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TURBCN%CHINERY BACKGROUND OF THE | NVENTI ON The present invention Bara e 0]

a rotor balancing s stenhfor turbonachlne secures

‘rings to a rotor eREAER &1 : : M iised by Iocatlng

slots on the rotor elenent and to a method for p05|t|on|ng a bal ancing ring

on a rotor element. . In rotating machinery, it sonetines becones necessary

to trimthe bal ance of on@AﬁﬁGﬁﬁéNDopﬁrT@EeﬁﬂwﬁﬁTaKﬂbr the machinery has

been initia balanc d.for nd has bee ting in service.
Typtcally THE RAEHERE: Peot 100 driabesnired Tobl SrdiP O ATy (o
perm t foebauahehaghahelrk Whli@ha@(élf@géﬂfsebm&f fb%a@dagrrg)tzolrn@é e . Wth
aircraft gas turbine engines esirable to be able to quickly and
easi | y 'OtPH BarBFEE @lhégﬁpur@%rmsowépdég@eueféﬁ%% fGUsethP B kI teing
foreig |<€ d gt d bl ad R gnded in
MAthOUElggﬁDég qa§agggggng}%§e??g%9§ntglrc?f?p&ﬁ é?%gkgﬁﬁghﬁe prior
art tobplawncdegaréogsbnuet iromofroelememtbal anci ng a rotatlng pi ece of

machi nery i ch %ogstructlgn includgs an %nnular rotor el enment having an
outer face afid 8h% AR " UM Erert a5y PASIE PP 13 i her

ci rcunker@ne@eoball A8 ceOLEr o@i'eelaiffmtheatrdt%a:s'fel@ﬂ%r&fmlﬁﬁiifelgr‘é}%/e within the
rotor el enent behind the rotor el enment face, balance ring nmeans positioned

in themgchiagsy bae BRRDl dnigiedve, hﬂféua@we@alfmea&sqﬁslrveamdu%a%mwn and
has a | S en I A £d by pin
nmeans t egﬁggggrgﬁcg%%ygggneaﬁgbq%a?ﬁg %%%hte%hgggs en mhlch pi n neans
ext endslitshiscegblebe compil e¢ledye ol pamahadgyslmkspemmiufueu&ﬂnnmfmg dei ng
nmount ed qn ' to he external .of the rqtor el enent, The

h
constrﬁé?ﬁbh i?gbgpg§%%d§§e orLenigng: okl & 1GIE as S B GFAHE t he

rotor ela@nelipinai %lﬂg@_ﬁ%lsng 1%t HUCHdlse raRARS thabeaAIREN NGyt ek B Naddr ough
whi ch tool neans nay be
easily trim balance a compressor rotor after an airfoil has
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suffered foreign object damage and the damaged blade or blades
have been blended in without removal of the engine from an
aircraft.

It is known in the prior art to provide a construction for
trim balancing a rotating piece of machinery which construction
includes an annular rotor element having an outer face and an
inner circumference, locating slots around the inner
circumference of the rotor element, at least one annular groove
within the rotor element behind the rotor element face, balance
ring means positioned in the at least one annular groove, which
balance ring means is split and has a weighted mass at one end
thereof, and tab means connected by pin means to the balance
ring means at the weighted mass end, which pin means extends
through the rotor element locating slots, and the tab means
being mounted on the pin means so as to be external of the rotor
element. The construction also includes a casing structure
means associated with the rotor element, which casing structure

means has an opening therein through which tool means may be
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~00-720 inserted to contact the tab neans and deflect the pin neans inward a
. controlled distance to free the pin neans fromthe |ocating slots and
permt a circunferential relocating of the bal ance ring neans. sudP 4% m
- bal ancitRgeasrst tgcontacs itheudabafiednisn ands defgagit e BMerasy to

