METHOD OF ELECTRI CAL DI SCHARGE SURFACE REPAIR OF A VARI ABLE VANE TRUNNI ON
BACKGROUND OF THE INVENTION 5 This application relates to a nethod of
repairing a surface coating on a trunnion associated with a gas turbine
engi ne vari abl e vane. Gas turbine engines are provided with vanes, which are
positioned internediate conpressor rotors. The angle of incident of a
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tungsten carbide coatings are often utilized.
As a result of engine operation and environmental conditions, the coating can
wear. At least some known methods of repairing a trunnion include to grind or
15  otherwise mechanically machine-off the prior coating, and then re-coat the trunnion.
Inevitably, during the machining process, some of the base material is removed
together with the coating. This limits the ability to repair the part more than two or
three times, as the trunnion will usually become undersized and will no longer meet
acceptable government and/or industry requirements for returning the part back to
20 service.
Electric discharge machining repair of various surfaces is also known.
However, this surface repair has typically been utilized in the mold and die industry

or to form steel rolls, and not to repair a prior coating.

25 SUMMARY OF THE INVENTION
A method of repairing a variable vane for a gas turbine engine includes the
steps of positioning a trunnion of a variable vane within an electrical discharge
machine environment, and connecting the trunnion as a first electrode through an
electrical discharge machine power generator to a second electrode. The second
30 electrode (tool) is formed of a hard metal coating material. A spark is created
between the trunnion and the tool electrode such that material from the tool

electrode is deposited on an outer surface of said trunnion.
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engine of Figure 1. Figure 3 schematically shows an exenplary arrangenent
for performng the nethod of this application. Figure 4 is a flow chart of
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axis 12 is Figure 2 shows a vane which is a part of the gas turbine engine of Figure 1.
Figure 3 schematically shows an exemplary arrangement for performing the
method of this application.
Figure 4 is a flow chart of an exemplary method.
15
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
A gas turbine engine 10, such as a turbofan gas turbine engine,
circumferentially disposed about an engine centerline, or axial centerline axis 12 is
shown in Figure 1. The engine 10 includes a fan 14, compressor sections 15 and 16,
20 a combustion section 18 and a turbine 20. As is well known in the art, air
compressed in the compressor 15/16 is mixed with fuel and burned in the
combustion section 18 and expanded in turbine 20. The turbine 20 includes rotors
22 and 24, which rotate in response to the expansion. The turbine 20 includes
alternating rows of rotary airfoils or blades 26 and static airfoils or vanes 28. In
25  addition, the compressor sections 15 and 16 may incorporate vanes 120 and blades
122. The vanes 120 direct the compressed air, and may be variable vanes as
described above. In fact, this view is quite schematic, and blades 26 and vanes 28
are actually removable. It should be understood that this view is included simply to
provide a basic understanding of the sections in a gas turbine engine, and not to limit

30  the disclosure. This disclosure extends to all types of turbine engines for all types of

applications.



shown in Figure 1. The engine 10 includes a fan 14, conpressor sections 15
and 16, 20 a conbustion section 18 and a turbine 20. As is well known in the
art, air conpressed in the conpressor 15/16 is mxed with fuel and burned
in the conbustion section 18 and expanded in turbine 20. The turbine 20

i ncludes rotors

ichr tate in sponse to the ex ans n. The
t ur bi ne 20 |ncldﬁégnggf Eﬁgﬁﬁnpﬁ IBW”P%?gﬁQRQﬂﬁ?8??@“§$HSF§ 6 and
static airfqiigren 1s/am§>@at8@m FiguD . aAdkddved) thel ViBe eONPRBS8Lfromacdrveips 15 and
16 may incorporate vanes 120 and bl ades 122. The vanes 120 direct the

conpr essed raq:mberaﬂ@whmatmﬂv abl Q). v Bredrivang mgader i Yenvapothe vanaq13ict, this
viewis q”%ﬁ%nﬁggﬁ%ﬁhhﬁnlg Hﬁgﬁ%né?mﬁﬂginclu%: Qgp 131%%51 hl Qggo;able

It should bePUivder st oo hIS Viewis

basi ¢ underigtdndialgoingtdnd i6 aiticAs dffenpr@aded wWithianen E@ﬂd’aemdaa@htmgt to
limt 30 the disclosure. This disclosure extends to all types of turbine
engi nes for éthQy@§§C@¥U%éS®1V@§tlons 2 A variable vane 120, as may be

ncor porated | el AR ERSKertBL ALty Moyl uEeatnl Soldluptgated in

Figure 2. As kn e vahe can |v ng

schemat i Calrbplalﬁﬁg i‘ﬁ(ﬂnnfb'he A sheivadn FegeB, é%rl&pﬂd&@&vﬁlmls\kﬁaﬁuﬂﬁ@n 3uo pi vot
on trunnion 122. As nentioned above, the vane Is téalcally provided with a 5

hard net al 1&@9%111Wda‘ﬁ’dhlp rngagattieal diseharge maghipe shamerr ) t & dicledirigdlueh car bi de
coatingy ﬁl o}ate&ﬁﬁqtmﬁé | A8 {&aﬁ‘g WERY - elcf:'trg&éei?a% 1§ %‘éﬁe&é‘d ‘?&‘j@?' ary

