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Abstract: TC4-TA19 functionally graded materials can obtain different properties in different parts of the same structure,
which has potential and value for engineering application. Laser solid forming is a reliable technique for fabricating high
performance metal components, which is very suitable for fabricating functionally graded materials. The thermal behavior
of TC4-TA19 functionally graded materials during laser solid forming and the microstructure morphology of three typical
component gradient regions have been simulated and experimentally studied. The results show that the forming thermal
field and solidification cooling rate are significantly affected by laser power and layer thickness, but less affected by
scanning speed, and are not sensitive to component gradient. The microstructure in the composition gradient region is
composed of 3 columnar crystals grown by epitaxial growth and « lath interlaced within the crystals. The « lath size is
mainly affected by the composition of the alloy, and coarser with the increase of TC4 ratio. In the composition gradient
region, the microstructure at the interface exhibit a high continuity, and the smaller the composition gradient, the less
obvious the interface. The composition gradient zone has high design freedom and can optimize the solidification structure
by adjusting laser power and layer thickness, which is beneficial to practical production.
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Fig.1 Schematic diagram of TC4-TA19 functionally graded
material model
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Tab.1 Simulation of different laser power and scanning
speed with the same component path

G WOGYIR /W HRE U /(mm-min”) 2 /mm
A 2 500 700 1
B 2500 800 1
C 2 500 900 1
D 2 000 900 1
E 3000 900 1
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Tab.2 Simulation of different component paths and
component gradient area widths with the same process

parameters
gy Y B AR Bg— gy JZJE B33 P X
(Wt.%TC4) =8 /mm F& ¥ /mm
F 20, 40, 60, 80 2 1.0 8.0
G 20, 40, 60, 80 1 1.0 4.0
H 20, 40, 60, 80 1 0.5 2.0
I 50 4 1.0 4.0
J 10, 20, 30, -+, 90 1 0.5 4.5

JIT R M B S 55 B e i R A 55 16 O Tk I A 1Y
TA19 KA 4 Fl TC4 SR G G EER, PR & &K
RiARIIE 75~150 wm, TC4 L0 & w/%:6.210 Al,
4.210 V,0.366 C/O/N/H/Fe, TAI19 .5 & & w/% :
6.060 Al,1.950 Sn,4.130 Zr,1.940 Mo,0.071 Si,
0.098 C/O/N/H/Fe, A T il #& A [7] B 53 % A28 466 B A4
MR BT A3 b B AT R A, 7EAT A 2Rk B AL
FIRAE 250 1EF: Smin, TP [H][A]FF 30 s, S %% 5 min,
PTEAHEAT H R0, LI HTRHR & 4F 0k R LA K
ek A SR ACE T ES MRS, 7120 TR
BT 2 h, KRG &R TR, BIE 525 B
FHFERF R TCA B4 44880, RF 8 100 mmx100 mmx
30 mm, 5 50 [k 34 2% P AUIT B b5 KBk R
T4 2 L B SR 5 ] B i ek T, S )
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Tab.3 Thermal physical parameters of different composition proportions

TC4 A /% /T 20 500 1000 1 600 1650 2 000

¥ /kg-m? 4420 4350 4282 4198 3 886 3818

1001 WFR /W/(m-K) 7.0 12.6 225 25.8 83.5 83.5
I )/(kg-K) 546 651 753 732 831 831

W [kg-m? 4430 4360 4320 4200 4190 3930

90 TR /W/(m-K) 6.01 14.84 24.12 33.77 34.57 36.65
O )/(kg-K) 550 670 790 790 780 980

W kg-m? 4 440 4370 4340 4210 4200 3930

80 T /W/(m-K) 5.93 14.71 22.88 33.47 34.28 36.32
T /T/(kg K) 550 660 670 790 970 970

W [kg-m? 4450 4390 4350 4230 4210 3940

70 TR /W/(m-K) 5.84 14.58 23.66 33.18 33.98 35.99
A 1/(kg-K) 546 662 656 786 1 006 966

I /kg-m? 4466 4401 4358 4237 4222 3949

60 T /W/(m-K) 5.76 14.46 23.44 32.88 33.66 35.65

I )/(kg-K) 544.0 659.9 652.8 782.5 10452 961.6

HE kg-m? 4480 4415 4370 4249 4237 3957

50 T /W/(m-K) 5.71 14.37 2322 32.59 33.35 35.30
T T/(kg-K) 542 658 650 779 1101 957

W /kg-m? 4494 4429 4381 4260 4248 3964

40 T /W/(m-K) 5.64 14.23 22.99 32.28 33.04 34.97

I )/(kg-K) 539.8 655.1 647.0 775.1 1139.2 952.6

HE kg-m? 4508 4 444 4392 4271 4259 3971

30 T /W/(m-K) 5.59 14.12 22.77 31.98 32.71 34.62
WA J/(kg-K) 538 653 644 771 1192 948

I [kg-m? 4523 4458 4403 4283 4270 3979

20 T /W/(m-K) 5.54 14.01 22.54 31.67 32.39 34.26
I )/(kg-K) 536 650 641 768 1237 944

# ¥ [kg-m? 4537 4473 4415 4295 4281 3986

10 T /W/(m-K) 5.55 13.96 22.31 31.36 32.06 33.92
O T/(kg-K) 534 648 638 764 1307 939

W [kg-m? 4550 4 490 4430 4310 4290 3990

0 T /W/(m-K) 5.63 13.97 22.08 31.05 31.73 33.57
I )/(kg-K) 530 650 640 760 1370 930
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Fig.2 Macroscopic temperature field and thermal behavior curve of the first layer in the composition gradient region under different
laser power and scanning speed
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Fig.3 Macroscopic temperature field of the first layer and thermal behavior curve of the partial molten pool in the gradient region
under different component paths
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Fig.4 Solidification cooling rate under different scanning speed and laser power
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Fig.5 Solidification cooling rates and their comparison of different component paths
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Fig.6 Optical and SEM macro and micro-structure morphologies of transition zone of the graded sample from component path I
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Fig.7 Optical and SEM macro and micro-structure morphologies of transition zone of the graded sample from component path G
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Fig.8 Optical and SEM macro and micro-structure morphologies of transition zone of the graded sample from component path J
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