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~ 5 7 1  ABSTRACT 

A crack weld repair and method particularly. for a gas 
turbine engine blade or other metallic component in the 
engine. providing a metallic substrate. a metallic filler 
bonded onto a substrate bond surface on the metallic 
substrate. and a region having deep compressive residual 
stresses imparted by laser shock peening extending into the 
substrate beneath the substrate bond surface. One embodi- 
ment provides a laser shock peened surface below the weld 
material filled void in a damaged area of the component 
forming a region of deep compressive residual stresses 
imparted by laser shock peening ( U P )  extending from the 
iaser shock peened surface into rne component. Optionaiiy. 
the surface over the repaired area of the weld Wed void may 
also be laser shock peened forming a second region of deep 
compressive residual stresses imparted by laser shock peen- 
ing (LSP) extending from the laser shock peened surface 
into the weld repair. Another embodiment provides a weld 
buildup tip overlay on a substrate bond surface of an airfoil 
tip having a laser shock peened region beneath the substrate 
bond surface. 

10 Claims, 3 Drawing Sheets 
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FIG. 3 

FIG. 

FIG. 4 A 
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LASER SHOCK PEENING FOK GAS gamma prime phase, Ni3 (Al. Ti) when used in gas turbine 
TURDIKE ENGIZiE WELD REPAIR engines and. i n  particular. in turbine vanes. In addition. the 

casting of turbine vanes and blades is frequently performed 
REI .ATED PATENT APPIXATIONS so as to produce a directionally solidified part. with grains 

The present application deals with related subject mauer 5 aiigned parallel to the axis of the blade or vane or a single 
in U.S. Datent a~olication Nos.: 081319.346. entitled crysta1 part with no gain 

"LASER SHOCK *D ROTOR C O M P O ~ T S  FOR 
TURBOMACHWERY," fled Oct. 6. 1994. now U.S. Pat. 
No. 5.492.447. issued Feb. 20. 19%; 08/373.133. entitled 
"LASER SHOCK PEEPED GAS TlJRl3INE ENGINE FAN 
BLADE EDGES." filed Jan. 17. 1995. now U.S. Pat. No. 
5.591.009; OW362.362. entitled "OK THE FLY IASER 
SHOCK PEESING." filed Dec. 22. 1994; 08/399,285. 
entitled "LASER SHOCK PEENED GAS TURBINE 
ENGINE COLMPRESSOR AIRFOIL EDGES." filed Mar. 6. 
1995. now abandoned; 081399.320. entitled "LASER 
SHOCK PEENING SURFACE ENHANCEMENT FOR 
GAS TURBINE ENGINE HIGH STRENGTH ROTOR 
ALLOY REPAIR." filed Mar. 6. 1995, now U.S. Pat. No. 
5.525.429. issued Jun. 11. 1996; and 08/399321. entitled 
"LASER SHOCK PEENING FOR GAS TURBINE 
ENGINE VANEREPAIR." filed Mar, 6. 1995. now U.S. Pat. 
No. 5584.652. 

B A C K G R O W  OF THE INVEEFTION 

1. Field of the Invention 
This invention relates to gas turbine engine turbine weld 

repair such as for turbine blade tip and platform crack repairs 
using welding to buiId up tips and FLU md repair deep turbine 
blade tip cracks by forming a region below the weld having 
localized compressive residual stresses imparted by laser 
shock peening. 

2. Description of Related Art 
A gas turbine engine includzs a compressor section. a 

combustion section and a turbine section. Disposed within 
~ e c e a n  Ire &pm&~n & ~ G P C  nf -- C ; I P I I ~ -  ---- 

ferentially disposed moving blades and stationary vanes. 
The rows or stages of vanes and blades are concentrically 
located about a center-line axis of the gas turbine engine. 
The blades are typically mounted on a disk which rotates 
about its central axis though integrally formed disks and 
blades referred to as BLISKS in the indusby may also be 
used. Hot combustion gases exit the combustor and pass 
through the turbine section. whereupon the blades which are 
mounted on the disks rotatably drive a shaft. thus, providing 
shaft work for driving the fan and compressor sections and 
auxiliary systems. Higher gas temperatures allow more work 
to be extracted from the gases in the turbine section, thus. 
increasing the overall efficiency of the gas turbine engine. 

