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Abstract

This study explores the effects of different pre-machining conditions on the deposition characteristics and mechanical
properties of austenitic stainless steel samples repaired using direct energy deposition (DED). In the DED repair process,
defects such as pores and cracks can occur at the interface between the substrate and deposited material. In this study, we
varied the shape of the pre-machined zone for repair in order to prevent cracks from occurring at the slope surface. After
repairs by the DED process, macro-scale cracks were observed in samples that had been pre-machined with elliptic and
trapezoidal grooves. In addition, it was not possible to completely prevent micro-crack generation on the sloped interfaces,
even in the capsule-type grooved sample. From observation of the fracture surfaces, it was found that the cracks around the
inclined interface were due to a lack of fusion between the substrate and the powder material, which led to low tensile
properties. The specimen with the capsule-type groove provided the highest tensile strength and elongation (respective of
46% and 571% compared to the trapezoidal grooved specimen). However, the tensile properties were degraded compared to
the non-repaired specimen (as-hot rolled material). The fracture characteristics of the repaired specimens were determined
by the cracks at the sloped interfaces. These cracks grew and coalesced with each other to form macro-cracks, they then
coalesced with other cracks and propagated to the substrate, causing final fracture.

Key Words :
1. A 8

A% A% A (additive manufacturing, AM)- =]
W, 34, A 5 ogd 245 ol gste] 334
ol gk 9¥l FAS Fo] WFo R A T35
Az AT ol @ 4% Az AL T,
1. g digta s FAl A geeta, oA, #us
2. @A EdTd dAEAZS 1w, AT
3. ;qu—r,Hsljr_ H}\;H'GLOJ 7]74]—:—'&31]_ EHGLO g
4, FZANT A Td AnEEETAHOE, A7

# Corresponding Author Korea Maritime and Ocean University, E-mail:
think@kmou.ac.kr, ORCID : 0000-0002-5133-1585

Direct Energy Deposition (DED), Repair, Crack, Tensile Properties, Microhardness, Fracture

o8, Asat T thYek A ok A&EHE FE
< Axsted AREEIL o 35S AEE Sk
AF Az 8 T AHNUA A Z(direct energy
deposition, DED) ¥4 A =& HF A F3E
FHolY i e & ofolouy S Fust
ar, o7l #ol A (laser) = AR (electron beam)
< o)&std &8 B wE5F S1E A AHTEhe
T Eag 53], FHTdE HFE xdel oF
2AE ATt 7IAA 58S A7, £
| FEY b


mailto:think@kmou.ac.kr

104 99l

o

Q.

w@olt A F3Eo] AR Foll A oR wiR
& F-oll o]& nAHA AREEH7] =
Ak, Aoz vg g A& AZke aLesfe]
2 BEHo] AAEstr| = gk F5E
&l &7 (welding)©] -} &Ak(thermal spray) ¢}
o] A&Eo] gtom, ojffo: g
&g Hpo] e AEo] X E o] ghrh1-
|4, 84 28 A7) A9 A Z(electrospark
deposition)#} & 7|E A4S o] &sle] Hayd F
Eo] A9, & 9 (heat affected zone, HAZ) 2 <l
af 7] FERT FHors
SHAIZE Sdth olelgl AS Hstr] 98, FHTdde
DED+ A4S ol&3t §F Hol g d+7F &
3] Z&g= 9t Lin 52 #HolA AF FAHE o
st mA 3 oM B Fulo] uBlgof uhe}
F ATFE AP THE]. 1 A} 60% H B &
P Aol By A Aol fAReE Z1AA A
7HgE A gk Zhuang 52 ElEbE §
(TCHS AR 3o 5F AAe] EES o83

dold A% 4L olgd urE AU
s
-

off mi T gt Ok

£ ol Mo [ oo
N

N

i
g

g
M
Ach
=
o
o
2

3 ox Bw &
Do xS

T

ol

2

o

=

El

QL

2’ -
R}
)

e
ofN
[7_11
rlr
offt
I
>.4
=
lo
2

oy

g

o,
®

= ] =
(thermal stress) wj&#-o]™[8-11], ©]&| 3t #LS A A
]_ Ly
o

N
o
:C}L_"
0
o2
rot
19
L
il
o,
X
oo
i
=
32,
v
T
o
o
[
o

| ol & (preheating) = 483}
i =93, Ni+WC Zgd 59
I} 7AH 5L AsETH12]. Shim 5
o] 1EE I M4 EE A

