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Additive manufacturing technology, called as 3D printing, is one of fourth industrial revolution technologies that
can drive innovation in the manufacturing process, and thus should be applied to nuclear industry for various purposes
according to the manufacturing trend change in the future. In this paper, we performed tensile tests of 3D printed
stainless steel 316L as-built specimens manufactured by two types of technology; DED (Directed Energy Deposition)
and PBF (Powder Bed Fusion). Their mechanical properties (tensile strength, yield strength, elongation and reduction
of area) were compared. As a result of comparison, the mechanical properties of the PBF specimens were slightly
better than those of DED specimens. In the same additive type of specimens, the tensile and yield strength of
specimens in the X and Y direction were higher than those in the Z direction, but the elongation and ROA were

lower.

Key Words : Additive manufacturing(Z 54| =), 3D printing(3D3Z

2 E)), Mechanical property(7]1A12 “34l), Stainless

Steel 316L(2=BI218]2~7 316L), DED(AUIAI A o] &2, PBR(E- L] =-§-3)

LM E

3DZHAY J]e2 HFTAR(AM, Additive Manu-
facturing) 2= sh= Al4x}t AF W7 e=ZA A=

389 s FEIE VER B FES W
o 20139 A|AIZAEZE(WEF, World Economics
Forum)°ll A= 3DZHE 7]&o] 10t Fd71e= A
AEHAE T B FAeL A7t o] FoA stk
OO x|k AA Aol SEHE AEEs =
3] AgHHoltt. Ay, =, o5 T YR EolollA

S =
= F8H I 9o, ARt AlE], EWE A #

YA, 89, B AN F) FATY
E-mail : Knamjang@khnp.co.kr

TEL : (042)870-5659, FAX : (042)870-5999
FREHAAY(F) FFATH

*

Y

of {ERF ofye} Al7]& Aol g
2 Hriie YA AQAlAE o
e B8k AEle S8 ==

ol o1& 7HA olfi7t UZA, 3D—lal%' A2
o the A =7} 7P 2 AolE= AHgstal Stk
ASTM(American Society for Testing and Materials),
ISO(International Organization for Standardization)E
SAHOE 3DZYUR Azt thgh 71E 7]ES T
ShaL QAL opF] AAeIA A R HHE A
S

=3 2248 449) Aol A 37 Sl 3D

A8 A5 9 AZ} Ho] ASME(American Society
=0 SRAEE A 71

49_i Hez]o]

N g
w
)
[
e
ol
2

of Mechanical Engineers) =



%23t} v]= EPRI(Electric Power Research Institute)
S o8 7134 ASME Code Case®ll 3DZHE |
49 T 7 HES A I=E FAS] Sl
=gata gk

3DEYUE ALFL] AIEE FRE1] ) 71
HA BFsok sk Zlo] AL 7AA Aotk
71€ AR HHEE, T2 5HSE ALYS w9
Z1AA 3A3 atol7h AT HlST 4 A&
o ofEFo] & Zlolth

B =RdAMe 2% 3DZdHE Y 7 tizEE <l 27}
A] ®RQ1 PBF(Powder Bed Fusion) 2! DED(Directed
Energy Deposition) W82 714 @8] ALgHE ~
HQIZ 27} 316L FE5ELE A|HE AZfste] I3
& sS4 %2 As-Built JEIE Q17 AH-S 343t
1, vl AE 7|estast gk

2. 25 3p=2IE gy
2.1 DED 4| =& 3p=EZI¥
DED 3} o< 3DZYE-E Fig. 13} Zo] AAIxt
02 FFHEE F5 BLS 12 HoAR FA
SGAA AFshe Balog®. B mi gfo|o|(M
AM7F FFAEE E 5 JoH, BE T 54

Bof A2 9la) A2 QA ARk Aol A7)
2 2 Qo 202 olA, A =

oFE AHESE, YurE o ARE Fo] Aol

e e g

Powder
Inert/carrier gas
Laser beam

Melt point
Applied material
Workpiece

o
r 1>
o
&
Sull

rlo
ofv
N,
)

g

& Wk ofdet EehsE, Al
154 25 AR 7hsstd. a4l met
SR EAS A AHEE 5 Sl
ZE golA, A =E A Aee A
DED Hth ¥ A7|e F
ojojA Ad7tEe] Bagh Fio] ofzid M=
2E 59 42 4 Fol A 7hs st

£

N op 1 M
fo St de nd me

et & ojooa o
e
=
2
o
il

\ﬁ Laser ‘

\

Scanner

Melting area

Powder supply
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Fig. 4 Shape of plate specimen

Table 1. Dimension of 3D printed specimens
(Unit: mm)

Additive direction
X Y Z
Round | 85 x 12 x 12 | 12 x 85 x 12 @12 x 85
Plate | 105 x 12 x 5| 12 x 105 x 5 | 5 x 12 x 105
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Fig. 5 DED Metal 3D printer(Laertec 65 3D hybrid).”

Table 2. Chemical composition of powder material (wt.%)
Fe C Cr Ni Mo Si
69.79 0.018 16.7 10.7 2.13 0.66
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Fig. 6. Arrangement of DED 3D Printing Specimen.



Fig. 8 Tool path of round specimen.
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Table 3 AM process parameters

Working Diameter 2.7 mm
Initial Laser Power 1800 W
Powder Feed Rate 12 g/min

0.9 mm in X, Y direction

Layer Thickness 0.85mm in Z direction

1.6 mm

1000 mm/min

Stepover

Scanning Speed

Fig. 10 PBF Metal 3D printer (M270) (Provided by
Daeguntech).
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Fig. 13 Tensile test result of DED round specimens-1
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Fig. 14 Tensile test result of DED round specimens-2
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Table 4 Tensile test results of DED specimens (mean value)

Tensile Strength(Mpa) Yield Strength(Mpa) Elongation (%) Reduction of Area (%)
X 603.8 393.8 362 62.6
Round Y 605.6 379.2 33.6 484
Z 534.8 2532 46.2 74.2
X 585.6 386 31
Plate Y 584 373 34.6 NA
4 523 265.8 43.8
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Fig. 15 Tensile test result of PBF round specimens-1.
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Fig. 16 Tensile test result of PBF round specimens-2.
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Fig. 17 Tensile test result of DED pate secimens-2.

90
80
70
60
50
40
30
20
10

Ratio(2%)

DED Plate

-

Y z

B Elongation

Fig. 18 Tensile test result of DED plate specimens-1

18 % 15mme] g TR A 71go] B o
of Aol A AISITh. WebA PBF 4 3D

g A%

=JeN

s

kAL

PBF Round A|¥2] 7<% DED Al# 3} njzxl7}z| =2
X, Y W&l tigk 1 A Ao Aol Ao B
)= ekgkt}. SHAIF X, Y Wk in] Z wake] <l

A A=

Z 25/ NEE s "J%f\lfﬁ =T
, A= Table 5 2 Fig. 17~207 2tk

ebel Aolr}k Yo, VYT 3

FEAEE W SAE 0, AU GuSE S

Table 5 Tensile test results of PBF specimens (mean value)

Tensile Strength (Mpa) | Yield Strength (Mpa) Elongation (%) Reduction of Area (%)
X 678.4 567.8 34.8 66
Round Y 676.4 562.2 35.8 68.8
zZ 5924 473 40.2 742
X 645.6 536.8 27.8
NA
Plate Y 637.2 518.4 26.2
V4 NA
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Fig. 19 Tensile test result of PBF plate specimens-1.
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