1 1 JUN 2006 SHI M LOCK/ PI N ANTI - ROTATI ON BUMPER DESI GN STATEMENT OF
GOVERNMENT | NTEREST The present invention was nmade under Contract No.
F33657-91-C-007 with the United States Department of Air Force. The
Governnent of the United States of Anerica may have rights unda)[' tyi 3006
contract. BACKGROUND OF THE | NVENTI ON The present invention rel a }as to an

| mproved shi nabl e bunper system for use in a conpressor variable vane
systemthat fully traps the shimin case of |ost screw preload and that has
an anti-rotation feature. The main conponents of a conpressor variable vane
system are the stator vanes, vane arns, synchronizing rings, bunpers,

| i nkage system and C . 1[1 control the

i nci dence angle of t e4iis) ne engi nes. The
vanes are arranged as a stage set around the circunference of the

conpressor. The arm attaches to each vane spindle which rotates in a
bearing nounted in the &TMWENTQBGQVW’H@?TNTM are actuated by a

ci rcunferentigl n ri t hat~ r ot S toqt ngi L.s, The
vane armi rrp—lgire Zéérerrgt{] {I‘ge%klﬁ £r1 g'%s Pﬁggglf/%égp gtﬁ?cgﬁ\ﬁ’gF??ér?g'%léeﬁ?Z “\ggﬁge g%‘?tﬁ%il e.
The | i nkSigtes BysireienaofiAir &otdeatThe Govprkdent Githe UnitedStates of Widic® fiagihage r i Ng.
The bunper is used to control the concentricity and the deflection of the
synchr oIS H9Es ths cOR#fghout this notion by running at a pre-deterni ned
operating gap. Currently, thread adjustnment and shi mabl e adj ustnent are used
to set this gap at assenbly, taking into account the thermal resultant at

operating tenperature. OneBAGKGROUNINWGETHEINVENTHONon, shown in FIG 1,
uses thread 3 Yslprntyd RS Babli? o BUBRSEs B8R pLRGRGOPLRHI AL LgMLGonSi Sts of

a stud adjuster unper W
compressor variable vane system that fully traps the shim in case of lost screw preload and that

has an anti-rotation feature.

The main components of a compressor variable vane system are the stator vanes, vane
arms, synchronizing rings, bumpers, linkage system, and the actuator. The vane arms are used to
control the incidence angle of the vanes in the compressor of gas turbine engines. The vanes are
arranged as a stage set around the circumference of the compressor. The arm attaches to each
vane spindle which rotates in a bearing mounted in the compressor case. The set of vanes are
actuated by a circumferential synchronizing ring that rotates about the engine axis. The vane
arm imparts motion from the synchronizing ring to the vane spindle. The linkage system and
actuator imparts motion to the synchronizing ring. The bumper is used to control the
concentricity and the deflection of the synchronizing ring throughout this motion by running at a
pre-determined operating gap. Currently, thread adjustment and shimable adjustment are used to
set this gap at assembly, taking into account the thermal resultant at operating temperature.

One current bumper configuration, shown in FIG. 1, uses thread adjustment to set the
bumper gap. The configuration consists of a stud adjuster 10, a metallic bumper 12 with a
bonded on composite liner, and a shear lock collar 14. The bumper 12 is anti-rotated via a
matched milled feature 16 in the synchronizing ring 18. There are two technical issues with this
configuration. The first is that the load path is through the threads which results in thread wear
which leads to an increase in bumper gaps. The second issue is the bonding of a composite liner

to a metallic bumper housing. Dis-bonding of the composite liner could occur due to loading



bonded on conmposite liner, and a shear |ock collar 14. The bunper 12 is
anti-rotated via a matched mlled feature 16 in the synchronizing ring 18.
There are two technical issues with this configuration. The first is that
the load path is through the threads which results in thread we4n JUNHEEh

| eads to an increase in bunper gaps. The second issue is the bonding of a
conposite liner to a netallic bunper housing. D s-bonding of the conposite
|l i ner could occur due to loading 1 21 JUN 2006 and thernmal cycling. The

