creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

[UCI]1804: 48009-200000290948

Okl
10
iz
>
10
-0
rir
MO

Powder Bed Fusiona™MO 2 K==l

SUS 2t= 8! Inconel 7189]

ok

OMEE L 74N S

Microstructure and Mechanical Properties of
SUS Alloys and Inconel 718 fabricated by

Powder Bed Fusion Process



e

Powd
er Bed Fusiona™dO 2 K|

SUS gt 9l 1
nconel 7189]

0
ujr

Kl

7|

oK

K
K

O] A

v

4
K4

N

<
E

1ol

20204 2&

%
jol

E

ol

il
jol
Mo

4

—

ud
K0

[

ol

of &

jo0
KH

ol

o
[

o

—r

jol’

xr
or
Mo
ol
ol
LHO



a0
%0
<
%0
on

of

<0

o 8§ 7 (&)

&

AR

%
ol

E

ol

20204 2&



TEER R OF s
TIB B Rl ettt ra s
BB B R ettt
L A bR R 9
2. OJEE HEZA oottt et sttt 12
2. 1. Additive ManufacturiNG(AM) ... sssessss st sss st ssssss st ssssssns 12
2. 1. 1. Additive Manufacturing ZHR ...t ssssssssse s 12
2. 1. 2. Powder Bed FUSION(PBE) ZH 2 e eeeeeseseeseeseessesesee e s s s esenseene 13
2. 1. 3. Direct Energy Deposition(DED) ZHR .ot sssessssssnees 16
2. 1. 4. Binder JEttiNg(BJ) ZHE oottt sttt 17
2. 1. 5. Material EXTTUSION(IME) ZH oot eeeessesseseeessseaseseas s e sseeeassaneas 18
2. 2 STAINIESS STEEIISUS) oot ettt et st s s aes s 19
2. 2. L1 SUSSBLOL ettt 20
2. 2. 2. SUSABOL ettt 21
2. 3 INCONEI oottt 22
2. 3. 1 INCONEITLE ettt 22



2. 4 Powder Bed FUSiON(PBF) S ZEATHO| B gr e 23
2.4, L BUO| HA Bl T sttt 24
2.4, 2, BEO| QMBI ettt 25

B A B B Rk R R R 26

301 THE MT Sl Bl B sttt sttt 26

3. 2. PoWder Bed FUSION G| B B et e e ee e s se e e e ees s e e seanene 29
3. 2.1 IO KIFR] T ATIIE ettt st 29
3.2, 2. BB IHE sttt 31
3.2.3. 7t o4 X] ZE=(Volume Energy Density, VED) ... 33
3. 2.4, MO| O X[(Lin€ar ENErgy, LE) ... sessssssssssssssssesssssssssssssssssssees 33

3.3 PBFZHH| Bl ZEIE M ottt sttt 34

3.4 O M ZE R PR sttt 36

3 D B A B AR 37

30 6. QUTE AR RSt tnnes 39

3. A R T RS R st nen 40

. b D I R RS 41

4.1 B O B A st 41



.52

4.2.SUS316L O] A

.53

.57

.58

.59

4. 3. SUS439L O A|

...60

.64

.65

4. 3. 3.

.66

4. 4. Inconel718 DM TR Al B A Sl R A et

.67

.73

=

T OMz=Z

=
=

4.4.2 A|HO

.80

4.4. 3.

.82

...85

il
g

...89

Bl
oK

r
i

.95

T ADSETACT ...ttt e e e e e st e e e e se e se st st assee e s s s e e sen e sens e seeasaeeaesaeaseaeaseasaeens



14

=T =T R DN eSS

16

17

18

gl 2.4 FDM

20

=

gl 25SUS316Le 2 M= K|

21

s
=

12l 26 SUS439Le 2 M == A

21

it
=

12l 26 SUS439Le 2 M == A

27

MO AFREL FE-SEM EHH| oo sessesssssssseeseses s

IH

27

e

28

e

.28

EH

—_

=]
o

212l 3.4 Hall Flow MeterQ| AtXIL 574

.30

.32

Meander I}

=
—

P

-t
Mo

Meander IjE, (b)69°3]

