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Abstract

Direct energy deposition (DED) is an additive manufacturing technique that involves the melting of metal powder with a
high-powered laser beam and is used to build a variety of components. In recent year, it can be widely used in order to
produce hard, wear resistant and/or corrosion resistant surface layers of metallic mechanical parts, such as dies and molds.
For the purpose of the hardfacing to achieve high wear resistance and hardness, application of high speed steel (HSS) can be
expected to improve the tool life. During the DED process using the high-carbon steel, however, defects (delamination or
cracking) can be induced by rapid solidification of the molten powder. Thus, substrate preheating is generally adopted to
reduce the deposition defect. While the substrate preheating ensures defect-free deposition, it is important to select the
optimal preheating temperature since it also affects the microstructure evolution and mechanical properties. In this study,
AISI M4 powder was deposited on the AISI 1045 substrate preheated at different temperatures (room temperature to 500 C).
In addition, the micro-hardness distribution, cooling rates, and microstructures of the deposited layers were investigated in
order to observe the influence of the substrate preheating on the mechanical and metallurgical properties.
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Fig. 1 Schematic diagram of direct energy deposition

Table 1 Chemical composition of materials

E(!Ae,tn:g;t - Materials used -
M4 powder 1045 substrate
C 1.33 0.46
Mn 0.26 0.65
Si 0.33 0.27
Cr 4.25 0.25
Ni 0.3 0.25
Mo 4.88 -
W 5.88 -
Vv 4.12 -
Cu 0.25 0.25
P 0.03 0.04
S 0.03 0.04
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Fig. 2 Laser scanning and multi-layer deposition(unit: mm)
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Fig. 3 Dimensions of substrate and deposited part(unit:
mm)

Table 2 Processing conditions

Process parameter Units
Laser power W 800
Powder feed rate g/min %%2%’{5%5
Scanning speed mm/min 850
Powder gas flow rate L/min 2.5
Coaxial gas flow rate L/min 8.0
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Fig. 4 Substrate preheating and temperature monitoring
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Fig. 5 Effect of preheating temperature on M4 deposited
parts

g o] AW AHAR
2 (delamination) ¥} 72 A glo]

AALEAN 55 &

LS

WAty = gkt o]

23 Ao e Ade slF Zg Al wEA JA
Hol, 7I1AA A=l AAS AsA7IA "k EA
o] o4 %7} 200C o]go] @ Af-ol= A
Aol mE WAy Qlo] Y53 HFT APES IS
F 9t oly3 AFERE M4 BT ZHZo I
Q3 ZA o9 2% deHS o AR oS53
F 9o, A od exE HAAsH] Y=
ASH 7IAA D F538 5SS sAlel 1y
djoF skttt olo] hI e thg HolA AL

32 2 2% H35F ZHE

A od 2xd WE YErE #zsr] 9
slo] A= 9 sl LRAAME AYstar, ©o)
H 2AEZ B3 EAY 228 FA3IY . Fig. 6
Ao et wE HF Ao 2% W

600

non preheating
preheating 100 T
—— preheating 200 T
—— preheating 300 T
preheating 400 C
preheating 500 T

»

préheating
500

400 »
300 4 >

cooling

200

Temperature(C)

100 >

0~

ZOIOO SDIOD AIOIOO 50I00 60}10
Time (sec)
Fig. 6 Temperature changes and cooling rates of preheated

substrates

T T
-1000 0 1000 7000

==

FrE Fo Ao WHs
QoM gol HF 3
qo] ol oA 7} Eﬂro}
7hdol Ha, 3 AFole=
=, line-by-line L2 3L layer-by- Iaye
&t ol & wkESHAl Hrh w3 W7t
deol A AF Al AFol v

as}, %ol

o},
A

M

=

=

=
5
]_

& 49
A
&

F‘W ol H1

I

JP> [SIPR)

émum
b ooy m 2T
10 0 N @

R

i

]

8 -Foll =,

- =

k!

il
2
£

r
HA
O &g o

i
>, ol ofj
o

oy d
k>
fitl
)
S~
Ay oo rr oo 2 o

ot i

YO N b2 X ode @z o oA rlr ro &

a
td
2
o,
rlo
b
rir

)

e

3.3 OIM =% 2t&
FARAAIACEE 14349 A8 2o
H4Ero) MR WS B2
oF =LA —"ULZOHHA qa 2=

A I3

UEpu =

ol}ir
—[E

] E(martensne)

Z7hgtel e Wz

Hoglo oY A ol 3@ ot mo 2 [



DED 7|&& o] &3 1&4%

Fig. 7 SEM micrographs showing microstructures at
different preheating temperatures
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Fig. 8 Microhardness distribution at different preheating
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