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Abstract Based on FKM method prepared by the Geman Mechanical Engineering Committee, the constants of TA15
titanium alloy by additive manufacturing were obtained according to the existing test data and finite element simulation
calculation, and the fatigue life of additive manufacturing and machining TA15 titanium alloy angle support were calculated. The
fatigue life calculation results of TA15 titanium alloy angle support by additive manufacturing were verified by numerical
calculation and tests. The results show that the logarithm error between the fatigue life calculated by FKM method and the
numerical calculation result is within 5%, and the logarithm error between the fatigue life calculated by FKM method and the test
life is within 10%. The fatigue life of additive manufacturing titanium alloy angle support is higher than that of machining titanium
alloy angle support based on FKM method.
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Fig. 1  Microstructure of TA1S alloy by AM
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Tab.1 Comparison of mechanical properties between AM and

machined TA15 materials

BH e b BT
Parameter AM Machining
B B

Tensile strength R, /MPa 1 046 1030
Jot e
Yield strength R, /MPa 980 930
VR A
Elastic modulus E/GPa 118 116
JETFN
' {E”:/L\ l:l:. 0.3 -
Poisson’s ratio
Y5
Shear strength 7 /MPa 732 775
BN
S A9 55 PR 60 s

Conditioned fatigue limit Ry, /MPa
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Fig.2  Correction process of S-N curve of notched parts
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Tab.2 Material parameters of TA15 titanium alloy by

AM and machining

S W LT
Parameter AM Machining
Brhrg B

Tensile strength R, /MPa 1046 1030
Neuber %
cuber 25 0. 195 0. 197
Neuber parameter~/a
N
3} ﬂ:u s s
Notch radius p /mm
IDIE LEEY i ) s s
Stress concentration factor Ky . .
i IR ENY
Notch factor K 2.294 2.292
B AU
Notch sensitivity n, 1..090 1. 091
LR
Stress gradient G,, 1.436 1.436
i —1.085 -1.080
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Fig.3  S,-N curve of components in FKM method

ST B ICHTIR RS A e R Tkl A BR T
R RRIEH R B S BB, DL G, 4
EICESBR NG EM S o, IR E IR
BB n,, SR AT LAAS BAG 1 B 55 ik 11 R 4L
K, [R5 iE 2 M HLRE [ R B K, BRI 7 2 S5 A Y
W ITMRIBIEIN T Ky, B IERRL BB 57 0 BR Ry, 153
BULERG P I 57 BRI T BRAEL S 0, FAIE ] 3 7R 19
2k, 255 A BROCTT R4 B 15 1) ARy, AR 4 X
(10) TR 2R PR TAE R AT 0EAE S, , ARAZ(9) 7T
VATHAR BR800 55 75 4

e — (10)

XB, R, WIRFEATVE N 5B B RN 15 R, H
TR AT 1 S5 R/ NS T

3 BT FKM FiEMAEERESFaitHE

A AR CHLES R B iz B0 A —Fhoins
BERE IR AS R AU B2 T 2R I8 4 AT 45 R A
58, FTALBOE B A o™ E B AR v TR
F & H BRI M RE S BB IR thy T L5 DR iy
F\ 5553, 2 X 1 BRAS R P98 55 1 B ™ A TS

AR SCWF ST 1 7 $2 M &R FH TALS BRG 4 3 41 )
T, TS PSR TR AL A B A5 4, SR 38 1Y 7A04

RO ailis , MassirysNE e 4 s, &K
Mim it 18 R R MU B, ok i 4 s 1 2 HF
12 WOPATHRS IR R  IEAGEHAT E T 6 WSS AEHE
ALY

A SCHE JeH MSC. Patran 3014857 T fA B 45 40 1)
A FRITHAY ASRLR Y 7S T A B TR IR 5 4
JE AR 2 1] FH A 28 o SO 2 A, 3 Nastran 207F
BT S AT  AR B M @A RN = 18, g 5~
7 BN, Eat R SRl DOk B EKE & A e iR
I3 % AR A A b AL R AL 3 4 AL B FL 32, 7 g g5 KA
SR 826,829 MPa, 1G4 WEHR Y 5 KON ) & AETE R
i s R R A FL LD, B ROV J) R 401 MPa, B3R

p § 4 : 3 2 1
R
[e] [o] 1O [o] o |2
LY 170
A=—A B—,B
%)
4 {_ﬁm
5
B2 35 =
12

L \’05?‘”;06’%2 5&@

T

K4 g5t JLATANE

Fig.4 Geometrio shape of the structure
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Fig. 5 Stress nephogram of titanium alloy angle support by AM
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Fig. 6 Stress nephogram of machining titanium alloy angle support
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Tab.3 Parameters of FKM calculation