=
—

P

-t
Mo

gl 3.6 (a) 90°3|

..38

a2l 37 H|FHA AZOoAM At

..39

2

...40



41 SUS316L 2| UL B A I e sessesseesssessssseees 42

T2 4.2 SUS316LE O] FE-SEM ALl oot ssss s ssss s sssssns 43
12 4.3 SUS316LE O XRDEA] ZIl ooeereieeseeseseissesessssessssesssss s ssssssssssssessssssssssons 43
% 44 SUS4A39L 229 QUL BIE FEAZD e sesesessseons 45
12 4.5 SUSA39LE O] FE-SEM AFTD oottt ssss st sssss s 46
12 4.6 SUSA39LE O XRDEAL ZET oottt sssesssessssses st st ssssssesssssesssssnsssssnns 46
2 47 Inconel718 22O QUL B IT E M ZTE e 48

2l 48 Inconel 7182 O] FE-SEM AFTD oo 50
2 49 Inconel718E O] XRDEAD ZHI . .o 51
2 410 K|ZRE SUS3LOL A|THO| AFTL oottt ss s sss s ssssssnns 52
2 411 SUS316L AJHO| O MZRZED OMAFERL o seens 56
2l 412 SUS316LA|EHO| H|FAA AE Ha AU T e, 58
2 413 K|ZRE SUSA3ILAITHO| AFTRD oottt 59
21 414 SUSA39L A|THO| O MZRZED OMAFEL ..o eaees 63
% 415 SUS439LA|HO| H|HA AL i ZIS DRI i 65
21 416 HZE INCONITL8 AJTHOL AFEL oot ee e eseeeeese e eee e 66
A2 417 EMTE HEHS LEEFTH AFR]L ettt ss s sssnes 67



12l 418 Inconel718 A|THO| THTH O|MZEEL ARl oo sseeeeeeseeseesseseseesen 72
2 419 EAMSE ZHE LEEFH AFTDL oot ssss s sssssssssssssssanenes 74
2 420 Inconel718 A|TEHO| ZTH DM ZED AFED oo eeseeeeseseessesesesessssesee 79

2l 421 Inconel718A| o] M H|HA &

&l
T
X
s

) G = R 81

2 422 Inconel718A|HO| =M H|AHA A& "W A0 el e, 81
T2 423 T ZETF QUTEAIIE ettt s 82
T2l 4. (@) A0 AFRE QIEIA|E. (b) QRIS ZTF ZF e 84



FH

FH

FH

FH

FH

el

el

el

o

ol

2.1 AS
TMOf| &
-I =
T 85t= 3DEEE
AE = =]
Jola| Azt xA y H=
o
S
2‘3 In ............................................
—— 13
S
3‘1 Alrl— ..............................
T
_|01| Al._g_El_l II-HlO ........................... 19
.
32 SU .
T
e — 22
o
I
3.3 1In e
conel718 i
A I — o) -| “““““““ 3
B ol Ag SRS 4
340 e
M= o
= :‘I;l.xel_g N . 35
i1 = ‘orloH Ar%_é_l- XH ......................
. SUS31 i) EH:' ...............
6LO e
o HEE 5T ¥ e 35
4.2 U e
S439LO S
e — 36
43 A d ?E:lﬂl__ ....................
MASE O1% S
of '—OFA|JTL:10 ......................... 57
I__| 3 """""""""""
e vt s
— LOFAlﬂ;iO “““““““““““““
e 64
febN;
........................ 83



X2 Additive Manufacturing(AM)&7d0f| CHet AHF 70| Tlgistof et AMS Q|
gt 5 ZSHEUS 0|85t= #HOl Powder Bed Fusion(PBF)2F Direct Energy

Deposit(DED), Binder jetting(B)) ##0| =0t 2 A0 M= Ol M 7HX[2 &

rE

JbEH AMOIM XM0| HE|

=
S o © =

e gEHoz JhY BO| #8&s A A N ga22 MYSIRALL EA 2=
I NiAl 222 HES MASHAS W LEtLE 7IAH Edat oM =22l A0 of

—

Sto] EEAS Aot olof et A7 ZitES HEZMZRH 152 €7t UL

AMEEO| Cigh A7tet 7|0 TAEO w2r PBFEA oz M=& XNFot HLSHK
g2t SFEFE) Y2 Y MZFQ 7AH £ Koo gt 240 ERsitt. 7|

