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Fig.2—1 150kV—-40mA, 6kW Electron
Uﬂﬁ&ﬂ %71_'\"3'0 Beam Welder
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Table 2-1 Component and Capacity of 150kV-40mA, 6kW Electron Beam Welder

Components Capacity
. Electron Beam Gun
OP"Cél Upper Column High Voltage Cable Connector|
Viewing Focusing Coil Min. Diameter at Object Distance of 225mm:0.4mm
Column Lower Column Deflection Coil Max. Amplitude of Deflection at Object Distance
Microscope of 225mm:10mm
High Voltage gf-lam Aiccpzleratlr;g Power Supply 6kw (150kVx40mA)
ilament Power Supply _
Supply Beam Current Control Circuit

Beam Deflection Power Supply
Control Vacuum Defector Power Supply
Equipment Magretic Coil Power Supply

Motor Control Power Supply

Chamber Capacity 900x920x1326mm

Operation Box
Work Chjmber Tabte Moving Range X:600mm, Y:400mm

an Velocity : X Direction 100~3000mm/min
Attachments Y Direction 100~ 2500mm/min
Accuracy of Moving 005mm/300mm

Motor and Gear Box

Roughing Pump 3000%/min. Rotary .
V:
;322 120001/min. M. Booster 10min. to 5x10"Torr

Y High Vacuum Pump 68001/min. Diffusion
Motor Generator

HER AR O B RE, RSBV &M, KRN, BRIIMER X ULER D % Table 2—2 IR
4. &3, Hastelloy X O&MEHZ >V Tik, UTFoRBICR W TiE I h 508K, Bt

KioTHMm,HMM,HWW,HWRNK%%%KioTE%LT%#J

2. 4 ERBRAZEBLUE-LFRK

Table 2 — 2 I/ L7 20 mES OBAMB ZHEA L, Fig 2 -3 IWRTHREABEEZHEAL,
BIC— ok e — VBB YT hok. ABH 2/HEAI— 30" LARBKILT -7
CHE LT, BIHrEE, T BB, NORMOGEHCEEEITS o7,

T o%E, Fig. 2— 3B LU Fig 2 4R THRICE— 20 EREEE (Focal Length ) & Dy,
*iEE (Object Distance ) # Dy & L, @, = Do/ Dp T‘z@%‘o XNBRATA—ZF ay TEF
v~ ADEMZIR (Beam Active Parameter or Actve Parameter ) &FEiEh, WS v — 4%
OB SETIEEALTR TH D, ¢ =09 OB TCEROBAAESNEBLNS Z L 1RE
BRI HBA LTV B DT, a, = 0.9 OENEICFig. 2—3 0RBAHRC-—CHELCHFET D1

+ TRHHOREFIINFRU FCRTMHTD %,
HAEN ; Hastelloy X Produced by means of Air Melting and Electroslag Remelting
by Nippon Steel Corporation

HAEM ; Hastelloy X Produced by means of Air Malting and Electroslag Remelting
by Mitsubishi Metal Corporation

HVEN ; Hastelloy X Produced by means of Vacuum Induction Melting and Electroslag

Remelting by Nippon Steel Corporation

HVERN ; Reformed Hastelloy X Produced by means of Vacuum Induction Melting and

Electroslag Remelting by Nippon Steel Corporation
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Object Distance at Center Line, C-C Electron Beam

Fig.2-3 Bead—on-plate Welding Method by Slope Welding

CERE L, fEsEEYHVWTae, ¥/ 06~12

to Center of

O VEREIC DS L OB E ¥k, TOX Focussing Lens
Electron!Beam

S5hBEFE—s0v—sBRiX, Fig. 2—5 IR 5

Do} D¢ .

TEoHREAET2RBRAICSUS316 BLT -

T 5).6) s Beam Active Zone
Hastelloy X %)%U‘, AB - test ’ ( Arata < {p=Beam Active Length
Beam test method ) I X o THE Lz, £ D ey /A “’F?y,%‘

B % Fig. 2—6 3 L ¥ Table 2 —3 Z/R L7, 5
b2
. JIIIIIINIIII CIIIINe
Cﬂ‘:DJ:D$U%>J:5‘:, E'A%’&ﬁ ( Beam test [piece L
Qds: Active Parameter

' . O 1 Do Do:Object Distance
Active Zone or Active Zone ) DR E £y i =5 D Focal Length

