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Abstract: To study the impact of V-notch radius on the mechanical properties of TA15 titanium alloy,
tensile, stress-rupture, fatigue tests and fracture analysis are conducted on both smooth specimens and those
with varing V-notch radii. By using the finite element method, the distribution of the stress-strain field at
the notch is analyzed, the relationship between the stress-strain field and the notch strength, stress-rupture
time, fatigue life and fracture behaviour of TA15 titanium alloy are further investigated. The results show
that under static loading, as the notch radius decreases from 0.85 mm to 0.15 mm, both the tensile strength
and stress-rupture time of TA15 titanium alloy increase, while the proportion of the shear-plastic zone in
fracture decreases. Stress triaxiality around the notch initially increases and then decreases as it extends
inward from the root of the notch, as determined by finite element analysis. The fracture originates from the
peak position of stress triaxiality (near the notch root). During the prolonged stress-rupture tests, stress
redistribution around the notch occurrs, resulting in a strengthening effect at the notch. Under dynamic
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loading, the fracture surface of the notched specimen exhibits multi-source crack propagation. Different

stress concentrations and gradients around the notch result in varying degrees of fatigue damage. As the

notch radius decreases, the size of the critical fatigue damage area decreases, effective stress increases,

leading to a decrease in fatigue life and the proportion of crack propagation zones.
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Table 1 Chemical compositions of TA15 titanium alloy forging
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Fig.5 Macroscopic morphology of tensile fracture surface(1) and microscopic morphology of shear zone(2)
(a)smooth specimen; (b)r=0.85; (¢)r=0.50; (d)r=0.34; (e)r=0.20; ({)r=0.15

1242 a0 /)N W 10 5 70 i T AR el 2, 28 e X T AR
RTINSk 1A R ) W7 18 Y B
B TR A, AR R il 2K A2 A/, B 910 X3 1Y
DY NRES VN Pk S G e 3L TR I8

TALS & 4 Hr Ak AR K Wy IR 55045 10 ) = %l B2
() BEVIARSGE oy B 1 17 3 3 vp =Bl g R 25 R
PRV IE B 2R B, SRR B W AT . il
M (2) ik, NS 0, 55 T 0, Z 1. S
T T XA B o) 37 (B R g =Bl RE A 173, 24 )%
B A e I, BB AR T 2 T, 25N = Al
FEAT O W, MORHABTUTIR 2800 3, FLIR RIS U7 E 57

1000 |@
800
©
o
= 600 |
A
<
&3 400
200 P —=—Experimental curve
—*—FEM curve

0 L 1 " 1 M L " 1 " L 1 " "

00 05 10 15 20 25 3.0 35 40
Displacement/mm

[E6 M) (i e SR Hh 2k

Fig.6 Stress-displacement test and FEM curves

VI T ) T AR
GIH
77_0‘e(| (2)
Z_th:' = (01* 02)2+(03* UZ)Z“F(GI* 03)2 ’
V2
o= OO BRI 3 AT

3
IV

XF T ALS S AR U 8 R in 28 B iE 474
FROCHH . F &6 AT O, St A F1asCRe o ol R A%
Pt 2 5 52 th 2B W&, WA BRITE A AT L
HERR T TALS IR XA TEAT

1600 |- (0)
1400 |
1200 | 2
1000 | :
8oo |
600
400 |
200 f

Stress/MPa

—=— Experimental curve
—o— lFEM curve

04 06 08 10
Displacement/mm

0.2

0
0.0 1.2

(a) e 1A 5 (b) B FURE (=0.15)

(a)smooth specimen; (b)notched specimen(=0.15)



260 MR TR

2025 4F 12

HIAT BROGTT AL, 23 M i Jin 28 B A G 3 A
i 1 X S 6 B AR TR A5 A0 N g o0 A S B0, AN A 7~8
It 7R o 4R B fae /N R T A A58 1) AT 25 8800 T, 3
LR Ty =l EE S5 AN 9 B R o b R Ay Al
PR, FOW T3 = B O 0.33, 1l ke 11 1 fr) Ji 1 =
Bl B2 e T O LR, ELAS [R] R 10 A A A 1 A
A7 e W S Y 22 5 o AR TR] — A5 AR 1) £k, Bl L ik
1 RRE T 2 vl B A O, I T = S T R e KR

(a) +1.016x10° (b) +1.370x10°
+9.387x10? +1.259%x10°
+8.615%10? +1.147x10°
+7.843x10? +1.036%x10°
+7.071%x10? +9.241x10?
+6.299x10? +8.125%x10?
+5.527x102 +7.009%10?
+4.755%10? +5.893x10?
+3.984x10? +4.778x10%
+3.212x10? +3.662x10?