Ti e nagnlicg 6 Bl 19 f dilke el LGS Bfe (i okl i al
construction is that the locating slots act simlar to rotating ades,
t ur ni ngoaad ingatsiliog supnidheeaimiti @ tdier caanfidrnegs iasl treel aatone| efirartte

rotates. ;As a result, heatedq air is i,njected into the flow path. The

m xtur a§AngSt A 72 a%d‘ccppé?l grrlfrd %ﬁl&&%% rcql?difé&vglt% Veral | fan

effici enaystAddied amaly.s. tHe et NN, NG A Werdage)T eausa, i t ha: lpcating

slots forces nore air into the flow path. The air H%nges wi th engi ne core
t

f1 ow reduci Rgeopdr &ihle eedilvd enaies of the dddirnash l&dcaling pin

i ncrea i si.nce .l LQtr . f I e rj nd acts
as a pgggls\grg g:r%%:%r?g l%i r%.hagu E:sh (%q l}e%%t%lscﬁ%ﬁ %ﬂgort%d%’sc% rOB%I Zlafrgg:uoct]'{oorpﬁ]a t"lainn%ngi ne
air fl oWaddrot herrndefy Ginenteadtiddeipresentii Kesi grha scdhieciadd 1ldd eHed fi ne

tune agj ust the rotor trim balance. The anti-rotation pin slop and | arge

di sk eRQAQENEAETENSt T@eGTESse Hife & MSAWd aftE@ ¥She Hune® dd}irdtrehtinto
SUMVARYheF £Tlde DEVENT! @NAGEXIr0lor HIt idawdnt whiactadf ddw & esri

invention to provide a rotor bal ancing system which reduces w ndage effects
causedPByly gtigr redewest tdenpoimatls. fian ief fd qignder dsldiciiagfalhe present

i nventi LQVi .a r i ste . abave V4 at | east one
count ef' \%reii 5’%%“ %ﬁg]l\élag(&lﬁéi 99 g r’%ﬁsgeh%csb bsﬁ%nt%%ﬁ?/lnquiséonggefsé%ers cnlé?/rla% y

punpi ngifwiindagehec #load gaytH.ocatheng isd aingpirapds neikH rdrogind wrdaasretivwer y
rotor. It is a further object of the present invention to provide a rotor
bal ancFR§USY&%e AVEL 3o P& Ific 1B ifad 1aY i ntidyraddiriom e o qatid Uit or
securi Rg e seQUAL SIiARI0 Rt RAl aRCINIG i IESs T i F I @ EMMandd 15 yet
anot her object of the present invention to provide an I nproved nethod for
posi t i eringg aadc ewitse @seiagtadsileartcintg g rigi ton Fukestuaritelentthifheadds

f oregoi_n j ect r.e_achi eved by t.he r.otor bal ancing system and the net hod
of tget ?éc ?n?%dﬁl\?gr%ﬂnogi.n Ier?g&é]c%racf’é:ncfr Wth the pregen%/ i nvention, a rotor
bal anci ng sysiogmefrodefidi@mshiiterdhe PRI as dediajrori leedbilaMiyne®@ r ow
of locating slots and neans for reduci ng wi ndage effects caused by the

| ocat i AdN& Sude AP Uhth FiFe GTERICi g The i r i s 3ttt 1 eelia o R anci ng
1ing SQAWLAnO 1Lhed ohidli ArRfEfInMY dh Y d Ao RAAA!d irft WPl SR d

| ocating Slots to reduce wi ndage effects. In another aspect of the present
i nvent ifame d¢acle Baljasdimentr.ing is provided with anti-rotation neans for
securing it to the rotor elenment. The anti-rotation neans in a preferred
construction conprises two integrally forned anti-rotation nenbers for
engagi ng two | ocating sl otssppuMhRE 0Pt DHEELEWENTIONN yet anot her aspect of
the present _invention, each balancing ring is provided with a sl ot nachi ned

into its wePGTOES ALY Widn 16 1BbICRILH ébfeotk?e_g RIS GHot L HFRA ptRM P

radi al by Jonkeard. Jlis Raland ity 'dyid SRLHIAUE ddsuddd IufiAdd Ak FEODEr S

di sengaged fromthe locating slots and can be rotated to a new position. In
still aaotsest bysprediomfe temerdr ezmporiensnt i on, a nethod for positioning a
bal ancing ring .on _a raotor el enent, is.provided. The nethod conprises.