di s-bond of the liner also | eads to an increase of bunper gaps. |Increased
bunper gaps decrease the synchronizing ring concentricity and increases the
synchron|2|ng distortion which |leads to an increase in vane angle

vari at i & tBeEnal 53§gmgnT§§ Q’ISTbOHﬁP@hﬁ ling3ls0 leagdidp @njincrease aERHIRRS g8Psiew bunper
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present 1 nventio rovi an i nprove nper avoi ds thread
wear t hsx,smchreaamgtrmgahstonnione\m leadsho ap ercregsps. vahe amgle warfatioh laad lasbjrestil] of t he
present invention to provide an inproved bunper system which avoids
dis-bonﬂ?ﬁﬂlof a conposite liner which can lead to an increase in bunper

gaps. It is Phisl the i§ ¥hédueor QHé»e%mBér doRfigafSENt invention to provide an
i nproved bunper system which can be retrofitted onto current gas turbine

engi ne hardware. The foregoing objects are attained by the bunper system of

the present invention. In a§6ﬁﬁﬁ¥ﬁ%ﬁb¥ﬁ¥$;ﬁﬁﬁmﬁfﬁﬁ@”t invention, a bunper

system for use with a conpr tem broadly conprises a
synchroni zi n.gccrordlggly,alt b;lﬂfmjbj‘e,ct ef thépresém tinvdafioriongodde gajmprevademimper bunper
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It is a further object of the present invention to provide an improved bumper system
which avoids dis-bonding of a composite liner which can lead to an increase in bumper gaps.
It is still a further object of the present invention to provide an improved bumper system
which can be retrofitted onto current gas turbine engine hardware.
The foregoing objects are attained by the bumper system of the present invention.
In accordance with the present invention, a bumper system for use with a compressor
variable vane system broadly comprises a synchronizing ring, a bumper, a shim for defining a
gap between a bumper pad and the bumper, means for fully trapping the shim, and means for
preventing rotation of the bumper relative to the synchronizing ring.
Other details of the bumper system of the present invention, as well as other objects and

advantages attendant thereto, are set forth in the following detailed description and the

accompanying drawings wherein like reference numerals depict like elements.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 illustrates a prior art bumper system;
FIG. 2 illustrates a bumper system in accordance with the present invention;
FIG. 3 is an exploded view of the bumper system of FIG. 2;

FIG. 4 is a sectional view showing the anti-rotation feature of the bumper system of FIG.



preventing rotation of the bunper relative to the synchronizing ring. O her
details of the bunper system of the present invention, as well as other

obj ects and advantages attendant thereto, are set forth in the foll ow ng
detai |l ed description and the acconpanying draw ngs wherein |ikeqeflirldlice
nuneral s depict |like elenents. BRI EF DESCRI PTION OF THE DRAWNGS FIG |
illustrates a prior art bunper system FIG 2 illustrates a bunper systemin
accordance with the present invention; FIG 3 is an exploded view of the
bunmper systemof FIG 2; FIG 4 is a sectional view show ng the
anti-rotation feature of the bunper systemof FIG 2; 2 21 JUN 2006 FIG 5
Is an explo e | t ernatj.ve_enbodi nent .of bunper, systemin
accordance \%lq ?‘hyh%{ e% leogg%?lel no\féuﬁta P%nr}?tl‘%—glbe@%ogi? rfl%nté’fggﬁglﬁﬁrajsly&teﬁnéﬂr esentation
of an alcterdamkivit thepiesdnt tevehition; t rappi ng a shimused in the bunper systens
of the present invention; and FIG 7 is a sectional view show ng a bunper
spaced fr omfCpe HFecheragiic representation of excaitgoratoyy teghnigue fpppappRgshim used