/5: Beam Radius

— 2B RT DI L7228 TREL B BMHR Wb: Beam Power
NdH D - Aﬁﬁiﬁ&:ﬁb\f T E— A D R Fig.2—-4 Schematic Explanation of Electlon
Beam Shape and Important Beam
FEE w, (t; -7%2{—2—, W, : v—2aHh, r o Parameters
b

- AR ) B EbD TKREL R DD ITHEAR

X h, (Penetration Depth ) BoRkEY, Wi

28

v — Figdg (Bead Width ) 23/ 5, L L

4

S, E— AEBEHICBYTRETY — 288
B O RIARFE LT Wenis, EEROBHIC ———
Bro THIERERL Y FORS CHREEZTRIY

2

300

BN, 22T, E—AEEEORE LHIERO

|

)
FO R ERSN TV D,

i 4 N
L 40 6L

tanfy Fig.2-5 Configuration of Test Specimen

with Edge Shape for AB-—test
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145 145
Material : SUS316 Material : Hastelloy X
155+ 155+
165 165
E 78t E 1751
£ 175 £ 175
& [
Z 185 £ 1850
8 8
S 195t . 3 195
3 vark| L) | () bt 3 S B o
g a—a| 20 | 100 | 200 g 20 | 100 | 200
‘& 2051 ‘@ 205
8 ©O—<1 30 | 100 | 200 8 30 [ 100 | 200
o N 30 | 125 | 200
gl 30 | 125 | 200 215+
£ ~—| 40 | 125 | 200 g 40 {125 | 200
o —_ &= 40 | 150 | 200
= 2 40 [ 150 | 200 ~ st :
g D/:*: 300mm E DF =300mm
T
k0 o 0 235
g 235 2
245¢F 2451
255+ 2551
0 05 10 15 20 0 05 10 ' 15 20
Actual Beam Radius, /» (mm) Actual Beam Radius, /s (mm)
(a) SUS 316 (b) Hastelloy X
Fig.2-6 Relation between Actual Beam Radius and Distance from Focusing Coil Center
Table 2—-3 Beam Shape Obtained by
AB—-test ——— Yray Film
(*80)
Welding Conditions Beam Shape
By [ T i oo [l | A
100 | 20 | 300 { 200 | 050 {3193 20 Specimen
100 | 30 | 300 | 200 | 060 |3345] 229
125 | 30 | 300 | 200 | 044 | 2764 203
125 | 40 | 300 | 200 [ 048 [3756| 163
150 | 40 | 300 | 200 | 0-46 | 39.46| 149

Notes; Vs:Accelerating Voltage
/s :Beam Current
D# Visual Focal Length
Uv: Welding Speed
ds: Beam Diameter at Focal Point
(6: Beam Active Length
26s:Beam Convergence Angle

toward Focal Point

Fig.2-7 X-—ray

Notes

1. Specimen is machined from bead-on-plate welds.

2 ®* means film sensitivity.

3. Xray film is apart from X-ray Source by 600mm
approximately.

inspection Method of Bead-on-plate Welds
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&

o MIZZDX S BEMOE~2 %~V — 4 (Bead Beam) EIERZ Lz hiE, %FAB-
test KXo THROLNALEY-2FZhIEHIELTT 25 2 74 E— 4 (Actual Beam) 23845

Do LEZi->T, I THIIE- ARLERLER T 7527 E—ABROZ ETH 5,

2.5 EREREBIUE=R
251 ay BEBARES, 727527 16— 2% (Actual Beam Diameter ), ¢ — F ¢
— A% (Bead Beam Diameter ) o Bifh
FMPHIOWT, BAARES, E— N —aRBBIVPT 7F 71— A% E ay i OBE %

Fig. 2 =812 ¥, MBBIUBELEFIC» 0L T ay 2209~ 0951080 THEALES TR A

30 6 30 6
Material : Hastelloy X (HVERN) € Material : Incoloy807(Iny807A) T
Welding Conditions £ Welding Conditions £

Vb = 125kV N Vb= 125kV ~

BE h=40mA P S DF h=40mA 175

0 Us=60cm/min E — Ub=60cm/min E
€ De=225mm ~Penetration Depth € E DF=225mm - Penetration Depth £
20t 14 g = 20+ ' 1y @
& 3 8 &
< 3 e 2
|8} -

