28 January 2004 - 1 ROTOR BLADE BACKGROUND OF THE byygNELgNyTBb%4invention
rel ates generally to turbine engines, and nore speci al'l fo"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 aRQﬂ%HMBbdﬂhE The fan rotor is coupled to
t he 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;ﬁgr SR ENINSS: of the booster rotor.

Speci fical by, the Ahagige bhfifie §Tally dial_and tangenti al
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w t hst and suchfﬁt?ress,gﬁé the strength of the stator case can b
i ncreased. Fof gﬁspl foRePTSUES FOINPIGSSOR alse iRelhdescraton hawing aploralisase can
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materials, thratkets ¢duphglew, 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 creatés
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.



t hi cker stator skin, and additional 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 engi ne. BRI EF SUMVARY
OF THE | NVENTI ON Rotor bl ades and vanes for a turbine engine Wy ghiadheos
configured to nore easily bend, or buckle, than known rotor blades and
vanes are described. 28 January 2004 -2, Providing that the airfoil section
nore easily bends, or buckles, facilitdaes reducing the forces on, and

damage of, stator conmponents during a bl ade out event. According to a first
aspect of PIPKiding Hpb Y BRIOUsSclPRMEE sy e ’Pﬁﬁ’b‘Fﬂ@S»eéﬁﬁ%eS redugingythged,
said rot e | oSl 20 ]ﬂg&] t110kL Lkfoil section

ext endi ngﬂbr‘%& %1? y&%lﬁjdt%%/aog%st%tleg)% reggzﬁg'\rﬁlg%nﬂelgﬁ%ﬁ% r‘%%rt'sai d bl ade root

section; and a platformbetween said airfoil section and said bl ade root

section, said radi alccbridiify tRASirevdspEt oPthidinvaitioabh ketoebladd b @ bl dngfeect
to a plane extending across a top surface of said platform The radial |ine

RAS ext elfdsovadeds paid pefpeblafle porpprisies: @ bladetrpet sstione ap rirflieniomexisadinghe  t op
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facilitates bending the airfoil section. According to a second aspect of
this in Wﬁﬁ TeSPEGHD A RENG §EieAING 3FE953 %toagsuafacer@%@fd Platfiyi ded, said
rotor conprising: a rotor disk, and a blade secured to said rotor disk

sai d bl ade conprising a blade root section, an airfoil section extending
radi al | y out wlhelradiabtige Ras extdidsl atlah neglRAGHH raped do theoplankeextemting eabsothe and

a platform betwee ai irfoil section and said bl agde root, section, said
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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;



across a top surface of said platform said blade configured to bend during
a bl ade out event. BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is a
schematic illustration of a turbine engine; Figure 2 is a perspective view
of a low pressure conpressor rotor blade; Figure 3 is a schemainGad ssnt
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 statoracase; Figure 6 illustrates in
further detail the forces generated during a bl ade contact event; 28
January 2004 2a Figure 7 illustrates (exagerated) blade response to a bl ade
out event: Fi. 2 ] thef Vi ew a bl ade. in accordance with
one enbodi mlﬁgﬁ%? Iﬁ?%%t%r(ggagﬁ%dhggﬁ% ?egh?nsﬁ?%%ﬁiédgoﬁswg&%hemati c view of a
bl ade in accEigfRER a¥Mchbmaioirbar viewhddi Y1ad inGlcortdBecePi &S 87¢ einbBYERehIUT
Figure 10 illustrates reference points along an airfoil section; Figure 11
i s a crdbepesntinigationi ew through the airfoil section shown in Figure 10;
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airfoil weptk@tinvdfiloyi gure 13 is a schematic illustration of a blade and
vane arrangenent in accordance with one enbodi nent of the present
i nventi on. Figure 10 illustrates reference points along an airfoil section;

Figure 11 is a cross sectional view through the airfoil section shown in Figure 10;



5 DETAI LED DESCRI PTION OF THE I NVENTION Figure 1 is a schematic
illustration of a turbine engine 10. Engine 10 i ncludes 28 JowaprZggur e
conpressor 12, sonetines referred to as a booster, and a fan 14 | ocated

i mmedi ately upstream from booster 12. Engine 10 al so includes a high
pressure conpressor 16, a conbustor 18,-3-high pressure turbine 20 and 10 a
| ow pressure turbine 22. Booster 12 and fan 14 are coupled to | ow pressure

turbine 22 by a fiFiguresbfit a2draphicghrapresentiién eonmphass the #ickmsLopRl €d to
hi gh pressure turhine 20 by a second shaft 26. A typical conpressor rotor

assenbl y of ol secsionand the lemgth, or chouds of theyaittbil settiom; hhdides
extendi ng radi al | yg; r s.an,airflo th. 15 exanple of a
known rotor bl adey%gm% \(I)Y?’ %aﬁgévgrﬁ?%csg{?rggéatboﬁr @%‘f a’?@"?ﬂ"l%ﬁ@ﬂé’éﬁ Iln Figure

