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Abstract

Advanced manufacturing refers to the innovative practice of using advanced technologies
to improve existing manufacturing process and to create new products. It is expected that advanced
manufacturing enables manufactures to save resources and energy, remanufacture obsolete parts,
and decrease manufacturing costs. The US Nuclear Regulatory Commission defines advanced
manufacturing technologies (AMTs) as those techniques and material processing methods that have
not been traditionally used and have yet to be formally standardized by the nuclear industry. The use
of AMTs such as additive manufacturing, powder metallurgy — hot isostatic pressing, and electron
beam welding is especially under consideration in the nuclear industry.

This technical note summarizes the activity of international organizations, and standards
developing organizations and regulatory body in each country for AMTs. In addition, the note
provides an overview of AMTs, research and development trends, and technical issues.

The use of AMTs is currently under consideration around the world. The International
Atomic Energy Agency and the Nuclear Energy Agency under the Organization for Economic Co-
operation and Development have conducted information exchanges to identify the opportunities and
challenges of the innovative technologies. Standards developing organizations in the United States
have been developing codes and standards for applying AMTs to the nuclear industry. Accordingly,
the U.S. Nuclear Regulatory Commission is also in the process of developing guidance documents
for their review process. In Europe, a research project was launched to develop the qualification

process and provide the evaluation of in-service behavior of additively manufactured components in



a nuclear installation. In Japan, the Japan Society of Mechanical Engineers has established a task to
develop codes and standards for materials fabricated by additive manufacturing. In response to this
activity, equipment manufacturers have been establishing a database of material properties necessary
for the standardization.

However, there are remaining challenges for the deployment of AMTs in nuclear fields.
The challenges of additive manufacturing are data collection to optimize manufacturing process, to
ensure cyber security and the quality of the end products. There is a lack of knowledge of cold spray
and powder metallurgy — hot isostatic pressing including the mechanical properties, the effects of
aging, and non-destructive inspection methods for the components fabricated by using these
technologies. In Japan, electron beam welding has been applied to low-alloy steel steam generators,
while it has not been applied to small modular reactor pressure vessels considered in the U.S. and
Europe. Therefore, the lack of knowledge on thermal aging and irradiation embrittlement of the weld

metals is identified as a challenge for its application to the pressure vessels.
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AM Additive Manufacturing (£ 1% &%)

AMM Advanced Manufacturing Methods (G iy H i J57%)

AMT Advanced Manufacturing Technology (4t 1 % 3 £ 7f7)
ASME American Society of Mechanical Engineers (K [E#k %)
BJ Binder Jetting (& & 448 5 15)

BWR Boiling Water Reactor (/i /K R Ji +-47)

CS Cold Spray (=—/L KA 7 L —ik)

DED Directed Energy Deposition (57 = 5 /L % —HEFG %)
DOE Department Of Energy (CK[E = /L ¥ —744)

EBW Electron Beam welding (7 - & — A¥EHE)

ECT Eddy Current Testing (if&i FE it ZR 1557 5R)

EPRI Electric Power Research Institute (25 /J#F4E7T)

EU European Union (ERJMEHE &)

EURATOM European Atomic Energy Community (B JE - /7 3[R A)
IAEA International Atomic Energy Agency ([EIBS R - J1H%B4)
InFORM Intelligent Fixtures for Optimised and Radical Manufacture
HIP Hot Isostatic Pressing (A %% 5 NE)

IoT Internet of Things (& ./ OA X —x v |)

LPBF Laser Powder Bed Fusion (L — % —}yKKIEREIEE A1)
NIST National Institute of Standards and Technology (K [ [E| 3748 % £ I AF 42 FT)

Nuclear AMRC Nuclear Advanced Manufacturing Research Centre
NUCOBAM  Nuclear Components Based on Additive Manufacturing
OECD/NEA  Organisation for Economic Co-operation and Development / Nuclear Energy

Agency (%7 1 71 B FERERS T+ JIHEBE)

PBF Powder Bed Fusion (f5 RIR RIS & 15)

PM Powder Metallurgy (KR 164)

PWHT Post Weld Heat Treatment (#4272 ZVLEE)

SCC Stress Corrosion Cracking (s /7 J& & H141)

