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The laser metal deposition (LMD) process is one of directed energy deposition (DED) processes. The deposited region is
formed by repetition of melting and solidification of the feeding powder on the substrate and the previous layer for the case
of the DED process. A typical cooling rate of the DED process lies in the range of 10°-10° °0s. The rapid temperature
change causes an excessive residual stress in the vicinity of the deposited region and a large deformation of the fabricated
part. The distribution and the history of the temperature are greatly dependent on the deposition path, dwell time, interlayer
time, etc. The objective of this paper is to investigate the effects of the deposition path on thermo-mechanical characteristics
for the case of Gridur6 (G6) deposited on a thin AISI4140 substrate using the LMD process. In order to estimate
temperature and residual stress distribution for different times, a three-dimensional non-linear finite element analysis (FEA)
model is developed. The substrate is designed to be a cantilever beam structure. The deposited region with a rectangular
cross-section is fabricated from the deposition of G6 powders on AISI4140 substrate. Characteristic dimensions of the
deposited bead are obtained from the results of the experiments. The dwell time between successive paths and the inter-layer
time between successive layers are estimated from the investigation of the movement of the deposition head. The laser is
assumed to be a three-dimensional heat flux with the penetration depth. The distribution of the laser intensity in a plane is
assumed as a Gaussian distribution. An equivalent heat loss model, including the forced convection by shielding gas and the
radiation, and the heat sink model are applied to top surface of the specimen and the clamped region of the specimen by the
fixture, respectively. The natural convection, the forced convection by the fume and the radiation are assigned to bottom and
side surfaces. The clamped condition is applied to one end region of the specimen. Temperature dependent
thermo-mechanical properties considering phase changes are estimated from JmatPro V12. The FEA was carried out by a
commercial sofiware SYSWELD V16. Through comparison of the results of experiments and those of FEAs from viewpoints
of HAZ formation and temperature history, a proper FE model is obtained. Using the results of the FEAs, the influence of
the deposition path on temperature, residual stress and displacement distributions for different times are investigated. In
addition, the effects of the deposition path on the deformation and the warpage characteristics are examined. Finally, a
suitable deposition path is proposed.

NOMENCLATURE 1. Introduction

p The laser metal deposition process (LMD) process is one of the
= power
v P d directed energy deposition (DED) processes. During the deposition
= scan spee
D = beam (P;iameter process, metal powder is melted by a laser heat source almost
laser b hape fact instantly as it is being supplied. Similarly, solidification occurs rapidly.

¢ = laser beam shape factor
fici ¢ lp b The high rate of temperature change results in residual stress and

= efficiency of laser beam
" Y distortion of deposited part. The final thermo-mechanical properties

in the vicinity of deposited part are highly dependent on thermal
history. Thermal histories are highly dependent on deposition
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patterns.
The goal of this study is to investigate the effects of deposition

strategy on post process residual stress and distortion characteristics
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Table 1 Process
PW)
1400

parameters of deposition process
V (mm/s) D (mm) c
23.333 2 0.5

n (%)
44

the vicinity of deposited bead using finite element analysis (FEA)
methods. FEA models are experimentally calibrated. The developed
models are used in order to study the effects of deposition path on

residual stress distribution and displacement and distortion
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Fig. 3 Comparison of thermal histories between experiment and
analysis
characteristics of deposited bead.

2. Thermo-Mechanical Analysis

FEA models were developed in order to analyze deposition of G6
powder over AISI4140 cantilever beam structure substrate. Boundary
conditions of FEA models are shown in Fig 1. The clamp is applied
on one side of the substrate. Heat loss due to convection was
considered from all sides. The conduction heat losses are applied on
clamping region. Table 1 shows process parameters of deposition
process.

Thermal histories were obtained by attaching thermo-couples to
the bottom of the specimen during the experiment. The locations of
thermo-couples are shown in Fig 2. Point A is primarily affected by
convection heat losses. Point B shows effects of conduction heat
transfer inside the specimen. Heat loss due to conduction to the
clamping fixture is estimated through the data from thermo-couple at

o 600
%500 point C. Fig. 3 shows comparison of the results of experiment and
:=_', 400 Experiment analysis at points A, B, C.
g 300 A pl . The data from the experiment is used to calibrate FEA models.
E’ 204 T nalysis The calibrated models are used to investigate the effects of deposition
= 100 + it 90 S S TS 0 o 6 e g S m o patterns on thermo-mechanical characteristics of G6 powder
e p— L]
0 4 T T T T J deposited on AISI4140 substrate. Deposition strategies are shown on
0 40 80 Tinj:|2(e0( s) 160 200 240 Fig 4. Total of 16 strategies are selected for the analysis. All strategies
(2) Thermal histories at point A are based on zigzag deposition pattern.
o 600 O Starting point
g 500 \ z1 z2 z3 24
o i x
- . ‘
faoo { oI, = - ~Experiment == =_—
£300 4. . Analvei yer
a '..o -._,?.'. sesesse Ang ys|5
A =i =
= 100 4’ tetamen 2" Layer
0 + T T T T T \
0 40 80 120 160 200 240 ., —=— | [ T =
Time (s) ¥

(b) Thermal histories at point B

6

(a) Zigzag strategies with same starting points

Y Z-1SP

[

Z-25P Z-3SP Z-4SP

©2022 ASPEN 2022 Organisers. ISBN: 978-981-18-6021-8. All rights reserved.



’ | Proc. of the 9th Intl. Conf. of Asian Society for Precision Engg. and Nanotechnology (ASPEN 2022)
@] AS P E N 15-18 November 2022, Singapore. Edited by Nai Mui Ling Sharon and A. Senthil Kumar
(b) Zigzag strategies with different starting point at each layer
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Fig. 4 Deposition strategies
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