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Synopsis

A turbine wheel material for automotive application is required high temperature properties because of operating under high
temperature over 900 C and wide range of temperature. Therefore, it is important to recognize fracture mechanism at wide
range of temperature. On the other hand, although HIP treatment is recommended for the titanium aluminide components as
aircraft parts to enhance the reliability, it would influence the microstructure and mechanical properties because of the high
temperature processing. However, there is not enough knowledge of the influence of HIP treatment on microstructure and crack
propagation behaviour at wide range of temperature in casting TiAl alloys for turbine wheels of automobiles. In this study,
the influence of HIP treatment in a casting TiAl alloy, DAT-TAI, for turbine wheels on microstructure and crack propagation
behaviour up to 1000 C was investigated. Equiaxed gamma () phases precipitate at lamellar colony boundary and alpha 2 (o, )
spacing increases by HIP treatment. The threshold of stress intensity range ( A K,,;) of HIPed condition is slightly lower than that
of as-cast condition at high temperature even though it is not found the difference of crack growth rate in both conditions.
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WA TIENEBRBREAE R RIIE L L C, BARSE R ENE
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720 ML) boo, ¥—E kA —IVIZH
WHENTWAH KGR T 2 T #k% 29 58 TiAl
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Table 1 (ZHEM OB E R, M, 71 —
YLy v RN AREOKWS V) vy Y
VDY —RFx =T ¥y —E RS — & LTRSS
L7 TiAl 54 (DAT-TAL) THY, Nb &M & BT
Lo B SIdINC X 527 ) — 7% M-
EETHEH WEMELET— Y 3 VAL BT
WEEEMAGDELLER Y A MEY I2XY, Fig. 112
RY ¢ 14 mm X 90 mm (CFATH : EfE ¢ 10 mm X & &
30 mm) D Y NNVEEER & L. I 7 oo
WMEENET D0, 150 MPa DESTTFT1260 CT4
WEH DR FF O HIP LB 2 1TV, $h5E F FIKEE (as-cast #1)
B X U HIP JLHELIRAE (HIPed #f) THRARERIZAL L 72

Table 1. Chemical composition (mass%).
Material Ti Al Nb | Cr Si 0]
DAT-TA1 | Bal. |33.4(4.76|0.99|0.21 | 0.06
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WrHBRIC LY, ZZGERFEZRAE L. ZRER
SR E Y — R SUBEH  (Instron 8501) % H v, =
li, 700 T 3B L 11000 CTORS A CTHBEE 15 Hz, 167
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Fig. 1. Schematic drawing of bar specimen.
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Fig. 2. Crack propagation test method and schematic

drawing of square specimen.
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BY, FAZa0=—NEREMT S L) ICERIERT
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Fig. 5. Macrostructure of bar specimen.
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Fig. 6. Relationship between macrostructure and notch

position.
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Fig. 7. Crack propagation type related with lamellar
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LDERENTBY, £IAT730=—2BVWTT AT
FHEFA—TH DI Enbrs.

Table 2 12 as-cast 7 & HIPed M DT X 5 a1 = —4 1
X, FATMME LT a, HEEOFISME, iy Ho
TAABLIVCEHERZRT. IATIO=—H 1 g,
as-cast # & HIPed #/C387 u m BL U379 yum &3 &
AEEAEL WA, X7 a3u0=—HNO a , HREE &
NI X T au= -8R oS5 y HHOMmMA I, as-cast
MT108 u mBIU29 % 7255, HIPed # Tl 143 4
mBLU254% &, HIP BRI X V) o, HRFBASIE DY) |
7 A Zau =SSR o& y AT 5 2 & h
5.
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Fig. 8. Scanning electron micrographs of microstructure of as-cast (a) and HIPed (b).

