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Nonsynergistic Response in Laser Additive Manufacturing of Nickel-
Based Superalloys Comprising the Constrained Structure of a Ductile
Iron Surface

Lang Tiantian, Pang Ming
Airport College, Civil Aviation University of China, Tianjin 300300, China

Abstract In this study, an L-shaped model was designed to simulate the constraining structure of the laser additive
strip sidewall of a valve seat to construct the constrained structure. The basic laser additive simulation model
considers the changes in laser absorptivity, latent heat of phase change of the material, and heat exchange between
the additive process and the external environment. Results show the existence of a competitive relationship between
the laser energy density change and the energy input of the laser in space. When the effect of increasing the laser
power and power density on the temperature rise is greater than the effect of increasing the speed and reducing the
energy in the space on the temperature drop, the temperature of the additive layer increases. Because of the influence
of the substrate structure asymmetry and the heat transfer and dissipation in the laser additive process, the depth of
fusion between the additive layer and the bottom surface of the substrate is greater than the depth of fusion with the
side surface and the cross section of the additive layer has a stepped-crescent shape. Furthermore, because of the
combined effects of the hysteresis of heat conduction and rapid heating and cooling of the laser, with the increase in
laser power and scanning speed, the cross-sectional profile of the additive layer gradually switches from a crescent to

a platform shape.
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Fig. 1 Finite element model of laser additive spheroidal graphite cast iron. (a) Schematic of laser additive area of ductile iron

model; (b) finite element model

2.2.2 HipHAK
ASTE) L T AR A PE S BT BEAR —HE
I, 2 T T W T S P S B R e ) 2>

SRS A R PR 2 g A e SCrk! I A
FH BSOS A8 F 1 RN A0 vk, 45 1) B L P A8 f b 1 Bk 2
PRI N5 MR B S H0, n 1 52 2R .

1 EREHBRNAYITES B

Table 1 Thermal physical parameters of ductile iron

Temperature /°C Thermal conductivity /(Wem ™ '<°C™")

Specific heat capacity /(Jkg '=C™")

Density /(kgem™*)

20 29.55
200 29.79
400 28.95
600 28.23
765 26.62
800 25.90
1000 24.64
1500 21.96

491 7096
526 7096
569 7096
698 7096
1100 7096
824 7096
742 7096
1031 7096

K2 Ni25 RS
Table 2 Thermal physical parameters of Ni25

Temperature /°C Thermal conductivity /(Wem '+<C ")

Specific heat capacity /(J-kg '+C™") Density /(kgsm™*)

20 16.0
200 16.2
400 17.1
600 20.1
800 22.0
1000 25.0
1500 33.4

424 7528. 4
450 7528. 4
453 7528. 4
460 7528.4
493 7528. 4
521 7528. 4
620 7528. 4
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Table 3 Fusion situation of substrates at different powers and speeds
Fusion situation at different speeds
Power /kW
Imm/s 2mm/s 3mm/s 4mm/s 5mm/s 6mm/s 7mm/s 8mm/s 9mm/s 10mm /s

1 X X X X X X X X X X

2 v X X X X X X X X X

3 v v X X X X X X X X

4 v v 4 v v X X X X X

5 v v v v v v v X X X

6 v v 4 v v v v v v v
Note: X —non-fusion; ¢/ —fusion.
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Fig. 2 Temperature changes of paths A and B at different powers. (a) Temperature change curves of side path A;

(b) temperature change curves of bottom path B; (¢) schematic of paths
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Fig.3 Temperature curves changed with time at the

monitoring point when the laser additive scanning

distance is 0. 01 m
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Fig. 4 Molten pool depth curves under five critical conditions. (a) The depth of the side of molten pool;

(b) the depth of the

bottom of molten pool
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Fig. 5 Sections at the highest temperature point when the laser additive scanning distance reaches 0.01 m under five critical
conditions. (a) P=2 kW, V=1 mm/s; (b) P= 3 kW, V=2 mm/s; (¢) P—= 4 kW, V=5 mm/s; (d) P=5 kW, V=7 mm/s;
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Fig. 7 Organization and temperature gradients of the additive layer under P=2 kW and V=1 mm/s. (a) Top organization of

additive layer cross-section; (b) horizontal and vertical temperature gradients at the same location
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