—

AX £Ed2 DMz dgs ol ez, AMEELE N=& XNZFo OM=ES

27} UCh AMEZHOME =0 OMEES 7| Qs %|Eo| ZHMAE Kojo}
st
2 AdI0AM= HA sF2(SUS316L, SUS439L)1F NiAHl erZ(nconel 718)9| *|=®o| &

HeS AL, OMZEE 24510 HEM 2+&Hs 7148 E45 245t

af A & 3 . Additive Manufacturing, Powder Bed Fusion, SUS316L, SUS439L,

Inconel718, Microstructure, Tensile test



1. ME

1980 CH X| Tt

=
=

| X 7[AECE 2=z JHEE A7

%o

E|

o=
B3

bt

4%

olJ
wo

Al

Ofl 7hX]

=

S MZ=OMFE A

A2 2010E 8 EC XZ20=

xpet

A

7

F

=]
—_

ojn

Ki

Toill

uld

Mz=HoilA 7

E|S
O -

=
[l

1L

3D

1s

ojn

Mol e

2t OfL[2f

HH

= O

Ki

A

s Alg 28 H

X0
oK
<d

==

Hio

A

[ gl

Al

HME 24, Al

S
-

A

Ki

o AE

C}.

tAIFA

FO

<

==

A7t 24U HIZ HE %

HIE Ed= 7l0Eg =+ Utk

=
=

P OIX[E CIAQl HIOJH

e
o
—

Additive manufacturingAM)3d2 M= XX 7|2, 8

), MEE HH(QR

—_

-
o
—

CIXFQl SW & 3DAJIHE &

N
foF
oK
o

\¢
T
KO0
Ho

IC}. 774X]

[
.

el 3A 77kK2 L

2ot Yo

==
=

ol

~
o

Ho

AM

=

s

ASTMO|A #

&S5 = Photo-Polymerization(PP), Material Extrusion(ME), Binder Jetting(BJ), Material



Jetting(MJ), Direct Energy Deposition(DED), Powder Bed Fusion(PBF), Sheet Lamination(SL)

7b ALLL2]

oln
IH
4

zgstol

cTtet {0l

oyt

goil

Ho

AM

Binder

Direct Energy Deposit(DED),

Bed Fusion(PBF)Q}

2  Powder

ol

Filament Deposition

=
[

U 2 x20f

12 M7HA|

ALY

#o| FRern

Hf
=]

Jetting(B)J)

Lt S80l= etAZF UL flel 474K

10

ol
Hig

4
0|

Bl
70

F

Molding(FDM)

ojn

ojn

1

!

Ofo
0o

Uy

2y
ol
Klo
ol
on
il

«qr

CHAl &

S
-

&8AlIZICL O

o
70
onl
A/

{0
orl

0[N 2 CtA| E&AIZICE O X YPS AREALE

P

Klo

o|C}. PBF

Bl
10

F

|

oto] ME= o

s

QIC}. [tatA| PBF

Al

ol

ol

d 2 PBF 0| Fs OX= 2

E
=

2o

&= (speed), & (hatching) 74, S H, 20|X2|

S
=

At&ot= 2folxe e, 201X <

, 20|X2]

b2t

£k, 5

| 2F 20| X2

o
T

f

I

of| O] X 2]

BhEICt 7heY

Ct
=

AHX 25 F& 5 A=, 7t oHX =0 w2t HEFe F2O|

off FumeO| ZMSHA E|=0, O|2{et

ol
—

o
8822

=l in

Hojz = RUACH

X[ 0f M

LY

=0 Z0o| H3F0| EH K

Fume

10



ok

gz 7ty oluHXl 2RI

olo| gk,

#

tC}.[4-6]

e
o
—

HFAH
=20

tEl= BR7t

—

o
oot 7[=0| TIYEO Ot PBF

b

o
—

o O] Li2ABtor ME5 R 7t

4

[e}
o

AFoM= AMSEO| Of
= &M T HA o NiAl &= A

=
—

LK

Ol

r
IH

Jod

A

b

Xtojof tH

of

= O/M=

<0

A

T

7| A%

et Bl wst At SHRACKL, 3]
11

g 4

A
(o)

27+ ALk xHo| 0|
o A &=

.
o

-
=

E
S



2. 0|2 w3

2. 1. Additive Manufacturing(AM)