electrlcal ne asse repairing shown in

Figure 3, anmrdﬁ [3l4€b§2,ar\M’ﬂlédﬁr1¢£ ﬂlbnﬂlafg’eumﬂi’acﬁime3ﬁoweﬂ %eﬁﬁﬁlofrl M}edhcwvﬂ hin an
el ectri cal dlscharﬁe machi ne chanber 30. A dielectric fluid 10 32 is
i ncor por at ghsmatisal he AcKBPpwstesn’ 7 pgnngets therederdrodg 337 o theesedeea 6ot he

addition, the work piece or trunnion 34 acts as a second electrode, as known. In the
dielectric fluid 32, particles 200 are pyrolytic carbon, and particles 202 are debris

15 particles from tool wear.

The first electrode 132 may be formed of a hard metal coating, and in
particular is formed of the coating that is to be deposited on the trunnion 34. In an
exemplary embodiment, this coating is tungsten carbide.

During operation of the electrical discharge machine assembly, the material

20  of the first electrode 132 is eroded and redeposited onto the trunnion 34.
Additionally, some of the old coating is removed as the material of the first electrode
132 is deposited as the new coating. Compared to at least some known coating
removal methods, little if any of the base material will be removed by the exemplary
method.

25 As shown in Figure 3, there is now a recast area 38, a modified region 40,
and the underlying base material 42. An outermost surface of the coated trunnion 34
will be recast area or layer 38. Inwardly of this recast layer 38 is a modified region
40, and inwardly of the modified region 40, and on an opposed side of the modified
region 40 from the recast layer 38, is the original base material 42. The relative

30  sizes are simply shown as an example, and are not necessarily accurate. Moreover,

there will not likely be a strict boundary between the layers.



trunnion 34 by an el ectrical discharge nachi ne power generator 36, shown
schematically. A servo system 37 connects the el ectrode 132 to the generator
36. In addition, the work piece or trunnion 34 acts as a second el ectrode,
as known. In the dielectric fluid 32, particles 200 are pyrol ytic carbon,
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Although this disclosure has been discussed with respect to an exemplary
embodiment, a worker of ordinary skill in this art would recognize that certain

15  modifications would come within the scope of this disclosure. For that reason, the
following claims should be studied to determine the true scope and content of this

disclosure.



new material on the coating. The bond orientation has no significant effect
on tensile or fatigue properties, due to the ability of incorporating a
sufficient anobunt of 5 the tungsten carbide recast |ayer on the prior
coating. There is a |lesser |ikelihood of bond defects, abnormal grain
structure or porosities than with th(iL i art nmethod. Further, there is
no restriction on repairing a conple %nent. Figure 4 is a brief flow
chart of an exenplary nmethod. First, a work piece is positioned in an
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that material from said second electrode is deposited on an outer surface of said

trunnion.

2. The method as set forth in claim 1, wherein said second electrode is formed
15  of substantially the same hard metal coating as the hard metal coating on said
trunnion.
3. The method as set forth in claim 2, wherein said second electrode is formed
of tungsten carbide.
20
4. The method as set forth in claim 1, wherein the material from said second
electrode that is deposited on an outer surface of said trunnion results in an outer
recast layer on the outer surface of the trunnion, a modified region on an inner side
of said recast layer, and a base material on an opposed side of said modified region

25  from said recast layer.

5. A variable vane for a gas turbine engine comprising:
a vane having a trunnion at one end; and
said trunnion having an outer surface provided with a hard metal coating,
30  said outer surface of said hard metal coating including a recast layer, a modified
region positioned on an inner side of said recast layer, and a base material positioned

on an opposed side of said modified region from said recast layer.



10 (c) creating a spark between said trunnion and said second el ectrode such
that material from said second el ectrode is deposited on an outer surface of
said trunnion. 2. The nmethod as set forth in claim1l1, wherein said second
el ectrode is forned 15 of substantially the same hard netal coating as the
hard netal coati aid trun? gin5$e met hod ;as set Lorth in claim2,
wherein saidl sec c}’aé‘Fl CVABURS §¢8 (‘frg‘r “fhﬁFF@%f’%ﬂ i IBFIRECOYHE IS @ The

nmet hod as sghestdrdabbilidcgdiagm 1, wherein the material from said second

el ectrode th % is deposited on an outer surface of said trunnion results in
an outer recast layer on the outer surface of the trunnion, a nodified
region on an inner side of said recast |ayer, and a base material on an
opposed side of said nodified region 25 fromsaid recast layer. 5. A

vari abl e vane for a gas turbine engine conprising: a vane having a trunnion
at one end; and said trunnion having an outer surface provided with a hard
nmetal coating, 30 said outer surface of said hard netal coating including a
recast layer, a nodified region positioned on an inner side of said recast

| ayer, and a base material positioned on an opposed side of said nodified
region fromsaid recast layer. 5 6. The variable vane as set forth in claim
5, wherein said hard netal coating is a tungsten carbide coating. 6





