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Manufacturing and Performance Test of Obsolete Valve in NPP
using DED Metal 3D Printing Technology
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ABSTRACT
The 3D printing technology is one of the fourth industrial revolution technology that drives innovation in the manufacturing

process, and should be applied to nuclear industry for various purposes according to the manufacturing trend change.
In nuclear industry, it can be applied to manufacture obsolete items and new designed parts in advanced reactors
or small modular reactors (SMRs), replacing the traditional manufacturing technologies. A gate valve body was manufactured,
which was obsolete in nuclear power plant, using DED(Directed Energy Deposition) metal 3D printing technology
after restoring design characteristics including 3D design drawing by reverse engineering. The 3D printed valve body
was assembled with commercial parts such as seat-ring, disk, stem, and actuator for performance test. For the valve
assembly, including 3D printed valve body, several tests were performed, including pressure test, end-loading test,

and seismic test according to KEPIC MGG and KEPIC MFC. In the pressure test, hydraulic pressure of 391kgf/cm?

was applied to 3D printed valve body, and no leak was detected. Also the 3D printed valve assembly was performed
well in end-loading and seismic tests.

Key Words : 3D printing(3D Z#H), Additive Manufacturing(ZZ4|%), Valve('2H), Performance Test(’d'sA13),

Nuclear Power Plant(HAF2 7 4)
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Table 1 Design Characteristics of Reverse Engineered Valve
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Design Characteristics

Design Requirements

Distance between each seat-ring 31 mm

Contact face between valve disc
and seat-ring

Contact face angle between disc and seat-ring 5.6°

Surface roughness of contact face

Ra : 0.2a

Size of linked pipe

1.5 inch

Size of valve head

130 mm x 130 mm

Interface

Size of valve head bolts M20

Location of valve head bolts

4 Ea on top
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Table 2 Chemical Composition of Powder Material(wt.%o)

Fe C Cr Ni Mo Si
69.79 0.018 16.7 10.7 2.13 0.66
Table 3 AM Process Parameters
Working Diameter 2.7 mm
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Powder Feed Rate 12 g/min
Layer Thickness 0.9 mm
Stepover 1.6 mm
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Fig. 10‘7 Post-processing of 3D Printed Valve

elA /%% F 3ol m}a} HzE wu vy
t Pyl we Anzos Frhgel Basih
DED®9] 3pZHE AREe] FUET} 7 947]
wjol A7t FAF HE-L AR 7HES HFolok
8tk Fig. 109 9% 2805 2o] & 2 epol.s
ol sl 13 SIS Shelm, W ke sk
B AZL A3 WY 7FFE B AFHOE Fig
109) 222 Ty} Lol A% ghasteich

2.3, WH #YE T8 Y U&7 ZA| MF
2lollA A= 3Dz WB bt 4%
< SElAE AEH, t23, 28, 755, &
5o B FAF o] asitt ol2d WH
TAEL 3DZUY 7|&=Z AZd Bart Qv o
woll, 71& 48 FEFS AT AE", tx
3, 28, TERE FY A 48 wu s 2as)
Al

o s, AELT WE TER Txd 3
Aol skl AASHES AEYL DU

BB nirol &53te] F2Fskgith FWA = ASME
B16.5-2017¢] whel F4 el 5A M2 A2 A,
125915 2H] @27 316L 1608 2AE wjTol
27 843l HFZ O F Fig 113 o] W8 %
HES s

3. 24 3pZ2UE X& e MSAIH
3.1 LA

WH 22 Hal 729 ASME B16.34-2017 2
KEPIC MGG-2015(°]% H3ld= A2h) & dH A
5, A, A B Tl g8l 71€3tka i) 3D=
deoz AAg WHo Heg Hriskr]l sl
ASME B16.34 @ KEPIC MGG 77 2 A & (Pressure
Tests TH3AT dHAFLS 718 F5AE



80 EELEE

(Shell Test) 7.27% W H 2| Al g (Valve Closure Test)
o7 FAEo glon, FEAES WH vir] 9] gt
of thet W+43E AFstr] Az Algola, WH 5
AP WEE DokS wf A AT ARE AF
s17] Sk Aot

EEAEY AY e 38 (100 F)olA 4=
A 15H] AlelA FEHIE ohy 9 1
bar(25 psi) A =¥ AHEFHS AHE3ITE 7]|E HWE
o] 721 ASTM A105 A& 2] Class 1500552 &
8 AL KEPIC MGG ¥ 2-1.19] w&} 255.3 bar
(3631 psig) ©| 22 1581 = 3} 383 bar(5450 psig)2]
oz AR, AlF ATE 2214 o]ske] @
BolnZ 1522 A3tk AgAA = Fig 129}
2ol vt APt om, AE F H Fof e
B2 By 9 e 2z 9ARE 233 oY
AR FAe PR ko)

BE FHHAE] AP -2 38 T(100 F)ollA
4= B4 119 Ale]A] HEH(E T A9l 1
bar(25 psi) & ¥ S ATk v A R
712 B ol 7140 ASTM A105 A& 2] Class 1500
530l 2A 281 bar(4000 psig) LEHO.= G5+
3, A AREE 2%1%] o]ste] WHO|ER 522
AR HAANE A FHVES HE 85
o wie} D2} ASME Bl16.34 7]%7] &0l 7]&E o] 9l
2| o}, MSS SP-61-2003 5.7.1% 83k 62.5
(10 ml/hr per unit of NPS)E 5870 = HA3IHT

Air
Ventilation

Hydraulic
Pressurization

e

Fig. 13 Valve Closure T&st of 3D pnnted Valve Assembly

WH G Fig 13 T 2ol AT, of
A Fe b & Agsgon, A8 3 2 Fol

BB ESTA AL BEEA Gt

3.2 EHESISAIE H WRIAIE

71€ GEUEE vkHSHolek ASME QME-1
Section QV I KEPIC MFC A%54%5 Ald 9 &
e o YUY WHe Fes YFstaat
£ Age 3953tk KEPIC MFC ¥ H A%53
ANPe FYTsEE e Agela 3D=d

(Kl off

o OIN



2P RAY BEFE 2NN LR A5 AT FRaL AN 3 24 81
Table 4 Test Condition of End-Loading and Seismic Test
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