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1571 ABSTRACT 

Gas turbrne cnglne fan blade with a mctalllc a1rfo11 having 
d Icad~ng edge, a trillltng edge, and a radially outer tlp, and 
at least onc laser shock. peened surface located along the 
1ead1ng edge w ~ t h  a regon  having dccp compressive resldud 
strcsses ~mpartcd by lascr shwk peemng (LSP) extcndlng 
into the 31rf0ll from the laser shock pccned surface 
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1 
TASER SHOCK PEENED GAS TURBINE 

ENGINE FAN BLADE EDGES 

The Govcmmcnt has nghts in this mventlon pursuant to 
Contract No. F33657 88C 2133 awarded by thc Dcpartmcnt 
ol the Air Porcc. 

RELATED PATENT APPLICATIONS 

The prcsent Application deals with relatcd suhject matter 
in co-pcnding U.S. patent application Ser. No. 0813 19,346, 
entitled ''1,ASER SHOCK PEENED ROTOR COMPO- 
NENTS FOR TURBOMACHINERY", Rled Oct. 6, 1994, 
assigned to the prcscnt Assignee. 

The present Applicat~on deals with related subject matter 
ln co-pendmg U S patent application Scr No. 081362,363, 
cnt~tled "ON THE FLY LASER SHOCK PEENING", filed 
Dcc 22, 1994, asslgned to the present Assignee, and havmg 
one ~nvcntor In common w~th  the prcscnt apphcat~on 

BACKGROUND OF THE INVENTION 

I. Field of the Invention 
This invention relates to gas !urbinc cngine rotor blades 

and, morc pmicularly, LO ieading edges having localizctl 
compressive residual s~rcsscs imparted by laser shock peen- 
ing. 

2. Description of Related Art 
Gas turbine cngincs and, in particular, aircraft gas turbine 

cngines rotors operate at high rotational speeds that produce 
high tcnsilc and vibratory stress fields within the blade and 
m,&e the fan blades susccptible to foreign object damage 
(FOD). Vibrations may also be caused by vane wakes and 
inlct pressure distortions as well as othcr aerodynamic 
phcnomena. This FOD causes nicks and tears and, hence, 
stress concentrations in lending and !railing cdgcs of fan 
blade airfoils. 'Thesc nicks and tcars become the source ot 
high strcss concentrations or strcss riscrs and scvcrcly limit 
thc life 01. these blades duc to High Cycle Fatiguc (HCF) 
i'rom vibratory stresses. FOD damage may also rcsult in a 
loss of enginc due to 3 relcase of a failcd bladc. It is also 
cxpensivc to refurbish and/or replace fan blades and, there- 
ibrc, any means to enhance the rotor capability and, in 
particular, to extend aircraft cngine ran bladc life is very 
desirable. The present solution to the problem or extending 
the lifc of ian blades is to design adequate margins by 
rcducing stress levels to account for stress concentration 
margins on the airfoil edgcs. This is typically done by 
increasing thicknesses locally along the airfoil leading edge 
which adds unwanted weight to ihe fan blade and adversely 
affects its aerodynamic perIorrnance. Another method is to 
manage the dynamics of thc blade by using blade dampers. 
Dampers are expensive and may not protect blades from 
very severe FOD. These designs are expensive and obvi- 
ously reducc customer satisfaction. 

Thcrclorc, ~t is highly deslrable to des~gn  and construcl 
longer lasting fan blades that arc better able to resist both 
low and h~gh cycle Tat~gue than present fan blades The 
present invention 1s d~rected towards ihls cnd and providcg 
a Ian blade vr~th regtons of deep comprcsslve reuduai 
strcsses ~rnparted b j  lascr shock peenlng Ieadmg and trahng 
edge surfacch of the fan hlade 

The region of deep compresslvc rcs~dual stresses imparted 
by laser shock pecnmg of the prescnt mvenhon 1s not to be 
confused with a surface layer Lone of a work plece that 
contains locally bounded compresslre rcsidud stresscs that 

arc induced by a hardening operation using a laser bcam to 
locally heat and, thcrcby, harden the work piece such as ihat 
ahich is disclosed in U.S. Pat. No. 5,235,838, entitled 
"Mcthod and apparatus for Lruing or straightening out of true 

s work pieces". The prescnt invention uses multiple radiation 
pulses Srom high power pulsed lasers to produce shock 
haves on the suridw of d work piece slmllar no mcthods 
di~closcd In li S Pat No 3,850,698, cntltled "Altenng 
Maicnai Properties' , U S Pat No 1,401,477, ent~tled 