8 151 43 <« 8— 15+ 13 g
o . o .
[)] n
C 2 C 2
S 3 S 3
o a © 84

S 10F 12 s 10+ 42
[ £ © £
: - 2
& ‘Bead Beam Radius m a. m
ko) Bead Beam Radius g
5F 41 3 5 413
>~ Actual BeamRadius -~ @ \\\s Actual Beam Radius .-~ o

O 1 3 1 i 1 1 1 O O 1 1 1 1 1 1 1 O

165 185 205 225 245 265 285 165 185 205 225 245 265 285
Object Distance, Do (mm) Object Distance, Do (mm)
07 a8 09 10 112 1 o7 08 09 10 U 12 13
Active Parameter, Qb Active Parameter, Qs
(a) Hasteloy X (HVERN) (b) Incoloy 807

Fig.2~-8 Effect of Active Parameter on Penetration Depth,Bead Beam Radius and Actual Beam Radius

Elg o TWD, Wald), E—FPE—aBBIUT77F 27 A E—aRida, <10 IZBWTEHEND

EH>TWD, ZOLIIEIRAARENRKELRD ay B E—FE—aBBIUF T 7F o TAE
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PRVER o BREBL T 3,

2.5.2 ¥— FEHEIIEET 5 KA

BERO X REBAR B LUBEBSMABBRROMBR. £y 74 BL0 1 7 rElh B bhvik,
DTFiczhZhofticonwih~rs,

(1) Krmv7 4
BETOXBEARBROBRERD oW HEr YT 113, WFhIBRARESOLE Thdb,
N — MREBFICRET DR AR T 1 (Root Porosity or R—Porosity ) TH 5, Rtk L%

H7ZRAEr YT 4+ O—PFl% Fig. 2—9 xR T,
RAErRYT 1 ORERZ, BEABRCKETZLH
2 ENTWER, ABECBV TR, FHkzo

WTRAr YT 1 ORETHEZ a; L wp (= L Vy ) welding Conditions
2l Vs = 150 kV
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Table 2—4 Criteria Obtained for Evaluation of
Susceptibility to R—porosity

De’Dr - Const. hp:Penetration Depth
3 he=5mm hp=10mm Fp=15mm
l—‘ Q° 3
O N
15
8 &
& B
R
g8
l, l Not Occurred

Bead Energy Density, U -—>

Fig.2—-12 Evaluating Method for R-—porosity

Material | Sy/Sam| muils 2| Gbt | @b.2 | 405
Tﬁitéﬁc)’yx 0.71 295 | 083 108 |0-25
?ﬁi\tg&?yx 0.61 295 |0.89| 109 |0-20
P(lﬁsvtg\lsyx 0.62 295 | 0-87| 1.07 |0-20
*('ﬁf;‘ég%x 0.70 295 | 0-85{ 1.09 | 0.24
laglogf;w 1.00 | 232 [071] 116 | 045
Gnaton] o1 | 2% Jom[ 2o
11?\3‘33632)7 055 | 295 |0.81| 109|028
5N [ oo | 189 |07 116|045

Notes; Sp means the area schematically shown in
Fig.2-12 where R-Porosity occurs.

Sam means max. S in this experiment.
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Fig.2—21 Relation between 4, , hc/h, and hy/h, (Ni-base Superalloys)
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Fig.3-6 Effect of Temperature on Hot Ductility Characteristics on Heating (Ni—base Superatloys)
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Fig.3—-9 Effect of Temperature on Hot Ductility Characteristics on Cooling (Ni—base Superalloys)
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*

Trans —Varestraint SRR BT 28 WHREREE v T BIMOTERBECEKET S, LicdioT, O TARES
5 4 DBEHEOECEREREAY pyTR. s & LTEMAEGSOEIERZ Y FFM Lic,
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Fig.3—-17 Brittle Temperature Range of Fe-base

Fig.3—-16 Brittle Temperature Range of Ni base
Superal loys

Superatloyvs

Table 3-4 Criteria Obtained in Trans-Varestraint and
Varestraint Test

. TViRs%inTrans—VCm.i%(mm)l o, |Hot Ductility Test
Material Mark [Varestraint in Varestraint
Test(°C) Test(mm) | (joule/cm){aTHcCC)| BTR(°C)
HAEN 286 0.26 1406 102 195
HAEM 187 0.42 2143 100 192
Hastelloy X
HVEN 307 019 1286 108 21
HVERN 232 0-46 <750 92 191
Inconel 625 | Inl 625AE 196 0-16 >5080 62 158
Inconel 617 [Int 617V 315 0.55 < 750 135 265
Incoloy 800|Iny 800V 112 0-06 1286 120 207
Incoloy 807|Iny 807A 204 017 1200 230 324
SUS 316 S316 106 0.04 >5080 60 114