SMR Small Modular Reactor (/NRUE 2 = — /L IF)

TWI The Welding Institute (B2& - WHEAFZERT (R[EH) )

USNRC U. S. Nuclear Regulatory Commission CK[EJR 1 I EER)

uT Ultrasonic testing (2 5 1 BE 5 705R)

10CFR NRC Regulations Title 10, Code of Federal Regulations (i#FZ#LHI| Title 10)
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oM, CSIETI 10mm ML EOREBEGIER TE 2720, REEHE LToORR LT,
AM Efir & LTHIEHT 22 & b ATRETH 5123,

e
ByAATEL s SN

b

H A

M 3 o—/)L 27 L —EEofaN

Figure 3 Schematic diagram of the cold spray system.

CSIEDOFRE LT, BE LY b+FITBEWRE THREREZRE T 5720, BbaE
XN ENRFET LM, Fio, fEE TR CRUSANIEAR T, BRI R m I EMEE
Bz 535720 5liRIS ) THE U 2FINOIHENIZ- D728 515, 206 DR B
CS BT BRI TOIS NI EFL (Stress Corrosion Cracking, LA F [SCCJ &5 ,) D
KR I AR OMEFTIETCHTE 2 L HIff STV D
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(2) AFFEBAFE BN o OV YL RIS [ ) 7o iR

CS LT, BRFMEICENTIESEME LT, MOEETIIEMEIN TV IEMTTH Y,
Bl Z 1T D D~ TR T A é%%?f/ﬁx®%W“ ZEEICHVW SR T
HUS, At% CSEIRMAEMEDM E2 B L L TR IEIC S IR IS S5 TN &
LEHBHITNDD, BLRE LTI K P BR 5L C D %%Wi@%ﬂTk@ < OMEREIE+
INMTEFES LTV, £ 2T, AREITIL USNRC R OCKE ST T 4 v 7 J—A T = A b
ENZAFEFT O LR — b 1S W2 R BR U KENZR W C CS IEZ BRI R TR 3 2 BRIC 5
HEOMEEEZEZONTVWDLHEED O L FICHENRRENWE THRIND bOEMHT 2,

- FERBE R

%&atﬁﬁ R N OVBMLBRIC KL DR OB G IRB D E R L o TRIERMEDN R 72 5
Tesh, Jii TRAFCER LR T 572018, CS &0 L 72 BSR4 T 9 2 RMa L LT, %
BROFAERCKIEDOMERNRNE Z B DM,

KO HIZIT UT L E R E RS (Eddy Current Testing, LT [ECT) &£V 9,) M
AHTHDEEZ LN, BERITEBMET O 22T L > THELH T 2729
AL EIC LA UTOFER T 2MET 5 2 & CERBEZHET LN TE L, F -,
BTG CITEEEOB L EZRET D 2 & T, EREICL DMEORY) 2R 5
TLEMWTED I,

ST L - TE, UT R ECT &, CSIZ R DEIENE O AR 6T AERREFEICL > TAE
CHREDORMBE THRHTHZEBAETHLEBX LN TS, BFlAIEX, MEMLTK
ez BN L2 AT L ZAFOIFMRIT, CS THA > o3 %)L 625 ORI Z B A0 L= R %
AT LT 6 B FIZEA LINEB R FEA ECT TR T X 5 2 L 3 ShvCun 512,
L. BEREWGAES, KEARICZEREDOARREN S 256121, MR E RS
LEEMER S D, Lo o T, BENEWEAICIE, IEMEFMEA GRS ICONTh
FAE L TORTIUT R 57220, CS & Lo I3 LT, Bl 70 JEMIE M 7 VL &2 M2 3 %
Tl ABRORERBETHLILEEZLND Y,

sy VR

CS DEIEDJE AN R BR BT Tk SITZBRIC IS R TR R AT DR MERH D,
ZOEIBRBAFEREICKIT Oy VHRIZONWTL, +aRT7T—FBHFoA TRV
O, TDOEIOWTHDICHET DBERDLD T,