provi di ng al;%otlosr o 1T h & JnegCta ?fo%}éﬁ‘ Efro(:f:saefrlnhglns eorfr]tsl%rhd':ngz;tpﬁs%‘zls € one
interior rabdd dalgmavry Jynsadid i1 dbdwe tHeyiaig | easleaste omé eri or annul ar
groove at | east one split balancing ring having a weighted end, a sl ot

machi nE@UNHEF WS We iRt i, £ il ?‘H?S“éﬁ‘fgta’g‘?]rgyt%%lmb‘&%??%ga%’F ots

in the 2.04iqr, eheiEMg ARGIDREN tddd e ORlcd iRy L84 dhadRidde Yetght ed
end of f%e at "l east one bal ancing ring to disengage 3
a turbomachinery rotor.

It is a further object of the present invention to provide

a rotor balancing system as above which has an integral



- 00-720 the at |east one balancing ring fromthe rotor elenent and rotate
. the at | east one balancing ring to a balance position. The rotor bal ancing
system of the present invention adds nore di sk engagenent slots oP@he2®i sk
-and anState§hER ARt PECELIiOE pihe gosngsryieisatel REing tHnds sto sthg . The
result i [ bility for fine tuning the trimbalance. Qher details
of therrogf)g?eggﬁgﬁgi'ng system and the nethod of the present invention, as
wel | as ot hét dbj gets aand hadv abtjeges odt ttéved gnte ddredr etroyeraricorsetoforth in
the foll ow Hg detail ed description and t he .acconpanyi ng drawi ngs, i n which

e

i ke r BFGVSHEE ShumBPEFY ChoBREROR RO ToPOfariOn Y BF PR OE THE
DRAW NE81Bh@ind r3nd bhoRt rWrew @fi cten@t.or el enent having scal | oped shaped
| ocating slots; Fig. 2 is a sectional view of the rotor elenment of Fig. 1;
Fig. 3 is aTheofpregewnef o®jfcdst ageurcdriwsieghtoyoditenciatpr iyl anc beg
nmount ed t he_r.otaor el nt of Fig. 1, Fig. 4 ig.a rear view of the

count er%\)ﬁ’?ﬁht ngl %ﬁgi ﬁlﬁ’%ﬂ%ﬁg o%f tEegPrfsseﬁlécvwlr?d’ rﬁelolnn‘t egrally fornmed neans
for engagi ngnt hecbedahiceg wiltot $heFiptes®nts imvarmritory, ew it @r rNeflancing
count erwei ght balancing ring to be nounted to the raotor elenent of Fig. 1;
Fig. 6Siy§t§mr Ear FREROBRCHREEEYu FOBPREISET ARG R SHSRF 2 HRS & E9bwi ng
the inpegnakhyiher gedcreany tRanseEYH NSda RALAMIRE 1d ke d s the,dad or
elenment; and Fig.” 7 illustrates a tool inserted intoa slot nachined In a
wei ght ¢ &he dpcatdognisdolsi.ghtThisawdnciagg madypaing awdan Hrcener beg ainet ng
ring in _a_bal anc asi t.i on. .DETAI LED CRIL.PTI ON.OF THE PREFE

EVBD! RERTS) BB BPTARG AW 00 REGPER Rgs. N gOEOF AAFRATY [HIotract an
annul aneagtopagiearnly tovieaw RGiah 1ddat ihy bt v Kddseal+ Didsdeped

| ocat i n% slots 14 about its inner circunference. The 4 00-720 rotor

el emenfIf6SESnt ai ns two i nner circunferenti al grooves 16 and 18. Positioned
Wi t hi n each ;qof [ entd al, gr I S Uy ar i

