28 January 2004 - 1 ROTOR BLADE BACKGROUND OF THE byygNELgNyTBb%4lnventlon
rel ates generally to turbine engines, and nore speci al'l to"a bl ade
for a conpressor for such engines. 5 A turbine engine typically includes a
fan and a | ow pressure conpressor, sonetinmes referred to as a booster. The
fan includes a rotor having a pIuraIity“lof bl ades. The | ow pressure
conpressor also includes a rotor having a plurality of rotor blades which
extend radially outward across an aRef p&IE The fan rotor is coupled to
the booster rotor. The bl ades generally include an airfoil 10 section
nounted radially outward of a bl ade root section. The rotor is housed

wWithin a stat BACKRGROUND OB EHBINYIRErigN i cation, a test sonetines
referred to as a "blade out" test is run. In the blade out test, a fan

bl ade is rel eased &hisinyentipairelatthigenerellptttesbinaengindsahmnesrd spedificalfyan

rotor. Since ' otaor is coupled.to the booster rotor, 15 the
i mbal ance in Efﬂg bﬁ% ¢5?8ngfefg§q;ﬁ§r SR ENINSS: of the booster rotor.

Specificalky, the i j 6§ di al_and tangenti al

Igads inpoggd by ttﬁhﬂglﬁggggtﬁ? ps g?}ly? ﬁéem%\eg(sﬁgﬁgra Ielg? ZO\%?ngg%rggmre@ﬁ ' case,

whi ch can | eadometimeesefertedtd asfabdostee. FheSha fimiluded Serotdsd Havig 4 b[ﬂﬂg . To
e

w t hstand such ress the strength of the stator case can b .
i ncreased. Fonét?gﬁsplﬁﬁé foRePTSUES FOINPIGSSOR alse iRelhdescraton hawing aploralisase can

be of rotor blades which extend radially outward across an airflow path. The fan

rotor is coupled to .the booster rotor. The blades generally include an airfoil

10 section mounted radially outward of a blade root section. The rotor is housed

within a stator case.

During engine certification, a test sometimes referre&, to as a "blade out"

. test is run. In the blade out test, a fan blade is released at its root, which creates

an imbalance in the fan rotor. Since the fan rotor is coupled to the booster rotor,

15  the imbalance in the fan rotor affects operation of the booster rotor. Specifically,

the blade tips can rub the case. The radial and tangential loads imposed by the

blade tips on the case create stresses in the case, which can lead to unexpected
failure of stator case skin or flanges.

To withstand such stresses, the strength of the stator case can be

20 increased. For example, the material used to fabricate the stator case can be

selected so as to have sufficient strength to withstand stresses caused by rubbing

of the rotor blades. Also, and rather than using other materials, thicker flanges,

thicker stator skin, and additionql bolts can be added to increase the stator

strength. Increasing the stator case strength, however, typically results in

25  increasing the weight and cost of the engine.

BRIEF SUMMARY OF THE INVENTION
Rotor blades and vanes for a turbine engine which are configured to more
easily bend, or buckle, than known rotor blades and vanes are described.



selected so as to have sufficient strength to withstand stresses caused by
rubbing of the rotor blades. Also, and rather than using other materials,

t hi cker flanges, thicker stator skin, and additional bolts can be added to
increase the stator strength. Increasing the stator case streggtdiary 2004
however, typically results in 25 increasing the weight and cost of the
engi ne. BRI EF SUMVARY OF THE | NVENTI ON Rot or bl ades and vanes for a turbine
engi ne which are configured to nore edasily bend, or buckle, than known
rotor bl ades. and vanes are described. 28 January 2004 -2 Providing that the
L rfoi | SevidRE Ehf'ea’gfqﬂysa&aﬂ*ag?orsreaﬁ&%ﬁ ;ordﬁéme&aée%ﬂ%t@mﬁug@gtw@
forces o d o fS s ' e out event.

