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[ 0001] This application clains the benefit of U S. Provisional Patent
Application No. 61/426,680, filed Decenmber 23, 2010, entitled

CATHODI C ARC VAPOR DEPGCSI TI ON COATI NGS FOR DI MENTSI ONAL RESTORATI ON
OF SURFACES. BACKGROUND [ 0002] The present disclosure relates to a
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Provisional Patent Application No. 61/426,680, filed
December 23, 2010, entitled CATHODIC ARC VAPOR DEPOSITION

COATINGS FOR DIMENTSIONAL RESTORATICN CF SURFACES.

BACKGRQOUND
[0002] The present disclosure relates to a process for
dimensionally restoring surfaces on a workpiece using a
near non-line of sight technigque such as cathodic arc vapor
deposition technique.
[0003] Cathodic arc deposition was developed to apply
simple coatings, such as titanium nitride, as a hard coat
for workpieces such as drill bits. Cathodic arc deposition
has been used to apply wear resistant and corrosion
resistant coating systems on workpieces.
{0004] In use, some workpieces, such as turbine engine
components, suffer loss of desired dimensions. It thus
becomes necessary to repair them by performing dimensional
restoration. Conventional thermal sprays require moderate
to near-normal angle of approach to the substrate to
achieve adherence, limiting applications where only shallow
angle of approach is available. Such repairs have been
difficult to perform on certain portions of the workpieces
with limited line-of-sight (LLOS) such as hook attachments,
seal grooves, and bolt holes. Current methods for LLOS
dimensional restoration are restricied to plating processes
or reccil directed thermal sprays. Plating materials with

high temperature capability such as those operating at



[.0004] I n use, sonme workpieces, such as turbine engi ne conponents,
suffer | oss of desired dinensions. It thus becones necessary to
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| evel s of residual stress and fatigue property debit from the wel d

process. These are press-installed 1n to tight tolerance, heavily
loaded holes in each stage case. These holes can wear
beyond limits with no known repair other than flange
replacement. Local weld repair of the holes induces too
much distortion on the other holes in the flange or leaves
unacceptable levels of residual stress and fatlgue property
debit from the weld process.
[0007] Repair of worn and damaged cases with seal slot
lands requires removal of the rear flange to access the
repair area with plasma spray. The flange is subsequently
restored by electron beam welding on a new flange. Such
repairs have had limited success because the post-weld heat
treatment frequently results in irreparakle distortion.
Vane hooks are similarly weld repaired when worn but may
not have sufficient strength after extensive weld repair.
[0008] Other applications push the acceptable
temperature limits of nickel plate, but only at reduced
allowable stresses on the plate. These include diffuser

case stator hooks and turbine disk shoulder snap diameters.

2.



[.0007] Repair of worn and damaged cases with seal slot |ands requires
removal of the rear flange to access the repair area with plasnma
spray. The flange is subsequently restored by el ectron beam wel di ng
on a new flange. Such repairs have had |limted success because the
post-wel d heat treatnment frequently results in irreparable

di stortion. Vane hooks are simlarly weld repaired when worn but may
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[ 0009] Cat hodi ¢ arc vapor deposition provides an alternative approach
for perform ng dinensional restoration of a part, such as a hole, in
a case used on a turbine engine. In particular, cathodic arc vapor
deposi ti on enabl es one to coat dowP4MEE) des of the holes or to both

faces of podipgk. Fuidlieta; cqall yaodownchbhe: L DDer Al ARILT Pl tubes is

al so possible,” particularly where the restoration of material near
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[0010] I'n ggcgrggaarncc,e svt\étzthh atshea I%%Eise?n&ndgsgggguﬁgédt(:t]nerf turbine
engine. In particular, cathodic arc vapor deposition
enables one to ccat down the sides of the holes or to both
faces of a hook. Further, coating down the inner diameter
of tubes is also possible, particularly where the
restoration of material near the end of the tube where the
largest wear takes place is of concern.
[0010] In accordance with the present disclosure, there
is provided a process for repairing a workpiece which
broadly comprises the steps of: providing a workpiece
having at least one interior surface requiring restoration;
providing a source of repair materizl; and depositing the
repalr material onto the at least one interior surface
using a technique which is a near non-line of sight
technique.
[0010] Other details of the cathodic arc vapor
deposition ccatings for dimensional restoration of surfaces
are set forth in the following detailed description and the
accompanying drawings wherein like reference numerals

depict like elements.



i.s provided a process for repairing a workpi ece which broadly
conprises the steps of: providing a workpi ece having at | east one
interior surface requiring restoration; providing a source of repair
material; and depositing the repair material onto the at | east one
interior surface using a technique which is a near non-line of sight
techni que. [0010] Gt her details of the cathodic arc vapor deposition
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[0013] Figs. 3{a) - 3(i}) are photomicrograprhs showing

build-up of a coating along a hole area in a diffuser case.

