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The design of a substrate greatly affects the residual stress distribution and the deformation behavior of the repaired region
by a directed energy deposition (DED) process. The objective of the present study was to investigate effects of edge length
and slope of the substrate on residual stress and deformation characteristics in the vicinity of the repaired region for the
repair of the straight damaged region using a DED process. Two-dimensional finite element analysis (FEA) was carried out
using SYSWELD. Materials of the substrate and deposited powders were AlSI 1045. The maximum residual stress during
the deposition decreased when the edge length of the substrate increased, but increased when the slope of the substrate
increased. The residual stress after a cooling state increased when the edge length and the slope increased. The
displacement of the specimen increased when the slope of the substrate augmented. Finally, the methodology to select a
proper edge length and slope of the substrate are discussed in this study.
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NOMENCLATURE G = Flowrate of Shielding Gas
F = Flowrate of Powder Feeding Gas

o = Slope of Substrate 0 = Linear Intensity of Heat Flux
L = Edge Length of Substrate X — X Coordinate
P = Power of Laser y = Y Coordinate
V= Scan Speed of Laser t = Scan Time of Laser
r = Radius of Heat Flux h, = Natural Convection Coefficient
r(z) = Radius of Heat Flux according to Penetration Depth ]_qf = Forced Convection Coefficient
o = Penetration Depth }_teq .y = Coefficient of Equivalent Heat Loss Model
n = Efficiency of Heat Flux Nu = Nusselt Number
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k = Thermal Conductivity

D = Diameter of Nozzle

€ = Emissivity of AISI 1045

p = Stefan-Boltzmann Constant
T, = Surface Temperature

T, = Environmental Temperature
oz} = First Principal Stress

Oip,m = Maximum Value of First Principal Stress

D, = Displacement in X Direction
D, = Displacement in Y Direction
D, = Magnitude of Displacement
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Deposition strategy : Zig-Zag

1SO View

(a) Model concept and deposition strategy

(b) Design of substrate and deposited region (Center section)

Fig. 1 Schematics of the repairing model
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Table 1 Deposited areas for different shapes [mm?]

L [mm] 3 5 7 9
6 =30° 249 32.6 40.4 48.3
0 =45° 19.8 27.6 354 432

Table 2 Characteristics data for deposited bead [7,18] Adapted from
Refs. 7, 18 on the basis of OA

P \% r 1(z) G F
[W] [m/min] [mm] [mm] [//min] [//min]
500 1,000 0.5 ~r ~ 10 x4

L=7mm

(a) 0 =30°

L=7mm

(b) 0 = 45°

Fig. 2 FE models for different edge lengths and slopes

Table 3 Conditions for 2D FE analysis [7] Adapted from Ref. 7 on
the basis of OA

Width of bead Thickness of layer Hatch distance
[um] [um] [um]
1,000 ~150 750

Table 2= FE Bdof| 2-§d 237 54 dlojgoltt. 4]
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Fig. 3 Boundary conditions of FE model (6 = 30° and L = 3 mm)
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Fig. 4 Natural convection coefficients for different edge length
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Fig. 6 Equivalent heat loss coefficient
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Fig. 7 1st principal stress distributions for different edge lengths
and slopes of the substrate
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Fig. 8 Excessively stressed regions for different edge lengths and
slopes of the substrate
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Fig. 9 Effects of the edge length and the slope of the substrate on
the maximum value of the 1st principal stress
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Fig. 10 Time histories of 1Ist principal stress distributions at the
occurrence location of the maximum value for different
edge lengths and slops of the substrate

Table 4 Number of layers for s, at the occurrence location of the
maximum value and maximum residual stress after cooling

stage
o Number of layers Sipm after cooling stage
0r1 L [mm] for Sipm [MPa]
3 4 388
5 2 392
30
7 1 397
9 1 410
3 3 425
5 3 426
45
7 3 433
9 1 436
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Table 5 Times of maximum deformation and finishing times of

deposition for different edge lengths and slopes

Time of maximum .
Finishing time of

0[] L[mm] . deformation [s.] deposition
Point A Point B
3 328 30,000 629
5 342 30,000 834
3 7 363 30,000 1012
9 364 30,000 1195
3 343 30,000 517
4s 5 370 30,000 698
7 372 30,000 906
9 378 30,000 1,080
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Fig. 11 Displacement distributions at times of maximum

displacement for points A and B
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