SHI M LOCK/ PI N ANTI - ROTATI ON BUMPER DESI GN STATEMENT OF GOVERNMENT | NTEREST
The present invention was nade under Contract No. F3365 -91-C-007 with the
United States Departnment of Air Force. The Government of the United States
of America may have rights under this contract. BACKGROUND OF THE

| NVENTI ON The present invention relates to an inproved shi mabl e bunper
systemfor use in a conpressor variable vane systemthat fully traps the
shimin case of |ost screw preload and that has an anti-rotation feature.
The mai n conponents of a conpressor variable vane systemare the stator
vanes, vane arns, synchronizing rings, bunpers, linkage system and the
actuator. The vane arSEMILOCSEPN ANTIROTATIONIBEUMPERASRSE;MNG! € of the
vanes in the conpressor of gas turbine engines. The vanes are arranged as
a stage set around the circunference of the conpressor. The armattaches to
each vane spindle whi ChSTRtr%B&ﬁ\IT 6ﬁ@?%WEW%E|S’T the conpressor
case. The set of vanes are synchroni zi ng
ring that rotahepreatnoutvention wemsgnmha wndesCoriftuet Narie3 3647491 e tvith i Ueited’ r om
t he sync ng.rin 0 e ndle age stem and

act uat or 84 %ﬁi gg%’i’t c%nﬂ“f gortcﬁe)f@’yﬁ‘& F%Orﬁ&‘erqﬁﬁ dnsl'}ﬁgs %%8‘?"4 mayhag t o
control h@msuﬁmctmawmgdct,y and the deflection of the synchronizing ring

t hroughout this notion by running at a pre-determ ned operating gap.
Currently, thread adjustment and shinabl e adjustnment are used to set this

gap at assenbly, taking intg,age! ke THETRENB t ant at operating
tenperature. One current bu-—C‘?%E%UT‘ErTO'n—gEhUvm—rrrper n FIG 1, uses thread
adj ust nent toTh@presdmeanbnthmela%po a: hn@mmshgmlﬂt bumparepstémtfor sk ia st ud’
adj ust er c&lgpregopgg.naalbié \Fanlglél thag fu‘ﬁly 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 conposite 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 wear which

| 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
| iner could occur due to loading | and thermal cycling. The dis-bond of the
liner also | eads to an increase of bunper gaps. Increased bunper gaps
decrease the synchroni zing ring concentricity and increases the

synchr oninditi@me] ¢i@liflg. STRY dik-Bnd\bf 168 ih@alkd [EQIsad an HeF@RSET HubhpéaRspsangl e
variation and loss in stall margin. Thus, there is a need for a new bunper
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t he preseamgin nvention to provide an i nproved bunper system which avoids

di s- bondi ng a.£o osite liner which cap |ead to an increase in bunper
gaps. It is stifitheesis pe8forgnescpurpper CARUGFEIN: | nvention to provide an

i nproved bunper system which can be retrofitted onto current gas turbine
engi ne hardware. The foregoi ng objects are attai ned by the bunper system of
the present invention. In aéﬂgﬂhhgiéiﬂiTHEﬂNB“ﬁﬂﬂeﬁht i nvention, a bunper
system for u j 1t CQNPI e vari - I | rises a
synchroni zi n?fcrc ?‘%&‘g lﬁlgﬁ%};eoﬁ% agorfsﬂﬁei Iﬁ%e%eg?in 8%4?0%;%%3%3/50%9@33%3%%3%%% rburrper
pad and systembvingleavoldsabresd vear thatlléads to apimicregsd ihdusipengapand neans f or '

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 1s 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 js 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
detail ed description and the acconpanying draw ngs wherein |ike reference
nuneral s depict |ike elenents. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1
Illustrates a prior art bunper system FIG 2 illustrates a bunper system
in accordance with the present invention; FIG 3 is an exploded view of

t he bunper systemof FIG 2; FIG 4 is a sectional view show ng the
anti-rotation feature of the bunper systemof FIG 2; 2 FIG 5 is an

expl oded vi ell@®f5 iaan akpledadatiéw ef ﬁﬂéj&&lameakmbédxmethMunmésbﬁmm th

accordance ll—? present invention; FIG 6 is a schematic representation
of an aF‘fCQF#B‘f‘W@ fer@ FHFCHUBYEPIY 1 appi ng a shimused in the bunper systens
of the presepiG.ignyeRti W - er
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shown in FIGS. 2 through 4 the bunper system 20 includes a fastener 30,
such as a scre pi ece conposite
bunmper 32, a S

t hreaded s heﬂéfcﬁﬁ@h@ﬁﬂb |tl§’é’ drg@mfg‘.? rF I@@;g@%ﬁ@gh 4 111ustratc a burnper 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 |low coefficient of friction (lubricity) to mnimze the
frictional loading in the system The nmaterial also needs to have

di rensional stability and wear resistance to naintain running gaps to
mnimze the vane angle error. The tenperature capability and nmateri al
strength (conpression, torsional, and fracture toughness) nust be
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ynchro i n 68 in the hunper 32 and serves to prevent
rotati O aﬁh E%}gﬁg go gl(t gpﬁs (Elg]':ll the sypchronizing 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 |l oss
of screw pre-load. After all of the el enents have been positioned in the
proper manner, the shear lock collar 40 is threaded onto the fastener 30
so that the shear lock collar 40 abuts the shoul der portion 60 of the shim
| ock sl eeve 34. One of the advantages to the bunper system of the present
invention is that the primary |oad path is changed so that it goes through
the synchronizing 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
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gap bet bunmper 32 and a bunper pad 47. Also, the alternative
bunmper system 20" could use nore than one shim 38. To prevent rotation of
the bunper 32 during 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
synchroni zing 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 nate with a thread in the bore 80. 4 Wien the pin
72 is engaged with the bunper 32, the washer 74 abuts against a surface of
the synchronizing ring 46. FIG 6 illustrates an alternative technique for
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
bunper, wHaTIRIcn 8@1E@Ng: a substantially U shaped sl ot 52' are positioned
over the fastener 30 so that the slot side walls 84 of the shimengage and
abut the shoulder 82. To fully trap the shim 38, the dinmension between the

