed and
interrelated such that a fluid could be conmuni cated between them as via a
passageway, tube, or conduit. 100241 Referring now to Figures 1 and 2,
conpressor 10 conprises driveshaft 16, reverse rotation Ereventi on device
80, bul | - geastueied aloigisrrelateh el thepa fujdgouldibe copyymicprd petwean Jhp.as #45h st ages
(first-stage conpressor 6d1 second- st age conpressor 62, and third-stage
conpr esso B3 it'r%?tc-’rﬁ’%é‘g' conpressor 61 conprises first-stage housing 20,
first-sta ' | t | . Seqong- st coLrpr essor
62 conpri gg}g‘hsﬁ?g%n -gs]t?og'gteoaﬂ%ﬂréél ?1311%8’ %&%ﬁ%—g%ﬁﬂéﬁsﬁﬁgwgﬁ ﬁ?}g?%gnd

second- st §g@HA klntRfh deite! do,sgxﬁggeaeosnprp%%p loufbly CQIan&e 34, bhd dni8d age
housi ng 40, third-stage inpeller 42, and third-stage outlet 44. First- 10
st age isnpedolpresAdn st8zet OMEl-Bade lcOmbickst 65tsagRdshad tondBesseiofl, btbihirflistagd - St age
inpeller 22 is rotationally fixed relative to first-stage shaft 26.

Si m | ar | y,compomsd -G3).adhirst-sigms| dompr@or id carhprises Stshgfege hpeing a0, 4@staiage
rotationally fixed relative to second-stage shaft 36. [00251 Power supply
12 is coupmpdlar@2esnd Bniptage outlgt Pés SaFndPBER ATIEGY FeomprgesisFudete® rot ate

driveshaft 16 and hence, run conpressor 10. Ex | es, .0 ower suppljes that
oy be 15 WUBEE £ SHPTGERE TR QLA SToRET iR W REud e OB R br nal
conbusti on i -y [ t > i.RES Bul | - Ot S
Combust | On IS B0y T BE el b5 ShPonbl §R0S B0mR. |
first-gf a0 3halknat22Rdecher@ng -Ritagg. Shat bs 30cty it fﬂdt@ia%e% kagMmoPizpiion 28
and second-stage pinion 38, respectively. As driveshaft 16 rotates,

bul | - gear HAtieiligtesd rélkeeab\firdtetyd Ehafig24d. n Sinfilarly,Odeadrndamge fimpéllos 32 ahdge

i npell er 22, second-stage inpeller 32, and third-stage 20 inpeller 42.
Beari ngs (thiud-sepoimpplioréRaeantafigraiiefitell ralpdvede sdsondstereishaft haft (i.e.,
driveshaft 16, first-stage shaft 26 and second-stge shaft 36) provide
support an@2Plufereatirsly cprpiadie geatd PhATsEhal Gendpapides i e \ien
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15  used to drive a compressor include without limitation internal combustion engines, electric
motors, frbines, etc. Bull-gear 50 is rotationally fixed relative to driveshaft 16. Bull-gear 50
is .coupled to first-stage shaft 26 and second-stage shaft 36 via first-stage pinion 28 and
second-stage pinion 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

20  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

25  compressor 61. The fluid is compressed by first-stage compressor 61 and is discharged at



conpressor 10 at conpressor inlet 18. Fluid passes through first-stage
inlet 21 into first-stage 25 conpressor 61. The fluid is conpressed by
first-stage conpressor 61 and is discharged at WO
20071084310PCT/ US2007/ 000669 first-stage outlet 24. The conpressed fluid
fromfirst VR HEE8EIL| et 24 enters second-stage conpr es$EL/UEZ00Ep00669
second-stage inlet 38. Second-stage conpressor 62 further conpresses the
fluid and di scharges the conpressed fluid at second-stage outlet 34. The
conpressed fluid fromsecond-stage outlet 34 enters third-stage conpressor