Notes;  TVIR5%:Cracking Temperature Range at Augmented Strain of 5% in
Trans-Varestraint Test
vCm.i%(mm):Max. Length of Liquation Crack for 1% Augemented
Strain in Varestraint Test

Qer : Critical Heat Input to Avoid Microcrack
ATHC  :NDTH-NDTC
8l :TL—NDIC
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1%, Inconel 617 HIRDHENEZ K&, HVEN, HAEN, HVERN, Inconel 625, HAEM
DR /INE L 725, BIEASLITOWVW T Incoloy 807, Incoloy 800, SUS 316 OIHIC/IEX
Lx5s

(2) Varestraint iAE&

Varestraint BRI BE - Fic L, RETHicH T sRABTH Y, BPERCHRET KL
HhoFMizETchsrrErbh 53,

EHEEMBIC L VE N2 BE L &R, Trans —Varestraint RBOH S L @A, BESED
CEEEH N, BEETCRLEANGRED oh, BEZShIHFED Y » 7/, ®BiEEhiz>WT
EE—Y » 7 XV BHIZE > THERE LTS, Fig. 3—18 LEHhoHEO—HE2RT,

Fig. 3—19 BHHBIZOWTHMOTAELRARLEWRSOERERLELIDTH 5, &
hEBFRTIBRPNOFRIESUS 316 BLIUZOfoMBICHLT, 2hFhi 08% B LT
#0.2% T&H %, Inconel 617, HVERNB XUFSUS 316 o RKEhREZA Mo +¥425381%
FCRBBMCHAT S5, ZoBIZ—EMIES<, Vw215, Incoloy 807, Inconel 625,
HVEN 3 X T Incoloy 800 IZ2WTiX, MO TAB25 PP A>T aBHEKT HEA%
ARLTWS, HBOENRZEOFMEL LT, AMPFTARLIZDLEORRENKE vCuaa
WX DFRMT B L, Table 3 —4KKRFT EHIZAR B,

RAENREOKREZ2IDELENREURKRTH B, = v ¥ VEASLITOWVTIE, Inconel
617 HEDENEZHENKE, HVERN, HAEM, HAEN, HVEN, Inconel 625 DIEIZ /)

15
Mark Material Welding Condition
e —— |Hastelloy X (HAEN) Current : 100A
Welding Direction ~—&— [Hastelloy X(HAEM) Voltage: 85V

——&—— |Hastelloy X(HVEN)
—-—r-— |Hastelloy X (HVERN )
—>— | Inconel 617(InlBI17V)
10F [-—#—--|Inconel 625(Inl625AE )
—— |Incoloy 800(InyB0OV)
--#--- |Incoloy BO7(InyBOTA )
—0—[5US316 (S316)

/ 617V
05F \—ee—e————"—"—R& HVERN

"/"__fHAEM |y 807A
f=s e Inl6BAE
’ HAEN ‘5;;.5- HVEN

%j/,,a.n,m

Welding Conditions:
85V-100A -100mm/min

Max. Crack Length (Liquation Crack)(mm)

Material : Inconel617 (Iny617V) —OSUS316
Augmented Strain: 126°/ 1 1 : 1
3 0 @s’" a0 15 20 25 a0
Augmented strain (%)
Fig.3-18 Typical Cracks Observed in Fig.3-19 Relation between Augmented Strain and
Varestraint Test Max .Liguation Crack Length in

Varestraint Test

.



