Journal of the Korea Academia-Industrial https://doi.org/10.5762/KAIS.2023.24.10.704

cooperation Society ISSN 1975-4701 / eISSN 2288-4688
Vol. 24, No. 10 pp. 704-709, 2023

DED ZA3W 4o W& SUS316L A2 #|do Ax EA AL

pd|
(=]

2HEI|AHPY

40
rx

H

ro

AEE

re

74

A Study on the hardness characteristics of rail deposited with
SUS316L according to DED process variables

Moo-Sun Kim
Urban Railroad Research Department, Korea Railroad Research Institute

2 % & AtoAE A35TH 71<<l DED(directed energy deposition) 3471&s ke Lol H85t] I
&S AR S of HE5HT oA Tt A A9 HSE AlE B4 L At HrEEE 9
shgol 9laf w9 EHAT o] A4 LAYStE Fx £ udtoln, HYd THE EYs| o uhinH Ao F4
&L APsH= 129 SR ESHHE 1T 4 Utk DED 3371&2 oA E 0]83lo] gk g FojojE HiE

R0
)
ofr
o,
rlr
o
1>
1o
ne
>
L,
fjy
U
ro
ol
=l

ol 24 Wet B4 7o & dtolM= DED o] &8 4= I}
et TAYSE F B4 IS AWET AlE AlF2 AL JF E4 3 DED 3471eR 4% EoluE S ¥
SHt 25 &A= SUS316LE #Estglon 342 Wee oA &9 7|9} FojA A7 AvEE thgdlsto]
AEZ AT A2 AlEe e R Fd T AEgHV)E A5 EUTH LA EAE o2 SH5
o BEEA BA AW, FolA Yol £e4F ASHY Axd2 Rorgen ol AT i) 528 AL
B 52 AEE Y FolA 83 HolA A £7F A¥E ouA di g A9gshd A= ojuA 4= 52
F5 xR FotdE uiddtt. ol ASEAA FolA 2t A et EErSF P4EETF A WA o9}
T vAR2] 549 #ekr A5 HIAA B B0 FEAe Je dddn

0, ol #
ol
2 4

it

Abstract In this study, DED (directed energy deposition) process technology, one of the additive
manufacturing process technologies, was applied to rails to analyze the hardness characteristics in the
deposited area on a rail surface. A rail is the main infrastructure of a railway where wear and defects
on the surface frequently occur due to the cycle of running loads of trains. To repair the rail surface,
a maintenance method of metal deposition on the top of the worn surface can be considered. DED
process technology has unique physical properties due to the thermal cycle of repeatedly stacking thin
fused layers by using a laser. This study examined the changes in hardness characteristics according to
the changes of key parameter values in DED process technology. Specimens were manufactured by
cutting the upper part of a rail and depositing metal to a certain height using DED process technology.
SUS316L was applied as the deposition material, and specimens were produced with varying laser power
and laser scanning speed as DED process variables. The hardness value (HV) on the rail cross section
of the manufactured specimen was measured sequentially from the deposition surface to the rail neck.
As a result of the hardness characteristic analysis, the higher the laser power, the lower the hardness
value of the deposition surface was, the higher the laser scanning speed was, and the higher the
hardness value was. In terms of the energy density, which is related to the laser power and laser
scanning speed, the higher the energy density, the lower the hardness value was. It is estimated that the
cooling rate is slower in the fusion process due to the higher energy density of the laser affecting the
microstructure characteristics in the deposited metal and change the final hardness characteristics.
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Fig. 1. Schematic of DED process
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Table 1. Chemical compositions of rail steel and
SUS316L (wt%)

Material Fe C Si Mn P

60kekR | Bal |063~0.75| *1>~03 | 0701 lypay 0,03

SUS316L Bal 0.03 1 2 0.045

Material S Ni Cr Mo Cu Co
Max

60kgKR 0.025 B - B B B

SUS316L 0.03 12~15| 16~18 | 2.5 - -
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Fig. 2. Schematic model of the repaired rail
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Table 2. DED process conditions for each specimen

case
c Laser power Laser scan
ase no. (W) speed(mm/min)
1 1,600 800
2 1,600 1,000
3 1,600 1,200
4 1,800 800
5 1,800 1,000
6 1,800 1,200
7 2,000 800
8 2,000 1,000
9 2,000 1,200
23 4 &3
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Fig. 3. Points to measure hardness
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Fig. 4. Hardness distribution of the deposited rail

with the increasing scanning speed and the
constant laser power of (a) 1,600W, (b)
1,800W and (c) 2,000W
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