The stationary vanes disposed between the stages of 
moving blades stabilize and direct the gas flow from one 
stage of rotating turbine blades to the next stage of rotating 
turbine blades. The stabilization and turning of the gas flow 
optimizes the amount of work extracted from the hot gases 
in the turbine section. It is very important to the efficient 
operation of the turbine vanes and engine to maintain the 
structural integrity of the nozzle and in particular, the nozzle 
flow areas which are the spaces between adjacent vanes in 
a vane stage. Cobalt and nickel-base superalloy materiais 
have been developed to provide mechanical swength at high 
temperatures so that the operating temperature capability of 
the turbine blades and vanes is increased over the operating 
temperatures of prior designs. It is known to cast engine 
blades and vanes from superalloys, for example. a nickel- 
base alloy or a cobalt-base alloy. Nickel-base superalloys are 
frequently primarily strengthened by precipitation of a 

In service. damage and deterioration of the turbine blade 
and vane surface occurs due to oxidation. thermal fatigue 
cracking and metal erosion caused by abrasives and corro- 

lo sives in the flowing gas stream. During periodic engine 
overhauls. the blades and vanes are inspected for physical 
damage and measured to determine the degree of flow area 
change and the effect on nozzle Bow area. Before these 
blades and vanes are returned to the engine physical damage 

15 i s  usually repaired or the blades and/or vanes replaced. 
Several methods exist for repairing the worn or damaged 

turbine blades and vanes. Repair methods include. for 
example, conventional fusion welding. plasma spray as 
described in U.S. Pat. No. 4878.953. and the use of a tape 

2o or slurry material containing a mixture of a binder and a 
metal alloy powder which is compatibie with the substrate 
alloy. U.S. Pat. No. 4,878.953 provides an excellent source 
of background information related to methods for refurbish- 
ing cast gas turbine engine components and particularly for " components made with nickel-base and cobalt-base super- 
alloys for use in the hot sections of gas turbine engines and. 
more particularly. for components exposed to high tempera- 
ture operating conditions. 

3o Hollow, air cooled blades and vanes are commonly used 
in modern gas turbine engines. These components have an 
internal cavity through which air flows during engine opera- 
tion. This air is discharged through holes, called cooling 
holes, which are present in the airfoil section and sometimes 

3, present in the platformand tip. See. e.g.. commonly assigned 
U.S. Pat. No. 4.474.532 to Pazder. The passage of air 
through and over the blade or vane extracts heat from the 
component surface allowing use of the component even 
when the gas stream temperature exceed$ the melting tem- 
perature of the alloy from which it is ma&. U.S. Pat. No. 
4.726.104. entitled "Methods for Weld Repairing Hollow. 
Air Cooled Turbine Blades and Vanes" discloses prior art 
methods for weld repairs of air cooled turbine blade tips 
including squealer tips. 

45 Some gas turbine engines are designed so. that during 
engine operation. the tip portion of the rotating blades rubs 
a stationary seal and Limits the leakage of working medium 
gases in the axial flow direction. W e  the seals are usually 
more abradable than are the blade tips (so that during such 
rub interactions. a groove is cut into the seal). the blade tips 
do wear and the blades become shorter. As the blades 
accumulate service time. the total tip wear increases to the 
point that eventually. the efficiency of the bladc and seal 
system is reduced and cracks may appear in the blades 

s5 especially at the blade tips such that the bla&s need to be 
repaired or replaced Repairing is much cheaper and more 
desirable. 

