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O R&D SH : HFH= 7|87 &5 A 1=} ('18.07~2 M)
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® M HIX =z A 21E([Qualificaiton)
- J171(Machine)
- EXHProcedure)
- 7171 @IHYI0lE{[Operator)

® /= 22 (Fabrication)

® /|&-Z il 22 [Inspection]
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O AWS D20.1 702 (20131d~20194 7%, stz ozste] @of| w2t AWS D20 9| ¥3| 74)
- &9 : American Welding Society, AWS
- HSHZE M4 MBS O Hy QA UM
* MEWXZE HZXE EF9 4 A
+ J17] 21" J15 (Mechine Qualification Records)
+ Xt °1™ JI= (Procedure Qualification Records]
= J171 LHYIO0IE] 21 A [Operator Performance Qualification)
= HIZ QA [Fabrication)
= 4Al 22 (Inspection)

- D=3 EE=H ALI(ANSIUIM 591 (S48 2EE)

- 1= J1HI=2I(ASME) WH BPTCS (Board on Pressure Technology Codes and Standards) At0t
BPTCS/BNCS Special Committee on Use of Additive Manufacturing for Pressure Retaining
Euipment MIM S AWS D20.19] HEE MHIZE H=HO=E HEOI US.

EM(KEPIC 2530P &2l) : 3 3DZEE KEPIC HES!

St ZAEA HIM &X

MM
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3. AWS D20.1 (A5 NH= &MU HE EH+ 7)

(QIH/2F/AE/FRE WEt £F)

- Class A : Critical Application

- Class B : Semi-Critical Application
- Class C : Noncritical Application

0 HERXE Z2M2

SEr (BEp

Class A, Class B Class C

HIE MO HIOIE LAAKE HIE HO| HIOIE LAAKE
v v
PBF &= AlBi™ M| (ZRE ¥ W) PBF &3 AlSi™ M) (L T WH)
|
v y v v v
| o™ =N BS LHYO0IH 21H =N R B LHYO0IH o1™
« HE OIM we « OllHI M= AIS » "IN « OllH] "= A1 » "IN
« NI&-HAL ue « AJAIE =TS < « AJAIE <
WVER-I eSS « A[&-ZAL eSS
« N&-HAL VEEIN
I
No @ No @ No
YES YES
SHZEASII=MAMPS) 521 2H1EIIOIE1 = SHZEASII=MAMPS) 591 LHYI0IE 52!
| | |
ES Iilx p 5‘.'% HIZ= <
= IJI **x} L HI0IE) A (so= ’é‘-II* Hal0lE) )
AS AlS™ Al -HAL AS AlSm™ AI™-AAl
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3. AWS D20.1 (A= H|

P

HE H (118) : =38 78, WM& 23
- H= 38 (7F)
* L-PBF (Laser-Powder Bed Fusion)
* EB-PBF (Eletro Beam-Powder Bed Fusion)
* L-DED (Laser-Directed Engergy Deposition)
* EB-DED (Eletro Beam-Directed Engergy Deposition)
* PA-DED (Plasma Arc-Directed Engergy Deposition)
* GTA-DED (Gas Tungsten Arc-Directed Engergy
Deposition)
* GMA-DED (Gas Metal Arc-Directed Engergy
Deposition)
- MR (23 : 2%, 20]0

O E2 5% (1.4.13) : Class A, Class B, Class C
QH/2H/AE/Fk M2l 2&F
ass A

- Cl : Critical Application
* mbEAl QIO SCie IS NXIAHLL 2H, AIE £ 5271719
26 Et 284 Y =Y5= B2
- Class B : Semi-Critical Application

*atEA 717] 3 AS HHe WS HaATF|AL |l 7S
EE 71719 AHES Wolidts 3R T AISe E5 E£= U0 I”RE
O X[ x| = 243.