<%, HEALIT OV T, Incoloy 807, Incoloy 800, SUS 316 MEI/IE< 25,
3.4.5 Trans—Varestraint 3 XU Varestraint BRIV B O 25 L SREERBRLE
REVB S HE L o HEIH
Trans —Varestraint 33 X0 Varestraint iBER LV B ohA SN R H B+ 5 K51, +
BPL, 1viRs% BIXUvCuag LHTAORBERBR» 5RO 4Tae BLU 5Tr LOBEG %
Fig. 3—-20~Fig. 3-23 IR T, ThHOFBEOMICIT VT & MBEERRED 55,
Hastelloy X {2 DWW TiX Trans —Varestraint 3 X 0¥ Varestraint RBlIcB VW THE LW IEE L

BERICE->TA LREE>TVWE, ZThbyoXI D, MO 4Toe BEO pgTe PE—ThH->Th

350, 350,
i e
17V
HVENI%S HéEN "lg
300+ HAE)N 300r HAEN
O O
) - Ni-base Superalloy
_ 250 HVERN Ni-base Superalloy 5 250+
e O , HVERN
< 2 5
° wn
P Iny807A & Iny807A
@ INI625AE T S nI625AE A
& 200' - zm-
£ O™ HAEM - /O Hagm -
1508 //’g\ Fe-base Superalioy or //«/@\Fe-base Superalioy
- “Iny800V -~ InyBoov
.-~ "800 SUS 316~
1 Sl.i” 1 L 100 AN " nA " N
0 100 200 300 50 100 150 200 20 300 30
alic= w0l - ol (°C
¢ o 8lR:=I.- wolc  (°C)
Fig.3-20 Correlation between 47y, and 1vTr.5% Fig.3—-21 Correlation between 7T and 7vTx. s
06
Int617v Inl 617V
) O
HVERN HVERN
O Q
HAEM
04 _ . 04r ©
E Ni-base Superalloy £ Ni-base Superalloy
E £
EN £ HAEN
£ E O
= > / HVEN
Q2 iniezsAE O Iny 807 - nte2ae O Iny 807A
O P O P
) - / e
inyB00v = Fe-base Superalloy nysoov
n - n
SUSXG/,,”YA SUZ316 ,,,,, A Fe-base Superalloy
- 1 1 O 1 1 1 1 1
0 100 200 300 50 100 150 200 250 300 350
4luc=nol-wplc (°C)
Blr=Te-molc (°C)
Fig.3—-22 Correlation between 4Ty, and yCuan Fig.3-28 Correlation between 7, and (.4



Tﬂk% BEU yvCuag TaHET 25 &, NiZEALIX Fe it LT 7 e EINEZHER KT
HBZ LIS,

Trans —Varestraint HRICB T 2EhOWELZBET 5L, = r A EH5L0BAIE, VT
HAAMOBEEICFig. 3—-15 KARLEXIRKREARENEREL, T0EAKR I P FLRAMBO
WHAOKRHG BB S, BEDY » 7V ERFEET 2ENBELD LRV, WoiF ), BES
LIZ2VWTHE Fig. 3—24 TART XY v 7ARKRDAZIVENBHELTV S, SDX 5=y
kG4 LSS D Trans —Varestraint AR IZEB

Welding Direction imm
i

FEENOHEEELDH, wilrs% K>3 70IC
RERAENWRIICIoTHMLAT W RS AV, 20
T DB D 4Tge BLT pTr BA—TH>Th = ¥
WEGROBRAENWRIPHESSTHLTKEHR
BT, =9y VEBEED pvTr s B EEEDOFH
KHLTKE2EEZRTIDEELZOND, 2B Vares-
traint A5 H Trans — Varestraint A5 L @O HEHRA
Z L,

3.4.6 WHEINEZM LME O Trans —Varestraint

B XU Varestraint MBS R L VB S i iFE

Welding Conditions:
& 0B 8.5V-100A-100 MM /min
HEIC BV Th~7 X 5 e kS w oy L Material : Incoloy 800 (Iny800V)

Augmented Strain: 240 9.
T Trans —Varestraint ABRGER IV E LN D 1vTk.59 9 g

Fig.3-24 Typical Cracks Observed in
BXUVarestraint RBRFER L VB OSN S vCyha9 BE Trans—Varestraint Test of
Fe—base Superalloys
Abhbd,

EdR L7 ENEZE BT 28 L ¢ 7 v EINFHIERRAS 9or OBIFR % Table 3—4 2R F,
Fig. 3—25 B XU Fig. 3—26 BINHDEIEL dor OPIRERLZIDOTH 5, = » r L3
BLUBEGRUIZEG L TRLERE, WTFHOHEEIZSWTY qor L ORICHBEESED b5,

Fig. 3—25 IZ/8 L7c Trans — Varestraint RERIC B 5 7vTk.59 & der DBBRRIZ BV T,
HVERN 2R X D IZFH TV 38, Fig 3—26 KRL7ZBILEREAESL 9or 0BG Fiz