10 "Laser shock processmg", and U S Pat Vo 5,131,957, 
ent~tled "Matcnal Properm" Laser peenlng as understood 
In thc art and as uscd hercin means utlluing a lascr bcam 
from a laser ocam sourcc to produce d strong iocalued 
comprcsslve force on a porllon oi a surra~e  Laser peening 

13 ha4 heen utili7ed to ercate a eompresslvely sucssed prom- 
tlon layer dt the outer wrfacc o[ a worhplece whlch is known 
to considerably incrcase the res~stance ot thc workpiecc to 
fdtlgue ldllure as disclosed in U S Pal No 4,937,421, 
entttlcd "Laser Peening System and Method" Howe~er,  the 

to  pnor art does not d~sclosc fan blade leading edgcs ol the type 
claimcd by thc present patent nor the mcthods how to 
produce them It is lo this end thdt the present lnventlon IS 

dircctcd 

25 SUMMARY OF THE LNVENTION 

Thc prcscnt lnvcntlon provldes a gas iurbirle engine tan 
blade havmg at least one laser  hock peened surface dong 
the lcading and/or trmlmg cdges of the bladc and a region of 

30 deep cornpresslve rcslaual stresscs imparted by laser shock 
peenmg (LSP) eutend~ng from thc laser shock peened sur- 
iace mto Lhc blade Prcterably, the blade has laser shock 
pcened surfaces on both suctlon and prcssure s~dcs  ol the 
biade wherein bolh sldcs were s~multancously laser shock 
pccwd TIC prcscnt mvention can be used for new or used 

3' and rcpamd lan blades In whlch damage created strcss nsers 
6uch BS n~ckq dndjor tear\ h n v ~  h v n  ~ u i t ~ b l y  repwed 

ADVANTAGES 
4u Among the advantages provided by the prescnt invention 

is the improved ability to safely buiid gas turbine cngine 
bladcs designcd to operate in high tensile and vibratory 
strcss fields which can better withstand latigue failure due to 
nicks and tears in the leading and trailing edges of the fan 

45 blade and have an increased life over conventionally con- 
struc~ed Tan bladcs. Anothcr advantage of the prescnt inven- 
tion is that fan blades can be constructed with commercially 
acceptablc life spans without increasing thicknesses along 
the leading and trailing edges, as is conventionally done, 

50 thus, avoiding unwanted weight on the bladc. Another 
advantage of constructing Pan blades without incrcasing 
thicknesses along the leading and trailing edges is improved 
aerodynamic performance of lhe airfoil that is available for 
blades with thinner leading and trailing edges. The present 

5j invcntion makes it possible to provide new and refurbished 
fan blades with enhanced capabiiity and, in particular, 
extends the fan blade life in order to rcducc [he number of 
refurbishments and/or replacements of the blades. The 
present invention also allows aircraft cngine Pan blades to be 
dcsigned with adequate margins by incrcasing vihratory 

60 stress capabilities to account for FOD or other fan blade 
damage without beefing up the area along the leading edges 
which incrcasc the weight of the ian blade and engine. The 
present invention can be advantageously used to refurbish 
existing fan blades in order to ensure safc and rcliablc 

65 operation of older gas turbine engine fan blades while 
avoiding expcnsivc redesign cffons or frequent replaccrncnt 
of suspect fan bladcs as is now often done or required. 
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BRIEF DESCRIPTION OF THE DRAWIhGS in the ~ c n c r a l  dircci~on ol rotation ab lndlcatcd thc arrow 
and a wctlon sidc 48 is on the othcr s ~ d c  of thc airfoil and 

The lorceolno asaects and othcr features of thc invcntion a mcan.llnc ML Is dlsposcd mdway between ,he - L. , 
arc explained in the following dcscription, taken in connec- 
tion with thc accompanying drawings whcrc: 

FIG. 1 is a cross-sectional illustraiivc vicw of an excm- 
plary aircraft gas turbine engine in accordancc with the 
prcscnt invcntion, 

FIG. 2 is a perspective illusirative view of an exemplary 
aircraft gas turbine cnginc fan blade in accordancc with the 
present invcntion. 