63 at third-stage inlet 48. Third- 5, stage_conpressor,. 63 further conpresses
the fluid3thylegs §E%F§esm%‘@“@$ﬁi?ﬂe§§‘zﬁf°gﬂ firsts ‘t“ﬁ'Ftr%"- ey Sent e 44. At
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di scharge con to accu at or conpressed flurd may be stored

i N accunul@npkecémi-siel dutldiB45HEHs hirdBia S conPiRRER T3 M ifilduikge iifictn@e dRGkd- |
ot her .enbodi nents, the accunul ator nmay be a storage vessel, or process

pl ant & soge cbapgidor 68 itk rogmplssehtheanid kel distHaigey theocoapeassad| Suid at
conpressed fluid discharged froma conpressor. [00281 Referring to Figures
2 and 3, rigivkstags outletitd oAt pRevaNtasHYe eegs de Bdd s fusthevwemprassegheldnallys f r ame
14 of conpressor 10, Reverse rotation prevention device 80 conprises

| ocki ng- arserPryssed Bui i dischgreed fipRgampgsson Hipt ivdcsiags Putdef #4. ocki ng- ar m 81,

actuat or 8{(?0’2718'%3 Qtl)n[l] gssescf1 ﬂ\?ird%ischarged from third-stage ouilet 44 travels through discharge

conduit 15 to accumulator 23. The compressed fluid may be stored in accumulator 23 until
10  such time as compressed fluid is needed. In other embodiments, the accumulator may be a
storage vessel, or process plant ér some length of piping which has the ability to accumulate
compressed fluid discharged from a compressor.
[0028] Referring to Figures 2 and 3, reverse rotation prevention device 80 is shown attached
to frame 14 of compressor 10. Reverse rotation prevention device 80 comprises locking-arm
15 81, collar 82, hinge 84, and actuator 87. Locking-arm 81, actuator 87, and hinge 84 are
shown mounted to frame 14 by bracket 83. Locking-arm 81 has a free-end 81B and a hinged-
end 81A. Hinged-end 81A. is attached to hinge 84, allowing locking-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
20 on collar 82. In other embodiments, collar 82 may include only one cutout or more than one
cutout. Further, the C‘I.!tOl;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

25  unlocked position by actuator 87. Actuator 87 provides a force 90 to linearly extend pin 86.



shown mounted to frame 14 by bracket 83. Locking-arm 81 has a free-end 81B
and a hinged-end 81A. Hi nged-end 81A is attached to hinge 84, allow ng

| 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 provi dé0 297884380l | ar 82. In ot her enbodi nents, colRCAUSEB7TRMGEY ncl ude
only one cutout or nore than one cutout. Further, the cutouts may be spaced
uniformy or non-uniformy about the outside of collar 82. [0030] In Figure
3, locking-arm81 is shown in the unl ocked position Duri ng norma

operation of compressor 10 (i i n revers tion ckln -arm 81
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supply 12 1s running. In select enbodi nents, a sensor and/or other control
means nay Qsuhr Ay bgaskidnOofmcaatt tsmlsudhtmatcuaamt BD maiftaifc fodigh$amB81 &bl t hat
actuator 87 maintains |ocking-arm81 in the unl ocked position, as |long as
power suppintockd pastionchedorteas goreertsopnlnt Znrevidhsiterarhiafretae @rivesb@BI6l As ring 89
transl ates upward force 90 to | ocking-arm 81, Iockln% arm 81 pi vots about
hi nge 84 t ReRkks dwpsi trgstpterervedfoe Ott'blorﬂstlata@* SlrdSFkmesin SdPPalE 2Bt A s ot
85 is provjded |.ockin ich aIIo k 1 to .pivot about
i nge b r BPE HABSEY B baraeag M ose R ha i B A P e deBetiPor "7
[0032] Wi ) t@% ek drfAle1 (JEYERBA Hinel 84 A0GkE N arss§2 @l e free
to rotate g’%%‘h? ,Inﬂﬁ twé)]iﬁglgt a éaxr?ls O(?ﬁdl’l vesha‘tgt% 16. i:urt{)w‘

| ocki ngo ar g Sderlas 1ihdary RBmURh@GKEA position, |ocking-arm 81 does not contact
collar 82. [0033] Referring again to Figures 1 and 2, reverse rotation nmay
occur when gpneWhidipphe/urldked position, driveshaft 16 and collar 82 are free to rotate about the

longitudinal axis of driveshaft 16. Further, when locking-arm 81 is in the unlocked poéiﬁon,
locking-arm 81 does not contact collar 82.
[0033] Referring again to Figures | and 2, reverse rotation may occur when power supply 12
15  is shut down, intentionally or unintentionaily. If power supply 12 is shut down, pressure
differentials across compressor 10 will attempt to equalize. Compressed fluid at high
pressure in accumulator 23 will attempt to backflow through compressor 10 to inlet 18. This
hackflow 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
20  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 rotation of collar 82, thereby preventing

25 yeverse rotation of driveshafi 16.