bal anci ng riﬁrz}g a%%%gﬁé %%Efe%;tc%tflo? hteﬁgq%\(;s‘l:ez}tﬂe?vﬁ% grﬁ{wg{a'l aenﬂg% ﬁ%}g‘gﬂ% and
22, asrihgwisi preivgsled3d witd, amds -arogppitiitorr imepreonste ugdwni el i o atlié r st
end is sgaced fraoma Sﬁ,%%nd nd V\,hter%.said ring s in arelaxed state with
the seél 8reﬁ&§m81n eac alPAndi rﬂ? & ﬁé’rlpf‘befaé} aﬂﬂ/ hRATHY T e ghted portion
24 and R@stheeResh oy r iEaeh thicd it gad 132 Rirvedam® ptetfatidy of teeth
23 for en%agi n% the slots 14. Each of the counterwei ght bal ancing rings 20
and 22mMegbegsatoBl ENFRCHING e diaceliier eAtd Yy dhesraBarkiareRhen not
engaged with_o or, ke of I i . il its proper
posi tioni ngtint R%tbgﬁgﬁéﬁ%ﬁg arsitp%gjtzgﬁﬁ;tsh%g %%&2%%&ﬁ%€@1 nét%&?t s wei ghted
end 24baThecihgt r28gneys lperdviinkear wdirthnen-dliatearachiihed| 0it@8its designed to
receive the end of, a tool 44, as sho in Fig. 7 i ch serves to. disengage
e baRSHERREST PAg-20 PRSIt it & i b Tbcls MGl 19 Bah¥he toor 44
passes rbdiiaugdly anboped,Nd b Hal it iengirid asimtaie aigk tdvolghotabushi ng
50 for aligning and holding the tool 44 in place. After the tool 44 has
been | ASEPEEE %Hls@ﬁ’@ﬁgtel‘?e SBhithe 4CCAHOT ATt LAUr¢RR ROURRBREEDCkM se
until th oq| :hattons out in slot 28. After the tool 44 disengages the
ring 2% ?‘r‘enéqmg{)ﬁle%llggéti ng slots 14, the balancing ring 20 nay be rotated as
desired whi lIe isttiild iamcer hairs ersgeeged qfodilte @rdserpusimvent hent oal méddhagai nst

th f the, sl ot 28. facilitate jt i tioni t he_bal anci
g 23 NaOR LGP 50 A AL i & IS TR Dot 1T bore RESEFaEag0 |
my be phien@Ri hdyd RPN Pl id i $0 Masd gnerkbriént a6V Vegt Aerendosf the

tool 44 for disengaging the balancing ring 22 fromthe |ocating slots) 14
and r otl®Gakd NGh & UeASarfdich @t iTRP 2 aN® & e+ U113 BHrIrIPES pr ovi si on of

the slqts.2% ;30 130 J $HRAANIAGROUS JOT B dWHHE 2 By T £AS@RSovET 6L 16858! O

is inherer(latlyl re"cejsls suscep;éﬁﬂl eto fe{ﬁoure E{)}Leicause: (aflat(%ere ?s no _

over harmgiengpierbdr lencingcanitg having a weighted end, a slot machined
into the weighted end, and means for engaging the locating slots
in the rotor element, and inserting the tool into the slot in

the weighted end of the at least one balancing ring to disengage



_00;720 be hung up, a primary cause of failure, or be acted upon by rotating
.inertial forces; and (b) the nmethod of nanufacture does not require

brazing wel ding, small _radii, or staking, the secondary cause of ¥a714% e.
-Once ehBf 8t LREShaPRRcPAGARFARY FANAndroD KBS BOERTpEISEEN $&d ti oned,

the balgpgiRIthengs $B9YtdoRRL pEALAEENEEANGVe ot @ Hag el R 18RIM, 10. To
f the balancing rings 20 and 22 is provided

prevent such rotation, each o
with two sp@bedrapartbahanciogasiystemenifetbedPrasens? invieamtamn adgtsat i on
menbers 40 gnd 42 are intﬁgrglk fornﬁd an he rear. ortjnneﬁ.surtace of
front BRFSn&rRY PIHZISEeREASR %h@nfg faPdS6r APInEFR dFIEE P HE rear

bal ancibgatiBg gZnandspgaj eckednwabdke) yt @ ceR@ageilswo sQfott.he Thecatdig tsl ot s
14. Each of the anti-rotation nenbers 40 and 42 preferably is provided with
| arge £F| verer g@PpbidlEkhan&e fing &Exngagemthe WriR Raléd@s-ng sl ot 14. The
engagenent e Nt le- at. : R i ng
ring 20 andgggggngeﬁﬁgl?o%gt%ﬁ% gkgpgn%gqﬁéﬁﬁégp%gggéﬁl%gwgﬁgﬁﬁtﬁgéﬂqﬂa