« it SCC M K OV 55 1
SCC I, BEE « MBS D 3 DO BRI N ER - T2 BFIZR AT D729, CS TiFEMED &
WHEICa—TF 4 7352 L Tlit SCCHER EXEDZENHFEINTWS, £Z T,
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CS IZ L Bt SCCHEDH LRI D=0 DIE T 1Y =7 MDD 5T 515,

F 7o, CS T K B FEJE R BB K OB BT 3 00 F B A - S 4 2 JEAMR IR BRI 112 K- T
WhHFEMMNM ET L L bW TED, L, BRI L OS8R O B O BRI S K
L BARDEAICIE,. BUSHICX DR DR AET D AlREMENH S,

BIED L Z A, JRF IOl THRE SN DRESRM T, CS Ta—7 4 7 Lz ot
SCC ME R OV F7 M 2 FEfR L =BT — X IIR b T\ b, A, EEREE 2B L 7= 50
T, CSOHEMEEZRTRBRT — X &2 FHT L ENEETHD ',

R Sl

CS Mg, R D BE THRUE S LT pEE & 13 R 72 2B 2R3 2 E AR ST
%, Blzxix, €S Tl L Sy (bulk) B C, BUWLEEZ TR WA X, #
BEICHAET D RIGORET, IEHEMET T2 Z EBRME I THD2 20 X5 7ol
PR OZALIT, BVLEIC L > CHET D ZENARETH D bOD, FRFICREE S b2
bT 5 Z LB LRTE RS20 1,
INETOLEZAFETIITEFIZE T CS B L 72 B OB AT E T+ TR S
TR, 72720, FEEERM & LTI %HEaIcid, T oMM EIIRMEIZ 2 5780
AREME S & 272, ERICHE A3 2 BRI, M ERE REOR S 2 B A A i
RTLZENEETHD, £ LT, WBAOMEENEBEIC 22856120, RENRRBRET
BT 2RBRT — 2 IETHZ ENMBEICRD ER LN Y,

- BRAES LS

JF - ek O & HEES Tld, RWIRICHE > THERDS e R EIRBREICR S LD,
Fric CS #ridmfattom bz BRICEM S5 2L NL Wiz, B LWERE TOMEM R
AEND, 2O XD REE T, BIERMESE ORI ER LT o8N R H D, CSH
IAER DG L LT R R DS 2 FF o7 2 b ORFELILERD . CS M OE
WIMELZ M AE 5B RE TIE 72, CS M ARRIEEES & LTl O 56 13 FIT . S~ D ]
ZRE LR BREARR MO T — 2 2L, REFER LB L T, Zh b ORESL
HROPBPRENTHL Z L 2R T LI LNHETHD ',

PLEd X5z, CSITEMOMEMEAZm E L, IS SEIZ X > THNZRIET 220 703 H)
FFSAD D5, CS MIEAER LIE CHRUE U728k & 138 7 DS 2 FF o7 £ OReED
REHDITFEM SN TRV DR Z\0, 7272 L, CSHMEIEMBERME LTI DOTH
UL, IEEHM & L CRIAT 25812, TERRG & DR EDEW AR E 2B
RWATREME L B 2 B D, JRA IR ~D CS D@ HT-»> Tk, CSHMOEE Lo
DNEHE L2 BT, MBS U TR - BURBRREICR T 2 BRI T 5T — 2 &
PEFE L. & OFRPED BRI I IE > TREFERZWE T 5 2 L 2B T 208N H 5,
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2.3.3 AW FMEEZMAELE MR EEE (PM-HIP)
(1) PM-HIP £ 4f7 D Ji B Je OVRF 13055

SBAMENT, FRICA B T, S5 IR S O RISV b D, BERS &3,
MARDOEESERZ ML T, KFRLOEMB LS S ELIET, MRS 7 7141 T
Iy I RAEOEEMEI T RICHWSNLIHINTH D, FrlZ. @BRMEIOHMRORIE B
KOESE - BE. EMEIE, KOBEMKEZITI ML vt 22 mRGE L 05 10,