i de wall than the di angt f the fast 30 inth
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use W t hompgangr essor vari abl e vane system said bunper system conpri sing:
a synchronizing ring; a bunper joined to said synchronizing ring; a shim
for defining a gap between a bunper pad and sai d bunper; and neans for
fully trappiagwkﬁgxﬁﬁﬂgmné. A bunper system according to claim1l, further

conpri si ng:
a bumper joined to said synchronizing ring;
a shim for defining a gap between a bumper pad and said bumper; and
means for fully trapping the shim.
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 shim having a slot with a width; and

said means for fully trapping the shim comprises a shim-lockable sleeve having a

diameter greater than the width of said slot.
4. A bumper system according to claim 3, further comprising:

said synchronizing ring having an aperture extending therethrough; and



means for preventing rotation of said bunper relative to said synchroni zing
ring. 3. A bunper systemaccording to claiml, further conprising: said
shimhaving a slot with a width; and said nmeans for fully trapping the shim
conprises a shimlockable sleeve having a dianeter greater than the width
of said slot. 4. A bunper system according to claim3, further conprising:
sai d synchroni zing ring having an aperture extendi ng therethrough; and 6
said sleeve having a cylindrical portion which passes through said aperture
and a shoul der portion which abuts a surface of said synchronizing ring.

5. A bunper system according to claim4, further conprising: said
cylindrical poidilenvebhvisgidybhdruepdrtdmyghithipbses threadhdalduppeire RA¥hE Ng a

bor e; a.épshgnegf asEiﬁ%bthrou s%id bore in said bunper and said hol | ow
cyl i ndritar SBoRTTEhVgHACYs d5Ptage of spids THg"&RAE1 ocki ng sai d fastener.
6. A bunper system according to claim2, wherein said rotation preventing
means conprises a first hole in said synchronizing ring, a second hole in
sai d bunpef PUBREN ysi§BVRSEoRding tp ictaith g furtiesenneprisiig st and second holes. 7. A
bunper system according to claim1l, wherein said bunper is a one-piece
conposite bunper. 8. A bunper systemaccording to claim1, wherein said
synchr oni zi ngardiaylndras! portibn ofighid kie¢ve, 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.

6. A bumper system according to claim 2, wherein said rotation preventin £ 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.

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

bumper.

8. 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.

9. A bumper system according to claim 8, 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.



said shimhas an engagenent bore, said bunper has a receiving bore, and
said neans for fully trapping the shimconprises a pin which passes

t hrough said through bore and said engagenent bore and is received in said
receiving bore. 9. A bunper system according to claim@8, wherein said pin
has a washer attached thereto and said washer abuts a surface of said
synchroni zing ring and said pin also acts as said neans for preventing
rotation of said bunper relative to said synchronizing ring. 7 10. A bunper
system according to claim1, wherein said shimhas a slot with side walls
and said neans for fully trapping the shimconprises a fastener having a
shoul der for engaging said slot side walls, and wherein said fastener has

a di anet [ i | | e spaced apart. by a dinension |ess than
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system &aBRidSlefhafsSYBSHRRI zing ring; a bunper joined to said

synchroni zing ring; and neans for preventing rotation of said bunper

relative to said synchronizing ring. 13. A bunper system according to claim
a first hole in said
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12. A bumper system for use with a compressor variable vane system, said burmnper 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.
13. A bumper system according to claim 16, 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.

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

comprising:

a one-piece composite bumper;



bet ween a bunper pad and said bunper. 14. A bunper systemfor use with a

conpressor vari abl e vane system said bunper system conprising: a
one- pi ece conposite bunper; 8 at |east one shimfor defining a gap between
a bunper pad and said bunper; and neans for fully trapping the at | east
one shim 15. A bunper system according to claim 14, further conprising: a
synchroni zing ring; said bunper being joined to said synchronizing ring;
and nmeans for preventing rotation of said bunper relative to said

synchroni zing ring. 16. A bunper system according to claim14, wherein said
trappi ng neans conprises a shim | ockable sleeve, a fastener passing

t hrough sai d ablerpene alnth aidefirsheegey batnderaa bomparpall end sehpagpdrgar@nd | ocki ng
said fastener. 17. A bunper system according to claim 14, wherein said
trappi ng neans conprises a pin which passes through a first bore in said

at | east onenséahmoarﬂ@lw@aﬁpﬂfgl%yme&s‘ﬂoﬁe%ﬁond bore in said bunper. 18. A
bunper system according to claim 14, wherein each said shimhas a slot with

side walls and said trapping neans conpri ses a fastener having a shoul der

for engag '}gblﬁﬁ’].')eg s?ét(gﬁ a(\.(@olrt!liﬁg t09clairn 14, further comprising:
1
‘ a synchronizing ring;
said bumper being joined to said synchronizing ring; and

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

16. A bumper system according to claim 14, wherein said trapping means comprises a shim-
lockable sleeve, a fastener passing through said bumper and said sleeve, and a collar for
engaging and locking said fastener.
17. A bumper system according to claim 14, 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.

18. A bumper system according to claim 14, 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.