Accor di ngfo{%ggnfﬁ%?ﬁ% Se()giété)}kpé%rﬁgéﬂ%ﬁ%ent | g%fmg@%l?ocsﬂegﬁade for a turbine
engine is provided, said rotor blade conprising: a blade root section; an
airfoil section exiARBeHIRg toadhtdshott PtPInderoand rétor Badetor hitt®idARgineom
sai d bl ade root_ section; and a platform between said airfoil section and
sai d bl ald@reaerd, sad getenbladusumprsing la bladsaomasciion; angirfrl sectiem esteniigge

angl e w{h: . eRdi ng: t SUrf i

o1 at for rieiphE S8Erabibed BB RO ATRRE RoP ok B h B B o1 ane
ext endi ngidairfoi setthom andapiddbladeaoet sebtidn)@aip ratidldneR sakiradinhasn obliqa! , or
per pendi cular, to such a plane. As a result, and during a bl ade out event,
an over PHEGVHY rPBREAe 2 piRRe 5Etegding pgiosta fop sHrfagef sgid pl irfoil section.
The overturning nonent facilitates bending the airfoil section. According
to a second aspect of this invention, a turbine engine conprising a

The radial line Rag extends at an angle with respect to the plane extending across the

top surface of the platform, rather than normal, or perpendicular, to such a plane. As a
result, and during a blade out event, an over turning moment may be generated in a root of

the airfoil section. The overturing moment facilitates bending the airfoil section.

According to a second aspect of this invention, a turbine engine comprising a
rotor is provided, said rotor comprising: a rotor disk, and a blade secured to said rotor disk,
said blade comprising a blade root section, an airfoil section extending radially outward along
a radial line Rag from said blade root section, and a platform between said airfoil section and
said blade root section, said radial line Ras extending at an angle relative to a plane extending

across a top surface of said platform, said blade configured to bend during a blade out event.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic illustration of a turbine engine;

Figure 2 is a perspective view of a low pressure compressor rotor blade;

Figure 3 is a schematic front view of the blade shown in Figure 2;

Figure 4 is a schematic illustration of a plurality of rotor blades with respect to a
stator case;

Figure 5 illustrates blade contact with the stator case;

Figure 6 illustrates in further detail the forces generated during a blade contact event;



rotor is provided, said rotor conprising: a rotor disk, and a bl ade secured
to said rotor disk, said blade conprising a blade root section, an airfoi

section extending radially outward along a radial Iine RAS from said bl ade
root section, and a platformbetween said airfoil section and »3saiLg, Roade
root section, said radial line RAS extending at an angle relative to a

pl ane extending across a top surface of said platform said bl ade
configured to bend during a blade out eveat. BRI EF DESCRI PTI ON OF THE
DRAWNGS Figure 1 is a schematic illustration of a turbine engine; Figure 2
is a perspective view of a | ow pressure conpressor rotor blade; Figure 3
is a schematy. I i f 0 L Elgqure 2. Figure 4 is a
schemati c iﬁ%@%%F§pﬁ%ﬁﬁﬁﬁhﬁw%%ﬁfﬁPF?gE%E&FoF%%Q%-% @gﬂﬁﬁ#h respect to a
stator case;Figu@W8 8 abschbhbied frohedew Fdhsd¥hactordbide WHIE ofé ahBsdisREE
Figure 6 illustrates in further detail the forces generated during a bl ade
contact1@99ﬁ$@ﬂ29@m&ﬁuary 2004 2a Figure 7 illustrates (exagerated) bl ade

response to bl ade out, event: Fi gur is a schematic front view o
bl ade in accbgllgaléencés SRR ﬁlg VAFB 8 iarpz?f?e l&acc?%nfﬁ A ,?glohfﬁ;gﬁiﬁf)g ,en}i?rgur e 9
i's a schagpisént iveitigf; a bl ade in accordance with another enbodi ment of

the present invention;, Figure 10 illustrates reference points along an
ai rfoi |l sectHigure Filipstratesirbiarenca peintssbong@p tairfmissectiongw t hr ough t he ai rf oi

section s hoviplglllrg IllzlisgaiJ érgsslsgétional view through the airfoil section shown in Figure 10;