15 is shut down, intentionally or unintentionally. If power supply 12 is
shut down, pressure differentials across conpressor 10 will attenpt to
equal i ze. Conpressed fluid at high pressure in accumulator 23 will attenpt
to backfl ow t hrough conpressor 10 to inlet 18. This backflow will exert a
force on t N0 eWMP4edsor inpellor(s), thereby generati ndC3/Usgiog¥oen
bul | -gear 50 and driveshaft 16, resulting in reverse rotation. Reverse
rotation prevention 20 device 80 serves to prevent the reverse rotation of
driveshaft 16, and hence prevent the reverse rotation of conpressor 10.

100341 Referring to Figure 4, locking-armsSi, i hown ip the, | ocked
posi tion. ah AoBIRHALY SRS SRR ] TpRS PTTE TR 1 it WERES 18

positively SA29850:% uats %#%?r?%ﬁplggqggﬁﬂ&%ttgg{le {orrgﬁieeé}gieﬁ‘ljaﬁ 1%'}9 tﬁeu% rél'd 88

prevents t RE " CEVRITE a hereby preventing ever se

rotation ogiagggﬁf &5 o@inlplel BomatWR 2R IORERLARHubied 80ALQRAAG Shid: R0 AS

previ ously di scussed, actuator 87 ralintains locking-arm8l in the unlocked

position aﬁovlré?r&gp;ﬁﬁ 1D QU thtURRbdsr 37 HRE Wil @S 16n@l g uRwep supplyal Ehalrjoveshaf t 16
in the forward direction. For exanple, actuator 87 nmay be electrically

coupl eds or Helveesk, thiadtary thepberd sopide ds shot-gowmefors @0 provided bg acthatbiriytceaes- uat or
87 has power as |long as power supply 12 has power. 5 However, the instant

t he power Eensphyple.powknie adogipr 87 macke shoulipnespsly sthtdywa sbersvenPoger wgplses. For
exanpl e, power to actuator 87 may be sinultaneously shut-down whenever
power suppi¥issbutidewehyt down. 100361 Once force 90 acting on pin 86 ceases,

ower : | wn. 1 . 0

ot - onow et O R Hnle SOARAE b pi'sq FRBRTSF sk BoMlaTihelly vl BSLGHATE
L ! A '8t ! : 8

anot her e@%sgg%&abﬁmﬁ@?kﬁg%& F@&@ 'ﬁ%b{eﬁds% &wa&tg% ééﬁhﬂeﬁﬁf A8 achiafdr 88

i nearly int t uat or ceases. Further, once force 90

ceasesiopi m £RaRPImbJdGen8 % AN shORHEKE BBIGRE b leRfdt ipROBARMBaS iritd adtiior

unl ocked position. Hence, free-end 8IB pivots downward and contacts coll ar
82. Once fBetaeviendodd Boicgaskn Torteaconceifode @0|ckzmes, 32y 86 fand ming 89hmd tongd begi ns
to rotate in reverse, locking-arm81 will positively engage cutout 88

t her eby pr epiygin fpgkingranm 81 i fherumdockest pesition dfenefs W%%??B potsplpwanpd peans,

when power supply 12 is shut-down, reverse rcot ti n_pev Qt [ 0 gl vi ce 80

assumes a fad ‘P"-"%‘Fé"%?ﬁ't Prs TPEUR ALY 170 FHe F‘@%‘é?"gé g?et’ af’te'i it igf] g‘?ﬁ“i?es haf t

16 and COITPOI‘ I%%ﬂ%é) ;n r:cI:‘Qe'rse, locking-anm 81 will positively engage cutout 88 thereby preventing the

15  reverse rotation of driveshaft 16. By this means, when power supply 12 is shut-down, reverse
rotation prevention device 80 assumes a fail-safe position preventing the reverse rotation of
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 ﬁower

20  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 5S¢, 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

25  driveshaft 16 and collar 82 declines due to the effects of friction and pressure equalization



