4 TURBI'NE Al RFO L PLATFORM PLATYPUS FOR LOW BUTTRESS STRESS STATEMENT OF
GOVERNMENT | NTEREST [0001] The Governnent of the United States of Anerica
may have rights in the present invention by virtue of Contract No.
F33657-99- D- 2051- 0014 awarded by the Departnent of the Air Force.
BACKGROUND OF THE INVENTION (1) Field of the Invention [0002] The present
invention relates to a turbine blade having a platform provided with

addi ti onal matepd: hokrheduet RGrskie i %%)b Lstributing
| oads away fron1§ guttrgss porthn ofé%ﬂgﬁ%iﬁﬂ?ﬁg‘%$§%§&% ° éggEE%ound of
the Invention [0003] Referring nowto FIGS. 1 through 3 of the draw ngs,

there is shown a turbine,bl r I ed | tur bi ne engines.
The turbine blade 30 has %ﬂ% a b@f%&éfﬁggﬁﬁgﬁﬁiogw&g%%gfion 34 (only a
portion ofoodilchThe Gheswmaradict ltheexthendbingtatesmt hemet atd ardy IZkveand an
attachnent, porti.on 36. The attachnept portion typically includes a dovetai
portion 38 ohhEcPrA§The 1 BY 80T 2D 1% A4St R <R EndP shown), a

neck porgisAGs-andod1bdbliessapaidi By dde Wit dends helwaen the neck
portion 40 and an underside 44 of the trailing edge of the platform32. The

| ower spe&dssand tenperatures faced by certain blades allow the airfoi
portion to have short root necks and

BACKGROQUND OF THE INVENTION
(1) Field of the Invention
[0002] The present invention relates to a turbine blade having a
platform provided with additional material for reducing stress
acting on the blade by distributing loads away from a buttress

portion of the turbine blade.

(2} Background of the Invention

[0003] Referring now to FIGS. 1 thrcocugh 3 of the drawings, there
is shown a turbine blade construction used in gas turbine
engines. The turbine blade 30 has a platform 32, an airfoil
portion 34 (only a portion of which is shown) radially extending
from the platform 32, and an attachment portion 36. The
attachment portion typically includes a dovetail portion 38 for
connecting the blade 30 to a rotating disk (not shown),.a'heck
portion 40, and a buttress portion 42 which extends between the
neck portion 40 and an underside 44 of the trailing edge of the
platform 32. The lower speeds and temperatures faced by certain
blades allow the airfoil poftion to have short root necks and
buttresses that adjoin to serrations. The buttress portion 42
serves to minimize secondary flow leakage. Blades which face
higher stress and temperature have airfoils which use side
plates to cover the leakage area between the buttress and the

serrations.




buttresses that adjoin to serrations. The buttress portion 42 serves to

m nimze secondary flow | eakage. Bl ades which face higher stress and
tenperature have airfoils which use side plates to cover the | eakage area
between the buttress and the serrations. | [00041 Sone turbine blades have
a relatively large | eading edge platformwhich is necessary to mnimze

fl owpat h | eakage between the blade and vane. The | arge overhang of the

platfor mdtigal) s hor.psed: Shords fak ecksaando ol ALYEYE A cage

tenperature create a stress concentration where i upper serr
t he suct idrtdioder ahdcpr éssueeestaey bir trigsigeigze [(0005Ethn lerdeget beredate t he

stress on,the-huttress, therg is,_needed way to redistribute the | oad path
Sy {1 om e ot FBe L SUMARY: ST TRNERTICON TO0BRF “ACEUr bI& bl ade. of
t he preseritdmg@rbldonshsrpr egbtetdesk | hand syisitamefllgr hrieth stmpbbuttigea | oad

path away fromthe buttress portion of the turbine blade. (00071 In
acccr danSH% 55 @n SERESHr ESBREMFRIEHTT ot e M PP SESFPEeE™WREERS br oadl y

conpri sesre Rhatheonnsial ahaf plbsPerd i OMie axirendisng radially froma first
side of the platform and an ~attachnent portion extending froma second
si de of tHEGHlatForenderTHe atadasifmehe §6rersncnnehadest Browm + ridsranhisch

abuts Seuﬂéeded a way to redistribute the load path away from the

buttress.