The tips of worn blades can bc repaired. and the length of 
the blade increased. by mechanically removing. such as by 

60 grinding down. the worn andlor damaged tip area and then 
adding weld filler metal to the tip to build up the tip to a 
desired dimension using any of several well known welding 
techniques (typically arc welding techniques) known to 
those skilled in  the art. During such a weld repair opaaiion 

65 cracks near cooling holes near the blade may also be 
repaired by welding. Larger or deeper cracks near the tip 
which are not ground down can be filled by welding. 
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When an engine is overhauled. these components are substrate with regions of deep compressive residual stresses 
either replaced by new parts. which is very expensive. or imparted by laser shock peening over an area of the substrate 
repaired. which is clearly more desirable if a cost savings upon which at least one layer of metal is deposited by air 
may be achieved Several methods have been devised in plasma or other metal spraying method. 
which a metal overlay is deposited by spraying Or 5 Cracking resulting from high t h e m  stresses and ox&- metal metallic filler onto a substrate to form or dimension- tion have conventionally been repaired with a wide gap 
ally restore gas turbine component such as an airfoil and braze or weld alloy. One particular exemplary repair method more particularly, a blade tip such as a turbine blade airfoil provides for which can be as long as approxi- 
'quealer The mechanical properties of such mately 1.5" and as wide as a p p r o ~ t e l y  0,OSw in order to 
layers of have been in general much poorer than 10 refurbish vanes in this manner. Trailing edges, in particular, 
those Of the comeseonding and Or cast are subjected to the most severe conditions. so much so. that 
Similar methods are used to restore damaged or worn metal vanes can be returned from the field with missing portions 
articles but. in this case. there is an additional problem in of trailing edges and in many cases vanes are considered 
that the air plasma thermal metallic spray process causes low unrepairable. The fiET vane materials for the latest engines cycle fatigue Life loss in the subsbrate below the deposited require high strength oxidation resistant single crystal and 
layer. This degrades the effectiveness of the repair. directionally solidified cast alloys. The current wide gap 

end* a number Of repair have been braze repair system for repairing vanes made of these alloys 
utiliLing air plasma thermal 'praying' and by single crystal processes do not restore all of the these 

h g  and welding for restoration' These pro- propehes in the repaired meap of the vane. Fmher. life 
cesses are most suitable for providing relatively thin coat- zo enhancement of the repair and vane at a low therefore 

and dmculties when these processes h i m y  desirable. Vane replacement is very costly and there 
are used geometric Air is always a need for stronger, longer Lasting. and more cost 
plasma thermal 'praying and build by effective blade and vane repairs. It is very desirable to 
produccs that are mcchanicaL1y bonded to sub- provide life extension of the blades and vanes and other 
strates.These do not have the s@Uctlrral i n t e a @  Of 25 repairs which would hrther approach single 
the original forged or cast component and potentially properties. repairability limits. and make avail- 
&grade the life '' the The bond able repairs on hardware currently considered unrepairable 
the overlay and substrate suffers due to thermally induced because of excessive 
stresses during the welding. Thus. even though present 
dimensional restoration processes are satisfactory for many 30 

present invention is fidher directed this end 

repairs, it is highly desirable to provide better repa* that do and ~ o ~ j ~ ~  a crack and braze P ~ ~ ~ ~ ~ ~ ~ Y %  for 

not the low cycle fatigue poptrties of the parent a gas turbine engine Or vane+ with re@ons of d c c ~  

met& substrate. It is also highly desirable to provjde such a stresses *arted laser shock peen- 

repair with a higher mechanical strength the ing the area beneath the Nlet and also over the filler or 

overlay and the substrate than is presently available with 35 repair' 
conventional techniques. The region of deep compressive residual stresses imparted 

One rep& method. &s&sed in U.s: Wt. So. 4,878.957. by laser shock peening of the present invention is not be 

N ~ e t h o d  of Rewishing cast Gas T~~~~~~ confused with a surface layer zone of a work piece that 

components and ~ ~ f h i ~ h ~ d  component*, provides a contains Locally bounded compressive residual stresses that 

source of background inf-tion related to methods for 40 a e  induced a hardeaing using a laser beam to 

refu&shing cast gas turbine engine components and. locally heat and thereby harden the work piece such as that 

for components made with dckel-base. cobalt- which is disclosed in U.S. Pat. No. 5.235.838. entitled 

base and iron-base superalloys for use in the hot sections of "Method and Apparatus for Truing or Out 

gas t h i n e  engines and. more particularly. for components True Work Pieces". The present invention uses multiple 

exposed to high temperature operating conditions. U.S. Pat. 45 radiation pulses from high power pulsed lasers produce 