By RIG AR 28R RORE T IEIE (1) BT 3L X — &R 2 2 Hik,
(2) #EiL. ERDEDCF OGN K> ThHRZR-ET 5 51k, Q) RIRIRICER sS4
B (A ZRAOEEHT R —0T 4 A7 Om O L o CREE W, BEE &
KaERET HHE (T h~vA XE) TR TE 5%, &EHARORIE TRIIMEOMEIC
RESEBETDLEBS 20N, BEFKIEBRRSBET HILEND L, ATRICE
WTCL RS ERAMLSN TV D HIEDO—DN | BEEBEHEBICTRAZHNLT b~ A Xk (T
AT h~ARXWE) THD, HAT b~A ZDEEBOMEHEZK 41277 T, HAT b~A Xk
Tid, FEMAETHEBOSBLZEML., ®ET XA TRESE D, @BBHRTORMDEE
FOGHBEEMZAT-WHEIZIZ EET AT NI RER T A EOREET A EH WS,
F ¥ NN TRB L 7R E 2 3t pm DL EOERRICEE S ® 5 2 &L TRBEHR1G
HILH 1,

BIRHALF

B 4 HAT b RAEEOWAM

Figure 4 Schematic diagram of the gas atomization system.

fEINT-EBRHERIT. BNOGEEZE5T-DICLEICIS U THOBER RS S, K
TR OBERE DM TN D, RRIE « BERE TRRICB W T, A2 E AR L U CEIRREE THK
JEMES 5 LiE% HIP &5 Y27, HIP 25 E OBEEXZ X 51277, HIP IXFANNERIE &
FREN D ED—D T, B SN EERR T REEET 5, WO REKIZRIZEN
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R OIEE SMEOMBMORELE (LU [HAREE] L)) ITHREE AL, BERSEET
ZERH DR TE N BRI AR &G LK 12, BERIENMTORD, T, &IE
RANTT N EORIEMET A ZENEARE L TEIR EEMEEZMZ 5 Z LT, ik
DRERRTRENIEE L, AT 5, BERBRO HIP EENOREELOEAZ, H0HOT
2000°C, 200 MPa (Z F THIZET 58, BERSIAITmENTE, LIS U TEWHE BTN D,
BTN AN T B A R0 00 2 AL 0 AT BRI D bR & £ mifh M Thh s,
B TINE 2 #7072 PM-HIP 1%, &ifi - ®ETHERM T 5720, BEI &, #
BB RDBF O T 0, EEINE TR 21T 5 72O, YI ORI & A ETE O ol
ENELNDZ L L REREETHD, FMLEIICHIE  SETHRERET D HiEE L
THRy NTULARBLN, ZHELIXTHNETH L2720, PIETRITR IR, FER
(2. PM-HIP TH AT, MEHIPENRE)— T, 16K TIETILFEBDEHE LR O &6 % ik
HZELARBICAR D EHIfFEN TN D,

N

E Atk
4 NS
| bz
Mok
‘ EER
D2
u B
TEE

B 5 HIP HE#E OIS
Figure 5 Schematic diagram of the HIP system.

(2) AFFEBAZE BN Jo OV YR RS ) 7 i

PM-HIP (X, JEF ) LS D538 TIEIERN B FEAE SN T DM TdH 5, PM-HIP Tl
R D IARTGAIRITE W BIR CTRIET 5 Z LN TX B0, EROFEBIE L OSAIC KL E &
75t EINT A5 L, g o bl o X OIS BIfFCE 5, 0 E PM-HIP TS L
ToRESRIT. DO Tl — 2 bR A B D . F R E 2 R T BRI L
N, ZOX D RFSEEEN L, IETIL PM-HIP % i1 D% Okgs o8& I b IS A9
DL RBRESNTVNARS B F7- 2013 EITIEA— AT T A FRAT L LA (Type
316 SS) Di&dR A TIE T 5 72 8 O K EHM = FHI ik ASME Code Case N-834 737K
AU, PM-HIP Z g M9 % 72 8 OB IR Ol E b D B TV 5 1%,

PM-HIP OJF 7108 ~DJs A & LT, WK RE 745 (PWR) OHBEM AL 70, F5r
FOENEIZZOERD &5 2 KR 2 8 UET 2 Z L PMET S Tn a1 3 L,
USNRC (%, PM-HIP % KEIDJF 1 DR ICIG AT BRI RTE L < OBEBE I TN D
ERHTLTNS ¥, RETIIZINOLDOLAR— FEZE LT, PM-HIP &K TiE L DEWIC
Lo TALLZIEEL BT D,