- Class C : Noncritical Application
hEAl AlEL 20 Fgol gin lFof| I-S xe2fsix| =

[ LS =

40 «

3

g

O HSHZE 44 24 5 ¢x)

O T8 24 % d4 27 AIE (4.17F)
-7d o4 AR A U Ho
-2+ Z2MA Hof "ol

- X4, M=, dAF 2FARgo o2t HIEHE 87t 24
7S 5582 Y3

O YS(Witness) A& (4.3%)
- Class A : Min. 470 (2% 374 + OflH] 17H)
- Class B : Min. 27 (1% 171 + ofiH] 17H)

O HZ Mo| 0|5 RFAIE (4.4%)
-HE 257 (Class A, B, Q)
-XZE s M A XS0 £EH rE ol
-8 242 Mg FF U 28 27AE
- 5|8 7ts%t AM Z2NA
-8 24 X2 2FAFS (BHXAZ|, €M §)
-dA 2 (BAHYY S 58 71F)
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3. AWS D20.1 (A& M= A ME 2+ 24)

O X3 H= 7171 % 28X 2 53

O 7171 2178 7|& (MQR) & E% 21’8 7| % (PQR)

+= (7 =&F) L& (74-22)
General (8) S|AMH, ZH| 21| 0|E{, MQR/PQT No. AM 37, Build Model T} H, |28 X |24+ 7|5 Y
Al
Build Platform (9) Type/Grade, FH|, &El, OB 2%, EH|/HZA W, A=LX](Z2), ZE/IXI(2)
Feedstock (8) Type/Grade, % Lot, B HZ=3H, 2% B2, etxd/UE/78d
Machine (10) XHH| M| =Al/2EH/S-No, Laser M| =Al/2&H/S-No, S/W version, Recoater Type/X{ & /72|
(RTBPD)

MHIIA Type/Grade, MH MASE/SE, M= EEFE, 17| 5 F, 71712 Type/Grade/

Environment (12) Q% MEJIA Type/Grade/S %

File Name, Part &, Part ID, Laser Power, Beam Offset/Profile/Orientation, Focal Length,
Build Parameters (17) Recoater Travel Speed, Layer Thickness, Laser Travel Pattern, Overlap Distance, Beam

Travel Speed, Pulse Frequency, Pulse Waveform, Interlayer Time, Maximum Interpass
Temperature

Build Platform Temp.(iH{ 2 Z), X2k, BN FX|AZE SHEZ2917], BHNZYSH,

1

Post-Processing (10) | piatormol M PartHI 4, HIP S, HIP S X AI2ZL, HIPESI7], EH0I2
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3. AWS D20.1 (A& M= A ME 2+ 24)

O X3 H= 7171 % 28X 2 53

O 7171 28 MQ) A Ex} ™ (PQE fle AMlE-HAL 24

Powder Bed Directed Energy
*I _‘g tcl,l'hé.'l Fusion Deposition
Class | Cass : Class | Class : Class | Class
A B C A B C
ot AA YES | YES i - | YES | YES | -
717] 2’8 (MQ) Xl dAL YES | YES - YES | VES - . 3
HEZ QX W HEALM E0F HAF © ves | YES - YES | YES - » N
Standard UE AH YES | YES - YES | YES -
o ) QIE Al™ 54 | 54 - 36 | 36 - -
Qualification Build(s) I =F A S - - YEs | vEs -
SO HAp YES | YES | YES = YES | YES | YES %?
X3 AL YES | YES @ YES | YES | YES = YES
=K ol™ (PQ) Hﬁi-lﬁ.:é,: 7.=17-|k|- YES | YES - YES | YES -
HEARM B3 HAF 0 vES | YES - YES | YES -
OjH| HIEAH = LUE A YES | YES | YES | YES | YES  VES
OlXt Al
Preproduction (ﬂ%okflﬁ%j) 3 1 - - - - 1y
Test Build(s) oI Xt A& (HE) 3 3 ) 3 3 i » SULD PLATFORM
a5 A AY YES | YES | YES | YES | YES | YES 547 O1 & AW
slst e &M YES | YES - YES | YES -

121 2F 21F AIg™ THH)

EI".S‘IEDSL‘—’—‘I!’LI"I' 10/26
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3. AWS D20.1 (A& M= A ME 2+ 24)