EVBODI Nﬁ%@nﬁggﬁ[éﬂs@t deQt tbentnddrgs, FIGS. 2 through 4 illustrate a
bunper system'for” use on gas turbihe engine in accordance with the
present i nveiiGi 6. a sebtgoralinmpersheysigarhunypes spacedrfroma biswgter piak bunper gaps. As
shown in FIGS. 2 through 4, the bunper system 20 includes a fastener 30,
such as a screw or a bolt having a thread at one end, a one-piece conposite
bunper 32, a $ETRILBDKOESCRIPTION OR THB'BREPERREH, EMBODIMIISI(Sand a t hreaded

shear |ock collar 40 for engagi n% ]
Referring now to the drawings, FIGS. 2 through 4 illustrate a bumper system for use on a

gas turbine engine in accordance with the present invention. The bumper system uses shims to
set the bumper gaps. As shown in FIGS. 2 through 4, the bumper system 20 includes a fastener
30, such as a screw or a bolt having a thread at one end, a one-piece composite bumper 32, a
shim-lock sleeve 34, a dowel pin 36, a shim 38, and a threaded shear lock collar 40 for engaging
the threaded end of the fastener 30. The fastener 30 passes through a bore 42 in the bumper 32
and through a hole 44 in the synchronizing ring 46. As can be seen from FIG. 2, the hole 44 has
a diameter greater than the diameter of the fastener 30.

A suitable composite material for the bumper 32 requires low coefficient of friction
(lubricity) to minimize the frictional loading in the system. The material also needs to have
dimensional stability and wear resistance to maintain running gaps to minimize the vane angle
error. The temperature capability and material strength (compression, torsional, and fracture
toughness) must be sufficient to meet assembly and operation conditions.

As shown in FIG. 7, the shim 38 is used to set the gap 48 between the bumper 32 and a
bumper pad 47 which is a machined feature on the high pressure compressor case. As shown in
FIG. 3, the shim 38 has a slot 52 which allows the shim 38 to slide over the diameter of the
fastener 30. Additionally, the shim 38 has an inner diameter greater than the diameter of the
fastener 30.

The shim-lock sleeve 34 has a shoulder portion 60 which abuts the surface 62 of the
synchronizing ring 46 and a cylindrical shaft portion 64 having an opening 66 through which the
fastener 30 passes. The cylindrical shaft portion 64 has a length greater than the thickness of the
synchronizing ring 46 so that the shaft portion 64 extends into the shim 38. The slot 52 has



the threaded end of the fastener 30. The fastener 30 passes through a bore
42 in the bunper 32 and through a hole 44 in the synchronizing ring 46. As
can be seen fromFIG 2, the hole 44 has a dianeter greater than the

di aneter of the fastener 30. A suitable conposite material for the bunper 32
requires |ow coefficient of friction (lubricity) to mnimnze tié HON; 1885 onal
| oading in the system The nmaterial also needs to have di nensi onal
stability and wear resistance to maintain running gaps to mnimze the vane
angle error. The tenperature capability and material strength (conpression,
torsional, and fracture toughness) nust be sufficient to neet assenbly and
operation conditions. As shown in the shim38 is used to set the gap

FIG. 7, Y )
48 bet watfh Mhichds lesethan thedigmeter of ihgingrenl aafipartion p4 As gaessltntbe shigai®ir e on
the hig f @mﬁz case. As showmn in FIG 3, the shim38 has a
sl ot SZQJE?%ﬁagﬁﬁggs t1§§§ ?h138 to slide over the dianeter of the fastener
30. Addi ti onRéfeyringtriosy tolHlGh 8& doael pin I6rfiteintala holetcérin teesyheromibiag rinhd6

di ameter of the_ .fastener 30. The shiml ock s]eeve 34 has a shoul der portion
50 wihi cHChRIe 88 B bRt 2gisd SPEhE PIENFACRIGHTT I g B 56 Simgbecause df
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fastener 30 passes. The cylindrical 'shaft portion 64 has a length greater
t han t he t hi8Rercalkofdhe ¢lpments hanstheom positiened iimthe peopep manager, thisshean kdck cpldart i on
64 extepds i t ' Th I 2 06 w.dt h whi is
eset ro highdhelonts B8 Elefl oo R B 1ty RER coll 30 3 SRBoME BT, ', e
shi m 38of the sHitn lbyk $leevepdd by the sl eeve 34. Referring nowto FIG 4, a dowel

