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Abstract: Aero-engine turbine blade is the core component of the aircraft power system, and the material selection of the
turbine blade is related to the thrust, fuel efficiency and reliability of the aero-engine, which directly affects the performance
and safety of the aircraft. Compared with traditional manufacturing technologies, laser additive manufacturing technology has
significant advantages in terms of design freedom, manufacturing cost, weight and mechanical properties, and can be applied
to the manufacture and production of turbine blade materials. In this paper, the development history of aero-engine turbine
blade materials is reviewed. The service conditions and environment of turbine blades are summarized. The application status
of nickel-based superalloys, TiAl alloys and ceramic matrix composites in engine turbine blades is analyzed. The latest
research progress of laser additive manufacturing technology in turbine blade materials is discussed. The future research di-
rections of turbine blade materials are prospected, including the continuous improvement of material properties, the in-depth
application of laser additive manufacturing technology, the development of new materials, the optimization of cost-effective-
ness, and the whole life cycle management.

Key words ; turbine blade; laser additive manufacturing technology ; nickel-based superalloy; TiAl alloy; ceramic matrix

composites
1 ' B
s R EhHUE B A RBLA R L, HAERERI L 25 B4
W BH. 2025-01-22 fEEIHE3: 2025-07-07 ;Lé%?l‘[%méﬁxlriﬁb’ ﬁlﬂj?ﬁéﬂﬂ“ Tl 25 | 5 W
S, BOCNE, 9, 1986 42k, A5 TR o N :
EEE, B E B 1000k, e TR, s, OF o (OREITURRE SIS, e
Email : luojunxt@ 126. com H‘%ﬁﬁgiﬁﬂiﬁﬁgﬂﬂ:, %xﬂ@@ﬁ&ﬂijﬂﬁ*, ’_E:,ﬂ‘]

DOI. 10.7502/j. issn. 1674-3962. 202501020 AMUFFERR UM, i 5 & SE 8 R sl 1k gy ¢



o8

SR . BOLR A BORLERR A T AR I ST 751

IR L, AR A & BhHL P TRHLY O E,
B2 8 5w i 3 O JEE v e SRy SRR ER 43, BT K
JRMEREAL ST 1 I b1 s K )t B AR 2 42 T R sh AL PR BE
P RHUE R g ok, SEgE G RoR (k. ik
SEVAH L, OB A & £ KR (laser additive manufactur-
ing, LAM) 7E8 Z2IE R, Bt A M B, il i oA
SR, H R ) S R RE A O I A A
TR T b A ib R . B S ARG, A
KR PERE AR SR AL T HOR SR

ASSCIRE 1 i 25 & sh AL s 6 i v 4R & e i s
ST IREE I R I IR A SRR, A BT TR RS
4. TiAl B4 DL R 3% 302 A 4 k) ( ceramic matrix com-
posites, CMCs) 7E & SIHLiREEH A RN FHEUIR,, 837 T
WOCHE A ] 3 FARAE T8 58 0 7 AR ) BB B 5T
FEXF AR IR FE A AR BETE 7 ) AT T R

2 mBEMRMBNEZREE

Wiz Rshplimiert MR EREDT T 2 A-EE W
B, NEWIATE RG4S, i m G 4 208 ) 5
A, RAFRGEEAS (B 17, BiEskE &M
TiAl &4 & CMC (ange 177 fngl) , Rk, DU 2
HEIMWMHRET R, MRE &M A TR R, AR
N T 4B, FEAEEY (B SiRE4e. FiE
P SRR S AL ) [ R RS A R R R A

&7, Hob SR A A PDRHE B b N R )

2. BIHEC IR, BAeEEGEMBETEZFEE, B
2 M 45— 2 I PWA1480. CMSX-2. SRR99. RenéN4,
AM3 ., DD3 % % J& 5] 55 < A0 T™MS-238 451 ik A
20 t20 80 AEAR LG, BEEN AR I pEisy, BEiE
— R E R TR SR, FR, MESEE A EMEN
MR AR IR R 2 B T E, X RE A T &R
) Ak 0 0 v Tk iR B ) 4 U B DI AR MR R, vT AZE
fife- 4 SR AR e Tl AR I R, AR IR SR A S — B A A
AN R BB B AR, B NI Rk =
WA BETE TR T R R AR E A S L 2 AR T A
BB ATAS & s AL s R A R
M1 GARFENT B R N IR IR 2 R, RRRS AT A A
SRS 50% , I H @ F BRI R A A,

1300 F Thermal barrier coatings
Y-PSZ TBC limit

1200 [roosmsmmnmommsmmseemms s s )
o Yttria-Partially Stabilised Zirconia(Y-PSZ) TBC benefit
o
o Substrate limit
5 1100 f--------mmmmmmmm e
=
© Single crystal
‘é_ 1000 | Conventionally cast aIIOyS/,.——-" alloys
© oao b Directionally solidified

/—/ alloys
Wrought alloys
800 [ Aoy
1 1 1 1 1 1 1

1950 1960 1970 1980
Year

BT Rl A et A ke iR

Fig. 1  Development history of superalloy turbine blades'”!