19



- &R AR o T

PM-HIP TIFEBHI BRI AR A FIHT 2720 &R AR D WE N R /O MBI
RESEETDL, EEHROMEIIMNE T 0 AL TRKESERD, WAT F~A R
HE, RIEMEAAZA WD Z & THEBOMEOEWHREZMET 2 2 EAAETHY . R
FHERHANON DA —ATF A FRAT VLR, KEEHE =y rVAEDE R
MARLHETHZENTE D, £, BMARZREIED LT, BERLEEDOMAME T
BTED, ALY b= RXETH->ThH, BRITKEZRND KT b~ A BT R HR
DEHENEINT 5 2 & OMRIGIRNERIC R DR WEDRIENAE L 5720, T 11558
TIEH AT b~A XIEOFHABPMEES TV D,

Kyffin 5 O#HEIZ LT, EEMEROE T nt AT — S Tnanizd, Ao
FOGHREITUEFEZT T L > TRR D, FFICBECEROGTHEIL, vy LY —HE
T IIRTR S OBMAIEE I BT 2720, EEESHET 208X H 5,

FLRETmERATH-> T, MRDORBENSAAP R D55 IRy ER &P ET
Do MIRDKEIN/NSWVIZE, (KEEICKT 2 REROFIG ML, BREEP ORE R % (g
INRT L D720, RPN T 5 ATREMER B\ — 7 TR ORIREN /NI VT L
WEOBEENELS D EVWIFIERH D720, —HIHEE KRE S THIXTRWDIT TiEZ
Wy RIS BRE R ONEEBE L LT, 55 0ETHEORZES IR T D%
ELRH D,

Z DX D12 PM-HIP TiX, ¥R HIEORERDAM O BN H 5 A, USNRC I L,
AT b~A KB L HHE T 0B RIS SN TEY | mERH RS T X
HTENDL, TNOLOEWVWREKNLELOMEIZG 2 D BIIRENTHD &0 LT
AT

ES NN

HIP TiX, B R AR AREICHAL, &R - GETERET 52 & T, BEXED
Ui 2 BT 5 BERS SN TC MR OIS IE O/ 1T, R - TEJIEINEE | PREFRER
WHNERE . YR ORI, ROMEED TG A—ZICL > TETEHZENFbNT
l/\él%o

B TR BERE IR A H TR, BamllEH AT IR0 2 v 7RE (BRHNIZA T 5 25/
EEULEE)NEWI ENEE LWV B EICKBOE 5SRO RE 2 3 A - 3R L,
MARGEOFIEN 53 ThRWGAIZ, HIP MG ORICERNE D Z ERRE SN TY
LV, MIRPER CHNITHELILSBRERETE, ¥y THBERRELSRDLIIENE, H
AT h~A XED X I ITHRDPEIRICZR DT WHIEE HIP ZlAE0EL 2 ENFEUT
HHEBZOLNT WD, Fled v TEEICEETDMRORESM S HARKLT O JRPTH
R L LT SICHEBT A0, TORBELL EE RS 13,

HIP #F2 TlX, @BMREZEERT 5 &V ) BUEORME || RERE OB E % LT 5B,
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MEKEE AT HRBOBRENKRE WL T 5, ZOKRERDEEZ THI L, HIP %O BT
TRENFLT 720100, HARGBORGTNEEIZ/R D, B AFEIL, HIP @fE CHkE
LWL EOREEF-E7 BT, BOIRE L 8%2E83 o8B Cikitsh b, #
i DICARDIEHED DRI 72 512 & KRR &4 THIL THEE S B Y OIRICEER T 5
ZEMNEEIC/R D, T D72 USNRC &, ARG OKGHE, S/ 0 M E I E
LIODERDO—2LE LTHHTLTWND ¥,

