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Abstract: Additive manufacturing technology, with its advantages in fabricating complex structures and enhancing compo-
nent performance, presents significant application prospects in the development of nuclear fuel components. However,
China's current nuclear regulatory framework lacks specific technical requirements for additive manufacturing processes,
and corresponding nuclear safety supervision practices are yet to be established, which hinders the engineering application
of this technology in the nuclear field. This paper systematically investigates the safety evaluation system and in-reactor
regulatory pathway for additively manufactured components established by the U.S. Nuclear Regulatory Commission
(NRC), with particular emphasis on analyzing the material performance evaluation methodology and licensing process for
Westinghouse's additively manufactured thimble plugging devices. Based on this analysis and considering China's nuclear
safety regulatory framework, this study proposes an evaluation system and regulatory implementation pathway for in-reactor
application of additively manufactured nuclear fuel components, encompassing out-of-pile and in-pile material performance
verification as well as component functional qualification. The results can provide technical support and regulatory refer-
ences for promoting the application of additive manufacturing technology in domestic nuclear fuel development and com-
mercial reactor irradiation testing.
Keywords: additive manufacturing; nuclear fuel components; in-reactor application; regulatory pathway; blocking plug com-

ponent

WAmEER: 2025-11-13  {EEHH: 2026-02-20
EREN: AT #(1987—), 5, Wi, g TR, FRMN R SN 22l S A TR,
EIEE: 5k 1%, E-mail: zhangbo501@npic.ac.cn.



82 F 5K

2026 4F

SR A, SR R0, 45 MR R AR A AN B A B AR AT T [T ], HiREAIL, 2026, 56(4) : 81-86.
Citation: FU Hao, ZHANG Bo, ZHU Fawen, et al. Research on the Application and Regulatory Route of Additive Manufacturing for Nuclear Fuel
Components in Nuclear Reactors[J]. Electric Welding Machine, 2026, 56(4): 81-86.

0 5l

il

14 k1 il & (Additive Manufacturing, AM) 7R Fi
3DATER, & DO Tk B Bt I AL ge il T 200
B — AU E B, A S A5 iOE 7 i PERE T
Bt B IR AR BRI T3 e e S5 i
AR R TEAL S LR BRIT A VAR5
1o it A R 5 e i o X TSI T TR FH

TEABRAZ R R ) ik N BAE e e A
RIERFEFT  BEM i E R 32 3038 [ ik [ 5%
R ] P e R AL T 1 A A A AT 5 RN R
Wiz, S k| E 2T b ) R R T R
FEAK HERR B A Z R 0 i A8 5T, DA S BRE i E
REFNAR 5 i R B s . b, SEEITE =0 w2
A AT A o s o FH A R, D48 10 AR R T
K, BN S PR 2 A L 2 D AR AR BT
RN TR R o D Sl AN wl A B 2R 5
IR T A M 3 T A T A SR R A% v
MY NHERE T o 3% ] v 2 o 03 b i) 3 7 A% RE S ek
(8 I AT Jmy , B E X HE N A 1 AZ IR RL R T
3D FTEFE A b v ae ik, (AR B VK T
T E PRSI K T 2R & T B, 46 % = Ak
HARACT 28R

X T HG A il 15 A% AL A A HE R, o] 38 43
ARSI L 2R T B R . B3y
ISR N2 2 T B EOR 2R PEM R
S HEA AR , A RS 3 AR () B
K VEIES TR o SR, FRIE H F k= it
KU IEE . TEIE =N A SO T R EZE 2
(NRC) X8 14 4 1] 385 A R 4 1 M HE 2 5 5
FiAE I LA 22 4 3R B R A kAR, DO
IR 5 A T 3 R AR AEAZ U N 1 1

1 ZEENRCA¥EMEEEZ

S 13 1l 1 5 AR (Advanced Manufacturing Tech-

nologies, AMT) 11X F 2019 4F 1E2CHE Y, Hh 38 [ 4%
B2 (NRC) 3k B HE LS LR A AT 32
25 EMZATIHT 4. BHET, NRC &3 1) Je i il
TR ARG AT 5 Rh OBk AR IR I @l 5 i)
REDUAR VMl AU S T R AR 42
PO ER AR RN R B AR B, 75 J= 15 44 ] i BH
TR R A 2R