No. 4.224356. entitled "Deposition of Metals on a Base" shock waves on the surface of a work piece 

discloses prior art for improving mehanical methods disclosed in U S .  Pat. No. 3.850.698. entitled 

erties of a deposited metal by subjecting it to peening after "Altering Material Properties"; U S .  Pat. No. 4.41.477. 
deposition by hornbarding the $dace relatively entitled "Laser ShockProcessing"; and U.S. Pat. No. 5.131. 

hard shot. thereby. effecting a cold wormg of the metal in so 957. entitled "Material Properties". Laser peening. as under- 
the surface region thereof. Among disadvantages noted stood in the art and as used herein. means utilizing a laser 

by the inventor are internal compressive stresses. which are beam a laser produce a strong localized 

genaated by fie cold working a ~ o n  of the subsequent com~ressive farce on a pornon a $IJrface. Laser peening 

peening and. therefore. the patent suggests simultaneously has been utilized to a stressed POtec-  
spray depositing onto a substrate, whilst at the same 55 tion layer at the outer slrrface of a worbiece. which is 
time bombarding the deposit with hard rounded particles, so known to considerably increase the resistance of the work- 

that the deposit is hot deformed as it is being built piece to fatigue failure as disclosed in U.S. Pat. No. 4,937. 
up in order to -greatly enhanced physical and 421, entitled "Laser Peening System and Method". 
mechanic. t hi^ method involves complex and However. the prior art does not disclose wide gap braze 
expensive equipment and processes. repairs of the type claimed by the present patent nor the 

The present invention is directed at all of the concerns and how to pace them It is to this end that the 

disadvantages noted above for using build up welding and present invention is 

air plasma metal spray or &position on a substrate of a 
metallic component in order to build up the component or to 

SUMMARY OF THE INVENTION 

provide dimensional restoration. The present invention pro- 65 The present invention is a repaired gas turbine engine 
vi&s a dimensional restoration method and article. and gas component and a repair process that provides a metallic 
turbine engine rotor component in particular. having a substrate. a metallic filler bonded onto a substrate bond 
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surface on the metallic substrate. and a region having deep FIG. 5 is a perspective illustrative view of a weld built up 
compressive residual stresses imparted by laser shock peen- tip on the turbine blade in FIG. 1. 
ing extending into the substrate beneath the substrate bond FIG, 6 is a blown up portion of fie perspective illustrative 
surface. view of a weld built up tip on the turbine blade in FIG. 5 

One particular embodiment of the present invention pro- s further showing a repaired crack in accordance with fie 
vides a metallic crack weld or braze repair for a metallic present invention. 
body, particularly, for a gas turbine engine blade. vane or 
other component of the engine. The repair is characterized DETAILED DESCFUFI'ION OF THE 
by a weld or braze filled void in a damaged area of the 
component. a laser shock peened surface beneath the filled lo 

WVENTTON 

void. and a region of deep compressive residual stresses Illustrated in FIG. 1 is a turbine blade 8 which is typically 
imparted by laser shock peening (LSP) extending from the circumscribed by a shroud (not shown) against which it seals 
laser shock peened surface into the metallic body. Another and is illustrated as having a squealer type tip 18 that is often 
embodiment provides a second hser shock peened surface used in the high pressure tuhines. The turbine blade 8 
extending at least in part over an exterior surface area of the includes an airfoil 14 extending from a 
filled void such that the second laser shock peened region blade 16 to the blade tip 18. ~h~ turbine blade 8 
having stresses laser includes a root 20 mnnectcd to the platform 16 to by a blade 
shock peening extends into the Wed void. shank 22. The airfoil 14 includes a pressure side 26. facing 

Another embodiment of the present invention is a gas in the generai of rotation as indicated by an arrow 
turbine engine metallic airfoil having a pressure side, a 27, and a suction si& 28. Coohg  holes 30 are disposed 
suction side, and a radially outer tip extending chordwise through an wall 32 of the turbine blade on its 
b ~ ~ e e n  a leading edge and a trailing edge of the airfoil. The edge LE. trailing e d g e m a  and the pressure and $,,,.tion tip has an overlay portion bonded on a substrate portion and 
the substrate portion has a region of deep compressive 26 and 28. respectively. 