&
d ko mE mAxzd dFI JAH

flo
i)
o
2
ol o
Ry
ofl
M

=

o ro = T ot O iz (5 O rlf o i xO0
/)
olo
=
i
2
o2

v
m
o U x

b

g o
(ETEN
ol
ol
&
o ki
)
ofj
e |
i)
A<
~
)
)
A
oX,
o

g
N e

o
H
'S
s
e flo

&
g
rlo ol s

o e
ol
=

o &

EL L

52 ?;

£

& o

o iy
ol
QL

A (ductility

i

do 4
N
rr
w
=
o
—
[>
o,
rO
22 ol o 2 ol

do o
:(,)g
td
2
2
[UR
ofy
)
—_>‘ﬂ4
2
ins
of
o>‘1
BN
N

o
o N
>
op 2 md
flo
ofy P
3
e
>
o

»

ofl

. o
e

oyl oft
F,

S E
=2
2
£
12
o,
i
ox
o
ol

U ;&
o
=
o,
=2

o
N

o

¥ ok b M ox

iy
offt
of\

fr
°

Q‘L
X
R
k)
b

> Ok
0L o=

=

208 X2 rh O dm oo U DL o rfr
ox i & T
o2l rn e

oo

A o
g2
=3

J
2

A4

EE!

&)
of
Orp
tlo
N
ﬁll
rir
>
=2
=
:Oé
2
Mo

21 M=

2 AT AgoMes ZA 35 +EE o~
HuolEA 2H #2742l 316LS AFEsIith &
3], 4ol ALgE EAE 1080°ColA 183 A=
2] ¥ (solutionized annealing) ©F 20um 7] W] ASH
AXMYE A7](grain size)E 7HAE D7HEA A (hot-
rolled)E AME-SISIY EAl= 7ME, AR, 283 %
o17} z+z} 100mm, 80mm, 12]3L 10mm <1 25§ A
olil, w5 F-Fo AR F &S VHAEStY Ra4E
st A=Al 7} (pre-machining) &2 2] FAko]
15 B (groove)E 2Folo] 7k (wire cutting) s tH(2.3
A zx). @9, dolA &8 A% BHFE 8 AHE
® 316L 2H|Qlgls BEe Jla BEEH(gas
atomized) 2.2 Al xH A7 45~150ume] T3 o]t}
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Table 1 Chemical composition of materials [wt%] om, EA XHOZHE omm HojF w=Fo|A Z
Element Substrate Powder 74 1.0mme] oA W} A S T
Fe Bal. Bal.
c 0.017 0.019 Powder gas Coaxial Coaxial Powder gas
. & gas gas &
Si 0.67 0.68 Metal powder ‘3‘-‘. « Metal powder
Mn 0.61 1.23
0.037 0.013
0.001 0.004
Cr 16.44 17.8
Ni 10.01 12.8
Mo 2.05 2.36
Cu 0.33 0.05 Deposition
direction
N 0.011 0.1 Deposited region
Dilution

Substrate

2.2 AF oHdXl HZF (Direct energy
deposition)

oA ARgE HeolA && AT Ml

DMT(direct metal tooling) MX3 “&H]:= Insstekiil:

(Dagjeon, South Korea)oll A 7Hr= o, &4 7id

L (Fig. 1)¢F A AA An) AFRNS Fig. 20 UER

¢

Avk BA FHoRE T g aEE oA
Hlo] ZAbxo] EAe} FdS A &§AIAH &8
E(melting pool)& FAst} Weo] AL @ H
E8H aAlE w2 Faxo AS HE=E: A
stal, ol 54 AEE wbA sy AFs WHs
WEaL, ol gk HAHE wHESte] Z; glo]oE %o
Wwakow ASAI7IA @v. DED 5389 F8 A