FIG. 212 is a pcrspcctive illustrative view of an altcrnativc 
aircraft gas turbinc cnginc fan blade including a laser shock 
pecncd radially cxtcnding portion of the lcading cdgc in 
accordance with thc present invcnlion. 

FIG 3 1s a cross sectional vicw through the Tan blade 
taken along line 3-3 as illustratcd In FIG. 2. 

FJG 4 is a schcmauc illustration of a pattern of laser 
\hocked pecncd circular spots on a laser shock peened 
surface along a lcading cdgc of the Fan bladc in FIG. 2 

DETAILED DESCRIPTION OF THE 
INVENTIO\ 

Illustrated in FIG. 1 is 3 schemaiic reprcscntation of a n  
exemplary aircraft turbofan gas turbinc cngine 10 including 
a fan blade 8 in accordancc with one ernbodiinc,nt of thc 
prcscnt invcntion, The gas turbinc cnginc 10 is circumkr- 
cntially disposed about an cnginc ccnterline 11 and has. in 
serial flow relationship, a fan section 12, a high prcssurc 
comprcssor 16, a combustion scction 18, a high prcssurc 
turhine 20, and a low pressurc turbine 22. The combustion 
scction 18. high prcssurc iurbinc 20, and low pressure 
turbine 22 arc oftcn rcfcrred to as the hot scction of the 
cnginc 10. A high prcssure rotor shaft 24 connects, in driving 
rciationship, the high pressurc turbine 21) to the high prcs- 
aurc compressor 16 and a low pressure roior shaft 26 
drivingly connects the low prcssurc turbine 22 to thc Em 
scclion 12. I-'uel is burned in the combustion seciion 18 
producing a very hot gas flow 28 which is directcd through 
thc high prcssure and low prcssurc turbines 20 and 22 
rcspcctively to powcr the criginc 10. A portion of the air 
passing through the fan section 12 is bypassed around the 
high pressure compressor 16 and thc hot section through a 
bypass duct 30 having an entrance or splitter 32 between the 
fan scction 12 and the high pressure comprcssor 16. Many 
cngincs have a low pressure compressor (not shown) 
rnountcd on  the low pressure rotor shaft 26 between the 
splittcr 32 <and the high prcssure comprcssor 16. Thc fan 
section 12 is a multi-stage fan scction, as  arc many gar 
turbinc engines, illustrated by first, second, and third ran 
stages; 12a. 12b, and 12c respectively. Thc fan blade 8 of the 
prescnt inveniion is designed Lo be used in a single stage fan 
section or in any stage of a multi-stage fan scction. 

Rcfcmng to FIGS. 2 and 3, thc fan blade 8 includcs an 
airfoil 34 extcnding radially outward from a blade platform 
36 to a bladc tip 38. The fan bladc 8 includcs a root section 
40 cxtcnding radially inward from the platform 36 to a 
radially inward cnd 37 of the root scction 40. At the radially 
inward end 37 of thc root section 40 is a blade root 42 which 
is connected to thc platform 36 by a bladc shank 44. The 
airfoil 34  extends in the chordwise direction between a 
leading cdgc LE and a trailing cdge TE of the airfoil. A chord 
C of the airfoil 34 is the line between thC leading LE and 
trailing edge TE at each cl-oss section of the blade as 
illustratcd in FIG. 3. A pressurc sidc 46 of thc airfoil 34 faccs 

two faccs an the chordwi\c d~rection 
Rcfemng agan io FIG 2 fan bladc 8 hay a leading edge 

sectlon 50 that cxtcnds along the leading edgc LC of the 
airfoil 34 irom the blade plaiform 36 to the blade tip 38 The 
lcading cdgc scction 50 includes a predctcrm~ncd first width 
W1 auch that the lcdding edge scction 50 encompasses nicks 
52 and tears that may occur along thc icading cdgc of thc 
m t o ~ l  31 The dirfoii 34 IS subject to a ugnihcanL tensile 
stress held duc to centnfugd f-orccs generated by the fan 
bladc 8 roialing dunng cngine operation 1 hc airloil 3 4  is 
alqo subject to vibrations gcncraicd durmg englne operation 
and thc nicks 52 and tears operate as h ~ g h  cycle fatigue stress 
nscrs produc~ng additional stress conccntrations around 
them 