2019 4 1 7 ,NRC & i AMT 11%17 8l 48 i &
Z A Hbs WIS BRI BN R AT 5
v R FR 4y Ho W8 B AR B AR 8 4T 1] AMT
TR A Cln b4 ) 38 =) 1 4 R IE , 23 S
(1)1l 2 #% 10 CFR 50.55a 5| FH 5l 48 A B9 B 75 5l A5
e 5 (2)7EANZ NRC W8 1is f i g W i 5 (3) 4
A3 IR AR B IE SO, BENRC # 4% 5 (4) St
10 CFR 50.59.10 CFR 70.72 5 10 CFR 72.48 X 1 /)
HER Y . UL 4R IE Y, s — P @i, R
SRR AN R SR, PR A F] RIS B ZEA
el 2 X MBI

X TR ARTEAG AR R 2, 178048 B 2 B A
$Eh LI 8301 (1) 3G M i 51658 7 N ANH 1.2
XFPEBE A 520 5 (2) 4 BECRIHE PN 7K BR80T 358 44 44 )
SRR R RZ IR 5 (3) THOULER S < TR0 38 A4 44 Ak G
NRZE A RN 1 B (1) e AR SR T, sl3% SR L
YRG0 B O ZE A4 5 (4) BERAEB 1 v R : )
FRPERE PR Re RST VI RE AT AR (5) FR k5
SR E B DAL A kA T B R o B I 2 LA
fEIGHAFRAEPERE ; (6)XF T8 T 2240, L Hn L
AFEBRA 2 SEPRELE: 75 2 225K 5 (7) 4K 10 CFR
50 Appendix B (R , A T2 L BRARE S A1 OC
PR, AT T 48 BRI B 5 (8) X THR S K, 1%
A HARME B RS 2 U S R R I 2 A
e

20204 6 H , AMT it4l & A T AT shdemitgiT
R, TR b D W T 34 E AL S
(DFEARMES . WAIEXFEIER AMT AR K55 A1
o5 A i (NDE ) | SHOU 45 #8) A B8 1) A58 5 05 L



55 4 1) BF W, 2 SR AR AME R S B o 83

(2) Wi ME . SLHE 10 CFR 50.59 i fe Wi e i di Ak A b, 75 B R Ao 5 Ty T 7™ 4% 4] 2
fli LAMT 48 S PE S0, (3) VB FIHIHAE . NRC 454 10 CFR 50.59 #0375, 4nl&l 1 i .

P 94 S | 5 A0S A 9 S TRV B L W2 T 10 CFR 50.59 % 2 B 425K 2 Code of Fed-
Workshop AHICHITRZ>] . eral Regulation, Title 10, Part 50.59, Changes, tests

XTI AHER FH#A , NRC I M A 2 ¢ and experiments,, /2 8 75 A% FEL 0 95 S0l 728 3k |3
B, TEX L NRC H 5 T A& K49 (Implementa- B AUTTA LTS
tion of Quality Assurance Criteria and 10 CFR 50.59 10 CFR 50 Appendix B J& 10 CFR 50.59 BXJ$72:
for Nuclear Power Plant Components Produced Using FILAA B , 24 F% 4 Quality Assurance Criteria for Nu-
AMTYPY, Ho BAAREE Y, K2 10 CFR 50.59 BEFS clear Power Plants and Fuel Reprocessing Plants,
R H A AL LU AMT 4 E 2 M SRS RT3 R SCE R A
WEAg S R Y R) R, B DLIA T AR 85 10 CFR 50 Ap- 40,4 W% MRV F/A 4 A5 A7k A
pendix B M A C BT R PR IEFI SR AT H &0 75 GAII 2 BRI BT s VR TSR T

u..amm Inputs CTechnical Evaluation of the AMT Component Far e Plant QA Frogram:
W'“WW Campanant Consider chimges-te-matelal, labrication process, and physical s fatics:
quivalency evaluation vs, ing design mo ion, elc.
- Evaunta Proposed AMT Component
Se o Ensure It s Sale and Effectve Ewvaluate impact of changes to material, Identify changes fo numerical evaluation
fabrication, and other physical design inputs: material properties, physical design
characteristics on S5C design function(s). values ({dimensions, tolerances, alc.)