[0031] Referring to Figures 5a to 5e, reverse rotation prevention device 80
is shown in five sequential positions. Figure 5a shows | ocking-arm81 in
the unl ocked position while power 20 supply 12 provides torque to rotate
driveshaft 16 in the forward direction. Figure 5b again shows | ocking-arm
81 in the OWP&REH3Wosition as power supply 12 conti nudST{E2H7BW e t or que
to rotate driveshaft 16 in the forward direction. In Figure 5c, power
supply 12 has shut down and no | onger provides the torque to rotate
driveshaft 16 in the forward direction. Driveshaft 16 and collar 82

continue their forward rotation, but the rotatjonal velocity of .
25dr i veshaFtos3 §oRPRESSED Y- 2 OngD PeE| ﬁ“ﬁ%‘g 13,8 sy qome: rkiggpen (§¥ PR DN and

pressure e | izati VWO 2007/.08, CT/ US2007 ressor
o ance poar! G e b o i naY R 010 et RefiRERER et

wi th coll ag @imé LRS aaq,fogiﬁltnorw 7m£moﬁa@@gﬁampsioaﬁvqﬁaﬁfmr&a,&Q uh® mer@t ain

| ocki ng-arm Int e unl ocked position. The rotational velocity of

dri veshaf t folbard @6kidRE velBdidy! is Ackigvaa. f BipuaRr s BiRat oeliR-arte B D Gérhidining in

achi eved. Figure 5d shows |ocking-arm81 remaining in 5 contact wwth collar
82 | usts ascoiifabty @fthabllar 12 jastchs abivbshnit 33 dnelgiollni $Aybdginningt ot iateninr @vasese.
Finally, in Figure 5; the reverse reotation of driveshaft 16 is physically
st opped orﬁealbmroﬂgms@egbsrwmto;auengﬁg@sesmaé?clé iaghysiosll stoprEd @BEEICWgNt t he
enbodi ments shown in Fi qures 3-5 , | ocki ng-arm 81 does not contact collar 82
as | ong as3&PISNel ceagpi g dds torque to rotate driveshaft 16 in the

f d di t 1 , t.0 t t
S ot aneclBR 18R r%aw SRR TR s S ol e col 2. o
for some rgason.as bl Apfy pIo@!dleés%o\Mue o5 rmee%vésumw&am%%tm%&p

provide torque to rotate driveshaft 16 in the forward direction, and

| ocki ngp armr&iarﬁﬂmmm@c:ﬁaﬁuaeﬁametshnmahéoamyS&t_dbm%agvamsﬂsuwyI not
positively engage cutout 88 and thus will not prevent the continued
rotation of2 trimedbaf.t HoGevan, ififer omensasbndictvet 83 rfailsTwhids, pdvteronepls B2 | ed in
the art will appreciate that regardl ess of whether actuator 87 fails .or
not, rever&@tipesde promidp faguerie rere daveshalt Bointhe forpad directionend dpckinggrp ot ation

of drlvesh ft 16.and prevent th erse r ion Qf driveshaft 16.

ot her  enbott HATHE &0 Fostiag High sl 4 %ﬁm&mﬁgﬁiaﬁﬁﬁtaﬁw SR AL ! e 80
may cont ac coL ar, 82 n 0 t tate
dr iyves haf t&‘ﬁi I Ln?tﬂmv %?0395& t|m(§'n Jﬁ%?%gﬂggé%rﬁg korg?rgv(%rgggonr gﬁhgtgl on

prevenyi onggleMiind B0mé artRiifAVe gﬁ@m@%ﬁ%g&d@d&' Mogialet adibarbO8 PESN R tnot,nE
reverse rotation of drlveshalPt 16 and conpressor 10 when power supply 12 is

shut down, revérse fdatidi glrdvgntivh dsiic) 8@ Rl paadil fre fdrunidhetatiohyf dhevialit ingdr ever se
rotation of conpressor 10 before it begins, reverse rotation prevention
devi ce 80 pevont gy yysrst eptetionrrifithatveshafiel 6s cbneth¢toenptsdimeenishiockipapredd orf i s
operating in the reverse rotation _and suddenlé/ regai ns power

reverse rotatton prevention device 80 may contact colla while' a power supply is

providing torque to rotate driveshaft 16 in the forward direction.