To Luuntcr Iat~gue failure of portions ol  the blaae along 
possible crack line.; that can develop and cmmatc from the 
nlcks m d  Leas at lcast one and prckrdbty both of the 
pressurc side 46 and thc suction side 48 have at least one 
laser snock pccncd surface 54 and a pre stresscd reglon 56 
having deep Lornprcsuvc rcsidual strcsscs ~mpartcd by laser 
,hock pcening (LSP) cxtcnding into the airloil 34 from the 
laser hnock peened surtacc as sccn in rIG 3 Prcicrably the 
alrfml ha\ two l a w  s h w k  pcencd wrfacc'; 54 along thc 
lcading cdge LE m d  the PIC-sticssed icglon, 56 Are Loeu- 
tcnsnc with thc lcading edgc scctlon 50 in the chordwiac 
direcuon to the full extent of width W1 and are deep enough 
into the d~rfoil 34 LO coalcscc for at least a part of the width 
W1 The prc-stresscd regions 56 are shown coextensive with 
thc lcading cdgc hcctlon 50 in thc radial dircct~on along the 
leading edee LE but may be shorter Ihe entirc laser ,hock 
pccncd surfaccb 54 15 formcd by overlapping laser ~ h o c h c d  
pccned c~rcular  spots 58 

FIG 2A illustratc~ the invertion for a partlal leading edgc 
length prc stresscd rcgions 56 extcndmg ovcr a lascr >hock 
peened w l d c c  lcngth L1 of the leading cdgc Lk that is 
gcncmll) ~cntcrcd  about a predetcrnuncd nooal line 59 
whcrc it Intercepts tnc lcad~ng edgc LE Prefcrahly ihe nodal 
line 59 1s onc oT a doimnait failure imdc  duc to vibratory 
vtress This stress n u y  be due to exc i tmms of the blade in 
flcxure dnd torsiond modes The dormndnt ldllure mode 
may not alwdys he thc maximum strcsa modc but rather A 

lower slress modc or combination of modes that exlst lor 
longer duration., ovcr the cngine's mlsslon By way ol  
cxamplc thc prcdeterrmncd nodal line 59 ~llustrated in f 1G 
2.4 i i  duc to a hrsr llcx modc A nlck 52 locatcd in th15 area 
ol the leading cdge LE has the greatesi potential for failing 
the bladc undcr rcsonanu In t h ~ s  mode Further by way of 
example thc Inser shock pecncd surface length L1 of- the 
patla1 Icadmg edgc lcngth pre-atresscd regions 56 may 
cxtcnd along the lead~ng cdge LE about 20% of the fan blade 
length from the up 38 to thc platform 36 

The prcscnt invcntion iiicludcs a fan blade construction 
with only the trailing cdge TE having laser shock pccncd 
surfaces 54 on a trailing edge section 70 having a second 
width W2 and along the trailing cdgc TE. The associatcd 
pre-s~ressed regions 56 having dcep compressive residual 
stresses imparted by laser shock pccning (LSP) cxtcnds into 
the airl'oil34 from ihe laser shock pccncd surfaccs 54 on the 
trailing cdge section 70. At least onc and prcfcrably both of 
thc pressure side 46 and the suction sidc 48 have a laser 
shock peened surfaces 54 and a prc-stressed region 56 
having dcep compressive residual strcsscs imparted by lascr 
shock peening (LSP) extending into the airfoil 34 l'rom the 
laser shock peened surfaces on a trailing edge scction along 
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the trail~ng cdge TE Preferably the comprzsslvc pre 
stressed rcglons 56 x c  coextenwe with the lcadmg edgc 
scction 50 In thc chordwix direction to thc full extent of 
w~dth W2 and are deep enough into the airtoil34 to coalcscc 
for at least a part of the width W2 The compresslvc 
prc-stressed rcglons 56 are shown cocxtcnsw with the 
lcading cdgc section 50 in the rddial direcl~on along the 
traling edge TE but may be shorter, extending irom ihc tlp 
38 a portlon ol the way along ~ h c  trading edgc TE towards 
thc olatform 36 
7 he lascr beam shock induced dccp conlpresslve residual 