2. 1. 1. Additive Manufacturing 7§ &

Additive manufacturing(AM) 382 HSHZ 7|2, A CXIE Cxtel HOoIHE
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2. 1. 2. Powder Bed Fusion(PBF) 7 &

Powder Bed Fusion(PBF)

M=ol

!

b

od

K-

N

Bl

g

o
%

afl
IH

M5B X|X|CH(support)E & O

=13
=

M= 24

=k

-
St

PBFO|Al Oi® F8

A=

s2[ALE ZE0]

H|

HEol dd0|

| StLtolct.

ol

Ko
il

=, 2olM el &,

A
=

|, 20X 2

o
=

f

o

ST =2E 2 0[X 9

| CHEX ol

nysie)
o 'o—

PBF

-
St

CC

24| 0| CH7]

LIEfLH=

N2
o=

O] QJACt OAE212 PBF &

14



Laser

Powder Roller

\

Powder Stock 3p Object Powder Bed

Build Platform

g 21 PBF 3 ZAT

15




2. 1. 3. Direct Energy Deposition(DED) 7§ &
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2. 1. 4. Binder Jetting(BJ)) 72
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2. 2. Stainless Steel(SUS)
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2. 2. 1. SUS31e6L
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2. 2. 2. SUS439L
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2. 3. Inconel

2. 3.1 Inconel718
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H 23 2 Inconel718 o] =& L}EIHLCE Inconel718 O] =ML Ni: 50~55%, C: 0.08%,

Mn: 0.35%, Si: 0.35%, P: 0.015%, Cr: 17~21.0%, Co: 1.0%, Cb+Ta: 4.75~5.50%, Ti: 1.15%, Al:

0.80%, Cu: 0.30% O|{ LIHX|7} Fe @2 E|0{ULC}

. Cb+
) NIGMnSlPscrchoTTlmsche
la
I [ minfsoo] - |- [ - | - |- [170] - [2e0[475[06s5|020| - | - _
(o) | Max | 55.0 | 0.08 | 0.35 | 0.35 [0.015]0.015] 21.0 | 1.0 | 3.30 | 550 | 1.15 | 0.80 [0.006] 0.30 ”-'(’1‘;?'"
Value

H 2.3 Inconel 718 o] =M
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3. 2. Powder Bed Fusion o] & HZ=

3.2.1 Ho|NIY U &5

PBF SF0IA &40l 2o|M= =&ef 541 &1 MEel F20 2 s DjTL
=20 Ot 2HES A7l 274& = HOMIRZE A2l OlF =urg Ff
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3.2.3. 7t o4 X| R Z=(Volume Energy Density, VED)

7t o4 X| 2= (Volume Energy Density, VED)= 2{|0|X Q| L{(P)E 20|XQe &H&
(vs), BIOIX Q| FIH(Ds), SHE HE|Ay)E L 442 otCh ZIE0UX|2EEE MELQ &
I 2AZE en, 7t oHX| 2E7 22 4% 20| 88X 0 7|2 y0| L

StAL Z[gtz glsf 7|&0] Rttt Eot HF Z2 7t oUX] 2Eol E9 =20
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PL(W)

vs(mm/s)Dg(um)Ay (um)
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3.2.4. M9| Of{X|(Linear Energy, LE)

MO| Of|LH X|(Linear Energy, LE)&=
X 2zol 42 M=7t Be= ol
Za OHXIE &OF HELl &

of &8 d4= & Mf 44|

10|ME et 71X = oKX ®RCh 7t oY
IS 2o, Mz7t 885=H st ZHf oH X<t
2E SYAIPI=H AFEEICHE del ox|el B o M
= glofoie] FH o Cchsil LOorLi=0 AE=ElCh 20]ofe
FHZE ol BEQIX| Ot Zb 2ojofe] B H2[7t-siE AHZ|OICt siE AHE2|7t
HO{EF do[of MoZ7F BAXA EH, o] 220 UESH2=z Qe #E0| THE
= ACE s A2[7t 7kE 49 &8&He F=0 XA =1, EXle 2&20 88
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pe(P)E 2OIXe] (w2 Lz 4X0I0H, ot2fel Aup ZCh[23-25]
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3.3.PBFEH| O =32 MHX