residual stresses imparted by laser shock peening (UP) The turbine blade 8 rubs on fie s h ~ u d  causing tip w e  
extending into the subskate portion frorn a laser 25 in the form of blade tip cracks 12 shown filled with a filler 
peened surface bemeen fie overlay portion and the bonded in the form of a metallic weld materid 42 in accordance with 
substrate portion. the present invention. Cooling hole macks 24 and blade 

The present invention also includes a method of making platform cracks 25 also form due to normd wear and engine 

such repaired components. usage. All of these types of cracks have been and continue 
30 to be repaired by welding and brazing in  otha types of crack 

ADVANTAGES repairs for gas turbine engine components. These repairs are 
One major advantage of the present invention is an generally done by Nling the an empty void 40. illustrated in 

excellent wear resistant bond that has reduced thermally FIG. 2. of each of the cracks with the metallic weld material 
induced stresses along the bond between the overlay and 42. illustrated in FIGS. 3 and 4. to produce a filled void 48 
substrate which is caused by welding and other thermal 35 bonded to an inner crack surface 44. Often the crack surface 
overlay processes. Among the advantages provided by the 44 is prepared in some time consuming manner and the 
pesea: inveob=a is me h q ~ ~ e : !  2 b ~ Q  tc I-,ae: rq&r is st!h@t to fatigue f d n r p  of !~~rrions of d l ~  
useful Life of crack repaired gas turbine engine pans. filled void 48 often along the crack surface itself. The blade 
particularly, that of turbine blades and vanes. as compared to 8. as well as many other gas turbine components. is subject 
currently available methods. Another advantage of the 40 to extreme thermal cycling which causes thennal fatigue and 
present invention is that it reduces engine component and. in oxidation damage generated during engine operation. These 
particular, gas turbine engine blade and vane. replacement repairs. even when Wed with the braze or weld material 42 
which is very costly. The present invention provides corn- are subject to thermal fatigue failure. 
ponent blade and vane repairs with material properties such The present invention counters this fatiguing process by 
as strength and heat resistance which more closely approach 45 laser shock peening the crack smface 44 as well as the areas 
those of original manufactured parts. The present invention on an outer side 330 and preferably on an inna side 331 of 
also offers wider repairability limits and makes available the outer wall 32 at the tip 18 to form a laser shock peened 
repairs on hardware currently considered unrepairable surface 46 that includes all of the crack surface 44. The 
because of excessive dama~e. oresent invention oroduces laser shock peened surfaces. 

BRIEF DESm&N OF DRAWINGS 50 Such as the laser shock peened surface 46: with laser beam 
induced shock waves generally indicated by overlapping 

The foregoing aspects and other features of the invention shock peened circular spots indicated generally by a 
are explained in the fouowing &scription. taken in connec- circle labelled ~1 fa a first set of circles or spots and (-2 for 
tion with the accompanying drawings where: a second set of circles or spots in FIGS. 2. 3 and 4 and. 

is a perspective illustrative view an 55 therefore, are referred to as laser beam shocked surfaces. 
aircraft gas turbine engine turbine blade in accordance with ~h~ filled void 48 extendhg between surface areas of the 
the present invention. metallic body, of the blade or other metallic component. that 

FIG. 2 is a cross-sectional illustrative view of a tip of the b u n &  the void is filled with a met&C r e p a  material 
turbine blade in FlG. 1 showing a partidy repaired crack in which is bonded to the laser shock peened surface 46 and 
accordance with the present invention. 60 indicated by the first set of circles C1. A corresponding first 

FIG. 3 is a cross-sectional view of the partially repaired laser shock peened region 59 extends into the body Crom and 
crack in FIG, 2 illustrating a further step in the repair of the bounds the filled void 4S and from the outer sidc 330 and the 
crack in accordance with the present invention. inner side 331 along the laser shock peened surface 46. The 
FIG. 4 is a cross-sectional view of the repaired crack in fust laser shock peened region 59 has deep compressive 