DETATLED DESCRIPTION
[0014] Cathodic arc wvapor deposition is a method of
applying coatings that do not require full line of sight.
Cathodic arc vapor deposition can coat areas not accessible
via thermal spray coatings and can apply coatings that
result in little or no base material debit. Cathodic arc
vapor deposition can coat parts to near-net shapes without
requiring subsequent machining. Cathodic arc can be
applied without introducing structural lifing debits as
part of the surface preparation or coating processes.
[0015] While cathodic arc vapor deposition has been used
as a means to install wear resistant and corrosion
resistant coatings onto a surface of smaller parts in OEM,
cathodic arc vapor deposition has not been used in repair
techniques for dimensional restoration of an object. The
LLOS advantages of cathodic arc coating have not yet been
utilized.
[0016] Cathodic arc vapor deposition is a process which
uses electrical bilasing and inert gas pressure to enhance
coverage to include areas of limited accessibility or that
lack line-of-sight. Coating composition is flexible and can
be made from any material. Coatings are fully dense and

metalliurgically bonded with bond strength capability in
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buil d-up of a coating along a hole area in a diffuser case. DETAI LED
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appl ying coatings that do not require full line of sight. Cathodic
arc vapor deposition can coat areas not accessible via thermal spray
coatings and can apply coatings that result inlittle or no base
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[0018] Prior to being placed in the chamber 14, the
walls 11 and other areas of the workpiece to be coated may
be subjected to a treatment to remove any deletericus
material, such as engine run contaminants and oxides, and
provide a clean surface for the ceoating.
[0019] The coating material forming the source 16 may
comprise a supply of any desired coating material. The
coating material may comprise a restoratien alloy having
desirakle strength properties, desirable wear properties,
desiragble lubrication properties, desirable electronic
properties, desirable corrosion resistance properties, or a
metal which closely matches the metal forming the case 12.
By “closely match”, it is meant that the restoration alloy
is formed of a composition similar to or the same as the
parent material from which the case 12 is formed. Examples
of such materials include nickel-based alloys, nickel-based
superalloys, titanium, titanium-based alloys, cobalt
alloys, cobalt superalloys, stainless steels, corrosion
resistant steels, i.e. Greek Ascalcoy steel, and high

temperature steels, i.e. Thermospan steel.



[0017] As shown in Fig. 1, cathodic arc vapor deposition can be used
to restore the dinensions of a workpiece, such as the walls 11 of a
hole 10 in a case 12. The hole 10 may have a dianeter |ess than 0.25
i nches. The case 12 is placed within a chanber 14 and spaced from a
source 16 of the coating material by a distance "d". The distance "d"
can be varied as desired. The source 16 is a cathode having an
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[0022] If desired, as shown in Fig. 2, masking 20 may be
added to keep the coating 18 off certain areas of the
workpiece or case 12. With masking, no bkridging is
observed using cathodic arc vapor deposition. The use of
masking also enables the restorative build-up to take place
only at the intended location, rather than over the entire
workpiece.
[0023] In one test of a cathodic arc vapor deposition
repair technigue, a hole area in a diffuser case was ccated
down the sides of a hole. Figs. 3(a) - 3(i) illustrate the

coating which was deposited on the sides of the hole using
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obtain the desired coating 18 down the hole (a limted |ine of

sight), are dependent on "d" and the aspect ratio of the hole being
coated. [0022]If desired, as shown in Fig. 2, masking 20 may be added
to keep the coating 18 off certain areas of the workpi ece or case 12.
Wth masking, no bridging is observed using cathodic arc vapor
deposition. The use of masking al so enables the restorative buil d-up

to take placeQnhy al d hﬁagazt eRded skocelhons £athed 3 fan oxer dhe

entire workpiece. [0023]1n one test of acat hOdI c arc vapor
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First, it is a near non-line of sight coati ng t echni que. Second,
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deposi ti on J?sesuai‘ 59 noeSlrrl%t l%lrrg)sfg t:it%l tﬁ% de‘tEmQttjl%\é%ma spr ay

coat i ngs sasnl nmmd:tagesn }'pjg(hle-slitp aflabwgbeedsbrtrlas D@ﬁpem)zsltures for