2 OI0| A A23F PBF ZtH|= Winforsys AtQ| Metalsys 150 NZ=2 0| 23|QICt [E
31]. A% WE= HEAZIAZELR7|E SRel, dAsEs 001%= TIRHSHRACH AlHQ|
A7|= 7tE, M2, =0|& ZZ 10mm = HZstgoen, IjH2 Meander(90°, 69°)E

AFESHRICE POl HmQ ALEL R Z0OiCH CIEAH MAMSPom, SUS316L

= 33 0f LiEpSCE

rir

SUS439L o 3™ Hl$&= ® 3.2 Inconel718 o 3™ Hz

o

mjo

Inconel718 9| QIFA|[HO| ZP ASTM-E8 o CQIFAHS HEsio QAT

RISt

— AN

Las= elenct 1,075nm
Laser Output povver 200W
Plus Repetition cw
Output Powver Tunabilit 10~100%
M2.211
Scanner Positioning Speed 7ms
Building Volume 150x150x150mm
Bearmn Spot 70~150um
Build Roomn Z-zas Trave 200mm
Z-avas Travel Accuracy +3um
Z 100mm/s

S 40~80°C Control

Process Gas Nitrogen/Argon
Powder feeder Stroke 500mm
Weight 600Kg

Co-Cr, Titanum&4A|Z , Titanum Cp H|E, SUS316,M300,
o H13 Fe E22Z A, Inconel #IZ
e Silicon
Software CAD->CAM File converting
System Contro PC Base (Windows)
nMax Size (DxLxH 850X 1200X2000mm

irement Utility Electricity : Single Phase, 220V, 10A

B 31 AE MO AAEE FHIS| A
34



IN # #0|x 2| g 2lo]xe] AmE i |5
NE #H3 ) (e .

140 1400 Meader(90°)
2 140 1000 Meader(90°)
3 150 800 Meader(90°)
4 140 1400 Meader(69°)
5 140 1000 Meader(69°)
6 150 800 Meader(69°)

H 3.2 SUS316LYF SUS439L AlH HZHY| AtEE 3™ B

33 He 0] 72| o9 2o|xjg] ATE e 33 He 0] 72| o9 2o|xg AW e
A 1S (W) (mm/'s) = A s (W) (mmys) =
1 180 750 1 230 750

Meader(20°) Meader(20°)
2 180 1050 Meader(30°1 12 230 1050 Meader(30°1
3 180 1200 Meader(20°) 13 230 1200 Meader(20°)
4 180 1400 Meader(S0") 14 230 1400 Meader(30')
5 180 1800 Meader(20’) 15 230 1800 Meader(20’)
6 210 750 Meader(30°| 16 270 750 Meader(30°|
7 210 1050 Meader(20") 17 270 1050 Meader(20")
8 210 1200 Meader(50°| 18 270 1200 Meader(50°|
9 210 1400 Meader(30°) 18 270 1400 Meader(30°)
10 210 1800 Meader(50°) 20 210 1800 Meader(S0°|
N 34 W 2]0]x 2] k9 lojx{e] Amc
AH ¥z w) (mm/s)

21 300 750 Meander(90°)

22 300 1050 Meander(%0°)

23 300 1200 Meander(30%)

24 300 1400 Meander(90°)

25 300 1800 Meander(90%)

# 3.3 Inconel718 A|H HZO| AtEE 5 Ha
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2 AF0MeE SEEsEE Mg ZE AEH| DMZZE 2057 25ty FE A
OrE  ZIASHRICE AotHE =elgt A|HES PlateO|M MOth = AJHO Z0{U=
SupportE HEt7|2 XAHSIQULCE 1 Ct2 A|EHE Cold Mounting2 3t £ 07| 0|8
St 2 BXHe 2 LF0[L; 1u7tX| ADKSHY FH|SHRACE O|MZES 2HESH| 2[s of
HE TSR H, AHEDH O|HENUES F340] LIEIHCE

Ol = O/M=%E 0|48 0|8t &SI, HiE2 10x, 20x, 50x, 100x
2 ESIQACE AOMML 7|BF S22 MASH| /o) 23T MA7|=2 5E% 53 MA
2 =2 M50l atEStAC

SUS316L Ferric chloride (27.5 g) + Copper ammonium chloride (4g) +
hydrochloric acid(100ml) + distilled water (100ml)

SUS439 Ferric chloride (27.5 g) + Copper ammonium chloride (4g) +
hydrochloric acid(100ml) + distilled water (100ml)

