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Abstract AF1410 ultra—high strength steel plate sample is fabricated using the laser additive manufacturing (LAM)
technique and homogenization treatment combined with the traditional heat treatment of AF1410 is conducted as
the heat treatment. Microstructures, hardness and tensile properties of the steel are investigated. Results show that
the microstructures of as—deposited AF1410 exhibit some characteristics of directional solidification with a hardness
of about 360 HV. After the heat treatment, the directional solidification microstructure disappears while a refined
microstructure and tempered martensite are obtained with hardness of about 510 HV. Meanwhile, yield strength
and tensile strength at room temperature of the heat treated steel reach to 1490 MPa and 1610 MPa, respectively,
with the elongation of 12.8% and the reduction of area of 70%.
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Fig.1 Microstructure of AF1410 steel powder used for LAM
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Table 1 Chemical compositions of AF1410 steel powders(mass fraction,%)

C Si Mn P S Cr Ni Mo Ti Al Co N (0] Fe

0.17  0.039 0.0067 <0.005 0.005  2.02 10.22 1.07  <0.005  0.012 14.08  0.001 0.0034  bal.
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Fig.2 Schematic diagram of LAM process
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Fig.3 Heat treatment procedure of LAM for AF1410
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Fig.4 (a) Longitudinal section, (b) cross section and (¢) XRD spectra of as—deposited AF1410

0403001-3

MR E 4(a) (b)FT R o M 4(a)h o] LLE



hooM W ot

3.2 HRAEIAR

PO 1 B ] 1 AR TR 1200 CARR 3 h 35 2) (b AL B1US (19 & AL LI 18] 5(a)  (b) BT 75, AT LA, 22 T 1
SIA AL BRE W BUAR D 10 A 4 B LR & 2 200 2% L 45 BIDHL O 0 S5l L BN 1) R ORE RS I AT 25 5 0 AR R
S QAT i S Ty HE]  ARRE 1) S B B IR A R T — B e o IE K -IB KRR AR LN 5(c)
(d)Fr 7, AT LA Y B DL B, LRV 20 U2 B A R T 0 22 1), (H 2 L 8L L SR T 8V i T
BZ 045 .

R (4
5 AF1410 5084 53 Ak B1U5 YLLK TE K —3B 5 B9 AT A0 R T 5 A1 2H 2L (a) 350405 M ;
(b) B ELIE YRR ; (c) 1 K-8 S M A s (d) 1F =3B 5 iR T
Fig.5 Microstructure at cross section and longitudinal section of AF1410 after homogenization as well as normalizing —annealing.
(a) Longitudinal section after homogenization; (b) cross section after homogenization; (c) longitudinal section after normalizing—
annealing; (d) cross section after normalizing—annealing
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Fig.6 (a) OM image of AF1410 steel after tempering; (b) SEM image; (¢) XRD spectra
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Table 2 Tensile properties contrast of AF1410 steel manufactured by LAM and forging

Material states LAM after heat treatment s o
Orientation 7 direction Y direction Forging™ Threshold™
o, IMPa 1606.7+4.9 1630.7+6.8 1680 >1620
002 /MPa 1491.3+3.8 1511+7.0 1480 >1480
8 /% 13.1£0.5 12.4+0.3 16 >12
W 1% 70.3+0.7 68.5+0.4 69 >60
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Fig.7 SEM images of tensile fracture of laser additive manufactured AF1410 steel. (a) Macroscopic; (b) fibre zone;

(c) radical zone; (d) shear lip
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Fig.8 Hardness changes of the tested steel at different heat treatment processes
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