electrolyt|c pli atl Flfth cat hodi c_ arc deposition may
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thermal spray coatings and no hydrogen pick-up fatigue
debit as per most electrolytic applied plating. Fifth,
cathodic arc deposition may allow for as-applied surfaces
to be released without subsequent machining.
[0025] Use of cathodic arc deposition for dimensional
restoration can extend to holes and to heooks, but can also
be considered for seal ring grooves such as on turbine seal
plates or on bearing housings, i.e. a trough-like shape
where out on the sides of the groove is the critical
dimension. There is also a potential use as an alternate to
Chrome plate.
[0026] The cathodic arc repair technique is advantageous
in that it can be used to coat hcles having a depth greater
than 0.060 inches. Further, it can be used to repair slots
in workpieces that have a width less than 0.25 inches

and/or a depth greater than 0.060 inches.



restoration can extend to holes and to hooks, but can al so be
considered for seal ring grooves such as on turbine seal plates or on
bearing housings, i.e. a trough-1like shape where out on the sides of
the groove is the critical dinmension. There is also a potential use
as an alternate to Chrone plate. [0026] The cathodic arc repair

techni que is advantageous in that it can be used to coat hol es having
a depth gg efstdﬁﬁt%?ﬂ) .inches. Further, it can be used to repair
slots in workpieces that have a width | ess than 0.25 inches and/or a
depth greater than 0.060 inches. WHAT IS CLAIMED IS: 1. A process

for repairfi a workpiece conpri.sing the st e r.ovi di a
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restoratieh; providing a source (16) of repair material; and

depositing said repair material ontp said at | east one inter,ior
surface (11) RINGUMed "WOHPILAE BRVSIEhE Tt eEHTT o 1R
process ofygtAdn &1)f WdhAriegMRessbrgtl Bg; steps of:

providing a source (16) of repair material; and

depositing said repair material ontc said at least one
interior surface (11) using a near non-line of sight

technique.

2. The process of claim 1, further comprising the steps
of:

placing said workpiece within a chamber (14): and

spacing said workpiece at a distance from said source

(16} of said repair material.

3. The process of claim 2, wherein saild technigue
comprises a cathodic arc deposition technique and wherein
said source (16) comprises a cathode having an evaporative

surface.

4. The process of claim 2, further comprising removing
deleterious material from said at least one interior
surface (11l) prior to placing said workpiece in said

chamber (14).



pl aci ng. sai d wor kpi ece within a chanber (14); and spacing said
wor kpi ece at a distance fromsaid source (16) of said repair

material. 3. The process of claim?2, wherein said technique
conprises a cathodic arc deposition techni que and wherein said source
(16) conprises a cathode having an evaporative surface. 4. The
process of claim2, further conprising renoving del eterious naterial

from sai ds at i}?@?r&%%é rg,tfer 'l%&mswfﬁﬁgré%&)sﬁdi 0£tép9 Pt 85I Y S igd
wor kpi ece in said chanber (14). §. The process of claim1, vvherel n
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conprises providing a material selected fromthe group of a

ni ckel - based all oy, a nickel-based superalloy, titanium a
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steel, a corrosion resistant steel, and a high tenperature steel. 7.
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said at | east one area. ) he process of claim1, wherein sai d
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interior surface (11).
7. The process of claim 1, further comprising masking at
least one area of the workpiece to prevent deposition of

said repailr material on said at least one area.

8. The process of claim 1, wherein said workpiece
providing step comprises providing a part (12) having a

hole (10) with sald at least one interior surface (11}.

9. The process c¢f claim 1, wherein said workpilece
providing step comprises providing a case (12) having a

hole (10) with said at least one interior surface (11).

10. The process of claim 1, wherein said workpiece
comprises a tube and said at least cone interior surface
(11) comprises at least one interior surface along an inner
diameter of said tube and said step of depositing said
repair material comprises depositing a coating along said

at least one interior surface of said tube.



10. The process of claim11, wherein said workpiece conprises a tube
and said at |east one interior surface (11) conprises at |east one
interior surface along an inner dianeter of said tube and said step
of depositing said repair material conprises depositing a coating
along said at |east one interior surface of said tube. 11. The
process of clain11 wherein said depositing step conprises depositing

a sufficiep ?ird?ﬂcesrse%' 1B hen] ahhé?eiﬁt 5 1\ S@d b At 1 RASI Qne
interior surface to a near-net shape.

comprises depositing a sufficient amount of repair material
to return said at least one interior surface (11) to a

near-net shape.

-10 -



