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Abstract: The material selection method is critically evaluated to enable high pressure (HP) turbine blades to deal with
in-service damaging phenomena such as creep, low cycle fatigue and high cycle fatigue, oxidation and corrosion. The
material selection method is analyzed in order to improve the service life of the aero engine. To increase the turbine inlet
temperature, HP turbine blades need improved creep and fatigue resistance. more quality. By the typical working
condition of HP turbine blade, using CES Edu Pack (CES) material selection sofiware was used to select suitable
materials for HP turbine blade material. Nickel based alloys are selected for HP turbine blades, such as Nickel-Cr-Co-
Mo superalloy.
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The aeroengine is a highly complex and precise thermodynamic machine. As the heart of the
aircraft, it is not only the driving force for aircraft flight but also an important driving force for the
development of aviation. Every important change in the history of human aviation is related to the
technological progress of aero engines. After more than a hundred years of development, aeroengine
have developed into mature products with extremely high reliability.

The high pressure (HP) turbine is one of the important components of the aviation gas turbine
engine. In order to obtain high performance with small size and lightweight, the main measure is to
adopt higher combustion gas turbine inlet temperatures (TIT). When the turbine inlet temperature is
increased by 100°C, (1) the aero-engine thrust-to-weight ratio can be increased by about 10%. The
average turbine inlet temperature of the most advanced fourth generation thrust-to-weight ratio of the
first-stage engine service condition has reached about 1600°C. The future generation of fighter engine
turbine inlet temperature (2) is expected to reach about 1800 °C.

The aim of the project is to analyze the current selection of turbine blades materials to enable
HP turbine blades to deal with in-service damaging phenomena such as creep, low cycle fatigue and
high cycle fatigue, thermal shock, oxidation and corrosion. finally, to improve the service life of the
aero engine.

Bending, fracture toughness, fatigue, natural frequency and stiffness (3) are important indicators
of high-pressure turbine blade materials. The several aspects of turbine blade material requirement
are as a fellow.

From the generic beam bending equation:
M o
2.2 (1)
Iy

Where: o is the stress at distance y from the neutral axis of the beam; M is the bending moment
of the blade; y is the distance from the neutral axis, and 7 is the second moment of area. For a uni-
formly distributed load on a cantilever:

wl’

M = > (2)

Where w is the uniformly distributed load in N/m; / is the length of the blade.
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Where 4 is the blade thickness; b is the blade width. Cross-sectional area, 4 is given by:
A=bh, (4)
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Mass of the blade, m is given by:
m=Alp, (8)

Where p is the material density. Combine the equation 7 and equation 8:
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Where o, is the yield strength. Therefore, to minimize mass, the material index (,)’ should be
P

maximized. Assuming that the blade follows the equation of a center cracked plate with a very large

width.
1
K, =0(rma), (10)

Where K .. is the fracture toughness; o is the applied stress; a is a small crack size. Cross-sec-

tional Area, 4 is given by:
A= w , (11)
o
Where wl is the total load on the blade, Combine the equation 10 and equation 11.
1
K,C=W71<m)z , m=Alp (12)
(13)

m=wl’ (za)? (;]
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To optimize performance indices, to minimize mass (m) , —< should be maximized.
P

Fatigue strength endurance limit o, should be more than stress o , and m = 4/p Hence,

leSO'e, (14)
m=wi* £ (15)

. o . o o
To optimize performance indices, to minimize mass (m),— should be maximized.
P

To optimize performance indices, Natural Frequency should be maximized. The natural fre-
quency (4) of a body is given by:

1 (K)?
= 5T, (16
2\ m
Where K is the stiffness constant and is given by:
AE
K=—, (17)
[
Combine the equation 16 and equation 17:
1
1 (E)?
f :_(_J 5 (18)
2\ p

To maximize natural frequency, [—j should be maximized.

To optimize performance indices, stiffness should be maximized. The stiffness of a beam (4)
is given by:

F
S=—, 19
Y (19)
Where S is the stiffness of the material, ' is the load applied, A is the deflection.
wl 8EI
S= =—, 20
AR (20)
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m=Alp, A=bh
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To optimize performance indices, to minimize mass (), — should be maximized.
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ized. To maximize fracture toughness while keeping mass to its minimum, —< should be maxim-
P

should be maximized. It was also derived that to

In conclusion, to resist bending at minimum mass, the material index should be maxim-

O-E
P

ized. To resist fatigue at minimum mass, the

1
maximize the natural frequency, [—] should be maximized. It was derived that to maximize specific
P

1

2
stiffness, £ should be maximized.
P

The limits are set to the maximin working temperature and fracture toughness. The maximin
front blade temperature is 1320 K shown in Table 3. Fracture toughness is one of the most important
factors that determine the longevity of the HP turbine blade under such severe conditions. Therefore,

a minimum value of 30 MPa-m"> was used to filter off materials with fracture toughness below this
value as presented in Figure 1.