1990 2000 2010

R RBEMHAHBHERAET

Tabel 1 Development history of turbine blade materials*
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Time period Materials Manufacturing technology Advantages
19405 Wrought superalloys Forging, rolling Successfull)i being applied in .turbme engine blades, fur-
ther advancing superalloy use in aeroengines
. . . Reduce impurity content, improve alloy purity, enhance
19508 Conventionally cast equiaxed Vacuum melting,

crystal superalloys

investment casting

performance and casting quality, suitable for complex
structural components

Directionally solidified

Directional solidification

Aligned crystal growth with stress direction, reduced trans-
verse grain boundaries, improved plasticity and thermal fa-

1960s . . . S
superalloys technology tigue resistance, operating temperature being increased to
1000 °C
19705 ~ Present Single crystal superalloys Single crystal casting Complete elimination of grain boundaries ) further 1nc.rcased
technology blade temperature capability and mechanical properties
High-temperature Ti alloy, Investmfer‘lt casting techr}()l()gy, Replacu.lg -n.lckel V\l’lll’l titanium }reduces welght. by over
1980s ~ Present . additive manufacturing 40% , significantly improving engine thrust-to-weight ratio
TiAl Alloys :
technology and service performance
Prepreg-melt infiltration process, Increased temperature resistance of engine components to
1980s ~ Present CMCs additive manufacturing 1200~ 1350 °C, weight approximately 1/4~1/3 of nickel-

technology

based superalloy components
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Tabel 2 Classification of turbine blades!'®!

Blade type Materials

Position & function

Performance requirements

High pressure
turbine blade

Single crystal superalloys,
thermal barrier coating ( TBC)

Highest temperature/pressure zone, withstands
extreme operating conditions

Excellent high-temperature strength,
superior thermal fatigue resistance,
extended service life

Low pressure
turbine blade

Titanium alloys,
superalloys , CMCs

ance

Lower temperature/ pressure zone,requires high
temperature durability & mechanical perform-

Lower temperature demands enable
the use of lighter weight materials
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SR BDRE B s F R B H0FH] T E ™ y-TiAl & 4 A%
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XWB K AHE ) KT b & sl L 5E 8 T 1750 AR K AT
TEAFZAZIRGS . SR, T8 20 2 A e R A 8 il
TR I, SRAME 5 T 200 E 208 WA s MR &
LAz BB 36 Tl B AR 4 H B A Rz 6 3 e Bk
AL TR 5 . TERZIEM ISR AR T, LAM £
ARAE A= A FNERAE D7 (B0 1 B W, A i
P ELAT 1 4 RS R MR A 2 T HLRE 27 77, T AR
PRBLAF IR PR RE . AR 9 57 P R 2 T 28 & SiLAT L

BRI Z — . TIAL & 4B B9 5517 0 5 3 b il i aof
PR AR AL 1 R A R R R B A OG e 2 Y
FLBR Rk A BRI BB AR R F EDHLRE FE ™, ik s e
BATT RN 3 55 RAL R IR 5, S BOR T HERE TR,
N BRI, P OW AR | T R B L AR AR
ARSI BEE ISR AT R ™

Specific strength (MPa.cm®/g)

Temperature (K)

P 6 TIAL &4 LAt 4 25 Hb b Ho i e 1 L e 7
Fig. 6 Specific strength comparison of TiAl alloy and other metallic

structural alloy (74]

TERARPERE T T, Zhang 251 S JT B B2 MOGITTR
ARl 5 T Ti-47A1-2Cr-2Nb 54, ¥ T ASERLA O ) |
T12E R ASE R, & BG4 1) 0 B 0 228 fof 6 5 M 2
Jra () FVIAHE . 2 m# Jr 10) 5 3R F AT (0= 0°) B,
GEBA RN ERIMIERE, F BT8R B ALE fif 2
435k 706 MPa F1 0.51%; 4 0=45°B}, HihiiREKE
358 MPa, JLAHZMEFF7E AT 8 R A9 0.49%; 24 6=90°
BF, PRL AR R HE AR R B B AN, 45k 273 MPa Fil
0. 16% . ASRIIMZ T 1] /4 7 27 Pk e A8 Ak 5 300 25 44 25 1)
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VT ARy T 0 128 e Re A Ak, X b % B 21
fift LAM BAR 28 TIAL & & 2= A At el T2 5
AEERS, B0 — DM R BT R
o ) il i TR B AR il £ 1% Ti-48A1-2Cr-2Nb A 4 HL AT
BT 1 TR P AR P BE (PUPLIR B (545+9) MPa, ZEfHR
(1.500.47) % ) i oA P GE (PTHismEE (471£37) MPa,
FEMRER (1.50£0.45) %) , X EL5 BIE S HIE B0 1k
B2 K6 2B DI AH DG (A48 3SR HED 1) 2R AR i A A5
mmlA Sy, A o BFFEAE R TR A PR LAM 2R il 15 1
TiAl G &R -PEREC RIS HE T HE(F B, I At —
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T e A PR A4 ) 185 A T o e v [ S AR AR, AT S
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X A2 R A ARk P 1 40 oK G 2 S S5 R R AN AR Y B )
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