2. Blade 50 iaocirdaiee with ahd EmbbdifRat bpﬂle%%es%ﬁmoghgﬁ.fadi al ly outward from
| ocat e et

a blade root section 54. A platform56 is ween airfoil section

52 and bl ade root section 54, and platform56 forns a portion of the
boundary - cbet t ' nedium Blade 50 is normally
nmount ed i 3 a%&%ﬁ@%gﬁés ﬁﬁbh%TMt ion 54 interlockingly
engagi ng a slot irmg I is™ scHeRIARE S : . rvi | i.ne in form
and referred to as %%r\e/et ai l scroots an thlgh%g?ct&ﬁ)%gg%ﬁ%ﬁ% n%"gé?eo?é are
referred to archdipsetlawlpredsotesconmessbon 2, somelings refetred Whe D bbSstér, GR@NT Vi ew

of bl ade 50, ﬁ%‘hﬂ@’ge@o rotates, gas loads L act on blade 50. Blade 50
typically is? aEH! Rishpps R beesteriz:  Enginre1Gaiso inchudgsil ar | y
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Ref erri ndOnow low fregsurectarbina@d. Boostir A2 addas ¢ ar@bdupléd louply freins of a
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 50 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. ' '
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.



rotor 60 including a plurality of blades 62 positioned relative to a stator
case 64. 28 January 2004 -4 During a "blade out" event, rZf ¢ganuaf 208 a
trajectory into case 64, and bl ades 62 contact case 64. Aload Nis
transmtted into, and. supported by, case 64 from each blade 62 in contact
with case 64. Arrow D indicates the direttion of rotation of rotor 60, and
arrow T indicates rotor 60 trajectory into case 64. 5 As shown in Figure 6,

a friction coPpcngat"biAlk destenbnt| t6S6@ ALk £ AS] b&tb?%ﬁcas@@@kiddrtg (Eef 6?' ade 62.
More specifically, forces AN and N force blade 62 to bend uc

whi ch al | ows SRRWGtIcassdd. cAdeast N isdranemittedointsy, a6 sappbrietldtyp caseddefr6rh,  as
shown in Figu ved.that the forc and N enerat ed by the
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t he present invention. Bl ade 100 includes an ai rf ext endi ng
radial |y cutward fAsshosvnin Kigure 601 frictionicompaient LN dcbabﬂ@émnﬂ(ﬁuh&tes' ocat ed
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parti cul ar| y,embodiment of the prescnt 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



bl ade '100 generates an over turning noment at the root of airfoil

102 which assists in bending blade airfoil section 102 t4% Jangarye200

on the stator,
i s equal to:

section

He | oad

25 NL + gNH 2S January 2004 5 where: L = the length, or

di stance, froma radial line RRs through?r_oot section 104 and a pa

| ine Lp passing through a center point o
section 102,

top surface

Wh&e5 H = the distance froma top surface of platform
108 of airfoil section 102. An exenplary range of valu

are 2 inches to 12 inches, and typically 4 inches to 9 inches. Len
which is an offset, is lgel ected based on the desired design strength at

the root of the blade

fabricated frommateri a [ I um_an | umi num usi n |
bl ade fabrication tec hin(lﬁqaa{gg;p%?g%lrﬁe&g’ﬁ %asgi"ggﬁ'gﬂﬁ?ﬁéqﬁrew’gtfg@ fop
i n accordance wi th anotsueface ¢0®oflhiril se@fiok 062 pi@sent invention. Bl

i ncludes an airfoil section 202 extending radi al | y outward from a
root section 204. A platform 206 is 15 | ocated between airfoil sect

and bl ade sr oot segfion a Iatform%OG r a.portion of th
boundary bset ween the rotﬁg;ﬁiséar{lggtfﬁog\ﬂotPRisH a%%éﬁmgg%ﬂ%én‘éé‘ﬂ’ F‘Eﬁf%
mounted in a rimof a rieRAf sl s¥diion 100t section 204 interlockin
engaging a slot in the rim
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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
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
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
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
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bowing airfoil section 202, the center of gravity of section 202 is located over

blade root section 204, which reduces the root section stresses yet airfoil section
202 will still buckfe.

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

e.g., the stator case, during a bl ade out event. The noment

H



Airfoil section 202 is bowed, and extends along radial line RAs at an angle
20 relative to a plane extending across a top surface of P8 ddrfuann2@R6. |n
the enbodi ment of blade 200 illustrated in Figure 9, radial line RAs is
curved. By bowi ng airfoil section 202, the center of gravity of section
202 is located over blade root section_204, which reduces the root section
stresses yet airfoil section 202 wll still buckle. 25 In accordance with

t th ' ool ' i_rf.oil. ti,
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The airfoil sdadesactgnt202a varying thi ckness can extend al ong a straight 28

January 2004 -6 raciiﬂal | i n% 5A8d€is wi th bl ade section 102, or along a
curved radial |ine A¥e§PERTICHY, Juigurs 19 Jlpsprates rafsrance poiits,i ical, I0% (fegure 10
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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.