A graph of specific elastic modulus vs specific yield strength in bending was plotted to deter-
mine a set of materials that has this property as shown in Figure 2.

A graph of maximum service temperature against price was plotted to determine a set of mate-
rials that have this property as shown in Figure 3.

It can be found from Fig. 1, 2, 3 that there are many kinds of metal materials suitable for HP
turbine blades, including stainless steel, Nickel-based alloy, Molybdenum alloy.

Nickel-Cr-Co-Mo alloy, Rene 41, wire

Molybdenum, 360 grade, wire, 150pm dia

Nickel-chromium aloy, INCONEL 800, wire (spring) ———

Stainiess steal, austenitic, AIS| 309, anneaied

Cobalt-base-superalioy, UMCo-50, cast

Tantalum-tungsten alloy, R05252, annealed

antalum, commercial purity, RO5200, annealed, >99. 7% Ta

Fatigue strength at 10*7 cycles / Density

Fracture toughness / Density

Fig. 1. Graph of specific fatigue strength against specific fracture toughness
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Nickel-chromium alloy, INCONEL 671, annealed

Nickel-chromium alloy, INGONEL 600, wire (spring) \

Molybdenum, 360 grade, fully recrystaliizod -

Stainless steel, austenitic, AISI 330, annealed —

Nickel-Gr-Mo alloy, ILLIUM G, as cast
Tantaium, commercial purity, RO5200, annealed, >99.7% Ta
—

e IO

Tantalum-tungsten alloy, FS-61, cold drawn, wire

Young's modulus*0.5 / Density
|

"o

T
Yield strength (elastic limit)*(2 | 3) / Density

Fig. 2. Graph of elastic modulus against yield strength with respect to density in bending

1000007

Stainless steel, austenitic, AISI 310, annealed

100004 \ Tantalum-W-Hf alioy, T-111

Tantalum-tungsten alloy, Ta-10W
Cobalt-base-superalloy, MAR-M 302, cast =

S B~ S

- S B, '
/ - / .

/ ; ;

{ Stainless steel, austenitic, AISI 309, annealed | .

e \

| Stainless steel, feritic, AISI 448, annegled” 360g;ade i >

1004 Stainless steel, auslenitic, AISI 330, annealed / Tungsten-rhenium aloy, wire

/
Nickel-Cr-Fe alloy, NICHROME, annealed (resistance aloy)

Maximum service temperature (°C)

1000 10000 100000 1e6
Price (USDitonne)

Fig. 3. Maximum service temperature against the price

The material suitability ranking chart under three different constraints. The three rank methods
are rank by Fracture Toughness and Fatigue, rank by Bending and Stiffness, and rank by Price. These
three different rank standards respectively correspond to the results of Fig. 1, 2, 3. There are three
different kinds of materials that can be considered apply on HP turbine blades which are stainless
steel, Nickel-based alloy, and Molybdenum alloy.

Stainless steel, Nickel-based alloy, and Molybdenum alloy have different application fields be-
cause of their different material properties. Molybdenum alloy (5) has shortcomings such as low-
temperature brittleness, welding brittleness, and high-temperature oxidation, so its development is
limited. Stainless steel has poor low-cycle fatigue and high-cycle fatigue performance, and poor creep
resistance. The nickel-based alloy (6) has high strength, good oxidation and good corrosion re-
sistance. It is often used in the manufacture of engine turbine blades, but the low angle boundary and
recrystallization are cannot completely be eliminated. In conclusion, using Nickel-based alloy on HP
turbine blade, such as Nickel-Cr-Co-Mo Superalloy.

In order to develop more efficient aero engines, ceramic matrix composite (CMC) materials can
be used for HP turbine blades in the future. As one of the most typical ceramic matrix composite
materials, fiber reinforced ceramic matrix composites is used to add fibers to ceramics to greatly
increase the strength, improve reduce brittleness, and increase the maximum service use temperature.
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The improvement in fracture toughness specially to make CMCs insensitive to crack propagation,
overcoming the fatal shortcomings of general conventional ceramics such as high brittleness and poor
reliability.