SUMMARY OF THE INVENTION
[0006] A turbine blade of the present invention is provided with
a system for redistributing a load path away from the buttress
portion of the turbine blade.
[0007] In accordance with the present invention, a blade is
provided which broadly comprises a platform, an airfoil portion
extending radially from a first side of the platform, and an
attachment portion extending from a second side of the platform.
The attachment portion includes a buttress which abuts said
gecond side of the platform. The blade is provided with means
for redistributing loads away from the buttress.
[0008] Other details of the turbine airfoil platform platypus
for low buttress stress, as well as other objects and advantages
thereto, are set forth in the following detailed description and
the accompanying drawings wherein like reference numerals dépict

like elements.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] FIG. 1 is a side view of a portion of a prior art turbine

blade;



second side of the platform The blade is provided with neans for

redi stributing | oads away fromthe buttress. [00081 other details of the
turbine airfoil platformplatypus for |ow buttress stress, as well as other
obj ects and advantages thereto, are set forth in the foll ow ng detail ed
description and the acconpanying draw ngs wherein |ike reference nunerals
depi ct Iike el ement s. BRI EF DESCRI PTI ON OF THE DRAW NGS [00091 FIG 1 is a

side vie i rior. art turbln 0010 FIG
per spect | e &V e\?\ﬁér o(r?t abéjoetrsr%e %lé’el eadi ngroedge 0o? 'fé 4 % Pi% Cfll““é:’rm

and buttram peedion afpal pnaafbrmtmd)lmﬂﬁ@mbe,us(dwlﬂaF}SG;o% B8ta Vi ew
show ng the oad ﬁath ina prior art turbine blade; [0012] FIG 4 is a
per spect iR PO the bottom of a turbine blade in accordance with the

present imwanti omec[ 00k}l FHERBw 2AAng ane %Q@Gyaemsu@faapltwlblal& bl ade in
accordance wth the present invention; [0014] FI 7 is a bottomview of the

t ur bi ne BIUgdensf PETES; 4 t hrough 6 shovm ng the load path distribution in
the tur bi iy Al ales ofy Lhe resente Jenventson: £poe {AD193: FLE oS 4 Saont our

map of an exerrpl ary system for
blade in accordance with the present invention;

[0013] FIGS. 5 and 6 are side views of a turbine blade in
accordance with the present invention;

[0014] FIG. 7 is a bottom view of the turbine blade of FIGS. 4
through 6 showing the load path distribution in the turbine
blade of the present invention; and

[0015] FIG. 8 is a contour map of an exemplary system for

distributing the load path in a turbine blade.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT (S)
[0016] Referring now to FIGS. 4 through 8, there is shbwn a
portion of a turbine blade 100 in accordance with the present
invention. The turbine blade 100 has a platform 102, an airfoil
portion 104 radially extending from a first side 106 of the
platform 102, and an attachment portion 108 extending from a
second side or underside 110 of the platform 102. The attachment
portion 108 includes a dovetail portion 112 for securing the
turbine blade 100 in a slot (not shown) in a rotor {(not shown),
such as a disk. The attachment portion 108 further includes a
neck portion 114 between the dovetail portion 112 and the second
side 110 of the platform 102. Stiil further, the attachment
portion 108 has a buttress 116 between the second side 110 of
the platform 102 and the leading end of the neck portion 114.
During operation, the buttress 116 as previously discussed is

subject to stress.