28 January 2004 -3 Figure 12 is a graphical representati on conparing the

t hi cknessyof a knowngai rfoil section and the length, or Zthéamiary00ehe
airfoil section; and Figure 13 is a schematic illustration of a blade and
vane arrangenent in accordance with one enbodi nent of the present _

i nvention. 5 DETAILED DESCRI PTION OF THB 4 NVENTION Figure 1 is a schematic
illustration of a turbine engine 10. Engine 10 includes a | ow pressure

conpressor 12, soriigurees? riefaegraphichb represdnfafos cempadag thé‘ a&e%ohgcat ed
i mredi ately uypstream from booster 12. Engine 10 also 71 ncl u

pressure conprO¥aAirteil seciionAng ihe lﬁﬂgDIB Or&hhﬁdglﬂfﬂteemsfurlesedzuémblamrz 20 and 10 a
I essure turbi 0 fan 14 are ed to | ow pressure
ta\rNbPFle 22 by a flfﬁlglf"%%ﬁ ?% sgﬁgm Hﬁ’ﬁ&%?&? %lﬁ%?‘ég‘é&e agngementipl ed t o
hi gh _ pr essuracdidiiieneit? OndbmBodiReapes R HrisedOnvéndoppl cal _conpressor rotor
assenbly of a turbine engine includes a "plurality of rotor blades

extending radially outward across an ai rflow path. An I1I5 e?arr}[alg of I% o
Kk rot.Qr f ressor is illustrated in Figu

2noglnade go W‘S@Mﬂpﬂpﬂéfwﬁ I%Tml ng radiall y outward from
a bl ade root sect ifgpue4. ish RRiaBE M1 lsn'o?gghpognQSﬁggﬁggp g 1§2Ct T on

52 and bl ade root Section 54, and plattorm

boundary beﬂwélsitstaﬂewmeasureammmeOMZﬁsmtmIruﬂé‘rreﬁﬂtégg@a Ethsltelﬁ- Q{Ed gﬁl Ly
disk with root section i nterl ocki ng
mounted in a C?ﬁl Ah{gf:of fnma 1%Eely \Ilpstreamfrombooster 12. Engine 10 also includes

engaging a si _
a high pressure compressor 16, a combustor 18, a high pressure turbine 20 and
10 a low pressure turbine 22. Booster 12 and fan 14 are coupled to low pressure
turbine 22 by a first shaft 24. High pressure compressor 16 is coupled to high
pressure turbine 20 by a second shaft 26. | '

A typical compressor rotor assembly of a turbine engine includes a
plurality of rotor blades extending radially outward across an airflow path. An
15 example of a known rotor blade SO for a low pressure compressor is illustrated
in Figure 2. Blade 50 includes an airfoil section 52 extending radially outward
from a blade root section 54. A platform 56 is located between airfoil section 52
and blade root section 54, and platform 56 forms a portion of the boundary
between the rotor and the working medium. Blade 50 is normally mounted in a
20 rim of a rotor disk with root section 54 interlockingly engaging a slot in the rim.
Compressor blade roots are curvilinear in form and referred to as dovetail roots

and the matching conforming slots are referred to as dovetail slots.
As shown in Figure 3, which is a front view of blade 50, as blade 50
rotates, gas loads L; act on blade 50. Blade 50 typically is mounted to the rotor
25  disk so that blade 50 is angularly offset, or tilted, so that blade bending created
by the gas loads is balanced, or offset, by bending caused by rotation at the
airfoil root. g '
Referring now to Figures 4 and 5, which are schematic illustrations of a

. rotor 60 including a plurality of blades 62 positioned relative to a stator case 64.



Conpressor blade roots are curvilinear in formand referred to as dovetail
roots'and the matching conform ng slots are referred to a8 stowateddo4s! ot s.
As shown in Figure 3, which is a front view of blade 50, as bl ade 50
rotates, gas loads L act on blade 50. Blade 50 typically is nounted to the
rotor 25 disk so that blade 50 is angW4rly offset, or tilted, so that

bl ade bendi ng created by the gas | oads is balanced, or offset, by bending
caused by rot Buriap adblatibeut” @veftpidtoF 6®has Bﬁ‘ﬁj@étblgnﬁltd‘é%ié’eﬁ@, frid%f%cf‘e%a? and 5,
whi ch are schematic illustrations of a rotor 60 including a plurality of
bl ades 62 posFNRshERertd; adiload Nois dragsmitted iotos ané sup@sted diyy aise 630Rdm- 4

