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Abstract The mechanical properties of laser solid forming (LSF) of Ti-Al-V ternary system titanium alloys from
blended elemental powders are investigated. The relationship between the composition and the hardness of LSF Ti-
xAl-yV(x<{10, y<{25) is obtained based on the hardness test and the neural network model optimization. The room
temperature tensile properties of some typical LSF Ti-xAl-yV alloys are obtained, and the scale factor K of the
tensile strength to the microhardness is obtained between 2.86 to 3.00, and thus the tensile strength prediction for
LSF Ti-xAl-yV can be realized. The test results show that the room temperature tensile properties of laser deposited

Ti-4Al-3V ., Ti-5A1-3V,Ti-4Al-4V , Ti-5A1-4V and Ti-3Al-6V have reached the wrought standard of Ti-6Al-4V.
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Table 1 Characteristics of raw material powders

Material of Abpearanc Particle Oxygen mass
the powders ppearance o /mesh fraction /%
Ti Spherical —100~200 0. 069
Al Sphere like —150~200 0. 090
A% Irregular —200~250 0.071
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Fig. 1 Room-temperature tensile samples of LSF titanium alloys. (a) Photo of LSF sample;

(b) shape and size of tensile bar
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Table 2 Parameters of the laser solid forming process

Laser Scanning Spot

power /W velocity /(mm/s) diameter /mm

Powder feed Carrier gas

AZ /mm
rate /(g/min) flow /(L/h)

1850 5 3.0

4.5 180 0.4
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Fig. 2 A three-layer feedforward neural
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Table 3 Network output results and measured

results of the microhardness of LSF Ti-xAl-yV

hynv (data

Al mass V mass hpv (data
obtained
Number fraction / fraction / from
) by network
% % experiment) o
prediction)
14 2.4 1.4 256.0 257.0
24 2.9 5.8 331.3 329.5
34 3.2 2.1 274.0 278.5
4 3.8 4.0 318.2 315.0
5% 4.1 1.5 293.9 290.0
6% 4.5 3.3 323.0 320.3
78 5.0 4.0 335.7 337.6
8 5.1 6.3 380. 2 375.8
oH 6.02 3. 81 356. 1 375.5
10 # 7. 4.9 402.5 398.0
11# 8. 4. 85 391.0 414.0
12# 10. 6 8.3 518.0 522.0
13# 11.00 6.67 479.7 484, 4

Bl 3 R T AT Matlab ZRA5 Y 1 22 ) 45 4 71
AN Gk 25 5 REEOE S AR BOE Tire Ay V & @)
SRR R . W 3 ATRIE L e ALY
HEUNTEAET 1026,V i 5T E 3 BUb T T
L0 M BL N BB ALV &5 18 B8N, B0 7 R
B Ti-e Al-yV & 4 19 2 3ORE 2 30T 0 52 2 1 38 s

0603004-3



i 5| % ¥t
B0F, ' 401w Ti—gAl-2V
[ e Tie - [ o Ti-2A1-yV*
o 3401 T-4¥ : m400: :'.-
= 320} . S aenk .
g 300} - E 200} . .
2 280} ‘ % 320} . . . .
£ 260} : £t : LA
S 240f : g 280F °
2201 . o [
2000 @ Bt ®
180 s L . L s N 200 o
0 2 4 6 8 10 0 4 8 12 16 20 24
Element content /% Element content /%
460 480
440F = Ti-xAl-4V . 460F = Ti-zAl-6V .
420F o Ti-4Al-yV o 4400  © Ti-6Al-yV 0 C
g 400} .t 2 420} :
sl : S 400} '
@ 360f @ 380k .
& 340F ' 5 .
& 390 . 5 360f o8
& 500 ' 5 340F .
g0 =s2op, °
260} © 300F 3 (C))
940 — " ’ . n . 280 . " . : n "
0 2 4 6 8 10 0 2 4 6 8 10
Element content /% Element content /%
520
500F = T@—xAl—SV a
g0l © Ti-8Al-yV \
g 460} .
'S 440} '
g 420f L b
£ 400} o "
3 380t o
T 360f | ¢
340 = (e)
0T L 6 8 10

Element content /%

B 3 TiaAl-yV & 4 UURRZE o B 1) 56 &

Fig. 3 Hardness versus composition of as-deposited Ti-xAl-yV alloys
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Table 4 Mechanical properties of LSF Ti-xAl-yV alloys

Oxygen mass fraction

Number Composition henv on/MPa  g,,/MPa & /% o/ %
of powder /%
1+ Al: 2.4; V. 1.4 0.07 2.88 257.0 740 665 18.0 53.0
2% Al: 4.1; V. 1.5 0.07 2.90 290.0 840 770 15.0 43.5
3 Al; 3.2; V. 2.1 0.07 3.01 278.5 840 780 18.0 55.0
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124 Ti-6Al-4V 0. 20 2.94 / 1200 1140 6.0 18.5
Ti-6 A4V
wrought standard =895 =828 =8.0 =25.0

(ASTM-B381-05)
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