Inconel 718 ethanol(20ml) + Hydrochloric acid(2ml) + Iron(lll)chloride(5g)

H 34 OMEE BES 98 A8 MEY ofF 89
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3.5. 2 AH

MBS 7IAY 54 & 48 FEot7| /el HAHL RV ALESIRALE HIFHA
BE7l9l 5Y FE2 AMHE g9 Holot YYUXE 0[8st0 2ZNO StE=
Zteff 2Es e Cfzfd Z20[9 Bmae2 Fol= YWROICHAE 3.2). AMEE #4442
KSB 0811 == X 29| H|HA AL Al HHE0|Ct A YUKl 7t El sl&2 0.05kg O|H,

el AIZH2 10 Z=O|Ch HEE =2 Ydg = LIELLHO] A MSHRCE H[HA
BENE Fote A2 CHEar 2L
HY = 015}# (N/)
HV - 8|#A 2 HAZ (N/mr)
o] A= B4 dHE EolA ¥=th
F: o3
d : tholel2E ¢dAZe] thzhd Bol(d, 7 dy)e]

A = (mn)
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SIFAH AREe A[ES] 37|= ISO 22674 O ALEStE AlEHS| =HS 08510

HE 24 = MHSIRA2H(AE 3.3), Mot AlHe| A7|= Z0| 42cm, = 6cm, FH|

= =

3mm o] AJHOZ XNE3sI0] AL

IS0 22674:2006(E)

Test specimens nomally require no further finishing after the treatment described in 7.1 and 7.2. If, however,
cast specimens are machined instead of polished according fo the instructions for use [see 9.2 a]), record this.

Add fine marks or scribe lines to define the ends of the gauge length.

Dimensions in millimetres

@3 £01

IR

18 £0,10

3 Gauge length
B Parallel saction of test spacimen.

Figure 1 — Test specimen with conical shoulders

Dimensions in millimetres

@3 201
meI
—_— R N —
. o
— %,
&
65 15 0,1 " 8.5
l
18 10,1
242
- &

3 Gauge length
B Parallel saction of test spacimen.

Figure 2 — Test specimen with radial shoulders

112 3.8 QIRMAISIOf AF23SH Q1A A& AtH|QF QI&F A|THO| =EH AR
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14.72~37.40 umO| Y S

=
—

| 27|

Sus3ieL 9

i

=Z= 18 410 LtE

2| Q2| AZe

EHILIO|EA

AYHoZ A

(200), (220)<

(111),

b

2z
A

b

2z
A

k=]
—

ZF
HA

39|

gtet 0|

L37b LiEfgten, 28 43 0ff LIEHRCE 08 420M E&

M
(=]

7t RACE

HdHHez of

SUS31eL 2

F

e
o
—

AN ALE

=
—

o7

=
—

S0l g x|t

16.57s/50g, Z & 7|

=
—

Lo REC

M7 AL =

0
=

4.53g/cm3, Hausner ratio &= 1.19 2 L}E}GCE Hausner

=
—

A

3.81g/cm3, ©

=
—

A

SEE L

|7 0.8~1.25 Of| A

o

8% PBF SFOA AtEst7(0f

9

ratio

C}.

41



saacxmn

COULTER .

LS Particle Size Analyzer

30 Mar 2018 15:30
Beckman Coulter LS 13 320

File name: D:CloudStation'PSA\E4Fel_ 2 31 318033008TS316L_73_01.51s
STS316L_73_01.8ls
File ID: STS316L
Sample ID: STS5316L
Foun number: 73
Optical model: Fraunhofer rf780f
Residual: 0.17%
LS 13 320 Diry Powder Svstem
Start time: 15:2% 30 Mar 2018 Fun length: 24 seconds
Average Vacuum: 15.0" H20
Obscuration: 5%
Software: 5.01 Firmware: 2.02
Dhfferential Volume
124 I —— STS316L_73_01.81s
104 |
JY B
< |
i 7
= 4 - |
I
] I
1 U L v 1 | T v T L T 1 L T 1 v L ) T
04 0.6 1 2 4 10 20 40 &0 100 200 400 1000 2000
Particle Dhameter (um)
0.0350% @ 0.688 wm
WVolume Statistics (CArithmetic) STS316L_75_01.%1s
Calculations from 0.375 um to 2000 um
WVolume: 100%
Mean: 2595 um S.D.: 8.915 um_
Median: 2585 um Variance: 79.48 um*
Mean/Median ratio: 1.004 C.W.: 34.4%
Mode: 28.70 um
=10% «25% =50% <75% =00%
14.72 um 20.06 um 25.85 um 31.80 um 37.40 um
72l 41SUS316L E2o| Q. BExm BMZAD}