During a "bla 3 t tQr.60 h a,(rajectory into case 64, and

bl ades 62 cogﬁgwa%eag%?%ﬁ?négﬁ YAl e tréﬁ?ﬁ*’ﬁf d '¥4§?§),‘hea‘ill‘€§°“§9p1forted
by, case 64 frodationss¥Gbtoll680endZrdW T Haili@eds 1’6{&'350‘1@& ‘infd’ i ndi cates
the direction of rotation of rotor 60, and arrow it%ﬁil{:l@t‘%ggv?gtor 60
trajectory’ into cadestewnigFigirefonfridtionEompoper uNadebmbitizeumddasinargnt AN

destabilizes and,.facjlitate buckl i of bl ade 62. Mre specifically,
forces AN and&ﬁ%{l% gteblﬁ‘iea@es%ﬂret iy faerenudiand N {greebladg 62tabeaddi t i onal

closure bet weg uekR! whRhaNgws badiQond afRufs tt)v;éet%hrg{b‘?% Hﬁrgioggé%%%e” s

believed that the forces AN and N generate rubbi 62 on
case 64 resulas shawddmkigung7cdsis telievaDiiat therferdds i sndNNeBhied ty @8t Vi ew
of a blade 100,jn aiﬁprdggce wi th one_ enpodi nrent of the present invention.
Bl ade 100 incﬁ“Hb‘«!}gO e ¢ @n case b4 resyltig slamaging case 64,

10 Figure 8 is a schematic front view of a blade 100 in accordance with one

embodiment of the present invention. Blade 100 includes an airfoil section 102

extending radially outward from a blade root section 104. A platform 106 is

located between airfoil section 102 and blade root section 104 and piatform 106

forms a portion of the boundary between the rotor and the working medium.

15  Blade 100 is normally mounted in a rim of a rotor disk with root section 104

interlockingly engaging a slot in the rim. Compressor blade roots are curvilinear

in form and referred to as dovetail roots and the matching conforming slots are
referred to as dovetail slots.

Airfoil section 102 extends along a radial line R, at an angle relative to

20  a plane extending across a top surface of platform 106. In the embodiment of

blade 100 illustrated .in Figure 8, radial line R, is straight. More particularly,

blade 100 generates an over turning moment at the root of airfoil section 102

which assists in bending blade airfoil section 102 to reduce the load on the stator,

e.g., the stator case, during a blade out event. The moment is equal to:

25 NL + wuNH



extending radially outward froma blade root section 104. A platform 106 is
| ocat ed getween aiyrfoil section 102 and bl ade root secti ci® Jediarya2id4
platform 106 forms a portion of the boundary between the rotor and the
wor ki ng nmedi um 15 Bl ade 100 is normally nounted in a rimof a rotor disk
with root section 104 interlockingly engaging a slot in the rim _
Conpressor blade roots are curvilinear 1in formand referred to as dovetail
roots and theypgtching conformng slots are referred to as dovetail slots.

Airfoil section 102 extends along a radial line RAs at an angle relative to
20 a plane extending across a top surface of platform106. In the _
enbodi nent of blade 100 illustrated in Figure 8, radial line Rerr] is

strai ght. Mre par¥icul FIleyﬂ,gth'tﬂrééﬁéa@eoffg@r?efﬁéiakﬁn%gmngglmoctiisnrg;'m?m_elnt at
the root of airfoil secids0 [ ssists .4 n hendin .ade, ai rfoi
section 102 to reduce t%dg #g;%g%%ﬁgﬁg£8@§ag?1p§ ﬂgpﬁg,af:?fggrsﬂ‘)é%?f"c'é’?e,
during a bl ade out evendurfadd¢08ofRitoil Seclt'@b2,tahd 25 NL + gNH 2S January
2004 5 where: L = the length, or distance, froma radial Iine RRs through

root section 104 and a parallel line Lp passing through g_center Point of
ato sursf ace 108;0of airf.0ll tion 102.. an H =t Il stance froma
t'op gurfacse of pl g‘?f%r%hﬁggg@ﬁg?&&agﬂpfsﬂggw‘1 a'é?mhw??ami R yrfacs 102.

