ROTOR BALANCI NG SYSTEM FOR TURBOVACHI NERY BACKGROUND OF THE | NVENTI ON The
present invention relates to a rotor bal ancing system for turbonmachinery
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gas turbine engines, it is desirable to be able to quickly and

easily trim balance a compressor rotor after an airfoil has
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 constructicn
includes an annular rotor element having an outer face and an
inner circumference, locating slcts 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 riﬁg 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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reducing overall engine air flow. In addition the leocating pin

increases windage since it protrudes cutboard of the balance

ring and acts as a paddle turning air. Subseguently, this adds

to the reduction in engine air flow.

Another deficiency in the present design is the ability to
fine tune adjust the rotor trim balance. The anti-rotation pin

slop and large disk engagement slot decrease the trim balance

fine tune adjustment.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to
provide a rotor balancing system which reduces windage effects
caused by rotor element components.

It is a further object of the present invention to provide
a rotor balancing system as above having at least one
counterweight balancing ring which substantially eliminates air
cavity pumping {(windage) caused by locating slots machined into
a turbomachinery rotor.

It is a further object of the present invention to provide

a rotor balancing system as above which has an integral
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least partially covers said locating slots to reduce windage
effects.

In another aspect of the present invention, each balancing
ring is provided with anti-rotation means for securing it to the
rotor element. The anti-rotation means in a preferred
construction comprises two integrally formed anti-rotation
members for engaging twe locating slots on the rotor element.

In yet another aspect of the present invention, each
balancing ring is provided with a slot machined into its
weighted end. When a tool is placed in the slot and pushed
radially inboard, the balancing ring can have its anti-rotation
members disengaged from the locating slots and can be rotated to
a new position.

In still another aspect of the present invention, a method
for positioning a balancing ring on a rotor element is provided.
The method comprises providing a rotor element having a row of
locating slots and at least one interior annular groove,
inserting into the at least one interior annular groove at least
one split balancing ring 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

In



for positioning a balancing ring on a rotor elenent is provided. The nethod
conprises providing a rotor elenent having a rom/of Iocating slots and at
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nount edréfetdrece otwrered eedpdét Fl gke lel&ngntd.is a rear view of the
counterwei ght balancing ring of Fig. 3 showing the integrally formed neans
for engaging the locating slots; Fig. 5is a front view of a rear

count erwei ght bal anci nggg ¢ Popt OcRepoot 66 +art beawoweks el ement of Fig. 1;

Fig. 1 is a front view of a rotor element having scalloped

shaped locating slots;

Fig. 2 is a sectional view of the rotor element of Fig. 1;

Fig. 3 is a front view of a front counterweight balancing
fing to be mounted toc the rotor element of Fig. 1;

Fig. 4 is a rear view of the counterweight balancing ring
of Fig. 3 showing the integrally formed means for engaging the
locating slots;

Fig. 5 is a front view of a rear counterweight balancing
ring to be mounted to the rotor element of Fig. 1;

Fig. 6 is a rear view of the counterweight balancing ring
of Fig. 5 showing the integrally formed means for securing the
balancing ring to the rotor element; and

Fig. 7 illustrates a tool inserted into a slot machined in
a weighted end of a counterweight balancing ring to position the

balancing ring in a balance position.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT (S)

Referring now to the drawings, Figs. 1 and 2 illustrate an
annular rotor element 10 having an axis 12 and a row of scallop

shaped locating slots 14 about its inner circumference. The



Fig. 6 is a rear view of the counterweight balancing ring of Fig. 5 show ng
the integrally formed nmeans for securing the balancing ring to the rotor
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linear or non-linear. The slot 28 is designed to receive the
end of a2 tool 44, as shown in Fig. 7, which serves to disengage
the balancing ring 20 from contact with the lccating slot(s) 14.
The tool 44 passes through an opening 46 in an engine casing 48
and through a bushing 50 for aligning and holding the tool 44 in
place. After the tool 44 has been inserted through the opening
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 porticn 26. The slot 30 may
be linear or non-linear and 1s also designed to receive the end
of the tool 44 for disengaging the bkalancing 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



46, the rotor is turned counterclockw se until the tool 44 Dbottons out in
slot 28. After the tool 44 disengages the ring 22 fromthe locating slots
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| ocating slot 14. The engagenent between the anti-rotation nenbers 40 and

42 on digpers 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 cther 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 twe anti-rotation members

40 and 42 cn 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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slots. Enclosing the locating slots 14 with at ?east one of the
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 cne row. Further, the use of integrally formed anti-rotaticn
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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locating slots.

2. A rotor balancing system according to claim 1, wherein said
at least one balancing ring fully covers said locating slots to

substantially reduce windage effects.