pin 36 fits jnto hole 66 in the synchronizing ring 46 and a hole 68.in
the bunper 3 e fifhe \raaspyioheRRmReT SET AR P%ﬁle@resmégm@ﬂs FhepimeRcause
of load path is changed so that it goes through the synchronizing ring, not the threads, hence

eliminating thread wear. The use of a one-piece composite bumper eliminates the dis-bond
concern. Another advantage to the system of the present invention is that the shim remains fully
trapped even if there is a loss of screw preload. Further, the shim is circular which allows
symmetrical assembly and the shim lock sleeve is mistake proof during assembly. Other
advantages include cost and weight reductions with respect to current systems and production
benefits.

While the bumper system of FIGS. 2 through 4 has been illustrated as having one shim,
more than one shim could be used if desired.

Referring now to FIG. 5, an alternative bumper system 20’ is illustrated. In this system,
the synchronizing ring 46 is provided with a groove 70 and a hole 76. The shim 38 fits within
the groove 70. As before, a fastener 30 and a lock collar 40 are used to mount a one-piece
composite bumper 32 to the synchronizing ring 46. The fastener 30 passes through a bore 42 in
the bumper 32, through the slot 52 in the shim 38, and then through the hole 44 in the
synchronizing ring 46. As before, the shim 38 is used to provide a gap between the bumper 32
and a bumper pad 47. Also, the alternative bumper system 20' could use more than one shim 38.

To prevent rotation of the bumper 32 during use and to trap the shim 38, a pin 72 with a
washer 74 is provided. The pin 72 is inserted into a through bore 76 in the synchronizing ring,
into a mating engagement bore 78 in the shim 38 and then into a receiving bore 80 in the bumper

32. The pin 72 may be threaded at its end to engage and mate with a thread in the bore 80.



the holes 66 and 68, the dowel pin 36 is fully trapped if there is a | oss of
screw pre-load. After all of the elenents have been positioned in the proper
manner, the shear lock collar 40 is threaded onto the fastener 30 so that
the shear | ock collar 40 abuts the shoul der portion 60 of the shimlock

sl eeve 34. One of the advantages to the bunper system of the pyeggnyls
invention is that the primary |oad path is changed so that it goes through
t he synchroni zing ring, not the threads, hence elimnating thread wear. The
use of a one-piece conposite bunper elimnates the dis-bond concern.

Anot her advantage to the system of the present invention is that the shim
remains fully trapped even if there is a loss of screw preload. Further,

the shigpis,cir ar_which.allo ) trical -assembly and the i mlock
Sl seve TRETPEPIE §enditefs i i Eund SRR by 2 B0ERRlp R MR oot ana
meightsz@gu@ﬁﬁagﬁngMBh respect to current systens and production benefits.
Wil e the bunger_systen1of FIGS. 2 through 4 has been illustrated as having
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in the synchronizing ring 46. As before, the shim38 is used to provide a
gap betbgevegen theesida; 84xshouldrhg lesstiuangbe disagten of thefastener p@ingthe eagram ¢fitke bunper
systen&ﬁ%ﬁ &Q&Id use nore than one shim38. To prevent rotation of the:
bunmper Surlhg use and to trap the shim38, a pin 72 with a washer 74 is
provided. The pin 72 is inserted into a through bore 76 in the synchronizing
ring,



