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Abstract: The effect of the fatigue size of a Ti4822 alloy under typical service temperatures (650 C) was investigated
through high-temperature ultrasonic fatigue experiments on three types of samples with different parallel segment diameters
(2, 3, and 5 mm). A method for predicting the high-temperature very high cycle fatigue (VHCF) limit of Ti4822 alloy was
proposed on the basis of the highly stressed volume theory. The crack initiation mechanisms of typical fatigue samples were
also analysed. The results indicate that the high-temperature VHCF limit of Ti4822 is influenced by the size effect, with the
diameter of the parallel segment of the sample increasing, leading to a decrease in the VHCF limit. The proposed method
for predicting the high-temperature VHCF limit of Ti4822 alloys could predict the fatigue limit within the fitting range and
might be applicable for predicting the VHCF limit of Ti4822 alloys at other temperatures. The crack initiation mechanics of
the Ti4822 alloy include two types: nonmetallic inclusion slip initiation and grain boundary slip initiation, and the crack
initiation location moves from the surface toward the internal region as the stress decreases.
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Tab.1 The material composition of the Ti4822 alloy
(atomic fraction/%)

Ti Al Cr Nb Fe C (0] N H
Bal. 4756 2.10 2.05 0.014 0.016 0.098 0.014 0.035

TR TRUIR Tl 1R 2 7K =5:10:85) % 52 56 44 kL 1 47 4 AH I
T, R 3 TR 5T OE] B T RE A R BB (OM, Axi
Observer A3)JF JE 4 #1325, 45 R an & 1 Fras , 435
9200 15 OM 1% (I 1a) K 500 1% &35 il ok B4
(K 1b), ATLAE A SCR 58 Ti4822 A 4 2
R JZHE W arty FZETRT y fRLA AT
1.2 XWHZE

S REE A FIFEIR Ti4822 #54E ., £ TANSYS
BES AT T 3 Bl R RSE A B Rk | IF R

FH 7= B AR 8 75 9 55 12X 36 AL (e N 5 I 8 7 e Bl 4
A RN F) ,HC-XDF2020GD-03)#k 47 i 1L 3% 95 1k 56
F 5T RSF RN X Tid822 45 4 9 95 PERE A RZ ), 9% 55
WAL Ros SR E 2 B, B L R, 5 3
HPAT B PR B ) 2 KR 48 Ly (R 4350 o0 ik
BA B2 Al 2R AR Ly (R, J3 0 iy B A B BE A
7, HARERE RCGHE B3 2 s T % 57 1R
B HLXF AN [a] RS R 7 AS [l 9 e (12 ) 46448 I &
P 95 G, I S BUE R N3 3 7R i 75 9% 97 53¢
AL TAE MR H9(20+0.5) kHz, 7 #E47 % iR 56, b
AT LT R AR N TN A T i W AR e
TR B A5 C IR T, BT A IR 2 Gl it
T A R R TE KRS B2 /N F70.2 um, DA AR RE
e DRLRE B X R a0 S5 SR A s, R AN R R ST 9% 57

B 1 454 Tid822 A4 4+ OM K . (a) 200 5 ;(b) J&# i K Al
Fig.1 OM images of the as-cast Ti4822 alloy: (a) 200x; (b) partial magnification

P2 9 57 IR TL D PR T 1A
Fig.2 Diagram of the fatigue sample
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Tab.2 Specimen size

No. 2R/mm 2R,/mm R/mm L/mm Lymm Lymm
1 2.0 7.0 21.25 5.0 10.0 18.08
2 3.0 10.0 16.04 5.0 10.0 19.71
3 5.0 10.0 30.05 5.0 12.0 37.95
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Tab.3 Fatigue test parameter matrix

No. 2R,  Amplitude Test Loading Stress
/mm  range/wm  temperature/'C  frequency/kHz  ratio
1 2 20~35 650 20 -1
2 3 23~40 650 20 -1
3 5 30~50 650 20 -1
hE40M  hitps:/www.cnki.net