O M= X Operator Xt £0{ m) O HES M=M= 24 o
OE™d717| M=, 28 H 0 CHoH +=A O CIX|E H|of A= (Digital Control Plan)
O Xt & : Class A > Class B > Class C - W8 78 2 Surface 23 0] &/7B (exSTL)
- W TetolE T ol 8/7H%
OXd oA rél7lkl-6|:':|, §7|A|-6|:':|, OReE -die el =z A s/w U HE
O HF (XA 40A17hH U Al F=H| - HEHZ 717] /W X HH
-SSR EE EH - "X} QIdof| AHEE #2 2L nj2io|E oy
- 912 EXO| FNA O 1% H|of A= (Calibration Control Plan)
- 55 AR MR 4% - BHO| @RE|E FHY EE T M| 819 1HRL
CEH| %A 24 HE 27 A - Ajo) @ F7), BHE A4S0 hE 58 e
-7 Y - SX|E4 HAgAE
_ Oltll_l-xi(l)_' I:||E 74'6;-' _C"I;J(I)_l al HI-E* — .
- ;75 ;1|°1 E*h'liljfﬁ R-?‘*T"JI:’;'E’E.I'H'I £3a) O %= ME X E= 53
[t -3 g=Eet UC BUE MY (BM2h
. 717| ogerE| CBE, A8 L EH (M 5 2 B M)
CAM SIS =] Ho|E] 7|2 (HE BUE 2 55 (M, EHOIZ, BYE)
W x| ZEroz e HE . ZTUR BY (BN, YRIY| BE, YREH, UE)
CYIE 92 3 H, BXE 4K CAg X =T 2 R
- 7171 A o 8 24 ¢k O X3 H=x &4
O X4 £X| : 670 L 18] 0|4 AM EHH| A} - QIZE0 HESs =/8H : Y 71 (RY §)
- 7tA AMQE : AWS A5.32M/A5.32 RTALS £F
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3. AWS D20.1 (A& H=x 41

O XME HXE X 24 o= O MSHZE A 6=

O M5 HzZ UE

O H|Iota] ZAL xt2 =
- HERZAZIIEMAMPS)0] [t B = . ¢ 51

(7171 2178, Xt 217, 717] 2m|o|E] ’F 7]th
717] 25|o|E] FH| =8 U +8 =7t

US (Witness) A|FH 22 H% 3 A2}t ZAMe}

O

A0l MEHst NDE EE0f o2t Xt 2
H|Zta| HAL

ot AAXI 27 : AWS QC1 or AWS B5.2

HME Hx 1AM QA AW gl 20| HA} - :!-?— 7.:";*{ (;’.'QMT':.“E, ASTM ES8/E8M)
. - XIE ElA Al
EHz2|, 7| A7tB, B 0122 5 AMPSO| mp2t S T S 2 (ASTM ET7/E1417M)
- X2 B4 HAL (ASTM E1444)

AEE we ;F_* —.=-'_—A1I_§} yees zame My ma | - DA EIH A (ASTM E1742/E1742M)
AlZE|X| S WE SCH: HH, QX[ H4 OIEE EF - 3D-CT (ASTM E1570)
> 3% 5 D% 4% (OI3A/BAN yu) wy g7y | - LE HSE (ASTMBIG2)
> M3 Y XL o= 8 THsM HH O mty| F7t
2M3 24 - Q1% A|™® (ASTM E8/ESM)
HE el foje ME - 2% XX AAF (ASTM E3, ASTM E407)
2= 38 Y HUE EHE T=E MY, EE A 2UF - 3t & (1SO, ASTM)
HE S8E K|+, 2E2HE O 38 7=
1719178, MAIQIHT| &, MM ZAZI|EN  moisn sg7|E
AE 718 (IEE/MALE UE ST, £57I8, gH2) | T
ZAL 7|12, 7]7| 50| E{ Q17| 2 EE A lE
|

EI".E‘IEDSL‘—’—‘IEI"I'
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T2 YHE BE (57)
ASTM O F2971-13 : MEH| =2 H|ZHEl A|lgH A= O0|E{ =2| ReportingE fet BEE
O F3133-14 : }3H= SH22 MXE 5529| 7|45 =dE70 tist =2F 710|=
O ISO/ASTM 52902-19 : MESH|Z-A|HANE-HSH=Z 7|5t H7IH A
ISO/ASTM | O ISO/ASTM 52907-19 : HEH|=-S2H BRI E-=5ELHS §43lst= U
O ISO/ASTM 52921-13 : MEN X EZE0 - ZIEA U HAE WHE
T HE F0 5= (1474)
O WK55610 : MEXxX M8 - 2L f549| EM3}
O WK67454 : MEMX - SaHR MR - 25 222 E456I= 4
O WK71393 : ®EH| = - PBF 20 Cljst 22 m{ZEA "7}
O WK49229 : & MEZNX - 7|A|H E/0f O]X|= drgkal 2%
O WK69371 : Y8tXNQl 7| A X d=of 2st 25& 2
O WK71395 : MEH| = - PBF 370 Clist MSAENO| CHSH 71% EE AAL
ISO/ASTM O WK69731 : DED MEH|= 730 Ar235}7| I8 H| o] HAHNDT)
O WK71268 : =X = X124 AFSE — 2|0| X 7|4t PBF — THE 1 : LHF A}SH A|T Z=H|
O WK72237 : MEH| X - XA AlSt - DIE 2 : MU MEH X sZto| Cist @ FAS
O WK56649 : MEHx B E - o|=Xo =z ZsI2 M/ES7| ¢t & #s/710|=
O WK70206 : MENX - 85 FE8 ME ECOo| AP UH _ODE 1. 7|4H EM
O WK70207 : HEH= - 55 FX8 ME =C9| AME Y - otE 2: 2[5 54
O WK71391 : 5N X -Z2|H MEH| =0 cHst = Ed
O WK66029 : Z2|H MZ N x =52 7|A X HAE
ZX(KEPIC 2430P N3] : 24 30T UE KEPIC BEIE ¢ =AM A
FTIrITHCPS Z=E21ZN
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PT, MT, RT ZA}
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- Ra: 8.9um
- Rstr : 0.610um