distributing the load path in a turbine bl ade. DETAI LED DESCRI PTTON OF THE
PREFERRED EMBODI MENT(S) [00161 Referring now to FTGS. 4 through 8, there is
shown a portion of a turbine blade 100 in accordance with the present

i nvention. The turbine blade 100 has a platform 102, an airfoil portion 104
radially extending froma first side 106 of the platform 102, and an
attachnent portion 108 extending froma second side or underside 110 of the

pl at f or m3@27] Theyatd1aaFEnt 1080HEL08 1Q§diﬁ§lé@§es B dlovetalde ReY tHier 112
for securing the turbine blade 100 in a slot (not shown) in a rotor (not
shown), IZdchaascadéngkedaneredt adettent23portidon PO8sFuUreheidentitdeBhar neck

portion 1i4.bet. he_.d aj ionkle e o] Lde_: of the
pIatforn%i%??gsﬁfﬁgagur?h§¥§ét %Pgﬁ%%ékggét n%%%tﬁgh ?g% Eggtgb u%%%%ss 116
bet ween tiR€ sedohdespdesddfe ofide He2 plestdrotmve02 ahdckheske@di nghend of the

neck porti.on_114. ing operation, the buttress.116.as_previously
discusse@lﬁgfogﬁbe%Fﬂ?B E? e%s?e%Fﬁ%ﬁ)'ﬂngfﬁgdﬁpﬁgfgfﬁﬁlﬁgshas a | eading
edge 120,[0@180ctiromEicdelante?2ita kaadppgsedgeinaait iace tha3,1sardna pressure
side 124. The _platform|eading edge 120 has a thickness Tl. The suction
side 12299/d°EhENBrBL3 LT BT Ei %@2 197 R Aeay @141t RPERRS8aFomaTREI 2P| at f orm

further Rags accgst £al rbong+udiNalt1axiHal2Gwaf0018h tReagaerdangerveth the

present invention, the |eading
towards the center of the leading edge root face 123. This
additional material 140 is preferably the same material that is
being used to form the platform 102 and the turbine blade 100.
The additional material 140 may be formed during the casting of
the turbine blade 100. In a preferred embodiment of the present
invention, the additional material 140 has a shape similar to
that of a platypus bill.
[0019] Referring now in particular to FIG, 8, there is shown a
contour map of an exemplary additional material formation which
comprises a system for redistributing the loads away from the
buttress 116. The thicknesses of the additional material 140 for
the various points 1 - 24 shown in FIG. 8 are listed in Table T.

The thicknesses are given as normalized percentages with the

largest thickness at the thickest point 5 being 100%.

TABLE I

PT NO. 1 2 3 4 5 6 7 8

THICKNES 41.8 53.8 70.6 93.5 100 73.5 57.1 145.3

PT NO. 9 10 11 12 13 14 15 16

THICKNESS | 34.1 43.5 52.4 57.7 55.9 48,2 38.8 31.2

PT NO, 17 18 18 20 21 22 23 24

THICKNESS | 30.0 34.7 38.9 40.6 38.8 34.1 30.0 27.1




edge of the platform 102 is provided with additional material 140 so as to
redistribute the | oad away fromthe buttress 116 towards the center of the
| eadi ng edge root face 123. This additional material 14C is preferably the
sane material that is being used to formthe platform 102 and the turbine
bl ade 100. The additional material 140 may be fornmed during the casting of
the turbine blade 100. In a preferred enbodi nent of the present i nventi on,

[ oo o228 TRkt AR 35,2 ShaPE. ! ELkAL dfond ML A IALYPYS D IE

[0019] Referring now in partlcular t here Hown & - cont our map
of an examﬁlarynaddetregabnnnemweeﬁ o fiaddran rwhbitcfiaceonpli sed ahsystem f or

redistri ut|n fromthe tress 116. The thicknesses of the
addi ti onal® ﬁﬁ ggfgﬁag? H%f%%ﬁﬁ?ﬁiNQ%9§ ept_to,t Eﬁo&HtFﬁe??Cil% are

listed i ratTabharinall:{h@ dhseknesses AnQien1as rremmahiezedoper eept ages with
the largest thickness at the thickest point 5 being 100% TABLE I PT NO 1
2 3 4 5 GaFegleFy BKRESP 41sglaRated afp i ngymsliged7gdistgnce g5 aboy§T NO 9

10 11 12 453354 E2oh6cHEl EKNESS e le R 5 232 aﬁd5ll?qe5é Qs4§o@a§§d8a§1a2 PT
NO. 17 18 19 20 21 22 23 24 L THIMNESSL 30.0 1 34.7 38, 8 34.1

30.0 27. horpalized distance of about 88.59% from the front root face

121.