Table 2. Chracteristics of microstructure in as-cast and

HIPed.
y Micro- | Lamellar |~ a, Equiaxed y phase
Condition structure colony |spacing Area Size

size (um)| (LmM) | faction (%)| (um)

as-cast FL 387 1.08 2.9 16.8

HlPed |FL+Eq.y| 379 1.43 25.4 23.3

FL : Fully lamellar, Eq. y : Equiaxed gamma
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Fig. 9. Calculated phase diagram of Ti-XAl-4.8Nb-1.0C-
0.2Si system by Thermo-Calc.
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Table 3 12, =i, 700 T3 L 01000 T TOF[FREE
%789, HIPed #1113 700 C F Tl as-cast # & 5| 3R 5@ &
EFEFEEET, 02 % I, EELE . LaLl,
1000 C CTIEIEEA 2PN 5 — /T, FIRBEEIR
KTT5 TAIGE&OHEEICRIZTRFLLTTI AT
au == A X) R oa, MEEOREXSERE
SNTHEY, Wi id Hall-Petch HIIZHEVy, oo =—+
A XM B\ ik a, BB SV I3 ETREEDTE W
CEDHERR SN T WA, KRFEEETIE, HIPLAHIZLD F
Agan=—H A4 XFTE AT LRV, o, HIH
FROILAD &, RERTICHEL TV EEZ LN,
X502, HEEUHHE HIP ALELC X 0 Sl y AT L C
BY, Sy HIZT A THML D BIRBEAML, T
MHENZ Ens, il y HONTH SRR TISHEL /-
EEZLND.

Table. 3. Tensile properties of as-cast and HIPed.

0.2 % proof| Tensile .| Reduction
stress [ strength Elo?ga)non in area
(MPa) | (MPa) ° (%)

Condition Teﬂ%g?“m

RT 416 420 0.7 1.4
as-cast | 700 346 438 1.5 2.2
1000 179 338 14.9 20.4

RT 366 433 1.6 1.9
HiPed | 700 332 442 29 3.2
1000 162 283 57 58.5
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Fig. 10 (2 — /%W 7 SR M L O & ZAE R B O K [
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(Region 1) L, ZEME (Region II) 7% #% C2mm T
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Fig. 11 12X EN 2 S ZLERMIHOZEE 2R 25, Vw3
NOEMIZBWTYH, FZIET AT aa=—NE R
HEHICEEEREHGT .

Fig. 12 IR\ B L U700 CHO S ZLERZHE /R T.
WTNOIRE D ZIR TIIREOWTAZ VDD, 700
CTIFRBEDOIBITIZA 2, BERMICHERL TS, F
72, Fig. 1812/ T X 912, ZHiRAHE O HIPed # OB

MBET, 77ty MROBEHAFED 51 5. HIPed
Mo7 72y MR, BEBZE TOmBEE (272
%), KA A (202 um) BXUSEM-EDX |2 & % #l
B It (Ti:Bal, Al:366, Nb:45 Cr:09, Si:o0.,
mass%) 5, I OB TCHELLE E yHE L {—
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25N 5. Fig. 14 12 SEM |2 X 5 Zi 3B O i i i 52
TROO N EZERIZIRT 25, SRERMTRDOS
N5 M BE IS as-cast #/ T 1.14 ¢ m, HIPed #1 T 1.39
uméa, HflgEE L<—&T 5. LoT, ERIIyH
NEEHE LTy /a, FET—HERL, AmotEke
EHICEEPHERLI-EEZONS,
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Fig. 10. Schematic representation of fatigue-crack-

growth characteristics '°.
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Fig. 11. Optical micrograph of typical crack propagation

at initiation area in as-cast at room temperature.
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I R el gt AR L 500 4 m
(a) as—cast (RT)

(b) HIPed (RT)

Wit Gt o RN N AR O T 00 #m
(c) as—cast (700 °C)

500 4m

(d) HIPed (700 °C)

Fig. 12. Optical micrographs of crack propagation behaviour after fatigue test of as-cast (a), (c) and HIPed (b), (d) at RT
and 700 °C, respectively.
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(c) as—cast (700 °C, 1K=8.2MPaym) (d) HIPed (700 °C, JK=7.1MPaym)
Fig. 13. Scanning electron micrographs of fracture after fatigue test of as-cast (a), (c) and HIPed (b), (d) at RT and

700 °C, respectively.

