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Effect of foreign object damage at different impact angles on
high cycle fatigue strength of TC4 titanium alloys
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College of Energy and Power Engineering,
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Abstract: Based on the air-gun impact test device, the foreign object damage (FOD)
simulation test of TC4 titanium alloy plate specimens was conducted at different impact an-
gles. The high cycle fatigue (HCF) strength of smooth and impact damage samples was ob-
tained with the step-test method. The relationship among the impact angles, impact posi-
tions, macroscopic geometry of impact damage and HCF strength of the damaged samples
was studied. Results show that, the effect of impact damages on the HCF strength at differ-
ent impact angles is not the same. When the impact damage appears at the edge of sample,
the maximum decrease of HCF strength occurs in the impaction of 30°; while the impact
damages appear at the middle of sample, the maximum decrease of HCF strength occurs in
the impaction of 60°. In most cases, impact notches at the samples’ edge compared to impact

pits at the sample’s intermediate surface have a more seriously effect on the HCF strength.
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However, at the impaction of 60°, the impact pit damage has a more serious effect., The ge-

ometry of the impact damage to a certain extent can characterize the changes of the HCF

strength severity of damaged sample.
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TC4 titanium alloy; high cycle fatigue; high-speed ballistic impact;

foreign object damage; impact angle
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Table 1 Basic mechanical performance parameters of

TC4 titanium alloys
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Table 3 Test plan of impact pits

AR/ )RR | i/ C) KRR
30 4 75 3
45 3 90 3
60 3

XF WIS rhi 0, Bk T b o BEOR [ A, A
JIT A I 2 P S A ] B A R AR R 2
mm RER, w2 A 315 m/s. R A5 wpob #5405
Je i PR R S X b O R AT T LS IR



%9

RS N R i A BE SN 0 TCA k-G 4 w478 PR 57 9 5 11 52 ) 2229

Y LTI UBIRTE 3 8
1.3 BEWES (HCF)idlk

HCF {55 R ] QBG-100 & M 9% 57 1 50 HL i
1.9 557 W9 06 P A 10° TR 3R, B ) b =
0. 1, 2R F Bl 1y o 28 9 il 56y =0 13 7E == R T i
15 FF LR Az 9 55 W 2240 Ry 98 57 2R RAHED. oy
W5 oh i % TC4 kA 4 M HCF 58 B (1 5%
i A 5, AR SCA TF R T O i i HCF 56, il
WK T H HCF 38 B, Ot ¥ 9% 57 10 4 #% GB
3075-82 AT F L AN 4, Hor R R ER B 9K
Pz,

.g:ll
. x| 2
— 5
%_ >}
T 56.2
. 36.9 "l
130

B4 S o R E CRAL : mm)
Fig. 4 Dimensional diagram of smooth sample

(unit: mm)

4t HCF 3 B 30 75 vk CAn J+ B 320 75 22 %t
2 YA [ (A 0 A7 9 97 1050, A B R AT I — i
1T B HCF 8 EEN 35k Fh oy v 2R A7 iR 1
BEA AT 22 0. f T el 454 0 A Bk R R T
1M A% 3C R 1 % 9 #8350 58 7 i (step-test meth-
oM HEAT HCF 5. WK 5 BT 7R » G N IR A
HCF 5 B fe K AH. 1% 073 0 38 1 80 AR 3 10 3K 3%
3 HCF 38 . Sai i F i HCF 3 3 3 R
FZ . %07 i o e e i Lt ik T iRk 1
I 55 9 A THE A G IR 8 7, 3k 10° E R, 4 2
PAFTESE 1A 10° 06 26 P9 9% 95 2% 34, 1% 1 B 4
oL WSS 1A 10° 9§ 3R 8 3 A 25 24
TE Z H 14 18 77 7K S b 38 0 — A~ 70N (1 28 A 38 1 (—
Fit R 90 s T AR AR AT B 5 %60 4 4k 2 X i n 4
10° PE3F . A LR AR, B E2 i 5 — A4 10°
PEFR e, B 9 HCF B8 B o B 505 P9 3
PRSI =R = R s S < /s w1

N

{
Ocs — Opr +W(O‘f - Gpr)

Horf o a1 A AR 2R S8R die I 28 ey B 1Y) e KA
FRIETT s Ne(<Z10° JE3R) G REL - 0, Ty K2 HE R
RCH) BT — A~ 2 A7 R ) e KA B AL )

A 0 2K 5 A s R A S
Frs.

Ly

LD

a
¥

'
1 I 1 1 ]

0 1=10° 2x100 3=10°
T IRYETEF U eyele

K5 BBk s EE
Fig. 5 Diagram of step-test method

2 REHERSHW

2.1 AEMEHFHETHEHRORGI HCF & E
E=A]

AR SCR 28 A oh il U 2 B TCA Bk A
BRI S AT T bl IR R L S B T %
2 gty 5 Ahob i A EE R By eh i s 0 A, R
K 3R G0 #5358 7y 2 A AR AT T AN [R] vhes
£ s R R F 9 HCF 58 %, 60° wh iy 1), 46
Pl AE HCF 350 B A — AR il 1 W 73 e ¢
B F 2ot 4 b R 8 e B AR A e 5 o AR
TEAEIN T B BG . 1 HCF 32 56 % T Bl B4 (0 77 16 2
e Sk SRR B 256 14 T A W 4 03 A TR 3
95 25 FOE IO . b, 55— AR A T i 2k e
InEat KL FESE 1 OB K A W R AR e IR
a5y A R TCAL. 45°,60°F 75° = Fh
il 251 T A — AR R i T e s el e
BRI =RV N = S QU TR PP L 5 N
M %A #E1T HCF 35, i 25 W& 6 k.
Pl R A bR R R s AR BE S Gl Ak Ay R i A HCF
5 I KRB G T G I HCF SR Guo0n 1Y U
L o YA /0N DU 358 Y5 47 ™ A L 9% 57 iR B 1) R
. Hod o W e o 3 HCF 5 B Y
560MPa. M\E] 6 AT LLF . 0° vl B, 54 405 3 119
HCF 5 B2 50 25 S o0 #8670 T 30°, 457, 75°
=R B e B A HCF 3 i 25 SR 2
A AR BRAY o3 BvE. ISP 3 O T e
T8 phti g e B A A M L DL 45° s R
o 1A 405 4 B R s S ), WL AR 4 AR ]
A2 30 BV 7 A 1) i) ool £ B2 L ol BROBE R L bty
A7 EAT A AR K 4 HOHE L 45145 1 T8 R AL 3 80
WAT — € 1 22 5 Pkl e 10 228 0L JLAR] RS iy i
HoR R EWE 7 FR.



2230 it o= s K ¥ W %30 %
0.60 - 0.60
0.55F Y 055 L o
sof ¢ 0.50 I
s O,DOj ° ; S0 .
E B
o 045F b 045F
® 040k ° ¢ o 040F ©
- ™ X [
035 @ ® ® 035 |
L . L
03— 03—t
21500 15 30 45 60 75 90 -15 0 15 30 45 60 75 90
b ) it FA /()
&6 ARt A R w0544 9 HCF 358 &8 whifi it O 4 5 il 1k V-3 HCF 58 3 B oo £ 3 19
g KR

Fig. 6 HCEF test results of impact notch damaged

sample in different impact angles
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Table 4 Data of 45°impact damage length and width
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Fig. 8 Relationship between average HCF strength and

impact angles of impact notch damaged sample
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different impact positions
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