bal ancofigthengseg6nandnZ2nduprnngasseel\bhas théeraldieiotg rmmags 20 and 22
are posi,tioned on e rotor elenent 10, th nti-raqtation er,s 40 and 42
on theaggﬁaﬁéﬂﬁﬁ ?%E§n§6n80555§ggﬁm PG@aF@ﬁg%SFGPslf49§%dﬁ3¥£%¥ﬁqqrotation
menber gef#Qiand d4dsepipheont RaH BakanekBaphingdnd?2 deeeupRY st Wa Qirfif@r antke

| ocating slots 14. Wen the bal ancing rings 20 and 22 are to be

r eposi FREREENCENBENEFBASofleppett ddkesglienedtishe respective slots 28 and 30
causes the anti-rotation nenbers 40 and 42 on the bal ancing rings 20 and 22
to disengage fromthe locating slots 14 in which they are seated, thus
allowi ng rotation of tBBIBal aBSCRJPTIOYs OF0 Talkd DRAWINGS new position. Wile

it is preferred to,provide two anti-rotation nbers 40 and 42 each of
Lhe balmnc: Riori hos858” ERGnsniBHe ofnPaatt BLATE ko BAY T SR Ratan 1 wo

anti-rghapeanipeabeny sfo@gsired. As previously mentioned before, the

| ocating slots are disadvantageous in that they create aerodynan c w ndage.
To 6 00-7209reduéé Bheecgéioapdamiewwordife ePreat ¢lamend mieflig-ed/
enbodi nent gt th ese Lav Lon, ea I [ j 0 -
configured gggéhgpgé ?o@égbgr%?%g gga%lggg %sﬁggg %dﬁé%%@%}é§¥§é?%ﬂfeither
fully einpatbi Bkl youhtedesior etle aoltyroed ealenthe fbaliancilng rings 20 and 22,

in particular the rear bal ancing rin may be used over the | ocating
Slots 14, IRifang 18 2eRGPROY.Phe’r Gh6r COIBRETMtE Y Ko AOELTS Touht | ng
sl ot s. oBYy Féll, M3N8hbREYnENe hef im%Tgrrfawgy Forimed AR aPleSIH d tHPrshaM ndage
| osses are reduced and overall efficiéncy is inproved. A 0.5% i nprovenent
in fanlefhiténeneyotan be achi eved nerely by reducing one of the rows of
ocating s eks. Snekost BochRe jaating Slaks b iddcalaledsh ga of the
bal anci ng rings, "al'so héelps reduce W ndage | osses and 1pr ove over &

effici enay. tdheenmouacedt eo whieghiotioal @lemeneclfoldgy. dnpl oyed in the
present invention reduces manufacturing costs due,tg t he ease, of machi ni ng

and the redédfiof £Pof £RETeNdEYePntNFoROURS S5, RF IEE T TR ¢ her
the usgfofriignt 8gkAbWY nkOKRd iddgraatigt IfrnERMREh d F e EE it ity halanci ng
rings in place neans that there i's no possibility of |oose parts, thereby

i npr ovbadaggiali king. tset ithe metreclemeatanténg ot ati on nmenbers 40 and 42
provi de signi,ficant I ral _advant i re.n ' g th.a pin
attached to%]égr'i 29.3lﬁﬁlsggggp?%arae%toahg'?%%ﬁ\grégcHggobeae%lg{g\ﬁ/@d%{dﬁ?%& th

accor dangeiwhtkdt beadpos enicoumtentWedyha hetl@nm dimgndialarns ngp sitsi em ke ch
fully satisfies the ohjects, .-neans, and ,advantages set forth herei nbefore.
Whi | e PﬁéaBFé§€nFlPﬂvéﬁtPo%aﬁé§cﬁéé%”H%§6VPbed in the context of specific
enbodi nents thereof, other variations, alternatives, and nodifications wll

beconme apparent to those skilled in the art having read the foregoing
descri pti on. PBEE@AILEDe DESCRIPTIONe e T HFo RREFERREDS EMBARINENT 0%,