20 jo039] 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



WD 2007/ 084310PCT1US2007/ 000669 100401 In certain enbodi nents, reverse
rotation prevention device 80 nay be positioned adjacent to a conpressor
shaft other than driveshaft 16 (e.g., first-stage shaft 26, second-stage
shaft 36, etc. revent the reverse rotation of the conpressor. Further,
reverse rot"@? ﬁm%?@Vention devi ce 80 may be | ocated atPCAYSPUAHESY ocat i ons
along the I ength of such 5 conpressor shaft. Still further, nore than one
reverse rotation prevention device 80 may be provided, on a single
conpressor shaft or on different conpressor shafts, to prevent the reverse

r O.t at I Onmﬁgméh?n %%r er &3 OJImef(toorll\;Lﬂ%ﬁ_eﬁ! hol?%revgl‘ﬁlngr(ﬁﬂ’l%g 11923}' ?T%R?&gtur e& 1 and

2 is sho e PEPeE e essor, enbo S Ol the

present inyeld el &Bypr&emlgﬁ&ﬂmﬁé} AR QUSbat f@(erge\fﬁs&a%%gé&aﬁ% Akt dAB-s0) %, e any
rotating conpressor (e.g., centrifugal conpressors, axial conpress

scrol |l corgua@3s804ts) td Preldnd heCRIREODHAES of BeCompredddy. FOkIRE) :agarwmsmmﬁ)r any
rotating shaft. 100421 Referring to Figures 6 and 7, an al ternative

enbodi mentprefentide dpries @0t maynveribéaed atsdislaenn locRione rdengr ik aehh ¢ir @knt i on
device 92 conprises | ocking-arm91, collar 94, and actuator 97. Locking-arm
91 is i sposwswirshith ot frthor mop tmn@nme@ﬁmmnlnrwe@mnﬁeﬁ%w w8y det uat or
97. Recess 99 is provided within support 33 to house actuator 97. Support
33 may be payifedsonp 3ipslp cawpispsor Flﬁ#e“o‘l’n Qﬁﬂ‘?fe% FemmpEosirfit 1o rPé""E’é“p%‘Bl e of
supporting reverse r%%Etlon device 92 adjacent a rotating shaft. 100431
Col | ar 94 FEHCBBYLY B PRI aft 11 and is rotationally fixed relative to

shaft 11. m@lﬁf tm&l&ugsm%o@ﬁ R RIR REREL or 1 Ak e halin a%&%é&%en‘&%%ﬁ' g

shaft in ch it le to prevent rotation 1n oné direc

cutouts 98 calpResRirO¥inB&EmORs 6O lhedpreRt: idvinihnh@ly 850REH BB Plcbent GRY kdders@4 rray
include only one cutout or nore than one cutout. Further, the cutouts may

be spat®ed wuiibo bivhyy WEating Reripredser @lgy calitfipaltdompeddosd, dﬂaloa‘on@ﬁdséoas s&411 100441
In Figure 6, |ocking-arm9l is shown in the unlocked position. Wen
| ocki ng- ar¢enptespays,jimylindheompdsenrk ey-) oy irathting puspodriany totadingl shaffl | ar 94 are free
to rotate about_the |ongitudinal axis . . . L
{0042] Referring to Figures 6 and 7, an alternative embodiment of the present invention is
shown. Reverse rotation prevention device 92 comprises locking-arm 91, collar 94, and
actuator 97. Locking-arm 91 is disposed within actuator 97 and may extend linearly from
15 actuator 97. Recess 99 is provided within support 33 to house actuator 97. Support 33 may
be paxt of 2 compressor frame or any suwitable structure capable of supporting reverse rotation
device 92 adjacent a rotating shait.
[0043] Collar 94 is disposed around 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
20  prevent rofation in one 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,
00447 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