FIG. 3 illustrating a further step in the repair of the crack in 65 residual stresses imparted by laser shock peening extending 
accordance with an alternative embodiment of the present into the body from the laser shock peened surface 46. Even 
invention. if the laser beam cant be directly impinged on the entire 
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crack surface 44 the first laser shock peened region 59 will 
extend sufficiently into the body from the outer side 330 and 
the inner side 331 and beneath the inner crack surface 44 so 
as to bound the Nled void 48 and provide the benefits of the 
present invention. This weld and repair process provides an 5 
improved bond between the braze or weld material 42 and 
the outer wall 32 of the turbine blade 8 or other component. 
Generally. the weld material 42 may be considered a metal- 
lic filler bonded onto a substrate bond surface. the crack 
surface 44. of the outer wall 32 which is a metallic substrate. ,, 
and the first laser shock peened region 59 having deep 
compressive residual stresses imparted by laser shock peen- 
ing extends into the substrate beneath the substrate bond 
surface. The first laser shock peened region 59 is formed 
prior to laser shock peening and thaefore may equally be ,5 
referred to as a pre-bond laser shock peened region. 

It is well known in the art to construct gas turbine engine 
components such as the turbine blade 8 from Cobalt and 
nickel-base supaalloy materials. The components are often 
cast with a process to produce directionally solidified zo 
components, with grains aligned parallel to the axis of the 
airfoil, or a single crystal component, with no grain bound- 
aries. ?'he weld material 42 or braze material is preferably 
also made of these alloys and the weld or braze repair does 
not restore all of the original properties. particularly single 25 
aystal and directionally solidified mechanical properties. in 
the repaired areas of the blade 8. Therefore. the present 
invention providcs an alternative ernbodimcnt that is more 
particularly illustrated in FIG. 4. To counter the loss of 
matcrial and process propertics and capabilities the filled 30 
voids 48 are laser shock peened on their outside surfaces 60 
forming a second outer laser shock peened surface 64 as 
indicated by second set of circles C2 and a second laser 
shock peened region 66 beneath it. This further shengthens 
the entire weld repair. 35 

Laser beam shock induced deep compressive residual 
chesses &re fmonnp,d in com~ressive pre-geegsd rq$ons, 
such as the first laser shock peened region 59 and the second 
laser shock peened region 66. and generally have stress 
concenkations of about 5C-150 KPSI (Kilo Pounds per 40 
Square inch) extending from the laser shock peened surfaces 
46 to a depth of about 20-50 mils into these regions. The 
laser beam shock induced deep compressive residual 
stresses are produced by repetitively firing a high energy 
Laser ham that is focused on laser shock peened surface 45 

which is covered with paint to create peak powa densities 
having an order of magnitude of a gigawatt/cm2. The laser 
beam is !Ired through a curtain of flowing water that is 
Rowed over the laser shock peened surface which is painted 
and the paint is ablated generating plasma which results in m 
shock waves on the surface of the material. These shock 
waves are re-directed towards the painted surface by the 
curtain of flowing water to generate travelling shock waves 
(pressure waves) in the material below the painted surface. 
The amplitude and quantity of these shockwave determine 55 
the depth and intensity of compressive stresses. The paint is 
used to protect the target surface and also to generate 
plasma. Ablated paint material is washed out by the curtain 
of flowing water. 

This and othcr methods for laser shock peening are 60 
disclosed in greater detail in U.S. patent application Nos. 
O8/3 19346. entitled 'ZASER SHOCK PEENED ROTOR 
COMPONENTS FOR TURBOMACHINERY. 08/373. 
133. entitled "LASER SHOCK PEENED FAN BLADE 
EDGFS". 081363.362. entitled "ON THE FLY LASER 65 
SHOCK PEENEVG. fled Dcc. 22. 1994. U.S. patent appli- 
cation No. 081399285. "LASER SHOCK PEENED GAS 

,044 
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TURBINE ENGINE COMPRESSOR BLADE EDGES". 
filed Mar. 6. 1995. and U S .  patent application No. 08/399. 
32 1. entitled "LASER SHOCK PEENING FOR GAS TUR 
BME ENCilNE VANE REPAM". Ned Mar. 6 .  1995. all of 
which are incorporated herein by reference. 