42




Spectrum 221

2142 SUS316L 22| FE-SEM ALZIl. HiZ2 x300, x500 O|LC}.

(D51 718 raew] O5_|-T18 £ 4 4%
Lirnl

i

Eu—?

(200)
- (220
o o " ‘.w "
Tura-Theta {degl
| EEREE — - e ——

13 43 SUS316L 22| XRD &4 ZAu}
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COLLTER .

LS Particle Size Analyzer

30 Mar 2018 15:26

Beckman Coulter LS 13 320

File name: D:WCloudStation' PSANE 4 _ 2 71 3118033008TS439L_72_01.51s
STS439L_72_01.%1s
File ID: STS439L
Sample ID: STS439L
Foun number: 72
Orptical model: Fraunhofer rf720£
F.esidual: 0.32%
LS 13 320 Dry Fowder Svstem
Start time: 15:25 30 Mar 2018 Fun length: 22 seconds
Average Vacuum: 15.0" H20
Obscuration: 4%
Software: 5.01 Firmware: 2.02
Dhfferential Volame
20 I —— STS439L_72_01.51=
15+ I

— I

< |

__E 10

g |

=

5 I
T T L ¥ L T L) T Ll T T L) L T T T ¥ L) T
o4 08 1 X 4 10 20 40 80 200 400 1200 2000
Particle Diameter (um}
0 688 wm
Wolume Statistics (Arithmetic) STS439L_72_01.%1s
Calculations firom 0.375 um to 2000 um
Wolume: 100%s
hlean: 32.95 um S.D.: 6.852 um
hledian: 3282 um Wariance: 46.85 um?
hean/Mdedian ratio: 1.004 C.L 20.8%
hlode: 34 59 um
=10%a <25% =50% =75% <Q0%
24.27 um 28.14 um 32.82 um 3781 um 4218 um
= HIi7T d
2 44 SUS439L B0 QI H3m 2Mzq}
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4 Spectrum 229
T
¥

12145 SUS439L 2 22| FE-SEM ALZIl. HiZ2 x300, x500 O|LC}.

[STSAIH - rarwr] STS4300-1 (110)
g
(211)
. (200)
“ A
' 1

Uilane ol

50
Two-Theta (degh

LR it ot At SRR s L' A ML Fomtry, Bimrsits 3, B0 8 By (AR LB

3 4.6 SUS439L 22| XRD 2441 A}
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Inconel718 o 22 EM EMZAN 2Eolol 37|= 16.38~68.28 umO|QYS @, £
B 37|= 4258 umO|Ct 2ol Rl ZX&= 18 411 of LEtHen, 220 dd2

-

a2 412, Inconel718 £ato| XRD £AZm m3o| Zte zzb (111), (200), (220)°
AEH2 = Inconel718 2| MAMQl ZAFd mA7 LIEfR2H, 18 413 o LtEFRCE
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O2 412 O EE ERop 20| B IO AMR%H SUS3LEL & MHmMo=z o

m
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Sl
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rr

7o gds 7HXn ULk ot AHiE=2

rk!

AMEEZO| &I X|Tt 2 A PBF 3HCZ A|HE XMEsi=M 2 2M7F AUCH
2alo] Q=L 1312s/50g, ZE7| YT L= 438g/cm3, B LE = 519g/cm3, Hausnor
ratio = 1.19 2 LIEFGCE Hausner ratio O A% PBF SHO|A ALESHY(Of Hetgt 7t
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LS Particle Size Analyzer

Beckman Coulter LS 13 320

23 Apr 2018 15:30

File name:

File ID:
Sample ID:

D-\CloudStation' PSA\- &4t _ 3 71 21180330 2] 41 7 _Inconmel 71_82_01 Sls

4174 _Inconmel 71_82_01.51s
417 _Inconmel 718
417 _Inconmel 718

48

Run number: 82
Optical model: Fraunhofer rf780f
Residual: 0.62%
LS 13320 Dry Powder System
Start time: 15:29 23 Apr 2018 Run length: 26 seconds
Average Vacuum: 14.9" H20
Obscuration: 6%
Software: 5.01 Firmware: 2.02
Differential Volume
- | —— %73 %_lnconmel 71_82_01Sis
8- |
_— l
'g [
3 |
- I
2_
l
04 prapy— T T T 1 T T | S | T T T T
04 06 1 2 4 6 10 20 40 60 100 200 400 1000 2000
Particle Diameter (um)
0.0313% @ 1.322 um
Volume Statistics (Arithmetic) 417 Y _Inconmel 71_82_01.51s
Calculations from 0.375 um to 2000 um
Volume: 100%
Mean: 42.58 um SD.: 19.41 um
Median: 42.50 um Variance: 376.7 um”
Mean/Median ratio: 1.002 CV: 45.6%
Mode: 50.23 um
<10% <25% <50% <75% <90%
16.38 um 2838 um 42.50 um 56.20 um 6828 um
72 47 Inconel718 £2to| Qe Hum 2MAD;




.
SEM HV: 15.0 kV WD: 8.00 mm
SEM MAG: 100 x Det: SE 500 pm

View field: 2.77 mm | Date(m/d/y): 04/27/18 Performance in nanospace

e

SEM HV: 15.0 kV WD: S.DD.mm

SEM MAG: 250 x Det: SE 200 pm
View field: 1.11 mm | Date(m/d/y): 04/27/18 Performance in nanospace

49



SEM HV: 15.0 kV WD: 8.00 mm g ] | MAIA3 TESCAN
SEM MAG: 1.00 kx Det: SE 50 pm
View field: 277 pm  Date(m/d/y): 04/27/18 Performance in nanospace

WD: 8.00 mm | | | | |
SEM MAG: 500 x Det: SE 100 pm
View field: 5564 ym  Date(m/d/y): 04/27/18 Performance in nanospace

21 4.8 Inconel 718 29| FE-SEM ARZl. Hi&& x100, x250, x500, x1000 O|LC}.
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=
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4.3.SUS439L O XX 2
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Abstract

As the research and development of the Additive Manufacturing (AM) process has
recently progressed, powder bed fusion (PBF), direct energy deposit (DED), and binder
jetting (BJ) methods are the most common methods of utilizing metal among AM
processes. The PBF method, which is the most used of the three methods, was selected.
Materials are generally selected as the most commonly used iron-based alloys and Ni-
based alloys. It is necessary to build a DB regarding the relationship between the
mechanical properties and microstructures that appear when products are manufactured

from iron-based alloys, Ni-based alloys.

SUS316L is an austenitic stainless steel, which is widely used in corrosion resistant
parts with complex shapes due to its excellent corrosion resistance, abrasion resistance
and mechanical properties. SUS439L is a ferritic stainless steel, which has excellent
corrosion resistance, abrasion resistance, and mechanical properties compared to general
carbon steel, and is mainly used for automobile exhaust and pipe because of its excellent
formability. Unlike SUS316L, SUS439L is not added Ni and Mo, so corrosion resistance is
lower than SUS316L. However, SUS439L is inexpensive because Ni is not added, and Ti
and Al are added.

Inconel718 is an aging hardening nickel-chromium alloy, an age hardening alloy that
shows excellent strength from -250°C to high temperature of 700°C. it has high tensile
strength, fatigue strength, creep rupture strength, excellent oxidation resistance and
corrosion resistance, and is widely used in aerospace turbine engines, industrial turbines,

and the like.

As research and technology on AM process progress, products made of iron-based
alloy and Ni-based alloy that can be printed by PBF method are compared with iron-
based alloy and Ni-based alloy produced by general process method. An analysis of the
difference in mechanical properties is needed. The mechanical properties are greatly
affected by the microstructure, and it is necessary to analyze the microstructure of the
product manufactured by the AM process and to analyze the relationship with the

mechanical properties to satisfy the mechanical properties required for the product. In
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order to find the optimal microstructure, it is necessary to find the optimal process
variables. Through experiments, we will find the optimal process parameters for iron and

Ni-based alloys and analyze the microstructure to meet the mechanical properties

required for the product.
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