25  of shaft 11, Further, when locking-arm 91 is in the unlocked position, locking-arm 91 is
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250f shaft 11. Further, when |ocking-arm9l1l is in the unlocked position,

| ocking-arm 91 is WD 2007/ 084310PCT/ US2007/ 000669 di sposed wi thin actuator
97 far enough such that | ocking-arm 91 does not positively engage cutout 98
of collar 94. 100451 Reverse rotation prevention device 90 is naintained in
t he unl ock®? W8%¥H8n by actuator 97. Biasing-devi ce 9FGTASHOFNECD wi t hi n
actuator 97. Biasing-device 96 provides a 5 force that attenpts to linearly
extend | ocki ng-arm 91 from actuator 97. As shown in Figures 6 and 7,

bi asi ng-device 96 is a spring, however, in other enbodi nents, the biasing
devi ce may_be a permanent magnet, el ectromagnet, or other device capabl e of

gener at i ngliposedin agster 78 ieh @auehupl hailpcine-dimotl dres ngt asitively gneagy

| ocki ng-arm 9 t,.overcones the force generated by biasing device 96,
t her eby pﬁghgﬁ%$F%¥%§Eing-arn191 from extending from 10 actuator 97 far

enough to gagt %%\tfelrs%ol'olt)a?irmel ?p‘%evehtfi‘onc {vﬁc@i dd E;‘i}%%g{ggg@?% ’tlixeﬁﬁﬁlgatteglrboglgon be

el ectrically“coupled ectrically inte € power supp t hat

rotates shahhtodd7 SHEfnt-Bdkiceasdl it ploVacdwithia ScRAVET7, tfla 8xidvich 96 GRviliRs #S | ong

as the power supply is running. In other enbodi nents, a sensor or other

cont r ol 5 NERRS tHERY D IA6 MbadBthxiend Rk E-atm DhRompetuaior ON A siehuaFRured7 such
that actuator 97 exerts force 93, thereby maintaining |ocking-arm9l in the
15unl ockeds pokT,tHiGimg-dasict 96 0s asprngpbaverves up plhyr ¢rebqalimanitg ithegbidsdrerisgiot O
rotate shaft 11. 100461 In Fi%ure 7, locking-arm9l is shown in the |ocked
posi ti on. TWEEPE # BURIAAYL FraENG clparopygieh O [oFEk Berigroreptiie AT sengreRngme fapan 91

positively_engages cutout 98 of col]|ar 94, thereb reventing the reverse

rotation oﬁ?ﬂﬁ%‘f“ﬁ?“"f% PEgfiEe ?eé’ﬁéﬂ’/\/}?" ‘Hg'r’i"f“éﬁ Eé“% °Ye§°°ﬂ%ameofgﬁe by

actuator 97 as | .as a 2 0 -OVI t or to

rotate shaft critfd %Eq%l%éngf %érg\%a\é?c? ’ %?%E%&ﬁr%vnﬁ%%@\%@/g%'mmﬁgrﬁ %440?;%%15 m%sig%g | onger

appl i ego t Oacdi@tcrto? h@lohehle édhidehEolfaP DX ceHakEEhbMInddRs, Aotuath§7 9@%@5 suppl 'y
e

is shut down), force 93 ceases. For exanple, the actuator 97 may
el ect ri cal diychaaip bagled@r kleetrically interlocked to the power supply that rotates shaft 11 such
that acinator 97 has power to exert force 93 as long as the power supply is running. In other
embodiments, a sensor or other control means may be provided to control the operation of
actuator 97 such that actuator 97 exerts force 93, thereby maintaining locking-arm 91 in the
15  unlocked position, as long as a power supply is providing torque to rotate shaft 11.
10046] In Figure 7, locking-arm 91 is shown in the locked position. When locking-arm 91 is
in the locked position, locking-arm 91 positively engages cutout 98 of collar 94, thereby
preventing the reverse rotation of shaft 11.
{08d7] Force 93 shown in Figure 6 is provided by actuator 97 as long as a power supply (not
20  shown) provides toréue 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

23 means may be provided to control the operation of actuator 97 such that actwator 97
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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 enbodi nents,
a sensor and/or other control 25 means may be provided to control the
operation of actuator 97 such that actuator 97 WD