into a mating engagenent bore 78 in the shim 38 and then into a receiving
bore 80 in the bunper 32. The pin 72 may be threaded at its end to engage
~and nmate with a thread in the bore 80. 4 21 JUN 2006 Wen the pin 72 is
engaged with the bunper 32, the washer 74 abuts against a surfa E &ﬁ @Pe
synchronizing ring 46. FIG 6 illustrates an alternative technié 4 6
trapping the shins 38 used in the bunper systens 20 and 20'. In this
techni que, the fastener 30 is provided with a shoul der 82. After the
fastener 30 has been inserted into the bunper 32 so that it extends out the
bunp¥HAT e CGGIAIMEIR ISand a substantially U-shaped slot 52' are positioned
over the fastener 30 so that the slot side walls 84 of the shimengage and
abut &g shoul der 82. To fully trap thehgﬂén138, t he di nension between the
si del W& PPEPEUSYSHTRFY USE Wik 3 CORRFESEPrevatiaRifetade Systemnsad bymager 30 in the
r egisofeicohpfisinghoul der 82. 5 21 JUN 2006 WHAT | S CLAIMED |S: 1. A bunper
systemfor use Wwth a conpressor variable vane system said bunper system
conprising: a synchronizing ring; a bunper joined to said synchronizing
ring; a shimfor. defi.ning a gap between a bunper pad and sai d bunper, said
shi m havidy"drORANEfiR: a wi dth; and neans for fully trapping the shim
conprising a shimlockabl e sl eeve having a dianeter greater than the

a bumper joined to said synchronizing ring;

a shim for defining a gap between a bumper pad and said bumper, said
shim having a slot with a width; and means for fully trapping the shim,
comprising a shim-lockable sleeve having a diameter greater than the

width of said slot.

2. A bumper system according to claim 1, further comprising:

means for preventing rotation of said bumper relative to said synchronizing ring.

3. A bumper system according to claim 1, further comprising;

said synchronizing ring having an aperture extending therethrough; and



width of said slot. 2. A bunper systemaccording to claim1, further
conprising: neans for preventing rotation of said bunper relative to said
synchroni zing ring. 3. A bunper system according to claim1, further
conprising: said synchronizing ring having an aperture extendi ng

t her et hrough; and 6 21 JUN 2006 said sl eeve having a cylindrical gorti on

whi ch passes through said aperture and a shoul der portion whi ch2ApliN0e
surface of said synchronizing ring. 4. A bunper system according to claim 3,
further conpri sdihgeevehadngy tylindidatpdrtimowhitiopassds thduigh slidaegurebei ng hol | ow,
sai d bunper ,having a bore;. ast ener passjng thraough said bore in said
bunper ancfﬂéé%tsoqlf%%woe l‘fﬁ%‘d&’?‘éélsu%ﬁspfl?adﬁyn%@“ﬂn&ﬂl‘&ar for engagi ng and
| ocking said fastener. 5. A bunper system according to claim2, wherein said
rotati on preventing neans conprises a first hole in said synchronizing
ring, a se d hole in said. b er nd a dowel pin fitting in said first
and secondf%ugg)gr%'.mﬁ}%ﬁ ’é‘glggglg’frb}n%ﬁ%%rdi ng to claim1, wherein said
bunper is a one-piece conposite bunper. 7. A bunper system according to

claim1l, wherein said synchronizing ring has a through bore, said shim has
an engagenent lvomprisisgiisaid isylinddcal partion of satksleeverg bore, and sai d neans for

being hollow; said bumper having a bore;

a fastener passing through said bore in said bumper and said hollow cylindrical
portion,
and

a collar for engaging and locking said fastener.

5. A bumper system according to claim 2, wherein said rotation preventing means comprises
a first hole in said synchronizing ring, a second hole in said bumper, and a dowel pin fitting in

said first and second holes.

6. A bumper system according to claim 1, wherein said bumper is a one-piece

composite bumper.

7. A bumper system according to claim 1, wherein said synchronizing ring has a through
bore, said shim has an engagement bore, said bumper has a receiving bore, and said means for
fully trapping the shim comprises a pin which passes through said through bore and said

engagement bore and is received in said receiving bore.