~+2.440%10? +2.546%x10?

+1.668x102 ‘ +1.430%102

+8.960%10 +3.142x10
(e)

+1.375x10°

(d) +1.242x10°
+1.140x10°
+1.039%10°
+9.376%102
+8.363%102
+7.349%102
+6.336%102
+5.302%102
+4.309%10?
+3.205%102
+2.282x102
+1.268x102
+2.544x10

)
+1.263%x10° +1.076x10°
+1.151x10° +9.803x102
+1.038x10° +8.846x102
+9.257x10? +7.888x102
+8.133%x10? +6.930%102
+7.008%10? +5.973%x102
+5.884x102 +5.015%102
+4.759%x102 +4.058x102
+3.635%x102 +3.100%102
+2.510%x102 +2.142x102
s . V227n10
+2.617x10 +2.271%x10

RAER L O g =gl JBE WA P T ok 1 T SR T I 2 Ab . B
& BN B =R O B 10 45 T Bk F A
AR e 0 T AN )57 5 7 T =k 38 e 7 1 i 48 A
HIAEAL o B LD AR R AT 3 G A B ()
R WA ) B A T R P A e T ARG
(AR SRS BB IE 5, W 7 =Rl R B T
% i RN S = R RN B R R R

+1.245x10°
+1.144x10°
+1.042x10°
+9.404x102
+8.387x102
+7.371x102
+6.354x10?
+5.338x10?
+4.321x10?
+3.305%x10?
+2.288x10?
+1.271x10?
+2.549%10

(©)

+1.172x10°

7 ANTR]RRE /NI AT R AR AT 52800, 3 431 ]
(a) FW AL 5 (b)r=0.85; (¢)r=0.50; (d)r=0.34; (¢ )r=0.20; ({)r=0.15
Fig.7 Equivalent stress distributions at the minimum cross-section of different specimens
(a)smooth specimen; (b)r=0.85; (¢)r==0.50; (d)r==0.34; (¢)r=0.20; (1)r=0.15

(@) o+1.016x10° (b) _ +1.370x10° (©) o +1.379x10°
+9387x102 +1.259x10° +1267x10°
+8:615%102 +1.147x10° +1.154x10°
+7.843x102 +1035%10° +1.042x10°
+7.071%102 +9.237%102 +9.204x10?
+6.299102 +8.121x102 +8.16010?
+5.527x102 +7.005%102 +7.044x10°
+4.756%102 +5.880%107 ) 15:919x102
+3.984x102 +4773x10° +4794x102
+3212%102 +3.656x107 +3.669%102
+2440%102 +2.540x10% +2544x102
+1668x102 14245102 +1419x102
+8.960x10" +3.079%101 +2:938x10"

+1.390%10°
) g
+1.163x10°
+1.049%10° |
+9358x107 |
+8204x102
+7.089x102
+5.954x102
+4:820%102
+3685%102
+2550%102
+1415%102
+2:806x10"

3 +1.375x10°

) 30 © Eiizesao
+1.143x10° +1.151x10°
+1.032x103 +1.038x10°
+9.201%102 +9.257x10?
+8.085%10? +8.133x10?
+6.970x10? +7.008x10?
+5 855102 +5.884x10?
+4.739%10? +4.759x10?
+3.624x102 +3.635x10?
+2.509%102 +2.510x10?
+1.393%102 +1.386x10?
+2:777x10' +2.617x10"

8 ATtk R A AT 72800, 3 431 ]
(a) JW A 5 (b)r=0.85; (¢)r=0.50; (d)r=0.34; (¢ )r=0.20; ({)r=0.15
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