- Ra: 10.4pum
- Rstr : 1.77pm
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AL >= 0O _—— e |
78 g 7|1 Y BE AT
S dA
ez By
Q| HAt
HI k7 Sintered metal materials, Excluding
|J"'|'J—| EHEE HAF IS0 2738 hardmetals — Permeable sintered metal
7D-I AI— = = materials —determination of density, oil
X|2 ZA} content and open porosity
Standard test method for determining
PT, MT, RT ZA} ASTM volume fraction by systematic manual point
' ' = E562(Ref.)
count
U= AN
U oH IS8
THESE A
3D-CT ZA
Tl 3|
;h'l e o A
HAL
a2 AF AH
42 38 A el 238 (%)
EXEl 23 '6'I-2" P |
- _Hor o\ = ==
=25 =3 A" R EERLE LS
Lo | BEsR8IE
618§
x e e
= | o= ng sz

TITMICPS Z= 2N

ICEPCO PLANT SERVICE & €NGINEERING CO.,LTD

|
Ol XO| X H °| MA =2
LOT1L- OO0 OTl '— = O
O YE
=
W density <8.28
i 8.28<density < 8.30
Process Mapping
W density >
1100 4 Smaller melt pool
ncreasing prec
- 4 8
1000 + - - - L ] -
Lack of fusion
—. 900 = = - = = =
) .
E ] Setected parameter — Process windew
£ 8004 Selected parameter mmp ] - - - -
= .
2
2 -
2 700 o = = = = = =
g -
600 ~ ™ = - - -
Keyhole porosity Sigger met pecl
00 - ™ - - - - -
400 . .
100 150 200 25
Power (W)
| om an o
= = = - -
%0
5] i - o | - - - (. - oo =
f w
E - - T - e s o - o
b
-
& ™ :
€ o oo ™ s oo os e
8 - - - - 4 K|
- 1
® 1
an s s n e ™ s
= = = - - - =
500
vmaisien I - o laa e = i
0 140 160 190 2 pooy

Laser Power (W)




:I'I'

A

2= M

A
<

OO00O0O0

M mbk bk pukk ph
02 08 of 08 08

TITMICPS Z= 2N
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3D-CT Zg At

ZHH| : Phoenix Vtomex s240

Z=74 : 170kV, 130uA / Cone Beam
ME . X1, =H2

Z? : Resolution 53um / 49um
2D =41 Ao 2E (sd94

3D-CT |3 O|0|E
@ 3D-CT 0| 0] %]

@ ZAe7| YU Defect ratio %

NOL1. Defect ratio 0.062%

@ Defect 27|, 28 (Raw Data)
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Sk g & 71E A
Q| ZA} ASTM Test Methods for Tension
le'-l'-l_ll ——— ES/E8M Testing of Metallic Materials
HA} s = Test Methods for Elevated
X2 ZA ASTM E21 Temperature Tension Tests of
T = Metallic Materials
PT, MT, RT ZA} Test Methods for Conducting
Creep, Creep-Rupture, and
LU= A ASTM E139 Stress-Rupture Tests of
Metallic Materials
THISSE Al
O 22 A3AEHE 3 2L AFAEH
3D-CT HAM :
k71 [ @mAzz0 | | i
’;j"l Mo o A .
4 Af | E=R—
__'L% ?_IxOI' *I?‘:‘I XAEHE Y WY ¥ =
:I_% ﬂaﬁl AI% g M12x P1.75
Z A et
/ . 90"
morn ooom Yo ]Z
O-I o & AYHE (vT)
7|_7l:_ oIxt Alaé. 3"%7'-’-._5 * NEH 2 U 27}