- 108 of airfoil section 102,

An exemplary rang:: of values for H are 2 inches to 12 inches, and typicaily 4
inches to 9 inches. Length L, which is an offset, is selected based on the desired
design strength at the root of the blade, and the size of the blade. Blade 100 is
10  fabricated from materials such as titanium and aluminum usihg well known blade
fabrication techniques.
Figure 9 is a schematic view of a blade 200 in accordance with another
embodiment of the present invention. Blade 200 includes an airfoil section 202
extending radjally outward from a blade root section 204. A platform 206 is
15 located between airfoil section 202 and blade root section 204, and platform 206
forms a portion of the boundary between the rotor and the working medium,
Blade 200 is normally mounted in a rim of a rotor disk with root section 204
interlockingly engaging a slot in the rim.
Airfoil section 202 is bowed, and extends along radial line R,satan angle
20  relative to a plane extending across a top surface of platform 206. In the
embodiment of blade 200 illustrated in Figure 9, radial line R, is curved. By
bowing airfoil section 202, the cél;zter of gravity of section 202 is located over
blade root section 204, which reduces the root section stresses yet airfoil section
202 will still buckle.
25 In accordance with ye’i another embodiment of the present invention, the
airfoil section (e.g., airfoil section 102, 202) thickness also varies along its
length. The airfoil section with a varying thickness can extend along a straight



An exenpl ary range of values for Hare 2 inches to 12 inches, and typically
4 inthes to 9 inches. Length L, which is an offset, is s28 émiuady paiied on
the desired design strength at the root of the blade, and the size of the
bl ade. Bl ade 100 is 10 fabricated frommaterials such as titani um and

al um num using well known bl ade fabricatdgon techniques. Figure 9 is a
schematic view of a blade 200 in accordance with another enbodi nent of the

present inventrhgial il R{eas2Qfh ibideUdes | dr Lon, £02,. extending
radially outward from gs bl ade oot se(:(’:r?|['(())2’r;i1 é’&j&gﬁ%ﬁ%ﬁ&cﬁ?éb%e s WA
| ocat ed bet wedrdgiseetinn 2Q@ect i on 202 and bl ade root section 204, and
pl atform 206 for a port.i oghof t he boundary between the rotor and the

wor ki ng medi um  BIMAQE SPEeiTiFAl, Figura {0 ilbistrates reference ipoims, ine.r @%thdi sk
ith t [ i yn | ' [ n. .slot inth im _Airfoil
Secti on 203§ i Seion riG 1 00K Ahd aBFT HeliBnilnd ¥oasc e altial shian. 20

section 202 is bowed, and e ong'r
relative t8 aFiguadldx erds segtios bOas aiRfdiloRcSH 5Mu§fat@@£m5§&§|ﬂ§nw| n the
| I ne

enbodi ment "of _bl ade 200 illustrated in Figure 9, r a I's”curved.
By bowi ng ai P Kided sesiionohickness Tuapmed ditange 411 Figuné 12 doh peaphidal | S
strosses yor SErrariBbomBai s iq of' Ly FSnonaat o, HoFiERCadd overshee i th
o (2L St 6t sl edahto s KOV YOS s BEELET
The airfoi | s#&tiksscygnare sharam in daghechlindareidhe caios eRkmowh gitfoll Gedtionlar@i ght 28
January 2994 shown in solid line. As shown in Figure 12, the varying thickness blade is less
thick than known blades for a distance from about 0% to 30% of its length.
Figure 13 is a schematic iltustration of a blade and vane arrangement 300
in accordance with one embodiment of the present inventioﬁ. “Arrangement 300
includes blade 200 and a vane 302. Vane 302 has the same curved, or bowed,
15 shape as blade 200, except that vane 302 is secured to stator case 304 rather than
to a rotor 306. Vane 302 is arranged so that vane 302 opposes biade 200, i.e.,
concave surfaces 308 and 310 of blade 200 and vane 302, respectively, face each
other. This particular arrangement is believed to also reduce aeromechanic
excitation.
20 While the invention has been described in terms of various specific
embodiments, those skilled in the art will recognize that the invention can be

practiced with modification within the spirit and scope of the claims.