- EZERAEI R

BRI, RIS T 2 REBOLENKRE VO, KAFO T ARAMBORFIZLD
BRICERE L2 T IE R o220, WA LI AR OB 2T O TITRER 21T 5 &, BERG K
DREAICIER B2 RIET AN H D, T D20, FEHYRIZ, SHARICHASNTE
%, W& LIEARMY ZRET DD OREERIENTON D, BEEREDHRIL, EHT S
BIZER T OVERE, BeOikat, BEZEEREROIRENEET L, HEZ P22 L TRE
CBE LTen FaRELLT R, — TR XX =2 ko> TE Y fER b
W (B2 IEKRFRE. A UfEA. KAER-EE) BAECLIARERS D720, IREDOH
BIZITEEDPLETH D,

PM-HIP CTHET DR N EMECRANC 72 512 &R S BEREEZ T2 2 E0NREEIC
BRHEEZOLND, LinL, BRFETRMESRZIRE LEFAIIRON TR Y, KA
AR B BE T RIEH IS ERES N T e Wiz | el o g Ic K& < #
BILARERDH D ESIENTND ¥,

«HIP D/RF A—4

BB EIRAR TN Z I R oRIE, FHOR - S BERIRE - [TE S OPRE MmAl -
JED 3 S DR THER SN D, Z DOBROIEEE K& OV S D 2R EE PR RF ] % 0D /X
T A — 2T OB ORI (SRS D ATREME N B D B 2. KIUBERR A LRI
FIBTDHE, WAIZE > TRHELO LT INRR L0, EARELCLAHEERS D,
Flo, GAREEIZOMADH LG5I EADELLIGEND 5, GAMEZED ST
BESAOIXOLOEEMZ D ENTE L0, WA IIMEOBBAIEEIC bR ET D
TOFEENLETH D,

KRIFEZR T2 HIP D/3T A — & Ol biZ 43 ITIREE 4L TV 720728  USNRC 13,
HIP O/3T7 A — 2 O EITRAA RGO SEICHEL ) 2HERO—2L LTHHF LT
%3,

- fifeRd ek
PM-HIP CHE S V7o BERR O % BB PE R 1 X . Y ax b as & [ C HIP AL L 7= e
PR F (witness specimen) Z W CTHER M TS, MERHARBRA L. (DB REZEA
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LR 2 0ET DI, BEROMTICH 72 250 C B M 2581, HIP AEZICY) ) H
L7z O XITQ)HIP ZEEAN THIO BRI AN R EZBER L T MOV L2 D TH D,
TR FRRER i, B U 72 OB S O R —ME 2 TR T 5 72, a0 ~HEICA
b TRITNUTER 6T, RUBGEOLEGIIRKARICEDELLbORHNEND,
L. KEWSEROGA I, B ARBR NS omEERELZLOTHDL Z &1+
ST FEREZ LTV ey, USNRC 13, fERHRE T O 4O MEEZ ., PM-HIP Ok HIC3k
WCKREREELERIETAREERHL DL LTHOI LTS P,

- Kt B

HIP WLERZ AT T 2 B ARSIy 2L F 0 SUIWERIC IR Y br& . £EL BT 2479
e, WERERT D, REAETIMTOHEZ, ERofETREFETHD Z &0
5., ZTOTHIZL > THIP THEIE LR OMEICBRENELDILOTIERZWVWEEZ BN
% ¥,

- MEHE A O

EFEo HIP THEE R TR L OEWE, A OR A BRI E BT 5, Fl2i,
BRI DIENEGIZH WD IRESHIE, mWEE R ZERk SN 5, Lo L. EPRI 2MtBERS &
WAL CHEE L7127 MaXiiE, PM-HIP T SMR DOJE A 2O —H# 2 #ifiE L 7=k
iRz L7 2 A, BEOR TAEHTE 2N EAREINTNDHSE, SR T O
Bl & LT, MEHHICARE) ST 2 AR DN E L T D ATREMER & 5 L HEfi &
NTNDHBS, R Tk RS, (RE, EERMEOX TR TREAT 2720, G TR
BETEHERLZ2TNERLR, 20O XKD RS OWIPER T OREEIX, PM-HIP O 57 718
WmADIEMICRELSZET L L HRBEND ¥,

