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Research on Microstructure and Performance of Medium Temperature and High

Strength TC11 and TC19 Titanium Alloy Forgings
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Abstract: For two kinds of medium temperature and high strength titanium alloy forgings of TC11 and TC19 used in the

integral leaf disc and other components of aviation engine compressor, the microstructure and tensile property, impact

toughness and low weekly fatigue performance under different conditions were carried out based on their typical using states.

The results show that TC11 titanium alloy forged piece presents a typical duplex microstructure, and TC19 titanium alloy

forged piece presents a fully layered basket weave structure; the tensile strength of TC19 titanium alloy forged piece at

100~400 C is significantly better than TC11 titanium alloy forged piece. The high temperature notch impact toughness value

of TC19 titanium alloy forged piece is significantly higher than that of TC11 titanium alloy forged piece. Under the peak

stress load of 100 °C and 855 MPa, the load protection and no load protection fatigue life of TC19 titanium alloy forged piece

are significantly higher than that of TC11 titanium alloy forged piece, and these alloys both have certain load protection effect.

Keywords: TC11 titanium alloy; TC19 titanium alloy; forged piece; microstructure; fatigue performance

EREr e B PUBR AT sy T PR G o T v i 5 S 25
M, W R RENUOR . AL BT, i

fe g e TERE R ARG &, 1£ 500 °CLAU N RAILR

ok, BEEMTHARMAWRRE, MiEERERE,
TR R 2 (T 25 R SR SR AR 48 45 O i e B 1 ik
gAY, SR E H . Ei L LH4EN,
Hi s R A RS SR BIR KRR, ZRhE SAH% DIt
Ko HH, TCI1 Ml TC19 Z2ZRBVERA & iy 7 (1)
2 FiES . TC11 k&4 (Ti-6.5A1-3.5Mo-1.5Zr-0.3Si)

IS EEA: 2023-09-07
BIEEE: BE® (1982—) , %, WFEA.

PRGN B I SRS, B T HIE AT K 3L
PIEANLE MR BURESEEAE, a] TG wLgs
R, RTEESRIE . A 20 SV RE T ST R IE
%. TC19 k&4 (Ti-6A1-2Sn-4Zr-6Mo) &3 [H 20 {4
FFRE—FPR R S &Y, BT %441 Tie242
Ha i FERE T Mo &8, KKARE 7 B, i H
PEREAR B T, B ZA & B w8 M s B R
S RE X TC19 2k & it A X i kE, B
HIH <A S8 5 M RER T 7T ol AT 8 b, (EIA



56

FLOC LS. R S TR TCLL AT TCL9 4k& &8 H AU SRR 7T 11

HEMRM LA TERE, M BA B N A A 5.

TC11 A1 TC19 ¥4 a-p Bl &4, 1H A TIAEIARH
TR APRAS, 2 & Enml& T2 A g et
FHE—EZER. TCI1 AL EIT a-p XL a-p X
AL T 2R RS A 2R, o B ] AR B
500 °C; TC19 4K&4&iEnt p XHE T2 REHEM A
21, B v K (] AR IR 22058 450 °C. TC11 1 TC19
KA S AR A Y, TR oA Y, HRT 2
FhEK & 4 1 REXT LU AU IR IE B D o BT R BHUESHL
AR IR TR £, X TC1L 1 TC19 (A& 44
PERRE A R R PR, B b B % 57 P RE AT
TR AT, DUHARIX 2 FhAKA 4 TR A 2 4t
%,

1 £ &g

SCEGHPRN TC11 A TC19 2k & & iie:, HEHm
REEILE 1. X TC11 8K & St 47 WU IR K kb
B, HARGIEEA : pARE AR B LA R 30~50 °CRIE 1~2 h,
25 520~540 °CIRIL 6 h, ¥, XF TC19 2k & &4
BT e A, HARGIREN: 76 p AR
20~50 °C{f3E 2 h, KBS ET; 595 °CIRIR 8 h, .

K1 SiemrEE
Fig.1 Sketch map of forging blank

R Z VIR BAT Bk i h A E V)L 15 mm X
10 mm £ AHIRFE o SAH AR A 2000410 40K B | Si0,
FLIBE AL S, SR HF. HNO;. H,O [FIRA
W AR 1:2:80) HHATALA ke SR S AH AR
WM HLUREAE, FEH JSM-5600LV 14 i T B s
(SEM) s (i 715 BUR TS (EBSD) #E4T dihi
TEARAE 7347

TEBAT BIRsZm DI T ik, 5 TRk fir, pf
W S % 55 W FE . 1% ASTM ES/ESM—2021 FlI
ASTM E21—2020 pE2EK, K H INSTRON 5982 Y
T I R RHRIE LA T B R B, R AR i AR A

AR R K 0.005 min™, i RS N AZE ZE N 0.05 min
FIH MTS 370 AL AR Ak 8 27 1B AT L0 e s B0 P ke
BRG], RNIEN 10~20 Hz, {EHE=3000
W, IRESREKEZ AN 3 mm. %8 Q/AVIC
06086—2015¢Ek A4 T ZYHk HAFE v T I Ker 507
Y ER, KA ZBC 2302 BB RIS L T rp
PIFEMR. %08 GB/T 15248—2008 (4 @4k H 45
OB 57 W56 7 i) ZER, R MTS 370 AU AA R
P55 ARIEH AT 57 PEREMR, SR B Az,
BIGIRBEIESZDE, INMEIEN | Hz, {REETE]A 2 min.
KH JISM-5600LV A4 B+ W A b AT W US04
2 HBRE5H
2.1 EHHER

TC11 F1 TC19 2K& S S AH 41 2R EBSD 434t
G5O ALK 2 F01E 3. HHIE 2a. 3a BT L, TC11 K&
SN PIRESER, HEBVIA o M (o) FIFEAE B
(B ARk, AR B EEPRE ERIKA o (o)
A p ARG WA o AHEAR RIS, HILAR
45%, “FREIERIR T2 12,16 ume H1IE 2by 3b AL,
TC19 £k& S A4 Fr E IR LY, o FHIN S AR
A—, FEERIVRMIETR; LG p SRR g
FRTEIT AT L, JE AL AR TN, S ik R
14175 13.08 ums

B2 TCI11 A TC19 k& S8 AFH) St 4L
Fig.2 Metallographic structures of forged pieces: (a) TC11
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Fig.3 EBSD images of forged pieces: (a) TC11 titanium alloy; (b) TC19 titanium alloy
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Fig.4 Tensile properties of TC11 and TC19 titanium alloy forged pieces: (a) strength; (b) ductility
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Fig.5 Typical morphologies of high temperature tensile fractures of forged pieces: (a, b) TC11 titanium alloy; (c, d) TC19 titanium alloy
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forged pieces: (a) TC11 titanium alloy; (b) TC19 titanium alloy
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Table 2  Fatigue life of TC11 and TC19 titanium alloy forged pieces

Alloy N-F/Cycle N-PF/Cycle A
15348 9804 1.57
TC11
14836 9136 1.62
31877 20721 1.54
TC19
30308 20521 1.48
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Fig.8 Typical morphologies of fatigue fractures of forged pieces tested under load protection and no load protection conditions:

(a) TC11-LCF; (b) TC11-LCDF; (¢) TC19-LCF; (d) TC19-LCDF
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