Changas o rumancal
inputs that are not Question 3
used In FSAR- A
described evaluations

Question 1

§ 50.54 (Condons of Licenses)
§ 50.46 (ECCS Ruta)

§ $0.5%a (Codes and Standards)

§ 50 85 (Mairtemance Fule)

§ 50,12 (Specific Exermgliona)

10 CFR Pt 20 (Radistion Profection)

5 8 Non-AMT material
of fabrication consensus
standard referenced in
the FSART

Should the input
change be evalualed
as achange toa

l&a 10 CFR 50 59
kit gt

havs a pclbanlla'.l adversa
impact an SSC design

Evaluale ehangs to
mathodology alement for impact
on design bases or safely

analyses per 50.5%(c)(2)(vill)

Apply lof b Liconsa
Amerdment Undor
10 CFR 50.60

Evaluate adverse change
to design function andior
associated input per
50.5Ne)(2)(i - vii).

implemented per 10 CFR

Change io use AMT item
may be documented and
50.59.

Documens Evaluanon, Imploment Change.
and Rupor o NAE per 50.50(d)

E1 {EF 10 CFR50. 59 B AMT EEBENHERERIE

Fig. 1 Review process for in-reactor use of AMT components under 10 CFR 50. 59

) EEFEREM IS TEMAEE  MESMERRTO L 1), WSS 2B

ﬁl\,ﬁg g TZERES I BT ER
2.1 HRHESMERETEM
VG =/ 5% FH 3161 A5 50 il v 1 16 b4 B 7% 2 PO 2 Fl B R4 R A HEOE 3161 AN R AR

(WL 2) 76 AHER FHRT, M0 AMT 2147348 MRAYIEAE i i 3161 AN 85 40 1 5 RS 0938 B4 il i
mU R SRR AT T AT A X T 3TGL AT TR, X TR R AL
BB B 2E S e e U TR FE M M Re 22 5, M2 kAE, RIAMERES WL T 30,

FLAEASRHESMEBEPEAN BERLHE N PEBEPE O AR LEAMELADUHE P B, 75 i P sk il 1 4 41



84 F I3

B2 BEERAIEHIERRE
Fig.2 Westinghouse additively manufactured blocking plug
®1 EEFEREMVEREERITMER

Table 1 Performance evaluation system for Westinghouse additively
[6-8]

manufactured blocking plug

TiH ke

PR PERE AR 2 S K e
o Ak R RS AL

PORIEPITERETF G Y1 LS TR

EPEEAMEREIE BRSBTS R B oSS

il 38 3161 AN A E B it Ji T 1k R, A I 55 A
FAZRIE . g R B R E 316L A5
TR A H 20T R JE e )58 42 T g otk e R 4o
2.2 MRBEREEEN

P4 2= 23 F]LE MIT S/ 58 HE N X 3161 AN 85 40 - i
T 254 H BRI 50, R IR 2978 300 °C, HhFiE
1 40.8x10% n/cm (1) 1.2x10% n/em?*(>0.1 MeV)
6.5x10” n/cm’(>1 MeV ) , #5147 75 224 0.8 dpa. &
WSS RN 5 A H T T hi s s ik
5 R TURY 3 ARAFH LU0 A B 20 A
AR B2 e o Horb SCER L9 TR 21 T i Ak
5, AR REAR WA FFHE

PO = 8 F) RIS ot AR R 80 3161 AN
R A /A B R 38 4 3 3161 A5 AN IR
FEJ T X LR A5 (UL 3) 356 IR 0 R &
MRA1300 °C A2 FR THEAEATEN RS I BRI, P9 R A
A HURI T A BT AT ER O ) (X7Y ) ) A A i
PERE

Z i B RE NS R R BT, T 3161 AN
R, A B PEURR T R | A T PR b i s R A e
S Y 2 SRR 0 ) 2 M RE AR — B, BLhr g
604.7~650.6 MPa, Ji [l 7 JiF °&y 282.0~426.8 MPa, W
B AN 43 2%~63.4% , HH T AR 48 IR URE

i O 4 i ) A e AR 5 P i e
T T AR (LA 4)

ed quad held with
i cparation

cell

1mn=
fe

od

Fig.3 Tensile testing of Irradiated 316L stainless steel and nickel-
based alloy 718

03161 AM Unirr(9 specimen avg)
0316L AM Irr(19 specimen avg)

03161 Conv Unirr(19 specimen avg) ‘

100

50 409

ksi or %

0 ¥
UTS  YS EL
Room Temperature Tensile Tests

B4 316L REENEZRNMRIXINER
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Table 2 Out-of-Pile material performance evaluation system
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