escri pt i on. PEIRGLSDe DESCH fed i TR ,
Appended ol ReRet 8 e Hoo ek ey P o O AR A R e o

t ur bomaghiulary readpr iediefrgnta I00thavislee rentaxiay iy emd ew v |@f atcablep ot S;

and 00-720 ,
shaped locating slots 14 about its inner circumference. The




) nmeans for reduci ng wi ndage effects caused by said |ocating slots.
. rotor bal anci ng systenlaccording to claim1, wherein said mﬁndage é}qﬁg ng

means conpri ses at st one  bal ancin r|n secured to id rotor nt
A A g S R AR e e R S ey A

eff'ect gng318A rPb@&t%h@ﬂc'w'ighi}’xsbﬁ&ha%@"t@l'e”%ﬂz‘&uﬁlf@r@n%la"iﬂ%%d%e%a' d at

| east one balancing ring fully covers said locating slots to reduce w ndage
ef f ect ss an Anpgler bahateirngighst bmlaocdndi wgngo 281 @ind 22 whdlasim ofai d
vvindag | means, c rises two_bal ancin ngs, 0|nedto id rogor
el erren ggggg rg?lggfcdgggﬁgﬁ%?' grrllrlﬁﬁsagt apgias?tz parsltl wn l ?l%g‘ sai d

| ocat i ngesl nbs. abspAitotrdhghbabaseirngtsyst eifeaedor @i MY Hsa @er Msl,spsei n
sai d wi_ndage redu0|ngﬂneans conprises two balancing rings joined to said

r ot or élr@ﬁeﬁt sgRAndaERdothER éalﬁgl &A8ENd Sr itRg f FElRXes\ &hatE it Itd’\?atl ng
sl ots. sB8coAdr 8has B%'é@%b”%ai&%k?ﬁbaEEQBde%ﬂé%dﬂf@ Wé%ln ‘%“Wél {F

| east one bal ancing ring has anti-rotati'on means for positloning sal

| east prethahaddi agdr Rhg wesbecédpedty -t o Eeaihd riowor2 Oelagyde 2 &l so 00}8720

7. Arag al anci_ng syst ccordin Ia|n16 grein sai d

anti-rBPHfF ﬁt¥9855g88¥§ ??L Ofmﬁngﬁgéﬁﬂalpf P&Fﬁﬁﬁqantlrotatlon members on
an inner suegapeogf tBackosaidralighei BA lankd ngorieRPAPNGHM 0fi sai d

| ocating slots. 8. A rotor bal ancing system according to claim4, wherein
each ofOsafabbgl HathAg thegSikssnEerENtedt U69OYEENd & GdhdH tWhe MPtsai d
bal anckAgabbags: th BnkesReqb b0 csakel Ik gMiilbe 5, 44 TdiPr bal anci ng
system acc ing to claim wherein said anti-rotation nmeans conprises two
i ntegr &bty liioawedisst propeti pesitibeisgen the badencsimd adaopf2edds of said

bal anci and er.ein e ch of. ant -rota S

poSi t i Sﬂga angt ﬁ‘faﬁpl Wg 68&& SoH&* %%ggl éltl m‘}J &rigrq)? é‘@l}?ebeeach of
the bahanebRgoki ABH-1ANRATI.t I CPReWstBLS Qqu%t dte%ls‘gﬁiiedi e i@@nihe 10. A
rotor bal ancing system according to claim?2, wherein said at | east one

bal anckAg Pfng kaslaldei gkt €8opsr dnofignd Ta $IhGCH Begaiad W gHISRNIRTER i on
for re % I angi.ng SiLir@n +9fc e
balanc?ﬁé P?%aﬂc%ﬁ% ﬁ&ﬂgtgﬁ Eg @ngpﬂ%ag%sbgégaggbrg'ngt?%m%%gﬁﬁﬁgg,:V%érein
sai d amhbeasblone babaeslmgrbugg has opesiplnict 416 rigr @oNsrigictd arasiiy 48 rot or