[0021] As can be seen from FIG. 8, the thickness of the
additional material 140 on the second side 110 gradually
increases from both the suction side 122 and the pressure side
.124 towards a maximum point 5 (on line A), 13 (on line B), and
21 (on line C), which maximum point is preferably offset from
the central longitudinal axis 126. As can also be seen from FIG.
8, the thickness of the platform 102 on the second side 110
gradually increases from points along line C, nearest to the
leading edge 120, tco the point 5.

[0022] The additional material 140 is advantageous in that it
distributes loads, both stress and strain, away from the
buttress 116 towards the center of leading edge root face 123.
This is different from conventional blades where the lcads are
funneled into the middle and distributed along the entire width
of the leading edge of the platform,



[ 00201 The thicknesses 1 - 24 are taken along three lines AA R and Cin
the regi on between the front root face 121 and the |eading edge 120. Line A
is located closest to the buttress 116 at a normalized distance of about
13.51-05 fromthe front root face 121. Line Eis |located at a nornalized

di stance of about 47.30%fromthe front root face 121 and line Cis |ocated
at a nornalized di stance of about 88.59% fromthe front root face 121.
[00211 Aspgan thecsgerehreom FIG 8, the thickness of the additional material
140 or. the second side 110 gradually increases fromboth the suction side
122 and the pressure side 124 towards a maxi numpoint 5 (on line A), 13 (on

line S), jand 214c0R,Li i e MM RO i f bly offset from
the central ongitug?naﬁgag?% %Q%QQAS can aﬁ%’l%% gggﬁ&ﬁfgthlG. 8, the
t hi ckness of the platform 102 on the second side 110 gradually increases

from points alon? kine C neareitbfo the leadin .e%ge 201 tofthe oint 5.
[0022] The addi FirdharWat 8Fi att 190" i ROt EhCAGESTS "on TeAaE 1Y TGPt 7i but es
| oads, bdatilrsst k&8s afdcBérpiat femay didmr he t iiehes poktbohovat dadthe

center of |eading edge root face 123. This -4s different from conventi onal

bl ades wHérPE® £h&SFeRdsSafe of unbI R iR%Mt he ni ddl e and distributed al ong
the entire wwdth of the | eading edge of the platform 5

said attachment portion including a buttress which abuts

said second side of the platform; and
means for redistributing load away from the buttress.

2. The blade of claim 1, wherein said platform has a sucticn
side and a pressure side and wherein said load redistributing
means comprise means for directing the load ocutwardly towards a

center of a leading edge root face.

3. The blade of claim 1, wherein said platform has a leading
edge and a thickness at said leading edge and wherein said load
redistributing means includes a first region having a first
thickness greater than said thickness at said leading edge and a
second region having a second thickness greater than said first

thickness.

4. The blade of claim 3, wherein said platform hag a central
longitudinal axis and said first and second regions are offset

from said central longitudinal axis.

5. The blade of claim 4, wherein said first region is near the
leading edge of said platform and said second region abuts said

buttress.



VWHAT IS CLATMED IS: 1. A blade for use in a gas turbine engine conprising: a
platform an airfoil portion extending radially froma first side of the
platform and an attachnment portion extending froma second side of the
platform said attachnment portion including a buttress which abuts said
second side of the platform and neans for redistributing | oad away fromthe
buttress, 2. The blade of claim1l, wherein said platformhas a suction

side and a pressure side and wherein said |oad redistributing neans
conprise means for directing the |load outwardly towards a center of a

| eadi ng édg&heoblafiacef Qlaimhel blwiteradin dedidnplatdhemehassai dupt aefiorm has a

eading edge, and 2 Lhickness Aty sald, Leading edge and vherejy said | oad
redi stribut ' ng reans i ncl udes a‘%irgt regi on ﬁaV|ng S first "¥hictkhess

greater tlhan samfribeckaesisiad sedibrl eaxdiseg €dge andeatradcpadnt egf on havi ng
a second thickness greater than said first thickness. 4. The blade of claim
3, wher eiff18aPBEpFaET of M N3G Cerftiess IiengrtGdiFhaF JaXPEigRdI 8 a¥HP#59%5t and

second regkansaanecRiERetssf4aomsal deantyalsibengi tudinal axis. 5. The bl ade
of claim4, wherein said first region is near the |eading edge of said

pl atform and said second region abuts said buttress.
7. The blade of claim 6, wherein said platform has a thickness

which increases from said suction side to said third region.