=

| 7} So] z3o HA=m LA v]setd A Fig. 2 DMT MX3 machine used for experiments

AAAEFSA 54, 5 A% dolole] £ ol

Az 3l A7), A= 2D wjA] Fxo gjal] Aol Table 2 Parameters for DED Processing

g dIFs = 5 Ak Laser beam power (W) 900
Ao AbgE FH = 4kwe] CO, ol A AlxE) Slicing

o] X3E o} 9107, MX-CAM &HIZEgofd] o8] layer height (mm) 0.25

0 oy = i Z}H] o o

&+ on 5% NC(nun}erlcaI control) 1] ]_E‘r. 371¢] Overlap width (mim) 05

2 &9 (hopper)et A, EE FES 91 994 :

wZy 34 tam pAH o BF A A0 Powder flow rate (g/min) 4.5

2 olFoA Ak FAH F 2FE wxEr] st Laser traverse speed (mm/min) 850

Horkzeh Fle wwe] awk vpaE opEat Powder gas (I/min) 25
Argon)= AMESTE 2 39 A7 FERE d= i :

( E ) - & D} oo e 17} ° ! ] Coaxial gas (I/min) 6.0

o= 33M] A (optical vision) A=y} EgtE o] gl
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2.3 24 2 (Repair procedure)

Fig. 32 vy B3%9 w4 AAS Yeplar 9l

. A T BEd spFoluh mhze] s FaEe]
of == (crack), =3 (chipping) 3-& wli &4bo)
SH9S A(), &9 998 5

[e)
(groove)E Zt=s 7| AI7bE gl $(ii), DEDE ©]

=
groove), B+ & (elliptic groove) ZLE]FL e JA
(capsule-type groove) .2 H = FHARS FiGle] 21F
< FYsilth Al 7HA OFH PdE B
Zi FolE ztkE ThEeiile

=
DED ¥4 =% Fdst/ dAsiit.

Defects

4

Substrate

<Damaged parts> <Partial cutting>

i iv
repaired by DED
<Repairing> <Surface grinding>

Fig. 3 Repairing procedures for damaged parts

Trapezoidal groove  Elliptic groove Capsule-type groove

<IN

__  — Trapezoidal groove
2 - Elliptic groove
------- Capsule-type groove

Fig. 4 Trapezoidal, elliptical and capsule-type grooves
for repair
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Aok 3, 1pm Anbd S AR&Ste] Al BWHE <At
3kl o, of & H(HNO3:6, HCl:1, H20:3)S ©]-&3}o],
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<Tensile specimen>

Fig. 5 Fabrication of tensile specimens
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Fig. 6 Images of cross-sections of specimens repaired at
different groove shapes; (a) repaired substrate,
(b) trapezoidal, (c) elliptic and (d) capsule-type
sample
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Fig. 7 Vickers hardness distribution along vertical
direction
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RS,
) J= Az &

800

700
600 -
500 -

400 -

Stress (MPa)

300- Non-repaired

speumen
200- / \

100_ Trapezoidal  Elliptic ! l Capsule-type
] groove groove groove

0 T T T T T T T T T T T T T
0 10 20 30 40 50 60 70

Strain (%)

Fig. 8 Engineering stress-strain curves with respect to
different groove shapes

346-52672-24
tO~7mm
Wwif ~03
¥2-ZL9ZS-9vE
Wiz ~03
¥2-2L925-9vE

Table 3 Tensile properties of specimens at different
groove shapes

Tensile strength
Repair depth g Elongation (%)
(MPa)
Non-repaired
. 72417 64+0.6
specimen
Trapezoidal
377117 7.6+1.5
groove
Elliptical
482+15 28.615.1
groove
Capsule-type (®)
groove 527426.7 35£6.1 Fig. 9 (a) Fractured tensile specimens and (b) fracture

behavior of specimen with elliptic groove
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