bal anci n stem acc wherein e aof sai,d bal anc ri ngs
s el bR e Brehatg S0t B ol s b Al eing drfe st A D o'
engagegegkteWM thf@etroehef @bothanghag b'é%anﬂsTelerédOftha:d\ﬁﬁpQﬁé b Hligh Pf

sai d bal ancing rings on said rotor elenent.
46, the rotor is turned counterclockwise until the tool 44

bottoms out in slot 28. After the tool 44 disengages the ring
22 from the locating slots 14, the balancing ring 20 may be
rotated as desired while it is in a disengaged position by
pushing the tool 44 against the end of the slot 28. To
facilitate its proper positioning, the balancing ring 22 has a
slot 30 machined into its weighted portion 26. The slot 30 may
be linear or non-linear and is also designed to receive the end
of the tool 44 for disengaging the balancing ring 22 from the
locating slot(s) 14 and rotating the balancing ring 22 to a
desired position.

The provision of the slots 28 and 30 is advantageous for a
number of reasons. First, a slot is inherently less susceptible

to failure because: (a) there is no overhanging member which can



13. A rotor bal ancing systemaccording to claim1, wherein said rotor
. elenment has only one row of locating slots. 9 14. A nethod for

positioning a balancing ring on a rotor elenment conprising the stéﬁ%’%ﬁq
00- 720PFr H¥NGi HE+ adr BESMAENYe FENSeh & dg 1d Wdw &F IRt RGERF SIRA® Rnd at

least Q@ealIhgr kAL #02Y! 36 HQAVEnd NE[F LiHd rqerfth%cﬁ%fj_n?atm,}]ie?ééup@edoes
I nterior annul"ar groove at |east one split balancing ring having a wel ghted
porti onpotarskati reablteredgi, ntwe 1sEing , wemglitled guarit,i ary, srakirtepnstier engagi ng
sai d Iocatigg slots in said.rotor elenment; and inserting a tool in said
sl ot i RESQPH2EY Fa4SE Bhe f&31\% Sal ancing ring to rotate said at |east one

split bal anphgg k@ Wt ithes®ad adfc @At nefre 28pldrd bad aned ngedi Ng reaches a
rotor element bal anced position. 15. A nethod according to claim 14,

f urt heProeBeplysPR§1LAOPESIt ithei g lodicd nét Nidwst shyullghinat edtadfes ng ring

el at} 811581 ol ohar BlemPlrand 93 0 HEPARd AN N &1 S LATRLL 51 N

i nserting said tool into the s ot i the wWei teéeportlon of sard ‘at | east
one balkawrbti od thegbapaesdingg rdovys @0 saidd 29 dis wddvished wixdt two di sengage
said at | east one spit balancing ri n& fromsaid locating slots in sajd
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one balancing ring with said tool”. 16.” A rotor bal anci ng system for
t ur bonseirifacey ofodprnsgi bglah@ing ring 20 and on the forward or inner

surface of the rear balancing ring 22 and project inwardly to
engage two of the locating slots 14. Each of the anti-rotation
members 40 and 42 preferably is provided with large fillet radii
to enhance its engagement with a locating slot 14. The
engagement between the anti-rotation members 40 and 42 on each
balancing ring 20 and 22 and the locating slots 14 helps prevent
movement of the balancing rings 20 and 22 during use. When the
balancing rings 20 and 22 are positioned on the rotor element
10, the anti-rotation members 40 and 42 on the balancing ring 20
occupy two locating slots 14 and the anti-rotation members 40
and 42 on the other balancing ring 22 occupy two different
locating slots 14. When the balancing rings 20 and 22 are to be
repositioned, insertion of the tool 44 into the respective slots
28 and 30 causes the anti-rotation members 40 and 42 on the
balancing rings 20 and 22 to disengage from the locating slots
14 in which they are seated, thus allowing rotation of the
balancing rings 20 and 22 to a new position.

While it is preferred to provide two anti-rotation members
40 and 42 on each of the balancing rings 20 and 22, the
balancing rings could have more than two anti-rotation members
if desired.

As previously mentioned before, the locating slots are

disadvantageous in that they create aerodynamic windage. To
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can be achieved merely by reducing one of the rows of locating
slots. Enclosing the locating slots 14 with at least one of the
balancing rings, also helps reduce windage losses and improve
overall efficiency.