Another embodiment of the present invention is illus- 
trated in FIG. 5 and 6 which depicts the metallic substrate as  
the tip 18 of the outer wall 32 of the turbine blade 8 upon 
which a metallic NLer build up 68 is bonded onto a substrate 
bond surface. a prepared top surface 72 of the tip. on a 
metallic substrate 70. Typically, a weld material 42 is used 
to form the build up 68 and dimensionally restore the tip I8 
substantially to its original height 74 as measured from a tip 
shelf 73. The present invention provides a laser shock region 
78 having deep compressive residual stresses imparted by 
laser shock peening extending into the substrate 70 beneath 
the substrate bond surface. top surface 72. The airfoil has a 
damage 80 on the airfoil tip 18 wherein the damage is 
typically characterized by any or all of the following; tears. 
rolls, voids, and tip roughness in the material of the airfoil. 
The built up tip 18 is made by first rnshanically removing 
a damaged layer 84 down to a circumscribing boundary line 
BL of the tip containing the damage 80 thereby forming the 
substrate surface. too surface 72, below the removed dam- 
aged layer, thus, forrkng the top surface. The top surface 72 
is wepared by well known chemical means and mechanical 
rn&& may &o be used, such as a rotary steel brush. to 
remove oxides and foreign materials from the top surface 72 
of the tip 18. The top surface 72 is then laser shock peened 
with the same process described above to form the laser 
shock peened region 78 beneath the surface area of the 
metallic substrate. the top surface 72. by using a laser beam 
with sufficient power to vaporize material on the surface area 
to form a region having deep compressive residual stresses 
imparted by the laser shock peening extending into the 
substrate from the Laser shock peened surface. The metallic 
filler build up 68 is bonded onto a substrate bond surface. the 
top surface 72. which m y  be done by welding a metallic 
filler or weld material 42 onto the bond surface to build up 
and dimensionally restore the tip 18 substantially to its 
original height 74 as measured from a tip shelf 73. U.S. Pat. 
No. 4,474.532 to Pazder and U.S. Pat. No. 4726.104. 
disclose several of the well known methods for build up 
repairs of air cooled turbine blade tips including squealer 
tips. 

If the blede tip 18 has deep blade tip cracks 12 that are 
deeper than a thickness T of the removed layer then the 
previous method of filling the voids of the tip crack may be 
done before the weld build up to N1 and repair the voids of 
the cracks. The cracks may also be prepared by well known 
chemical means and mechanical means to remove oxides 
and foreign materials from the bond surface of the voids. An 
outer surface of the tip including the built up tip with or 
without the filled void cracks may be W e r  lasa shock 
peened forming a second outer laser shock peened surface 
64 as indicated by second sct of circlcs C2 and a second laser 
shock peened region 66 beneath it. This further strengthens 
the en&e weld repair. 

While the prefened embodiment of the present invention 
has been described fully in  order to explain its principles. it 
is understood that various modifications or alterations may 
be made to the preferred embodiment without departrng 
from the scope of the invention as set forth in the appended 
claims. 

We claim: 
1. A method to repair damage in a gas turbine engine 

metallic component. said method comprising the following 
steps: 
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laser shock peening at least one surface area of the said laser shock peening step includes using two laser 
component forming a region having deep compressive beams with su5cient power to vaporize material on the 
residual skesses imparted by laser shock peening two laser shock peened surfaces of the component to 
extending into a substrate beneath a substrate bond form the respective regions having deep compressive 
surface of the component. 5 residual stresses imparted by the laser shock peening 

bonding a metallic filler onto the substrate. extending into the component kom the laser shock 
2. A method as claimed in claim 1 wherein said damage peened surfaces. 

is characterized by a void in the material of the component. flowing a curtain of water o v a  the laser shock peened 
said method further comprises the following steps: surface while the laser beam is firing until the laser 

forming the region having deep compressive residual shock peened surface is completely covered by laser 
stxesses imparted by laser shock peening beneath a beam spots at least once. and then 
surface area substantially bounding the void. filling the void including along the surface area of the 

said laser shock peening step includes using a laser beam component bounding the void the with a suitable mol- 
with suilicient power to vaporize material on a laser ten metallic material and letting the molten metallic 
shock peened surface of the component to form the I5 material solidify. 
region having deep compressive residual stresses 7. Amethod as claimed in claim 6 furrher comprising laser 
imparted by the laser shock peening extending into the shock peening another surface area that extends over the 
component from the laser shock peened surface. void filled with the molten metallic material by using a laser 

flowing a curtain of water over the laser shock peened beam with sufficient power to vaporize material on the 
surface while the laser beam is firing until the laser u, surface area that extends over the void to form a another 
shock peened surface is completely covered by laser region having deep compressive residual stresses imparted 
beam spots at least once. and then by the laser shock peening extending into the filled void 

filling the void with a suitable molten metallic material from the laser shock peened surface area that extends over 
and letting the molten metallic material solidify. the void. 