stresscb m the comprcssi\e prc stressed rcgmns 56 arc 
gencrallv about 50-1 50 KPSI (Kllo Pound? pcr Square Inch) 
extcnding from ihe lascr shocked surfdces 54 to a depth of 
about 20-50 mils Into lascr shock ~nduccd comprcsslve 
residually stressed regtons 56 The laser bedm shock Induced 
deep compresslvc residual atrcsses are produced by repel1 
tively Anng a h~gh energy laser beam that 1s delocused i a 
few mils with respect to the surfacc 54 which 15 covcrcd wlth 
paint The laser bcam typlcdlly has a pcah power density on 
the order ot mgnrtudc of a gigawatt/cm2 and is fircd 
through a curtain of flowing wdtcr that 1s flowed mer  the 
painted surfacc 54 Thc pamt IS abldlcd generaling plasmd 
which results in shock waves on the surface of ihe matcnal 
Tliesc s h o ~ k  uavcj dre re dirccted towards ihc pa~ntcd 
surface by thc curtam of flowing water to generate travelling 
shock aaves (pressure waves) In thc matenal bclow the 
pamted surfacc The amplitude and quantity of thesc shock- 
wwe determine the depth and lntenslty ol compressive 
rtresse.; The paint 1s uscd to protect thc target surldce and 
also to gcncraie plasma Ablated pant  matenal 1s washed out 
b) the curtan of tlowing water 

Disclosed In the abovc rclerenccd U S paicnt applieatlon 
Scr No 08/362,362, entitled "ON I H b  LAShR SHOCK 
PEENING" wn~ch 1s incorporated hcrcin by reference i5 

intormailon rcgardmg "on the fly" lascr \ h n c ~  peenlng The 
laser may bc hrcd sequent~ally on the fly" 11l11\lrdrd In 

FIG 4 to hit a pattern of non adjacent centers X dong a row 
~criicrllnc 61 of laser shocked peened c~rcular spots 58 
(indicated by the c~rcles) having a diamclcr D in a roa 64 of 
05erlappmg l x r  shock peened circular apots Thc pattern 
may be o! multiple overldpping rows 64 of ovcrlapp~ng 
shock pccned c~reular spots on the ldser ahock pccned 
surfaces 54 A first overlap is bctwecn adjaccni lascr shock 
peened circular spots 58 In a glven row and is generally 
dcfincd by a first offset 01  between centers X of thc adjacent 
laser \hock peened circular spots 58 and can vary from about 
30%-50% or rnurc of thc diameter D A sccond overlap is 
bctween adjacent laser snock peened circular spots 58 In 
ddjdccnl rows and IS generally defincd by a second offset 02 
between adjacent row ccnterlines 62 and can vary from 
about 30%-50% of the diameter D dcpendmg on appllca- 
tlons and the strength or fluency of the laser beam A th~rd  
o\erldp In the t o m  ot a hnear ofisct 03 between centers X 
of adjacent laaer shock pcened clrcular spots 58 In adjacent 
rows 64 and can vary from about 30%-50% of the d~ameter 
D dependlug on a p a t ~ u 1 1 1 ~  application 

This method is designed so that only virgin or near virgin 
paint is ablatcd away without any appreciable eCect or 
damage on the surface of the airfoil. This is to prevent cvcn 
minor blemishes or remelt due to the lascr which might 
otherwise cause unwanted aerodynamic effccts on the 
blade's operation. Several sequences may be rcquired to 
cover the cntire pattern and re-painting of the laser shock 
pccned surfaces 54 is done between each sequence of laser 
firings. The laser firing each sequcnce has multiplc laser 
firings or pulses with a period betwccn firings that is often 

rclcrrcd 10 a "rep ' Dunng the rep the part 1s rnovcd so that 
thc ncvr pulsc occurs dt the locallon of the next lascr shocked 
pecncd circular spot 58 in the sequence Preferably the part 
is movcd conimuouslj and tuned to be at the appropnatc 