HBo TNRETE— ABEICKBIT 2HVERN 0Eho KBS ABILENTHocdTH S5,
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Fig.3-25 Correlation between rvTr.5% and 9er

vCm.1%(mm)

Fig.3-26 Correlation between yCpa% and der

3.5 = #

BETFRAMESEE0ET € — aBHIC X 2REHNRZE LR ORBEER LT Trans —

Varestraint, Varestraint :RBRFEER L O MBI >V TERE L,

BohEREEPENT DL
KDOEY TH D,

1) SEEEREBER» RO SNIMED 3 7 e B nRZHEZFMT2BEL LT, wlr,

wole, 4Tuc (= woTu— woTc ) BXU T (= Ty — yolc ) BF 2 5h, vply  volc
BN BIE LB LU AThe | 5T BAK B ERNBEEAACTH D LEL DN D, BT L — A
BT L AENERZHORETHS 1 7 o ENIHIERRAAB Jer & 4Ty B LU 3Tk

itk I WA RED 5 h B,

DI

2) ESEEHRBICIBVWTEONL 4Tgc BLU gl & Trans — Varestraint ABRIC BT 5
vTr5% 3 XU Varestraint BRRICBIT 5 vCu 19 PRI EHD TIVWHEEELIRD BN 5,
3) Trans — Varestraint RBICBVWTEH SN rvTr 5% B XU Varestraint REBRIC BV TH S

N2 yCman EENFN I 7 rENWEETHFMOER 2GR TH D, £/, ThHDOEHEL Jor
DRICIE L WHEBEESRD 51 5,
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F4E BEINCET I EEFNRE

4.1 ® 5t

B2BECBVWTETE -2 BESCRETIRMEAr YT 1B s 7 eEh (GREEN) T
BB EEHLMIT Lk,

BEa S0 7 n@ncElT 28E T s v s, MAERMILESMOBEELE L R
PEFE - ABERBO S 7 nHAIZOVT, BEFMCBER L ordinn? sEicsn i
B S B 2 B eI R B e is, BT C — AT ORI T A B o 5 FE TR
BB X B MEEES TUMBMORS ST T2\, 0L 57k 7 rnilh o BE 5 68 Y B
ORI OGEAS L by TEELEGRSS 52 L 2RI L.

4.2 ¢ H# #

Table 2—2 iZ7/8 L7z Hastelloy R, Inconel ¥ X7 Incoloy R DOMNEBEEL B LUHE D~
DIZA—ATFA PRAT VVAREHER Lz, 723, Hastelloy X O&#HEICoVWTix, BT

DAITEB W TIETHAEN, HAEM, HVEN R & ¢F HVERN iZ TR,

4.3 T B H &

EROHEAMBOEF € — 2 BELLERIEL, 10 %L 5BABRKCL>BRER (BR
FfER—E) &, EERETEHRSEC IABBE 2TV, SO RBEARAGEHREERONHEY
COWTEPMA(XB=A 707754 F )R 0NMeEl Lz, COBFOE—2BER
LUMEBEBETENEN001 ,LAB LT 20 kV & Lz, BB, HhilB XMz WTE RS S
W air/z -7z,

¥ 72, BREROGAREELONMBHORE LTRSS 2D, EMBORBERIGEEET BT 5
W OREEES 1 7 VEREBC CHBRASE 2, BREMBMRE % Ts X VapTy L ORER
Bl LT, Fig.3—2 KRLAZBYM 7 v AM LeXBR OoEERETEREAK 2BEE L,
OB BERFESOAANETHEMEHR AR T L 2R Lz, Z0oRBA X
D, EREMBICCELNWAAREODXBEENTIC L DRIE 2T/ > /o BRMH2T2 5BOBHREE
RBRIVEMBIZNFN 20mA 68 BXU A% =L+ 10%Hel (Vol %) + 1 %R (wt%)
THY, XBREFOED £ -7y ik Cu b Lk, BFE— 2BET» b —EEU EORRE S HH
TERVWEDIZID L) R HEERA L,



4.4 EBRERBIUVER
441 BESOEENEFEMSEC X >AMEE

BREROEENETERSIC X 2 ABEEER % Fig 4-1 ~Fig. 4—91ZR"¥, Fig. 4—1~

Weld Melal

Weld Metal

Electrolytically Etched (10%Oxalic Acid)
Fig.4=1 Scanning Electron Micrograph in Heat

