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Ultimate Limit State Evaluation for Overspeed Burst of Ti-6A1-4V Disk
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In aero engines, it is expected to improve the prediction accuracy of the disk burst rotation speed under overspeed condition
and reduce the weight of the disk. In order to improve the prediction accuracy of disk burst by structural analysis, it is important
to model the ultimate behavior of the material until fracture. In this study, the ultimate limit state evaluation leading to overspeed
burst was carried out by structural analysis for a Ti-6Al1-4V disk. The stress-strain relationship up to the high-strain region
obtained by the digital image correlation method and the ductile fracture criterion based on the fracture strain dependent on

stress state were used in this evaluation.
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Fig. 8 Overspeed burst of a small diameter disk
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Fig. 10 Damage distribution when structural instability occurs
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Fig. 11 Damage distribution when ductile fracture occurs
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Fig. 12 Equivalent plastic strain distribution when ductile fracture occurs

D, Tz TAEENZ B THEITO & eNYF AVNS (D Ti-6Al-4V §xiE O 5 [RERH O O3 R5HI %2 1T -
Z LT, G D RAICRD Z AL 7z. DIC FHIICHE SN DT RGNS, F v F v
DEX Y, RBRICTHE L -T2 WA Z LT, TEOBEINT) - BT AR E TR L7

T A A7 OBAFEN— R N EFR E LRSI L - (2) Ti-6Al-4V SEMOEMRIE Y 5 4 7)) 7 % i
T, WERRBRAREZFHITE 5 2 LAVRS NI, TAH7DIC, =L Lode f1757 X — 7 %l

5. & L7z 22 D7 — R BReEE L7z, &7 —F

il

v REAE R A IREREC L BB S, 5

Ti-6A1-4V HOT 4 A7 ZFFRIC, MR N— 2 MIE ZHHEE L Lode f1/55 A — & (2RI L 72BIHE O3

DAL IR R AR L7z, LTNICNE 2L 05, FEELE. T, IROOFEREHWT, Ti-6Al-

(1) AYXVIPELL L) BEOTAEETOREIL 4V $EEM BT D NFLF ICED Y 94 57
N-BOTABERERSGT 572012, DIC 2L TR L7z

58 IHI e Vol.63 No.2 (2023)



(3) /META A7 OMBEFZN— A R EZFRIZ, #RIR
FEHi #4175 72, DIC Z W TR L 7Bt — &
OTHEREHNSEZ LT, N—ZA MREBRTEL S
I % AT & o TR TEWRERE TTFHlCE 72
72, NFLF |ZEEOCHEEZ 94 70 72 w5 2
ET, THA OBIBERZBERS THTES
ERIRLTC.

WE4 B 6 W1 o0 it 0 3l BR B FH O I o 72 9,
Certification by Analysis Dikam 2N HIFEIZ % > TV 5. it
BT VD L OFSFIIRILD IO L 571 A7 DFE
SR ENTEY, INEERT 5720123830 %
RN ETTFEOMNDSWIHE T2 5

2 Z2 XM

(1) Federal Aviation Administration, Department of
Transportation - The Code of Federal Regulations,
Title 14: Aeronautics and Space, Chapter I: Federal
Aviation Administration, Department of Transportation,
Subchapter C: Aircraft, Part 33: Airworthiness
Standards: Aircraft Engines, https://www.ecfr.gov/
current/title-14/chapter-I/subchapter-C/part-33, (
2023.11.24)

(2) JABREE, BHE% 13 KIT7T ¥ 5 VIR
IS L B RIS B A58 Dl g, H
AW A U5 A W, 79 &, 806 7, 2013 4F,
pp. 1517 — 1529

(3) A.A.Benzerga and J. B. Leblond : Ductile fracture
by void growth to coalescence, Advances in Applied
Mechanics, Vol. 44, (2010), pp. 169 — 305

(4) T. Yamada and M. Ohata : Prediction of stress
triaxiality dependency of critical strain using
mechanical properties for metallic materials,
International Journal of Pressure Vessels and Piping,
Vol. 199, (2022), 104752

(5) M. Dunand and D. Mohr : Effect of Lode
parameter on plastic flow localization after
proportional loading at low stress triaxialities, Journal
of the Mechanics and Physics of Solids, Vol. 66,
(2014), pp. 133 — 153

(6) Y. Bai and T. Wierzbicki : A new model of metal
plasticity and fracture with pressure and Lode
dependence, International Journal of Plasticity,
Vol. 24, Iss. 6, (2008), pp.1071 — 1096

(7) T. Wierzbicki, Y. Bao, Y. W. Lee and Y. Bai :
Calibration and evaluation of seven fracture models,
International Journal of Mechanical Sciences,
Vol. 47, Iss.4 — 5, (2005), pp.719 — 743

(8) FEH f ZaK, RN, M K 49
HEN, WEEL LT E— NEY & S8R T
D70 DIEMIRGEIE TV, HEELY VR Y
7 L\ 2017 FERCE, 2017 4, pp. 465 — 472

IHI £ Vol.63 No.2 (2023) 59


https://www.ecfr.gov/current/title-14/chapter-I/subchapter-C/part-33
https://www.ecfr.gov/current/title-14/chapter-I/subchapter-C/part-33