F o ENEZE T GEEHIR P ORE TP R OREELZBR L RTXR 50,
BED & Z A PM-HIP THUE S U7 ARG @8 009 57 Rk o vh - FRU D 52 88 2 bRk ©
FAATZFHNT A 210 14 BERLE R 5 — & DL FEIL, PM-HIP % Jfi+ 1145 8 CHEMA T 5
ET, RERBPEICRDLEEZONTND ¥,

U ED X 51T, PM-HIP Z W T, RO ks 2 &G 57 n v A 2T 52 &
A5 TlL72v, PM-HIP THRUE L7z RS O RpME 2 R L, HIP LA 2N RS OB A HEE 1
FIFTRBESZERET 2 2 L2, PM-HIP OEA{LIZEIT 28BEIC2 D EBE 2 b5,

2.3.4 BT E—AWE (EBW)

(1) EBW H 47 0 JFBE K OVRR1#

EBW (%, L—H—FBL L LICET R F— B — AFEBICHEM 83, BFE—2LA
DTN F—ZHWNDHIEEETH D,

EBW It DRERL G 22 [ 6 (27 192 144 145 246 5 2GRN CRaMR ) & B S 5 1
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EEETMHERS N, WRaA LV TCERZRVF—FBEOEFE—LERD, EFE—LIE,
R = A S L0 B ~ D IRGH I E Z2 T TE 5, WIEHEYIIBE S AT ALV,
BHNEZRETE 5,

EBW (I, B =RV F—DEF E— LN T2 2 LI X O M 2R S & TS
TLHHETHD 414, EBW 7't 20K A X 712737, BIEEWILE £ — LRI
EVEET DL EBICAERT DL, ZOFEIIC IR HICHE W E— 2 4L (Capillary)
N, BBRROWKE LT, BRI, ZOE—LFLICEVET E—LITHRET I
KHEET L ENTE D720, EBW Tl 0.01 mm~250 mm OJFE X O SR B O VA2 2 7]
BEThHHEINTND %,

1
ETH# \\I ‘
s3I ]
\IE X | ®ma3
= | =
EG‘{%@/\‘_— ——
WY aa =

L

X 6 T E— Ao

Figure 6 Schematic of electron beam welding system.

EFC-—A
E—LFL(Capillary)
BRiEE BEERE

¥

—— A

7 EBW 7' a2t 2 ORI

Figure 7 Schematic of electron beam welding process.
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EBW i%. ) O RITIZITHH] L TRWEIASR (B O T 15y ORIAE L | HET
5@@%@&@%%(nwnmn(l7ﬂ%n:m%am 177 60 kW F2 £ C 200 mm F2 %

DEIAFHNRD D &SN TVDHW, ok R U@ R AF—E— ARSI ND L—H—
W CIIE ISR AT 57 7 A DR T L —HF—DRINCIEHI PR Z 0  BMICAD L—
PR =R R VX —FE R T D2 OICIEDEABR DG ST, KIS RAE LT
B embH1e,

BFE—LDOBFIIFRMEKXOT AR L OBERICEIVEELLTZY , =X X —% Ko7z
DF 21, 2D, EBW TEHEROFRMAKIN AES (BEZEE) OREEZ T 5, BRI
1 Torr (K9 133 Pa) DIREZECEEEE LT-HRFD 304 AT 2 L ASHO B KEKIA B S P EZEJE
10* Torr (9 102 Pa) DBFIZLLER LT 2 BRI T 5 & HiE LTV 550,

EBW |, HEZEOREIZID KREL 3200 EINLE,

O FEZEEBW : 10*Torr (#7102 Pa) LA EOEZEE D EZER 4 TiTio4L HEBW
® (RHEZYEBW: BHEZETETFE—LE2RAESE, EFE—20 72
T &8, HAEMIT102~103Torr (1~10"Pa) itk DIKEZEA T TITDOI D
EBW
® KZXHEBW : mHEZET
%

(IR S8, BRI

BrE—LzBESE BT E—L0OEKOREE 2R~
SET THRIEEY ICE T £ — L 2 RS9 5 EBW?