RFEFE R (650 'C) Z5F T 48 AS 1R 9 i LA 3K A5
S-N T £ HHE A5 3k 2R HE I R R ROk
PR ASC S o U R A 93 57 0 28k R v 1 41 5 R i
iR AR 2 R Rt K88 R B R
¥ B (SEM, ZEISS Sigma 300) %} i 74 28 £ K 11
TSR AT OW AL, LAWF58 0 55 1 90 b A v 9 57 24
S YRR AR
1.3 iRIE-R A EE i

H 8 75 9% 57 1 B0 AL 08 % A 0 VT 9%
S92, PRI T8 1 R FH B I & 1) T 1 AR IO
50 3o A e R 9 1% T (L 78 P 9 5 I AR A R )
HORIE 57 T AE e K )W 0 e R R IS 355 5 B8 U
KA R (1~7)PY,

Oma—=EBk (L1, Ly, L3)U, (H
BN 2)
a=L1—2arccosh ( % ) (3)
h=2 (4)

1/ E
¢ \/p» (%)
w=21f (6)



SRl ES PRI

(1 B R )12/2025 O, % Tid822 SRR A S BAEES R RS - 1189-
_ cos(kL;)cosh(L,)
oLy, Ly, Ls) Bsin(kL;)cosh(BL,)+kcos(kL,)sinh(BL,)

(7
KNP E g bR SRR o DI AR Dl e AR B £
TR p NFBHE L f W IE IR ;0 D18 IR A
Rk D HUNL A B AR D 1) SR R o AT B O
BEIRGE BB Ly Ly B Ly 53500 0 AT Be (I IR )~
KOG BB MR BB
FFAA~7), W A AR R RE N R S
P00 75 9 I i A% T 5 75 9% 0 S e A PR RE Y
BRI AT AE

2 LWHERKITIR

21 RTHE3T Tid822 &&= iRE» RN N

ANTE RST Tid822 & 4 9 57 i A = i S-V iHh £k
RSN 3 i, B ] LIS 8 I F A [A] R
W o IRFEIRAF 0 S-N M2k BR R IA -5, 55
MY v SR 5F S-N HRZRRFAE . AE 100 18 5 8 vk LA
N RENE 55 A i 5 R KON 7 IR M DG 1A
9 55 77 i B I 7 e ) B AR TR 0 5 AR 10°~5x107 9
WJE UG, S-N #h £k B 65 1X 5 & R0 e
A S, BT RENE 55 7 i KT 4080 25 i
PEFFIEIRE IR . AR RS9 55 1R Y S-IV T 4R 25l

P 3 Tid822 A & o5 ik ke S-N i & HoR B K

Fig.3 Schematic diagram of the S-/V curves of the Ti4822 alloy
fatigue test samples
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Fig.4 High-temperature (650 C) S-N curves for Ti4822 alloy fatigue test samples with different diameters (2R)): (a) comparison of
S-N curves for samples with diameters of ¢5 and ¢2; (b) comparison of S-N curves for samples with diameters of ¢5 and ¢2;
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Tab.5 Highly stressed volume ratio, radius ratio and
fatigue limit ratio of samples with different sizes

ViV, ri/r; Tt/ Tiimica
6.25 0.40 1.16
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Fig.5 Prediction curve fitting for very high cycle fatigue limits

of the Ti4822 alloy
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Tab.6 Fitting curve dispersion values

ri/r Fitting dispersion
0.40 0.27%
0.60 1.42%
0.67 1.48%
1.50 1.33%
1.67 1.27%
2.50 0.64%
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Fig.6 Ultrasonic fatigue fracture morphology of samples of different sizes: (a) 2R =2 mm, 0=576 MPa, N=4x10% (b) 2R,=2 mm,
=496 MPa, N=1.5x10%; (¢) 2R =2 mm, 0=442 MPa, N=3.3x10% (d) 2R,=2 mm, =438 MPa, N=1.3x107; (¢) 2R =3 mm,
=557 MPa, N=1.4x10° (1 and 2) and 2R =3 mm, 0=441 MPa, N=1.1x107(3 and 4); (f) 2R,=5 mm, 0=473 MPa, N=6x10*
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