8. A bumper system according to claim 7, wherein said pin has a washer attached thereto and
said washer abuts a surface of said synchronizing ring and said pin also acts as said means

for preventing rotation of said bumper relative to said synchronizing ring.



fully trapping the shimconprises a pin which passes through said through
bore and said engagenent bore and is received in said receiving bore. 8 A
bunper system according to claim7, wherein said pin has a washer attached
thereto and said washer abuts a surface of said synchronizing ririg)lnt#06ai d
pin also acts as said neans for preventing rotation of said bunper relative
to said synchronizing ring. 7 21 JUN 2006 9. A bunper system according to
claim 1, weAdumpersystemhicortiag teaclaindi wherein said dhimieds lasloamith silaiwdllsadns f or
fully trappi th m conprises a fastener er for engaging
o 0”1 or " SRR PE P RRIE R SamAien s Fiea TGS & ShodoRs e eadgan d s1 de
wal I's are %ﬂé@l%f‘slde?@ﬁrst arldyiarédh SERIbtrRr éxﬁ@&ﬁa's%dgid@%ﬂ esﬂaQeth bunper
systemaccording to claim9, wherein said slot Is substanti a aped

and wher ei rapaab)dadlasnswelcsspm&chdmm(gh a hole in said bunper and secures
said bunper to said synchronizing ring. 11. A bunper systemfor use with a
conpressor variable vane system said bunper system conprising: a

synchr oni zi jog Arthudper aysl@ém‘aworalﬁg &seélaﬁrm Siteileift ¥A18 RIoP Y s%bélﬁnt'idll Q-stpeld means

for preventing rotation of said bunper relative to said synchronizing ring,
wher ei n saiandvdesein said fastenenpasses th@aglg a holepn saébumpér anslt seweesaidbuaped
synchroni Z|t g r| n(%r a.second hole in said bunper, and a dowel pin inserted
into said fP glfi °‘B€%H&8ho| es, and further conprising at |east one shim
for defining a gap between a burrper pad and said bunmper

11. A bumper system for use with a compressor variable vane system, said bumper

system comprising;
a synchronizing ring;
a bumper joined to said synchronizing ring; and
means for preventing rotation of said bumper relative to said synchronizing ring,
wherein said rotation preventing means comprises a first hole in said synchronizing
ring, a second hole in said bumper, and a dowel pin inserted into said first and

second holes, and further comprising at least one shim for defining a gap between a
bumper pad and said bumper

12. A bumper system for use with a compressor variable vane system, said bumper system

comprising;

a one-piece composite bumper;



12. A bunper systemfor use with a conpressor variable vane system said
bunper system conprising: a one-piece conposite bunper; 8 21 JUN 2006, ﬁﬁt

| east one shim for defining a gap between a bunper pad and said Bu rz,n and
means for fully trapping the at | east one shim 13. A bunper system
according to claim 12, further . conprising: a synchronizing ring; said
bunper bei ng j it ¢a# ong shim;fer definiag a 8aR batweenra brgnpenpad ndsald ba@perpr event i ng
rotation of said bunper relative to said synchronizing ring. 14. A bunper
system according to claim 12, wherein said trapping neans conprises a

shi m ockabl e slapéweansdfof fally @@FPingthe at 18t driershingh sai d bunper and said sl eeve,
and a collar for engaging and | ocking said fastener. 15. A bunper system
according to claim 12, wherein said trapping neans conprises a pin which

passes thr il [ ﬁ' @ ! i | t one shimand is received in a
second borgy%b‘ﬁnsgéﬁrafst)e&pn%%& S%kg%?n*ggﬁ%iyst em according to claim12,
wherein each said shimhas a slot wwith side walls and said trappi hg neans

conprises a fastener having a shoul der for engaging said side walls. 9
comprising: a synchronizing ring;

said bumper being joined to said synchronizing ring; and
means for preventing rotation of said bumper relative to said synchronizing ring.

14. A bumper system according to claim 12, wherein said trapping means comprises a
shimlockable sleeve, a fastener passing through said bumper and said sleeve, and a collar

for engaging and locking said fastener.

15. A bumper system according to claim 12, wherein said trapping means comprises a pin
which passes through a first bore in said at least one shim and is received in a second bore in

said bumper.

16. A bumper system according to claim 12, wherein each said shim has a slot with side
walls and said trapping means comprises a fastener having a shoulder for engaging said

side walls.