The new counter weight balance technology employed in the
present invention reduces manufacturing costs due to the ease of
machining and the reduction from two engagement rows as opposed
to one row. Further, the use of integrally formed anti-rotation
members to secure the balancing rings in place means that there
is no possibility of loose parts, thereby improving durability.
Still further, the anti-rotation members 40 and 42 provide
significant structural advantages which are not possible with a
pin attached to a ring.

It is apparent that there has been provided in accordance
with the present invention a rotor trim balancing system which
fully satisfies the objects, means, and advantages set forth
hereinbefore. While the present invention has been described in
the context of specific embodiments thereof, other variations,
alternatives, and modifications will become apparent to those
skilled in the art having read the foregoing description.
Therefore, it is intended to embrace such variations,
alternatives, and modifications as fall within the broad scope

of the appended claims.
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secured to said rotor element which at least partially covers

said locating slots to reduce windage effects.

3. A rotor balancing system according to claim 2, wherein said
at least one balancing ring fully covers said locating slots to

reduce windage effects.

4., A rotor balancing system according to claim 1, wherein said
windage reducing means comprises two balancing rings joined to
said rotor element and each of said balancing rings at least

partially covering said locating slots.

5. A rotor balancing system according to claim 1, wherein said
windage reducing means comprises two balancing rings joined to
said rotor element and each of said balancing ring fully

covering said locating slots.

6. A rotor balancing system according to claim 2, wherein said
at least one balancing ring has anti-rotation means for
positioning said at least one balancing ring with respect to

said rotor element.
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8. A rotor balancing system according to claim 4, wherein each
of said balancing rings has anti-rotation means for positioning

said balancing rings with respect to said rotor element.

9. A rotor balancing system according to claim 8, wherein said
anti-rotation means comprises two integrally formed anti-
rotation members on an inner surface of each of said balancing
rings and wherein each of said anti-rotation members is
positioned within a respective one of said locating slots to
secure each of the balancing rings in position with respect to

said rotor element.

10. A rotor balancing system according to claim 2, wherein said
at least one balancing ring has a weighted portion and a slot in
said weighted portion for receiving a tool for changing the

position of said at least one balancing ring.

11. A rotor balancing system according to claim 10, wherein

said at least one balancing ring has a split ring construction.

12. A rotor balancing system according to claim 4, wherein each
of said balancing rings has a weighted portion, and each
weighted portion has a machined slot for engagement with a tool
for changing the position of a respective one of said balancing

rings on said rotor element.

13. A rotor balancing system according to claim 1, wherein said

rotor element has only one row of locating slots.
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and at least one interior annular groove;

inserting into said at least one interior annular groove at
least one split balancing ring having a weighted portion, a slot
machined into said weighted portion, and means for engaging said

locating slots in said rotor element; and

inserting a tool in said slot in said at least one split
balancing ring to rotate said at least one split balancing ring
until said at least one split balancing ring reaches a rotor

element balanced position.

15. A method according to claim 14, further comprising:

repositioning said at least one split balancing ring

relative to said rotor element; and

said repositioning step comprising inserting said tool into
the slot in the weighted portion of said at least one balancing
ring, pressing down on said slot with said tool to disengage
said at least one spit balancing ring from said locating slots
in said rotor element, and rotating said at least one balancing
ring with said tool by pressing said tool against an end of said
slot and pushing said at least one balancing ring with said

tool.

16. A rotor balancing system for turbomachinery comprising:

10
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of locating slots.

17. A rotor balancing system according to claim 16, further

comprising:
said rotor element having a second annular groove;

a second balancing ring positioned within said second

annular groove; and

said second balancing ring having two integrally formed
anti-rotation members on an inner surface for engaging said

locating slots.

18. A rotor balancing system according to claim 16, wherein

said rotor element has only a single row of locating slots.

19. An improved balancing ring for use in a rotor balancing
system comprising a first end, a second end spaced from said
first end when said ring is in a relaxed state, a weighted
portion, and a slot machined in said weighted portion to receive
a tool for facilitating positioning of said ring in a rotor

element.
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