Ave. 139 um [o

(a) as—cast (RT, JKk=10.2MPam) (b) HIPed (RT, 1K=10.8MPaym)

Fig. 14. Scanning electron micrographs of crack propagation area after fatigue test of as-casted (a) and HIPed (b) at RT.
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3. 3. 2 ZHERBEEHLV LK,
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RIS RITT I 7 uliio B xR L CB Y, &m
T A T HAMRA oy HAH L ) SEGEREFEICEND 2 &
RWELTWS Y. i, XZUIEHE y HNE RS
ERTL72DTHY, MM IE HIP LI &1 S
AT 5 2 &5, HIP ULHEHT X S R 8
FThHEEZOLNL, UL, BRTIX, 4K, 13Z2nZ
1 as-cast # T 8.8 MPav m B & UF HIPed # T 9.0 MPa
J mEFIFFA%ETH Y, HIPLFEIC & 5 & Sk ki
DEBIIFED LNV, —F, ERD 4K, 1L700 CT
78 MPay m B L 168 MPay m, 1000 C T 8.3MPa+/
mPB L 78MPay m &, HIPed #f1 as-cast #f & ) %5
FAR S, R & AR X 2 R O B 70 22 FLRR
éb%hfw\
2T, EM o xR ERZE A (1) ITRINDE

Paris E|J WZHEH EARE L, %Z}’Jlﬁ)ﬁﬁﬁ)ﬁ WZRIFTAKD
BRI L 72, da/dN (mm/cycle) (3 & B4R HE C
HY1I A7 VK720 ﬂ#%@?éﬁé%%b?
A, mEMEERTH Y, miid S EEREEICRITT
AKDOEZMEEFRDbL, EAKE T ERZEIEL
%% . Table 4 |2 as-cast ¥ 3 & 0" HIPed ¥ D &HIE 128
A5 mEzRY. ZRTIE m=122~213 &5 WiE
ThY, EHERFEEPAKIZRKESEELZZITL
ERIRLTWA, B, —NREEMETIIERT
m=2 ~4BETHLILxEZLL, BWETHLZ
L E. L, Fim TR EMEDME MR 2 72
O, EFEEWTIGIHALE T mEPKELL ho72b D
EEZLND.
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E—AAK ................ (1)

=7, WINOIRED HiRCIE=ER L) S 2 EREH

JEIZ#E <, Fig. 12 1R £ 912700 C 0 & SR Z R
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d, EHIIERLTWS. LPL, m=40~557T
HY, BiRE B LUSRTIIEIEEREZHKITTAK
DFEHI/NEI W, T, Table 3 DFEEMEI/RL T
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Fig. 15. Fatigue crack growth resistance curve obtained

at elevated temperature.
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Fig. 16. Threshold of stress intensity range at elevated

temperature.

Table 4. m values at each temperature.

m value
Condition
RT 700 C 1000 C
as-cast 21.3 4.2 4.0
HIPed 12.2 52 55

DibEXy, HIPHEIZ L S o, HEE »yEOEIEB
L OFREEAOEEE D SN, SZGERRKOER
BENLTWEL, 7, HIPLHEAHEIZEDL ST, HE
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NHLO0, WTFNORETD HIP WHAMEIZ X 5 5H
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HBIEHAY - R — Ve LTHEASN TV
1% TiAl &4 DAT-TA1 O HIP JLHLIZ & % #k B £ 0515k
FEANOEBEZRETL L L 012, OB RE
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T ATHREEEET DY, HIPedbIZT7 X T a0 =—
B SEICEE y AHOHTHI L, a SHEREASE KT 5.
72, HIPed#f i as-casthf & 0 EMEATE <, HiRE
BIERIEUT &% 5.

2) ARBRIEEE (X X2 REEICEE L, BRTIEEREL
D & ZGEREEAERVD, mEIZNEL L Th
X, BIRCTIREESEC, LR TR E
Lh7zbbEZOLNS.

3) EEFIVFNRL T AT au = —FREKT A &) 123
J& L, HIPed#f TIZ%EH y HTOMHERDEDOSNL.
T/, BRABBZEOWBE TRO SN L EELERTO
MRS IE, o AR E X —2 L, y /a R
EERYIHT AL EZ LN,

4) HiRT HIPedb @ 4 K253 TR EAASFED S 1
LHH00, WTFNORETYH HIPHEIC L % 54
BEEOHEEZERIIFEOLN LW, DLy, &
ZERBEHEOEITIH L L DD, KEBRTO HIPALH
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