3. A rotor balancing system according to claim 1, wherein said
means for substantially eliminating windage effects comprises two
balancing rings joined to said rotor element and each of said

balancing rings at least partially covering said lcocating slots.

4. A rotor balancing system according to claim 1, wherein said
means for substantially eliminating windage effects comprises two
balancing rings joined to said rotcr element and each of said

balancing rings fully covering said locating slots.

5. A rotor balancing system according to claim 1, 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.

6. A rotor balancing system for turbomachinery comprising:

8
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o m nat i ng. rAASge o8t FEOES RBnHirogs®: fo T ebhPargiig PNGS gl HEGSEs Bal ¢
rotor ekemest and each of said balancing rings fully covering said |ocating
slots. 5. Arotor balancing systemaccording to claim1l, wherein said at

| east one bal ancing ring has anti-rotation nmeans for positioning said at

| east one bakandi ngndang wiethcregpeeansocsapdisiogoatelleaent ongé. A rotor

bal anci system for turbonmachinery.conprising:. 8 a rotor elenment having a
row of EgéﬁﬁFﬁBgsFéPg;SﬁﬁgﬁgngP Féd@cggéoﬁiﬁgﬁﬁgnéfﬁg&Fg Eﬁuigasﬁy sai d

| ocatingarshatsy sakdrwi Rdage 16ed¥eihRgdsTBaRs teOMRAHLSENY iAbaLRASE rRRe s ;

bal ancing ring Secured to said rotor element which at |east ™ partially
covers said locating slots to reduce wi ndage effects; said at |east one

bal anci ng ri sgihawitngeasti onet akilancieansinfjohapadsiot hanirgosaitd cat mkeast one

bal anci ring.wi.th.respect, t said roto | enent; and said anti-rotation
e Comr PeR b R E L PR, TR e A CaReT S BT AL 50 Helels TBAPERC Rher

sur f ace s@fi qgeaeh csakdeatnkeagstq one bal ancing ring for engaging two of said
sl ot s.

sald anti-rotation means comprising two integrally formed
anti-rotation members on an inner surface of each said at least

one balancing ring for engaging two of said slots.

7. A rotor balancing system according to claim 3, wherein each
of said balancing rings has anti-rotation means for positioning

said balancing rings with respect to said rotor element.
8. A rotor balancing system for turbomachinery comprising:
a rotor element having a row of locating slots;

means for reducing windage effects caused by said locating

slots;

said windage reducing means comprising at least two
balancing rings secured to said rotor element which at least

partially cover said locating slots to reduce windage effects;

each of said balancing rings having anti-rotation means for
positioning said balancing rings with respect toc said rotor

element; and



7. A rotor balancing systemaccording to claim3, wherein each of said

bal ancing rings has anti-rotation neans for positioning said bal ancing
rings with respect to said rotor elenment. 8. A rotor bal ancing system for
turbomachi nery conprising: a rotor elenent having a row of |ocating slots;
means for reduci ng wi ndage effects caused by said locating slots; said

wi ndage reduéphf ARBAASTE6APLPE REaBE Feaprichpy bapaﬁ@tﬁgrﬁdﬁgszémaded to

S LORAL 1 CLENERL HNEREBLS! 8RSy BARLLALLY cOXCL S8 A3aLL00 0TS 1o

reduce w ndage effects; eac anci ng rlngs Ravi ng SAtT-rotation
nmeans fbelaposhyi enhpgg sadtdebahanci Bgidi ngsiwrbharespeskmbersabeingt or
el enment; and 9 S%bd anpti-rotation neans conprising_two integrally forned

ant i - r oPAFF-oACRERLELSNAR AnTEAREFTLUFT QB8 6f 8acR oPCEAIAY BaPafclH Rg rings

and eachepf,rsabdcAnbic- EﬁEabeQn@%eE§nB§' hg peg%abﬁn%tw tr@'s,geétr%pect' ve
one of said locating slots to secure each of the balancing rings in

p05|t|oaamﬁthotespeiemeot said rotor elenent. 9. A rotor bal ancing system
for turbomachinery conprising: a rotor elenent having a row of |ocating
slots; nmeans_for reducing wi ndage effects caused by said |ocating slots;

sai d wi Hdage® réaﬁanBaﬁééﬁén@oﬁﬁ§F§mn§O£ttPéQ§W38ﬁéne6§I&ﬁ@?ﬁ@sﬁpﬁg secur ed
to said rotor elenment which at least partially covers said locating slots

to reduce windage oo Loghshe AY:38 4 3b.! 8351008 Ral anging ring having o

wei ght ed por |on or fece|V|ng a too
for changing the position of said at Ieast one bal anci ng ring.

means for reducing windage effects caused by said locating

slots;

sald windage reducing means comprising at least one
balancing ring secured to said rotor element which at least
partially covers said locating slots to reduce windage effects;

and

said at least one balancing ring having 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.