>% aaa

— I, EBW 13 EFEOXUIQDEZEERE TIT O 57120 s Ok 2 HE2ET v
PR—ICRE L THR#ENMTOND, T, IEEHORE SITEZETF ¥ =D R
SICHIRZ =T 5 2 & &7p D 14

EBW [T, BIE D L BV IRWIFIAL DG B D Z LD /INABT B D 1 258 (R
BEEZ 1 HTRTT 5 L, mTIRF— b — AEHEIS OB EE TR 2 (]
BT O VT RNAEHEEAT O ,) BARE L 20 | BB R | WO T HOLE A
PVIRWVFEORMNB DD L SNTND W18, —J5 I OB ZZBREIMECR O 7o DI in i
MORE SICHKN DD Z &0 mWBREkEE (BRI TR E &K Oy O EREE) 23
ZEREIND Z &, WIEEW R EPHRAEH D LB E— A0 EM L CRELEIC TN
ALDHZ L BENEMTHLZEENENTHLLINTWD 4 W, £ EBW Tl
CRMEHZEF E— L2 BT 572 0WHE S L LT XMBEET D MEEE D X RO
W P8 2 TP L ~L k TIRIBT 2 72 012 EBW BEfs O S LB & S 515,

(2) WFZEBASE B M M OVE PR KIS /) 1 72 i
H[E > The Welding Institute (LLF TTWI) &5 ,) 1347 0.8Torr D EZEFE TIEH#ETE 5
JE EBW % B %8 L7214, 22[E ClX. Intelligent Fixtures for Optimised and Radical Manufacture
(LAF TInFORMJ &9 ,) HEICH VT, TWI 235B% L 72 J8/T EBW % Cambridge Vacuum
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Engineering fE235H L CREFTEZE X EBW EEZHBE L, FZEELALHEH L R FFEED
A Lo BRA (BRI 80 mm) O JE 7 s HEikBh 4 i U, [FIHEEIC L0 RN ET
AHECH D Z L EMER L B, R EZE )7 EBW (X, IR O A D BEZE A i+ 5720
DBBROBEZLET v o N—% AW TEET 2 HiETH 5, BEEO EBW 1L, BT v /38—
DR TEREEAT I 120, WIEHEMORE SITEET ¥ =D RE SICL W HEZ T2
2, JREEZE S EBW IR O K& SITEZEF ¥ U= L DI E =T e,
InNFORM FHEDOREETIIAZROEMMOTZDOOBREEL LT, BE LI-EZEEOMED T
DD — VIR DRFAE T, RETESOREHR., BT OMES DTSN ET
BNTWD, 7ok, FIFAE CIIRBEICH» DR AN O TIETH DT — 7 I L
TRIBIZHMCTEDLZEEZFEIELTEHE L TND B,

BOREICBWTIE, =28 LEKRXSHNAR & FEOE X I L5 RpTEzEg s —v
7720 EBW O Tk T K& OV Bk T2 C SUS304L 4 K (8 SUS316L 8~ o A I & F
FHL7215, 20T, SUS304L Sl K—F Y RIOKEG BEZ25 8 (UM% 3.5m, PR 1.7
m, HRJE 25 mm) OMEMFEELZ FERE L, KEEEBEYICRTESERTRETH S
EHE LTINS,

KEJRFIFEFERTII. SMR OJRIFE RO JE FIMEH: 217 5 729 O EBW #{itd
FIEFFENHED 5TV D B EPRI L, BV 2 — /LK F v > /X—N EBW & 2 L T,
SMR O EE KR OV FHEIA~S w R &[RRI, B o J8 07 s B2 et 95 EBW O ] 4 1
LTS 14

PM-HIP & EBW (X, FER /108 T L 72 Hii Ch 2 L HEE I LTV D U3, i1
LEMAGDLHZLIZLY SMROBEE S Z M 2K T 5 Z & 2BK L TRFDED LT
VN5 158

Warner & 1%, PM-HIP |2 & D {ERA &M NUE T A% O 850 mm, & & 1 2400 mm,
Wi DR S :35~50mm) & EFDO oo —y cllEL, b os3—Y % EBW TiniE
L7e¥, Zowmid TS, £ O/NENRIRITIT ) A2 LA OE S TR E 24T
DEHIROEENRD N2 EDRRINTWD, Warner H1E, Z DEEIX HIP OE ARE
~OMROFHERBITERT 5 EHE L TWD,
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