2007/ 0843 1MECPYMBINO071000669 nmi nt ai ns | ocki ng- ai m 91 FCI/USER7/HIPEcked
position, as long as a power supply provides torque to rotate shaft 11.
100481 Once force 93 acting on | ocking-arm 91 ceases, |ocking-arm 91
extends fromactuator 97 until it contacts collar 94 in response to biasing

device 96. Near the point where shaft 11 5 achieves zero rotationa
vel ocity, WWP%’QCI%\?%@HWVW the WE?PCP“F’&P“’&%%@ ﬁSTB"‘?"ﬁISVRPhéWB‘&S%“ ¥G¥Sut 98

of collar tatd Qh F y preventing possible reverse rotation. By this neans,
when t he p%" %3 y providing torque to rotate shaft 11 in the forward

di rection iegsPits QW8S LBV Eori Rl A o9 ReRELIRRLE A IE YERIs FARRUIES 2

fail-safe position preventing reverse rotation of shaft 11. 10100491 Two

act uat or s,978a6Mit GRRcRRbRartod R¥Boe & biRGlE RECADEN N GreSitMWRvHert SAPUT €S 6
and 7. In other enbodi nents, a single actuator or nore than two actuators

may be suseghibeespr Ruehtatiohe verRviey, deckingtaahi 0 nwillf extend Haf ¢noggh ©Oy esmgs .
100501 In the enbodi ments shown in Figures 3-7, collar 82 and collar 94 are
each conpowet 9F oftopliar P4y therepshpreveantioe prskibledeveng axthfion. Byghiasheass vhasht t 16

and shaft 11 respectively. 15 Frictional farces _acting at the_ inf{erface
bet ween t FROVEDFIRRE arﬁuldglﬁatp{quﬁrtw@afﬁ SE‘ﬁfé &dmt%er forpeth %m?%lsm i émny

rotatlonall relative to.th the ¢ nay be

Coupl ed 1 R P RIS BRI RS o2 el ) ShieERBAe Porpa fpes Pkl

fitting, wglgigg, etc. Further, the coIIar may be coupl ed to shaft by the
mechani cal interaction of a key on the inside surface of the collar that

nat es Wi t NodsC AoRSRIIBE] SiGh GBI tPEkidnd 10dKinki M, it shdven MiRgires 6 and 7.
In other embodiments, a single actuator or more than two actuators may be used to prevent
the reverse rotation of a shaft or compressor.

10050] 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.
15  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, cic.
_Further, the collar may be coupled to shaft by the mechanical interaction o-f a key on the
inside surface of the collar that mates with a corresponding cutout on the outside of the shaft
20  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 genere.lﬁng a force including without limitation an
electromagneﬁé solenoid, a hydraulic actuator, an eleciric motor, etc. Further, the actuator
may be mounted in any suitable manner as long as the actuator can provide the force

25 necessary to maintain the reverse rotation prevention device in the unlocked position, while
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20o0r vice versa. Still further, the collar and shaft nay be nmachi ned or
cast as a single piece. 100511 The actuator used to naintain the reverse
rotation prevention device in the unlocked position may be any device
capabl e of generating a force including without limtation an
eIectronagﬁ%??@wgﬁﬁénoid, a hydraulic actuator, an el e®HAB2HHIUE? et c.
Further, the actuator may be nounted in any suitable manner as |ong as the
actuator can provide the force 25necessary to maintain the reverse rotation
prevention device in the unl ocked position, while WO

2007/ 084310PCT1US20Q0071000669 all ow ng the device to assu t he | ocked

bosi i on GHENTEHES (B4R 5B 1B PE PRI S IR A IRERE ettt BrPHBcder. 00521
The conponge %iﬁg the reverse rotation prevention device nay be nade of any

suitabl e FBteri Al el uding without limtation metals (e.g., iron,

al um num sk aRkU omBhdents  of Bl Rkse AotaBYP plfeflion &VEBE!may! B ARBL of GhE- ) .
non-netal s Fe.g., plastic, wood, etc.), conposites (e.g., carbon fiber,
etc.), et Guititld tdaRkial influGag WARNMANIMiIGLION GRANEEE, il lanifaal) etintungfetd e
reverse rotation prevention device nmay be nade of any suitable corrosive
resi st ant mehlallogd (egneikels incoal, eld. )ywdnhngtals (6.8..aifdstic, cood.cdd. ) eompsitedeeve

| ayer. [00531 In the nmanner described, the present invention has the
advant age w@fbodifitestetoy), aird Fudtherhfs¢oseekioy ipp sowsann; thg om@oresisael] thy rofsa shaf t
in the reverse direction. Mre particglarly in the manner described, the

present i rPBHER BiFVENLion dedce i Rt Bgee BF o ekl GorEasHe SRRNANE BRfeyia Enting