10. A rotor balancing system according to claim 9, wherein said

at least one balancing ring has a split ring construction.

11. A rotor balancing system according to claim 3, 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 sald rotor element.

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

rotor element has only one row of locating slots.

10



10. A rotor bal ancing system according to claim9, wherein said at |east
one balancing ring has a split ring construction. 11. A rotor bal ancing
system according to claim3, wherein each of said balancing rings has a
wei ghted portion, and each weighted portion has a machined slot for
engagenment with a tool for changing the position of a respective one of
sai d baltanci figheichgd fon §8§étﬁéﬁéﬁgeﬁeﬁégﬁﬂ0129 Alngt on Bakafeirnglsysnem

accordi ng gighg%gk%g gggﬁgiﬁfsaid rotor element has only one row of

| ocating sfots. od for positioning a balancing ring on a rotor
el ement conprising the steps of: providing a rotor elenment having a row of

| ocating sl opgcandingt al @asbroseehaher hakiagnel @bwgb@0Y8-aitASGr L1BYsi AHA
said at |east one interior annular groove at |east one split "balancing ring
havi ng &werghte@nBoitt6A1cd anotlagaEhPABE i nto sai d wei ghted portion, and
means for engaging said locating slots in said rotor elenent; and inserting
atool in saig skgt in.% id atdle sﬁ on SBIit baLancing ring to rotate
said at | east"8hé& &BFi t7HaI SA¢ ng r irRGSCuRt Pl 1B5FPE 8 PBREYL36n8 SR F At

bal anci ngakitngneeaphes dal@hehngekergnhabkahgngedepgsitioBori4onA AELhEM
according to claim 13, further conprising: repositioning said at |east one
split bBP&HérAg AnRg SpéFatpiehtedsrirdtiener 2BPeeans and sapdgiepositidoni ng

step conBeLekng LhseL!lngs3akd bogl LAkReqtheaphol in the vel ghted portlon
of said at ['€ast “one balancing™ ring, preéssing 8omn on said slot with said
tool to disengage said at |east one split balancing ring fromsaid |ocating

slots in saidseetehgehenenl, iandahat albRgisakdiat akeastsenenbakangicng ring
with said tool by pressing said tool against an end of said slot
balancing ring to rotate said at least one split balancing ring
until said at least cne split balancing ring reaches a rotor

element balanced position.
14. A method according to claim 13, further comprising:

repositioning said at least one split balancing ring

relative to said rotor element; and

sald 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 split 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.
15. A rotor balancing system for turbomachinery comprising:

a rotor element having a row of locating slcts and a first

annular groove;

11



and pushing said at | east one balancing ring wth said tool. 15. A rotor

bal anci ng system for turbomachinery conprising: a rotor elenent having a row
of locating slots and a first annular groove; 11 a first balancing ring
positioned with said at | east one annular groove; and said first bal ancing
ring having two integrally forned anti- rotation nenbers on an inner surface
f or engagi ngaséiidstokadkncliogaring pbetisionéd Aitbt eribdabandieagtsypsatem
accordiggn&ﬁgclain115, further conprising: said rotor elenent having a

second annular 8?8838f 3ngecond bal ancing ring positioned within said second

annul ar groove; and said second bal ancing ring having two integrally forned
antl-rotatloaaaan?@&gtoeaﬁanb@ﬂarr§H5fﬁgeiaggt@egéatagggggg fb9§@h'9gt§L0tS-

17. A rotor balancing systemaccording to claim 15, sai r ot or

el ement rhastonhymambengl enr ew dhinkocatiriges| 6bs. eh§agAnhakandi mgwr biig f or
use in ? rotor bahagcing system conprising a first end, a second end spaced
from sair d°FrFBP &nd““when said ring is in a relaxed state, a weighted
portion, and a slot machined in said weighted portion to receive a tool for

facilitagi ngapestbi-0BLNgyefingal sﬁgﬁgakgoédaﬂgoEoek?ggﬂF15}9fuﬁt58 or
bal anci ng system according to cfaim1, further <conprising a plurality of
t eet h atbmphedihg:an outer periphery of said at |east one balancing ring

and said teeth engaging said plurality of locating slots. 12

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.

17. A rotor balancing system according to claim 15, wherein said

rotor element has cnly a single row of locating slots.

18. A balancing ring for use in a rotor balancing system
comprising a first end, a second end spaced from said first end
when sald ring is in a relaxed state, a weighted pcrtion, and a
slot machined in said weighted portion to receive a tool for

facilitating positioning of said ring in a rotor element.

19. A rotor balancing system according to claim 1, further
comprising a plurality of teeth attached tc an outer periphery of
said at least one balancing ring and said teeth engaging said

plurality of locating slots.
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