-6 radial line RAS as with bl ade section 102, or along a curved radial |ine

as with blade section 202. Mre specifically, Figure 10 illustrates
reference points, i.e., 0% (the airfoil section root) to 100% (the airfoil
section tip) along the airfoil section. 5 Figure 11 i9g3,6hf5306£Ction of
an airfoil section and illustrates the neasurenents for tﬁe alr?ml section

thickness T,,,(,,) and distance C. Figure 12 is a graphical representation
conparing the ratio of Tm C(shown as T[err] in Figure 11) over the length
of the airfoil section (0%to 100% . The ratios of the varying thickness
airfoil section are shown in dashed line and the ratios of known airfoil
section areCl@Idfown in solid line. As shown in Figure 12, the varying

t hi ckness blade is less thick than known bl ades for a distance from about
0%to 30%of its length. Figure 13 is a schematic illustration of a bl ade
and vane ar [_angemgor%%eifgrgﬁﬁ.gﬁg%gé eMoldbriRfify: embodi ment of the present

i nvention. Arrangenent 300 1 ncl udes 31 age 200 "and a vane 302. Vane 302 has
t he sane curved, abladboemdectidy shape as bl ade 200, except that vane 302 is

secured to stator case 304 rather.than to a rotor 306. Vane 302 is arranged
S0 that vane 3023B3BRULEckIh FatcatHE Halaly otuiL Apes SRS BeFoRhd 310 of
bl ade 200 aggdswiiR rdd cﬁ@n?%?nﬁti vely, face each other. This particular
arrangement 1s believed to al'so reduce aeromechanic excitation. 20 Wile

t he i nventi on has pheformdetweebsadd anfdibsertion ind aaidbslespotrsdction, @andodi nent s,

t hose skill eocll.i T ttke art will rec ?_ni ze that, the invention can cf,)e
radial line Ra5 extending at an oblique angle with respect to a plane extending

across a top surface of said platform.

2. A rotor blade in accordance with Claim 1 wherein said radial line R,g is
straight.

3. A rotor blade in accordance with Claim 1 wherein said radial line Ryg is

curved.

4. A rotor blade in accordance with Claim 1 wherein during a blade out

event, an over turning moment is generated in a root of said airfoil section.



practiced with nodification within the spirit and scope of the clains. 28
January 2004 -7 CLAIMS: 1. Arotor blade for a turbine engine conprising:

a bl ade root section; an airfoil section extending radially outward al ong a
radial line R, from said blade root section; and a plg%ﬂgpgﬁggb@@en sai d
airfoil section and said blade root section, said radial né RAs
extending at an oblique angle with respect to a plane extending across a
top surface of said platform 2. A rotgr blade in accordance with Claiml
wherein said radial line RASis straight. 3. Arotor blade in accordance

with O ai m 3§ whepsiotorbiidd it actiopdanbé Weh RASin S whetsivesd 4. A rotor blade in
accordance with Claim1l wherein during a blade out event, an over turning

noment is gewertameng mement soaquaktosai d airfoil section. 28 January 2004 -8
5. Arotor blade in accordance wt L(314_ai ﬁlﬁl wherein said over turning
nonent is equal to: H

where:

N= force of a blade tip against a stator surface and normal to said
stator surface,

L= length from a radial line Ry, through said root section and a
parallel line L, passing through a center point of a top
surface of said airfoil section,

# = acoefficient of friction between said blade tip and said stator
surface, and

H= adistance from a top surface of said platform and said

top surface of said airfoil section.

6. A rotor blade in accordance with Claim 1 wherein a thickness of said

airfoil section varies along its length.

7. A turbine engine comprising a rotor, said rotor comprising:

a rotor disk, and

a blade secured to said rotor disk, said blade comprising a blade root
section, an airfoil section extending radially outward along a radial line R,
from said blade root section, and a platform between said airfoil section and
said blade root section, said radial line R,5 extending at an angle relative to a
plane extending across a top surface of said platform, said blade configured to

bend during a blade out event.

8. A turbine engine in accordance with Claim 7 wherein said radial line

Rs 1s straight.