Affected Zone of Hastelloy X(HAEN)
Electron Beam Welds

Electrolytically Etched (10%Oxalic Acid)
Fig.4-2 Scanning Electron Micrograph In Heat

Affected Zone of Hastelloy X(HAEM)
Electron Beam Welds

Electrolytically Etched (10% Oxalic Acid)

Fig.4—4 Scanning Electron Micrograph in Heat

Affected Zone of Hastelloy X (HVERN)
Electron Beam Welds

Electrolytically Etched (10%, Oxalic Acid)
Fig.4-3 Scanning Electron Micrograph in Heat

Affected Zone of Hastelloy X(HVEN)
Electron Beam Welds
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Metad  Wweld Memu\

Electrolytically Etched (10% Oxalic Acid)
Fig.4—6 Scanning Electron Micrograph in Heat
Affected Zone of Incoloy 807

Electron Beam Welds

Electrolytically Etched (10% Oxalic Acid)

Fig.4-5 Scanning Electron Micrograph in Heat
Affected Zone of Inconel 617
Electron Beam Welds

Weld Metal-

Electrolytically Etched (10°. Oxalic Acid) Electrolytically Etched (10°. Oxalic Acid)
Fig.4—7 Scanning Electron Micrograph in Heat Fig.4-8 Scanning Electron Micrograph in Heat
Affected Zone of Incoloy 800 Affected Zone of Incone| 625
Electron Beam Welds Electron Beam Welds



Fig.4—6 XV¥|a L5, : 7rElho

e b7z Hastelloy X, Inconel 617 Weld Metal \-We[d Melal

# X U Incoloy 807 DEEEHIZ >\ T
EIRAL V30 UHIZBWTIFEY D
BB 2ED Sh, BERICESICoh
TZORERBEEICAY, MIBE» BT
ErRMRECZEELTVWS, LaL, Inco-
nel 617 3 X T Incoloy 807 o ¥E[E T £
BAPERICED 5h 5/ E CHIE - i

Electrolytically Etched (10°. Oxalic Acid)

Wiz iR S V', Hastelloy Fig.4-9 Scanning Electron Micrograph in Heat
Affected Zone of SUS316
X B XU Inconel 617 OFEHIL-HHEY Electron Beam Welds

I Ay 2 A v b vfR (Skelton — like ) MMAED 5h 5, F74, Incoloy 800>V
F:7eENSREELTNED, Fig. 4—7 ERT IO CHEMRER2L EHTWwa, (70
BN DR Lxd 57 Inconel 625 B XTFSUS 316 KKOWTHE, Fig. 4—8 3 XU Fig. 4—9
AT XD ICHBRE R BB READ Sk, Inconel 625 ITIZHMKEFH T -/ EOHHY L 1
BOAROFHEDBED bh, NMloHEmE KBofHEYO & GEHICHE LTV 5,

B, REETCRT2MHDORBEFRRY A 7 1 KIC L)V Bl s, 20EARNETEM
G Z Table 3—2 AT, HHHOBEBIZ >V TiE, MROBBEROBHE LFA FER
B BNV,

4.4.2 WHEHBIC: 7 e BNBoORSTHH

(1) EPMA I X 5% 57

(a) B HTHB OB G 754

RHHTHY O EPMA O3 HTIC L 2O A OKERE % Fig. 4—10 ~Fig. 4—14 IR+,
EPMA RX2HMOOMMERLY, BHHTHAICEEL TV IRT EEMBT LICR LIS 0N
Table 4 =1 THd, XL V¥ 3 X 52, Hastelloy X OBARFWVWTFHE Mo, W, C, Si,
Inconel 625 DHHFEDOAIKREHT 2/ NOHEHICIE Mo, Nb, C, ABEoHEHIZIZ Ti,
Nb, C, Inconel 617 D/NRIDAEIF > 7 MMWIciE Ti, C, N, ABoHHWIZiZ Mo, C, »E
fEL T2, Incoloy 800 ®¥Aix Ti, C, N, Iocoloy 807 DAIE > =i X U KB 0
DO WFhicd Ti, Nb, C, SUS 316 DHAICIE Cr, C BEE LTV S,

(b)  BEEEH Y OB 5 5

BB g B BT Wiz o T, EPMA ORI NIC X 2R 5 2T > - &2 % Fig.