the reverse tation. g a_conpressor directly preventing the reverse
rotation d?m%836 ﬁgggef?“?ﬁggﬁ?g%éﬁ%ﬂggvention elinminates the need for

speci al i zed, Lwgz yay Hear idggﬁbéafrﬂegg%&nt ok QEVIRE Gn Bl ah Y b5 BirdoRY Bhit ON,

speci ali zed two-way gears and pinions designed 15 for forward and reverse
rotatign, gysicARARERhiRAR: Jothlibh 664 $Haft SIS kR BRe diastion adodk @afticauilg én meequat e

| ubrication in forward and reverse rotation. Further, by directly

prevent i ngmaeee rdeeribeat, abé Eresenthieventies dnt therwdvantagn of rdisertite 9ngp mbysetly on

agai nst physi cal breakage of various conpressor parts. In particular, the
present | nereYsming thirgversg retgitontof airempiesiors Sy (irFsly msgventingdhe Feaeise Fotation
driveshaft, which may result in physical breakage of the driveshaftt, in the
case 20 whehP FARPIESEIHpIbE BT F"é’e’?‘g’f’fi‘i’}‘?&tﬁs bt ’é"'\?‘g?‘gé‘m’& Z gty Pep e

conpr essor , power .S YA rne ck_on..and. anpli e
conpressorm%ﬁ%? ﬁFgggmﬁﬁﬁgé%ﬁ%ﬁr%%gﬁég‘§%$g t eggévggggmég%g#géﬁgg%?il

furthefs apethiSh AAVARLAGE defioh NEdPLESRINkd bR oh Asib s b itJa pfo¥ideO

assune a fall-safe, | ocked position when a conpressor is shut down.

[ 0054] Wi hkRqidie fuefitation anfoeirdrent &véabe iohiisn.i hurthet, be dirbaly prdyesingsbevwe and
descri bed, 25 nodifications thereof can be nade by one skilled in the art
Wi t hout depdatiohnthef preasnit nvention reovides protection 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
20  when the compressor is rotating in reverse and suddenly the compressor power supply is

tﬁmed 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 imvention have been shown and described,

25  modifications thereof can be made by one skilled in the art without departing from the scope
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WO 2007/ 084310PCT/ US2007/ 000669 or teaching of this invention. The

enbodi nents descri bed herein are exenplary only and are not limting. Many
variations and nodifications of the system and apparatus are possible and
are within the scope of the invention. For exanple, the relative di nensions
of vari ous Vh#0F%84¥e materials from which the vari ous F§afUSs00%PWoePade, and
ot her 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 nents descri bed herein, but
isonly limted by the clai that follow the scope of ich.shall include
al | equi v&F BATENGYT thig MERie AP FRPIEPoHS gvets?‘fébeglhgﬁe‘r?sare eXpplacy only and are

2007/ 084310PCT/.U82007/ 000669 : , ' . vent
he ot at FORTBETE SRAT PO BtER kRl am BB el B2

di sposed groy nrtlﬁescm&he WRSESL. NESRhENBIR] thetfeldtie higleadibRRAVAnbuE bxad
relative to the shaft; 5a locking-armwth an unl ocked position allow ng
sai d col | afe AREri4lhGomhafith (b0 viriud bats ade mafid, asd otlér @einictens @ndeaatial; ked
position preventing said collar and the shaft fromrotating in a second

di r ect ison;lonpnds the reveme acthiiat prevapgen dbtiee rainpve shiaages cldcnggedibarelyet ween
the | ocked position and the unlocked position. 10 2. The device of claim
1, wher ei maesaidinso e mepeanipraiesden isget ﬁlemdatetth%%wlwd@eﬂnrsa%mﬂh%h%wdm

| ocki ng- arign o::ﬂ; lilrrgtezltlg t#enéle?ignﬁ %%t Po(i}lg{v} tlhg rs]éope of which shall include all equivalents of

the subject matter of the claims.
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WHAT IS CLAIMED IS:

1. A compressor comprising:

a driveshaft;

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 actively positively engaging said driveshaft in a locked position when said
power supply does not provide torque to rotate said driveshaft in said first
direction and actively disengaging said driveshaft in an unlocked position as
long as said power supply provides torque to rotate the shaft in said first

direction.
2. The compressor of claim 1 further comprising an impellor coupled to said

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

rotates.
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