NL + pNH where: N = force of a blade tip against a stator surface and
normal to said stator surface, L = length froma radial line R, through
said root section and a parallel line Lp passing through a center point of
a top surface of said airfoil section, p = a coeffici %tJaﬂg rgréoghl on
between said blade tip and said stator surface, and H = tance froma
top surface of said platformand said top surface of said airfoil section.
6. Arotor blade in accordance with Caiml| wherein a thickness of said
airfoil section varies along its | engt-?.- 7. A turbine engine conprising a
rotor, said rotor conprising: a rotor disk, and a bl ade secured to said
rotor di sk, 9sai d fhubisecogipeiis peaprdangk adth Clabn 7 whertingaid mdidilingoi | sect i on

ext endi ng r adi ally outward along a radial line RAS from said bl ade root
section, andaipfEHVESr m bet ween said airfoil section and said bl ade root
section, said radial line RAS extending at an angle relative to a plane

extendi ng across a top surface of said platform said blade configured to
bend duringl8. bl admrising ewgisdin acBordéndeuwith Gl rVovheeinniuaiag abiatecatw th C ai m

7 wherein said radial line . .
event, an over turning moment is generated in a root of said airfoil section,
said over turning moment equal to:
NL + uNH
where:

N = force of a blade tip against a stator surface and normal to said
stator surface,

L = length from a radial line Rgg through said root section and a
parallel line Lp passing through a center point of a top
surface of said airfoil section,

4 = acoefficient of friction between said blade tip and said stator
surface, and

H=adistance from a top surface of said platform and said top surface

of said airfoil section.

11. A turbine engine in accordance with Claim 7 wherein a thickness of

said airfoil section varies along its length.

12. A turbine engine in accordance with Claim 7 wherein said rotor

comprises a component of a low pressure compressor.

13. A turbine engine in accordance with Claim 12 wherein said low

pressure compressor further comprises at least one vane.



RAS is straight. 28 January 2004 -9- 9. A turbine engine in accordance with
Claim7 wherein said radial line RAS is curved. 10. A turbine engine in
accordance with Claim?7 wherein during a blade out event, an over turning
nonment is generated in a root of said airfoil section, 285\1%irmgar2‘ﬁﬁb4tur ni ng
nonent equal to: NL + NH where: N = force of a blade tip agalnst a stator
surface and normal to said stator surface, L = length froma radial |ine
RRS through said root section and a pggallel line Lp passing through a
center point of a top surface of said airfoil section, ,u = a coefficient
of friction 1a.etwqertuﬁﬁﬁ9eﬁgﬁéemta& c8 Ak fih SERIAT 13 iérﬂefréiﬁesai?%@ =a
di stance froma top surfacé of salg platformand said top surface of said
ai rfoi|l sectcooprisgsia cgndave Isirfaces agd saidibthadecaompiises @ contdveGuaface, andherei n a

A S A e o 2 Ao



conpri'ses a conponent of a | ow pressure conpressor. 13. A turbine engine in
accordance with Claim 12 wherein said |low pressure conpra$domnanu2dtder
conprises at |east one vane. 28 January 2004 -10 14. A turbine engine in
accordance with Claim 13 wherein said vane conprises a concave surface,
and sai d bl ade conprises a concave surfgai, and said vane concave surface
faces said bl ade concave surface. 28 January 2004 -11 ROTOR BLADE ABSTRACT

OF THE DI SCLOSURE A rotor bl ade (10 f a turbine engine (10)

i ncluding a blade root section (10&9@%%% airfoil section (102,
202) which extends radially 5 outward along a radial line RAs fromthe

bl ade root secti onR8104, 20422 is described. The radial |ine RAs extends at

an angl e rel atABSTRACT QFAFBEJNSEANSIIREacr oss a top surface of a platform
to such plane. As a

Fosul (- aht dur i mo ‘A TBPEAEE510% A0 7 Seins enstts Giohdnakufinge blase gepter at od
faci 11 tates bondlng e ot rod i A sceioh (105726) SR SIS BB o  he
stator. Fi § 8outward along a radial line R, from the blade root section (104, 204), is
described. The radial line R, extends at an angle relative to a plane extending
across a top surface of a platform (106, 206), rather than normal, or
perpendicular, to such plane. As a result, and during a blade out event, an over
‘turning moment is generated in a root of the airfoil section (102, 202). The
10 overturning moment facilitates bending the airfoil section (102, 202) reducing

damage to the stator.

Fig 8