8. The blade of claim 6, wherein said platform has a pressure
side with a thickness and said thickness at said third region is

greater than said thickness at said pressure side.

9. The blade of claim 8, wherein said thickness of said platform

increases from said pressure side to said third region,
10. The blade according to claim 1, wherein said load
redistributing means comprises additional material located on

the second side of the platform.

11. The blade according to claim 1, wherein said second side 1is

an underside of said platform.
12. A turbine blade ccomprising:

a platform having a first side, a second side, a pressure

side, a suction side and a leading edge;

an airfoil portion radially extending from said first side

of said platform;



6 6 The blade of claim1, mhereln sai d platforn1has a suction side with a
t hi ckness and said neans for redistributing said -~oad conprises a third
region offset froma central point of sa~d buttress and said thickness in
said third region is greater than said thickness at said suction side, 7.
The bl ade of claim6, wherein said platformhas a thickness which increases
fromsaid suction side to said third region, 8. The blade of claim®6
wherein said platformhas a pressure side with a thickness and said

thickness at sai geihiifles CUML ich GOULLA BARCSA! oDl KNESELAY: 321 ¢

pressure side. e blade of c rein sai ness

pl at f or mErbncteasescdndns 5 dpresisurd agifdemto said third region. 10. The

bl ade according to claim1l, wherein said |load redistributing neans
conprises additional material |ocated on the second side of the platform
11. The bl adeaarccotdesngy pos T fored ,adsereeitn agai dreecendishdefi Saidmeck
underside of said platf rn1 12, A turbine blade conprising: a platform
havi ng aPPrFePRsiae, =&l SRS 'Sia pressure side, a suction side and a

| eadi ng edge; an airfoil portlon radially extending fromsaid first side of

said platform?7
a system for distributing loads away from said buttress;

said distributing system comprising additional material

formed on the second side of said platform.
13. The turbine blade according to claim 12, further comprising;

said additional material beginning at a first point near
said leading edge and increasing in thickness to a second point

abutting said buttress;

said additional material beginning at a third point
adjacent said suction side and increasing in thickness from said

third point to said second point; and

said additional material further beginning at a fourth
point adjacent saild pressure side and increasing in thickness

from said fourth peint to sald second point.

14, The turbine blade according to claim 13, further comprising
said platform having a central longitudinal axis and said second

point being offset from said central longitudinal axis.

15. The turbine blade according to claim 14, wherein said first

point is offset from said central longitudinal axis.



an attachment portion including a neck portion extending fromthe second
side of said platform a buttress positioned adjacent an intersection of
said neck portion and said second side; a systemfor distributing | oads
away fromsaid buttress; said distributing system conprising additional
material formed on the second side of said platform 13. The turbine bl ade
according to claim 12, further conprising; said additional materi al

begi nni n t fit iLn r g i ngd,i.ncreasi.ng in

hi cknese To 2 Cesand oot b ooa P el e D oad e ARaTt ona

mat eri al degicidi pgratioa thi ad pvenbunadyclemtl seirtisuwcti on side and
increasing in thickness fromsaid third point to said second point; and
said additional nmaterial further beginning at a fourth point adjacent said
pressure side and increasing in thickness fromsaid fourth point to said
second point. 14. The turbine blade according to claim 13, further
conprising said platformhaving a central |ongitudinal axis and said second
poi nt being offset fromsaid central |ongitudinal axis. 15. The turbine

bl ade according to claim 14, wherein said first point is offset fromsaid
central |ongitudinal axis. 16. The turbine bl ade according to claim 12,
wherein said airfoil portion is an overhung airfoil portion. '