i ncl udes bl ade 200 and a vane 302. Vane 302 has the sanme curved, or bowed,
15 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 so that vane 302 opposes
bl ade 200, i.e., concave surfaces 308 and 310 of bl adeg3Qf,#pgoyane 302,
respectively, face each other. This particul ar arrangenent |s be ieved to
al so reduce aeronechanic excitation. 20 Wile the invention has been
described in terns of various specific enbodinents, those skilled in the
art will recognize that the invention-éan be practiced with nodification
within the sEirit and scope of the clainms. 28 January 2004 -7 CLAIMS: 1. A
rot or bl ade ‘turbine engine conprising: a blade root section; an
airfoil section extending radially outward along a radial line R from
sai d bl ade root section; and a platform between said airfoil section and
sai d bl ade {oot gﬁﬁ&h%ﬁ@cqgfguubﬁgl ?ukuﬁggﬁﬁﬁgﬁxtending at an oblique
angle with respect to a plane exten ross a top surface of said
platform 2. A rmblademd)ddectmn,accordance with Claim1l wherein said radial

[ RAS i trai 3. .Arot bl d th d 1 wh
Slain 3 r adi L”S | ismraal qﬂsseci&ﬂ \r;:gﬁ:?lzhng l'gglgﬂjll Qut%v%%&) Qﬂoﬁg gera(\ﬁnal line R,\? Ifrrvgm erein

said blade root section; and
a platform between said airfoil section and said blade root section, said
radial line R,5 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.



4. Arotor blade in accordance with Caim1 wherein during a bl ade out
event, an over turning nonent is generated in a root of said airfoil
section. 28 January 2004 -8 5. A rotor blade in accordance with Claim4
wherein said over turning noment is equal to: NL + pNHoghghgaryMogaf orce 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 pointgof a top surface of said airfoil
section, p = a coefficient of friction between said blade tip and said

stator surface, Aabtbribladedn BécdtRIREEwith Wit 4 el §3¢e of said platformand
said top surface of said airfoil section. 6. Arotor blade in accordance

with d ai m bveiHersngmement tdguektoof said airfoil section varies along its

| ength. 7. A turbine engine conpriiggq_apg?tor, said rotor conprising: a
rotor disk, and a bl ade secured to i'd"t6tor di sk, said blade conprising a
bl ade root vgredion, an airfoil section extending radially outward al ong a
radial line RAS from said blade root section, and a pl atform between said
airfoil section &ha force of ablade 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.



said bl ade root section, said radial |ine RAS extending at an angle
relative to a plane extending across a top surface of said platform said
bl ade configured to bend during a blade out event. 8. A turbine engine in
accordance with Caim7 wherein said radial line RAS i i 28
January 2004 -9- 9. A turbine engine in accordance mﬁtﬁ%CF@P%?gﬁ@ﬁerein
said radial line RAS is curved. 10. A turbine engine in accordance with
Claim7 wherein during a blade out event, an over turning nonment is
generated in a root of said airfoil se®-ion, said over turning nonent
equal to: NL + NH where: N = force of a blade tip against a stator surface
and nornmal o saiAdturbingeogingim fepvedance witheGlgith 7rwlereia sabldiadial linne RRS

t hrough said root section and a parallel line Lp passing through a center
poi nt of a Hopls &i¥eéce of said airfoil section, ,u = a coefficient of
friction between said blade tip and said stator surface, and H = a

di stance froma top surface of said platformand said top surface of said
airfoil sectlDon. Alfirbife tngite ineaceadhine with @tdaridengeinwintihg elbdade ohitwherei n a

t hi ckness of ) ) . cq e .
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.



said airfoil section varies along its length. 12. A turbine engine in
accordance with Claim7 wherein said rotor conprises a conponent of a | ow
pressure conpressor. 13. A turbine engine in accordance with Caim12
wherein said | ow pressure conpressor further conprisesgafnl p@nhe vane.
28 January 2004 -10 14. A turbine engine in accordance V\ntR %?Zom

wherein said vane conprises a concave surface, and said bl ade conprlses a
concave surface, and said vane concaygysurface faces said bl ade concave
surface. 28 January 2004 -11 ROTOR BLADE ABSTRACT OF THE DI SCLOSURE A r ot or
bl ade (100, 1300) A irtind WhBiBCinC RS RErlod Qyish Ofaltl! 19 vihRbde: secti on
(104, 204) and an airfoil gfnctl on (102, 202§%| ch extencfs ré{ii%lhfy
outward al orrgmprisesia abndawneum@ ﬁmbsmﬂltéadml @dnprlsmsa cs:aca:uecsmﬂad@zﬁnd204) is

descri bed. The radi al n relative to a plane
extending &t ?Eeﬁo%rlﬁe§ - %Ceaﬁalﬁ%;’#@tcf)a?arﬁe(s 8°¢-206), rather than
normal, or perpendicular, to such plane. As a result and during a bl ade
out event, an over turning nonent is generated in a root of the airfoil
section (102, 202). The 10 overturning nonent facilitates bending the
airfoil section (102, 202) reducing damage to the stator. Fig 8