Conclusion

To improve HP turbine blade quality, the material index @, K, o, E (E]z should be
p P p p \p
maximized. Using CES software for material screening get that the Nickel-based alloy is currently
most suitable on modern HP turbine blade, such as Nickel-Cr-Co-Mo superalloy.
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Hccienosanue TpedfoBaHMi K BLIOOPY MATEPHAJIOB VISl BBICOKOI'0 1aBJICHUS
JlonaTku TypOMHBI O0BIYHBIX TYPOOPEAKTHUBHBIX JABUTaTE €

Y:kecunb Ban, I0jiBens Cy, ®3H L3MHIBH

Annomayusn. /[ns mozo, umo6vl 10namKu mypoun 8bICOK020 OAGLeHUL MO2TU CAPAGIAMbCI C MAKUMU ROBPENCOAIOUSUMU
AGNEHUAMU, KAK NONZYUECMb, MALOYUKLOBAS U MHO2OYUKILOBASL YCIMALOCMU, OKUCIEHUE U KOPPO3Us, HeOOX00UMO KPUmu-
yecKU OYeHUBams Memoo evlbopa mamepuana. AHanus memooa ul60pa Mamepuaa nPoU3800UNCsL C Yeblo YeeIUeHUs
cpoka cyxcovl asuadeuzamens. /s NOBbIUEHUS MEMRepamypbl Ha 6xo0e 6 mypoury ronamkam mypounst B mpe6y-
emcsi NOBbIUEHHOE CONPOMUGIIeHIe NOAZYYeCU U YCMAIOCmU. Yuumvieas munuynsle pabodue yCioeus TIONamku myp-
bunwl B/], nooxoodsuue mamepuanst ObLiu HOOOOPAHBL C NOMOWBIO NPOSPAMMHO20 0OecneueHus OJis 8blO0pa Mamepuand
CES Edu Pack (CES). /[na nonamox mypounst BJ] 6vi10 npednodiceno ucnonv3osams cniasbl Ha OCHO8e HUKeENs, MAaKue
KaK Cynepcniae HUKelb-Xpom-Kooanbm-moauboeH.

Krouesvie crosa: Typbopeakmugnwiil 0gueamens, 1onamxu mypoun gvicokozo oasnenus, CES EduPack, memnepamyp-
Hble, YUKTUHLECKUE HANPANCEHUS], HUKAS NIOMHOCb.

JociiazkeHHss BUMOT 10 BUOOpPY MaTepiajiB 1Jis BUCOKOro TucKy JlomaTku Typ-
0iHM 3BMYAlHUX TYPOOpPEaKTUBHUX JBUIYHIB

Yskecinb Ban, IOiiBens Cy, ®@en L3innen

Anomayisn. /[ns mozo, wob nonamru mypoin GUCOKO20 MUCKY MO2TU CAPAGISMUCS 3 MAKUMU HOUKOOICY BATIbHUMU 516U~
wamu, K nOG3y4icmy, MALOYUKIO8A | 6A2AMOYUKIO8A 6MOMU, OKUCLEHHS | KOPO3isl, HeOOXIOHO KPUMUYHO OYiHIogamu
Memoo subopy mamepiany. AHaniz memooy eubopy mamepiany nposooUmscs 3 Memoio 30iNbuleHHs MEePMIHY cyicou
asiaosuzyna. /[na niosuwieHnss memnepamypu Ha 6xo0i 6 mypoiny nonamxam mypoinu BT nompiben niosuwenuii onip
nosezyuocmi i gmomu. 3 oensdy Ha munoei poooui ymosu nonamxu mypoinu BT, 6ionosioni mamepianu 6ynu nidibpani 3a
00noM0o2010 npocpamno2o 3abesneuenns 0 eubopy mamepiany CES Edu Pack (CES). [{ns nonamox myp6inu BT 6yno
3anpPONOHOBAHO BUKOPUCMOBYBAMU CRIABU HA OCHOBI HIKeNI0, MAKI SIK CYNePChlas HiKelb-XpOM-KOOANbM-MONI00eH.
Krouosi crosa: mypbopeaxmusnuil 0sueyn, ionamku mypoin eucoxkozo mucky, CES EduPack, memnepamyphi, yuxniuni
HANPYAHCEHHS, HU3bKA WITbHICb.
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