EI".S‘IEDSL‘—’—‘I!'LI"I'
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Stress [MPa]

5

Strain [%6]

10 15 20 25 30 35 40 45 S0 55
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5.8 032

ZE, ojo|22 XX

2 e o2 =% ofo[3 =
Sk g g 71E ¥ g 71E 3
o2t HA} ASTM Standard Practice for Macro ASTM Standard Practice for Micro
Hl ko E340-15 etching Metals and Alloys E407-07 etching Metals and Alloys
|zt [
2 A} BEHZLE A
= O ZAslo| g2 =
HIP SHT
PT, MT, RT ZA} :&\Hy
U ZHA Nl
= [=]
oo f{fa\ % R
THISE dM e L As-Built HIP+S/H
3D-CT ZA O 88%& &
il & As-built s
Al O| X} (=) b4 o g wy
== |
a2 oIE Al
Powder |
2 38 A I
(260W)
EEEIL
Powder
Lo | BRsRSENE !
O-I [«=] (160W)
W= | amnzsigrz

TITHICPS %=

ICEPCO PLANT SERVICE & ENGINEERING CO., LTD

A - B |
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H| m}t2|
At

a1
dAt

2= M

o &

=
7|T'_'

UL 5 87|=
O E8: 29 oYy, gaY
O 7I13(EH) §187IF

- Class A : Max. 0.76mm(0.25T), ZtZigHj
- Class B : Max. 1.50mm(0.33T), ZHZ4Hj
- Class C : Max. 2.30mm(0.50T), Z+Z 24}
O 7Is®&Hotzl) 5| &7|&
- Class A : Max. 1.50mm(0.33T), 74
- Class B : Max. 2.30mm(0.50T), Z+Zi 2t}
- Class C : Not Applicable
O IME s87|&
- Class A : Max. 1.50mm(0.33T), ZtZ4H|
- Class B : Max. 2.30mm(0.50T), Z+Z2
- Class C : Not Applicable
O 7IEt o 87|&
- Arc Strikes/Gouges/Color(Ti/CS/SS/Ni)

[MNB 5320 WA S atAH AL A 7|E]
O 24 : 748 sS=% 8UET
O ZO0|7} 7t&1 71 9 X[A|

- &M 19mm 0|3} : Max. 6mm
[MNZ 85 vI |I"X|A|]

O =24 : ¥ 8e2¥ 8U=T

- M 3mm 0OJ%t: 0.25T
- EH 3mm~19mm : 0.80~4.00mm(Random)
1.10~6.40mm(Isolated)

A ME 5187|E

O Z|28A 12 SF (V.S, T.S, Elongation)

- Component material type and property value requirements.

@ EE ¥ 2E (717] ¢%)
- Class A
*YS A TS : AH 95/95 StetA|
> X28A%U FF
* Elongation : 2|2 MAZt &5
- Class B
*YS, T.S, Elongation : Z| 28 A2t &F

@ oH] M= gE (BX Q) S M= 2HE
Production Builds
- Class A, B : X|2MA1ZF &=

* Class A : Y= (Witness) A|&™ %A 37)
* Class B : /5 (Witness) A|&® |4 17)

Q
ro
all
=

Ir

- sub-Size Algi™

EI".E‘IEDSL‘—’—‘I!'LI"I'
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TE NEE e E
STS321 Hastelloy-X
WE ség:qosm (UNS N06002)
HEEE F= 3D=ZTY ZEXHSES(PBF) M + EXE|(HIP)
7!;1:‘—1 IEZ £ (MPa) 620 738 742 735 738 119%
o SR ZE(Mpa) 276 336 339 331 335 121%
HHE (%) 40 53 55 54 54 135%

HE 71878
(Code & Standard)

- ASTM E8 : Standard Methods of Tension Testing of Metallic Parts

- ASTM E21
- Tension Tests of Metallic Materials

: Standard Recommended Practice for Elevated Temperature

o] &

EXz2|

AE 71AI7tE

TITMICPS Z= 2N

ICEPCO PLANT SERVICE & €NGINEERING CO.,LTD




6. 2&

O MZH =0 CHsf 0|8 St2|(American Welding Society, AWS)= 4% ME& fldf
Bt Al g@adh 77|, BXF 32X e 25 3 A= 22121 AWS D20.1
“Specification for Fabrication of Metal Components using Additive Manufacturing”=
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(Tel : 061-345-0572, H.P : 010-2541-3608)
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