2H WG & U & SRR
> Angle support by AM Machining angle support Aluminum alloy base plate
Parameter
3-2* 3-3" 4-2* 3-2* 3-3* 42" 1-1* 6-1" 6-3"
>INV
Maximum stress R, /MPa 789 826 816 789 829 816 388 387 401
T A J1 R
Stress amplitude S, /MPa 370. 83 388.22 383.52 370. 83 389.63 383.52 182.36 181. 89 188. 47
i EY S
Jﬁ%qﬂ R 2.55 2.66 2.63 2.55 2.67 2.63 2.87 2.87 2.97
Stress concentration factor K.
W ot i
Mjﬂi‘f-%f; 0. 366 0.336 0.373 0.372 0.338 0.393 0.399 0.395 0.392
Stress gradient G
I ARk
ik ﬁﬁ E 1. 050 1. 048 1. 050 1. 051 1. 048 1. 052 1. 111 1. 110 1. 110
Notch sensitivity n;
iR EY
HIFGRO RS 2.429 2.538 2.505 2.426 2.548 2.500 2.583 2.585 2.676
Notch factor K;
HLREE 2K
Roughness factor Ky, 0. 827 0. 827 0. 780
. &ﬁ*&ﬁﬁ{ .JI.% 2.638 2.747 2.714 2.635 2.757 2.709 2. 865 2.867 2.958
Fatigue limit correction factor Ky
HAARHE 55 % B
Material fatigue limit Ry, /MPa 630 393 280
PP F2 55 4 KR 17 7 i L
Fatigue limit stress amplitude 238.82 229.34 232.13 225.81 215. 81 219. 64 97.73 97. 66 94. 66
of components S i 4 /MPa
b 3.578 3.560 3.566 3.531 3.534 3.542 3.190 3.190 3.176
Ffi life N 110 685 71 550 81 470 83 945 52 120 61 800 44 190 44 770 31 900

4 ET nCode RHFMEFHFwITE

T HUE FKM J7 3 VPG 3 A4 1l i PR 4 25 A
FPEBERIA R, 18 % 55 73 BT AR nCode XF_E b f

BLEMIAT T P55 e it B T RS B L R 4
FiR R A &M BB A SR nCode THE S5 0 &
8 .18 9 FIiK

#4 FKMitEZRE5 nCode it ELE R3TtL

Tab.4 Comparison between FKM calculation results and nCode calculation results

FKM FKM X4 71w Cod nCode XF 4475 fiy AR ZE
Logarithmic life of FKM node Logarithmic life of nCode Logarithmic error/ %
YN £
ke 71 550 4.855 87 250 4.941 1.74
Titanium alloy angle support
ZIANPAN
fa R 31 900 4.504 44 740 4.651 3.16

Aluminum alloy plate

XFEE FKM J5 3 7545 31 09 A & 45 1 1) 5% 55 75 6
59857 53 BT nCode FUTTIREER, DI ROXTEGR 22

FE 5% LA, F T FKM 5 ik 10 38 A1 i 3 Bk 4 25 F0 0%

J5 AR TR R B R T ROR
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Fig. 8 nCode calculation results of titanium alloy angle support
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Fig.9 nCode calculation results of aluminum alloy plate
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Tab.5 Fatigue life of titanium alloy structure

(a) PL-2 fH7E3-3"FLAL B S AL RS
(a) Cracks firstly appeared at 3-3" hole of PL-2

(b) PL-4 {72327 FLAb ¥ e = A S e
(b) Cracks firstly appeared at 3-2 hole of PL-4

K10 BRG 4 mamos i

Fig. 10  Fatigue fracture of titanium alloy angle support
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Tab.6 Comparison of test life and calculated life

of titanium alloy angle support by AM

st SERT T3 &R 7N LA
Structure No. Structure life Location of damage
eI
PL-1 60 430 Aluminum alloy base plate
AN A0 A
PL-2 33 390 . GasAR
Titanium alloy angle support
eI
PL-3 4175 Aluminum alloy base plate
PPN
PL-4 82 160 o RS
Titanium alloy angle support
SR ANPANI i o}
E] i)ﬁ*}i
PL-3 17120 Aluminum alloy base plate
(SN g
PL-6 91 820 ik

Aluminum alloy base plate

e N 7 X%
‘ we R ude i
ds R ES WEEG Hi o -
. . Logarithmic ~ Logarithmic
No. Test life  Logarithmic Calculated . .
life of test lif life of life
Hie ot tes e calculation error/ %
PL-1 >60 430 >4.781 <1.58
PL-2 33 390 4.523 7.34
PL-3 >54 175 >4.734 <2.56
71 550 4.855
PL-4 82 160 4.915 1.22
PL-5 >117 120  >5.069 >4.22
PL-6 >91 820 >4.963 >2.18

6 it

AR SCHET FKM 5 12 %05 58 44 i 2 Bk G 4 R G R AL
I TBRS B ARt AT 157 7 dw xf L e A, O
Xt M A ] i PR < A B 57 A AT T IR R
(GRR 7o
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(a) PL-1F7E - FLAL & S 7= AR R AL
(a) Cracks firstly appeared at 1-1% hole of PL-1

(0) PL-SPFAEG-3FLAD ¥ 567 A 84
(c) Cracks firstly appeared at 6-3" hole of PL-5

(b) Cracks firstly appeared at 6-3* hole of PL-3
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(d) Cracks firstly appeared at 6-3" hole of PL-6
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Fig. 11 Fatigue fracture of aluminum alloy plate
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Tab.7 Comparison of test life and calculated

life of aluminum alloy plate

o I PO
e s REnnye WEHEaG WEm FaniRE
N FF L 'ti1 " Calculated Logarithmic ~ Logarithmic
O Test life oSO g life of life
life of test .
calculation error/ %
PL-1 60 430 4.781 5.79
PL-2 >33390 >4.523 >0.42
PL-3 54 175 4.734 4. 86
31 900 4. 504
PL-4 >82160 >4.915 >8. 36
PL-5 117 120 5. 069 11. 15
PL-6 91 820 4.963 9.25
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