5 location at the pulse or f nng of thc laser heam One or more 
rcpcats or each sequcncc may be uscd to h ~ t  cach laser 
shockcd peened circular spot 58 more than once Thls may 
also allow lor lcss laser powzr to be used in cach finnq or 
lascr pulse 

1 0  One exarnplc of the present invention i c  a fan blade 8 
h d c q  dn d1rSo11 dboui 11 Inches long, a chord C about 3 5 
~nches, and lascr shock pcened surfdces 54 about 2 ~nchcs 
long along thc lcading cdge LE The l a m  ahock pecncd 
suriaces 54 are dbout 0 5 Inches w~de  (Wl)  A first row 64 

15 of- laser shocked pccncd clrcular spot? 58 nearest thc leading 
cdge LL cxtcnds past thc lcading edge by about 20% of the 
l a w  spot diamctcr D which is about 0 27" thus irnpartlng 
deep cornpicsslvc rcsidual slrcsses in ihc prc stressed region 
56 below thc l a w  shock pccned surfa~es 54 wh~ch cxtcnd 

20 about0 54 mchcs from the leading cdge Four sequences oS 
continuous laaer hnngs and blade movement arc used The 
Anngs between rcps of the laser arc done on spots 58 wh~ch 
lie on unabated pmted surfaces whlch requires a rcpdint 
betwccn each oi the sequences Each spot 58 is hlt three 

25 tlmcs and lhereforc thrcc scts of four sequences are used tor 
a total of- twelve paint and repamtr ot the l a w  shock pcened 
surEace 54 

An alternaiive io painting and repainting is to use no 
painting at all and form the abovc mcntioned plasma with 

30 metal alloy on the surfacc of the airfoil. Aftcr the laser shock 
pcening proccss is done the laser shock pccned surfacc may 
be removed to a depth sufficient to rcniuvc the remelt that 
forms on thc surrace that might interfcrc with the airfoils 
operation. 

35 Refening more specifically to FIG. 3, thc prcsent inven- 
tion includes a fan blade 8 construction with either the 
lcading edge LE or the trailing edge TE sections or both the 
leading edge LE and thc tailing edge TE sections having 
lascr shock peencd surfaces 54 and associated pre-siressed " regions 56 with dccp compressive rcsidual stresses imparted 
by laser shock pccning (LSPI as disclosed abovc. 'The lascr 
shoekcd surface and associated prc-strcsscd rcgion on the 
trailing cdgc TE section are constructed similarly to the 
leading edgc LE section as described above. Nicks on the " leading edgc LE :end to he larger than nicks on the trailing 
edge TE and thercforc the firsi width W1  of the leading cdge 
szction 50 may bc greater than the second width W2 of the 
trailing edge section 70. By way of example W1  may bc 
about 0.5 inches and W2 may be about 0.25 inches. 'The 

50 prcsent invention can be used for repaired fan blades in 
which the stress risers in thc leading and/or trailing edges LE 
and TE respectively, in the lorn of the nicks 52 andlor tears. 
have been suitably repaired. 

55 While the preferred 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 departing 
from the scopc of the invention as set forth in thc appended 
claims. 

We claim: 
1. A gas turbine engine fan blade comprising: 
a metallic airfoil havino a leading edge, a trailing cdge, 

9 
and a radially outer tip, 

6s a first laser shock peened surface on a pressure side of said 
airfoil and a sccond laser shock peened surface on a 
suction side of said airfoil, 
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said laser shock pccncd surfaces cxlcnding ladially along 2.  A far1 bladc as claimed in claim 1 wherein said nodal 
a portion o l  and chordwise horn said leading cdgc, line is of a dominant failure mode. 

3. A fan bladc as claimed in claim 2 wherein said lascr 
laser shocked rcgions having deep compressive residual shock pccncd rexions exlending into said airfoil rrom said 

stresses irnpartcd by laser shock pccning (LSPj cxtcnd- 5 lascr shock surSaces ar i  formed by simulianeously 
ing into said airfoil hen, said laser shock pecncd shock peening boih sides of said airfoil. 

surfaccs, 4. A fan hlndc as clai~ned in claim3 wherein said far1 bladc 
is a rcpaired fan hladc. 

said ponion ccntcrcd about an inlerscction of said leading 
cdgc and 3 piedcterrmned nodal line or s a d  blade r c x h *  
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