3. A method as claimed in claim 1 further comprising laser 25 flowing a curtain of water over the surface area that 
shock peening another surface area that extends over the extends over the void while the laser beam is firing until 
void filled with the molten metallic material by using a laser the laser shock peened surface area that extends over 
beam with sufficient p w e r  to vaporize material on the the void is completely covered by laser beam spots at 
surface area hat extends over the void to form a another least once. 
region having deep compressive residual stresses imparted 30 8. A method as claimed in claim 7 further comprising 
by the laser shock peening extending into the filled void coating the laser shock peened surface and later on the 
from the laser shock peened surface area that extends over surface area that extends over the void with the material to 
the void. be vaporized on the surface areas prior to the laser beam 

flowing a curtain of water over the surfaa area that firings wherein said material is a coating material suitable to 
over the void while the laser beam is firing until 35 generate a plasma which results in Shock waves to form the 

the laser shock peened surface area that extends over regions having deep compressive residual stresses. 
is i*siwieiziy. co-v.-eit,j bj. bs"- spts at 9. A ,qeifiob c--dd 1 &j c=.m,-- 

least once. nent is an airfoil having a damaged airfoil tip wherein said 
4. A method as claimed in claim 3 further comprising damage is characterized by at least one of the following; 

coating the laser shock peened surface and later on the 40 tears, rolls. voids. and tip roughness in the material of the 
surface area that extends over the void with the material to airfoil, said method comprising the following steps: 
be vaporized on the surface areas prior to the laser beam m e ~ a n i c a ~ y  a layer of the tip containing he 
firings wherein said material is a coating material suitable to damage forming a substrate surface below the removed 
generate a plasma which results in shock waves to form the layer. 
regions having deep compressive residual stresses. 45 laser shock peening the surface area of a metallic sub- 

5. A method as claimed in claim 2 further comprising shatc below the substrate surface using a laser beam 
coating the laser shock peened surface with the material to with sufFicient power to vaporize material on the sur- 
be vaporized on the laser shock peened surface prior to the face area to form a region having deep compressive 
laser beam firings wherein the material is a coating material residual stresses imparted by the laser shock peening 
suitable to generate a plasma which results in shock waves 50 extending into the substrate from the laser shock 
that form the regions having deep compressive residual peened surface. and 
stresses. buildup a metallic filler tip overlay on the substrate 

6. A method as claimed in claim 2 wherein the gas turbine surface by a thermal bonding process. 
engine metallic component is a turbine blade having an 10. A method as claimed in claim 9 further comprising 
airfoil that extends between a platform and a squealer tip. the 55 laser shock peening another surface area that extends over 
squealer tip having a radially extending wall that circum- the tip ovulay by using a laser beam with suflicient power 
scribes said airfoil at a radially outer end of the airfoil to vaporize material on the surface area that extends over the 
forming an open cavity within the wall. and the void is in a void to form a another region having deep compressive 
radially outer edge of the tip. said method comprising the residual stresses imparted by the laser shock peening extend- 
following steps: 60 ing into the filled void from the laser shock peened surface 

forming at least two regions having deep compressive area that extends over the overlay and Bowing a curtain of 
residual stresses imparted by laser shock peening and water over the surfam area that extends over the void while 
which substantially bound the void. the regions extend the laser beam is firing until the laser shock peened surface 
into the component from respective i ~ e r  and outm area that extends o v a  the overlay is complelely covered by 
laser shock peened surfaces located along inner and as laser beam spots at least once. 
outer sides of the waU with respect to the cavity. 

the regions extend to a surface area bounding the void. * t i * *  
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