Secondary Electron Image
= Pmww w: Position and Size of Precipitate |‘|
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(a) Hastelloy X (HAEM)

w:Position and Size of Precipitate along Scanning Line
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(b) Hastelloy X (HVEN)

Secondary Electron Image

W: Position and Size of Precipitate along Scanning Line
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(c) Hastelloy X (HVERN)

Fig.4=10 Distribution of Elements across Precipitate Observed in
Base Metal of HastelloyX



Secondary Electron Image

w: Position and Size of Precipitate along Scanning Line
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(a) Large-sized Precipitate

Secondary Electron Image
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(b) Roundish and Small-sized Precipitate

Fig.4-11 Distribution of Elements across Precipitate Observed in Base
Metal of Inconel 625

ron Image

w: Position and Size of Precipitate along Scanning Line

500cps
Scanning Position [

g 25¢cps I
250cps 25¢cps c |

A J N .
N AN AT e

(a) Large-sized Precipitate

—
T

I«

75¢cps
w: Position and Size of Precipitate along \
Scanning Line

Secondar Electron Image

S0cps 250¢cps

wl A

N
L Wi\t

i
¢
=
5
I
(@]
1:\‘-\_
I
1=

(b) Square and Small-sized

Fig.4-12 Distribution of Elements across Precipitate Observed in Base
Metal of Inconel 617
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Secondary Electron Image
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(a) Square Precipitate
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(b) Large-sized Precipitate

Fig.4—14 Distribution of Elements across Precipitate Observed in Base
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Table 4—1 Scanning Result by Means of EPMA

i Scanning Precipitates’ Constituent Elements
Material Mark o — v L
Position Characteristics Condition of Precipitates
HAEN Base Metal Not Changed Mo, W . C. Si
Hasteiloy X nogm HAZ —— Fully Melted Mo, W . C . Sih Al
HVERN |Microcrack MosW, C» Si.Al
Large -sized Ti »Nb>C
Base Metal Not Changed
Inconel 625 |[Inl 625AE Roundish and Small-sized 9 Mo Nbs C
HAZ Large - sized Hardly Changed | Nb.Ti, C, Al
Large- sized Mo:
Base Metal arge-size - Not Changed 40 ¢
Inconel 617 |1t 617V Square and Smal-sized Ti »C, N
HAZ Large- sized Fully Melted Mo, Ti» C s Al
Microcrack C Al
M Ti ,C,N
Base Metal Not Changed 1
Incoloy 800 |Iny800V |HAZ Ti ,C.N
Microcrack Ti ,C
Large- sized Nb, Ti, C
Base Metal Not Changed -
Incoloy 807 |Iny807A Square Tl . No,C
neotoy ny HAZ Large- sized Fully Melted Nb, Ti ,C
Microcrack Nb, Ti;C, SiyS
Base Met Cr, C
SUS 316 | S 316 se Metal Not Changed :
HAZ Cr.C

4—15~TFig. 4 —18 27T, 73, Hastelloy X, Inconel 617 ¥ XU Incoloy 807 icoW
TREBMBSORD SRz >0 TERE L

EPMA C L3S AR LD, BREGIGAYELTONBMCEENIRT 2 EHMBE LICH
L H#E LT Table 4 —1 2R,

Hastelloy X 1o\ TIZ R # KR+ 5 Mo, W, C, Si offlic A 0 ELVED BH
%. Inconel 617 O AMOH HHITIEMo, Ti, C, AL DELLBED sh, BHTHBIZEEL TV
HEWTI BIFALHBEELTWS, WMHWCHEBREMF LA ERD 50780 o7 Inconel 625
DL O KB OF HICIENDb, Ti, C 2 EMITHHITERD dhik\v AL BEELTWS, 20K
512, NiZ&&oBacE, BHTHEDCRD SN AavAL OBEEZEHFL TV 5,

Incoloy 800 ®¥&izix Ti, C, N, Incoloy 807 o REDHHHIZIE Nb, Ti, C, SUS
316 OEEHITIE Cr, C OEMRRDLND,

(c) I7rENTOEPMAIKI X B7ER

I RENORELETRTOMEIZOWT, s 7B EEYs L9 RLEICBIT 5 EPMA
DB X BREHHHEE % Fig. 4—19~Fig. 422 mT, ThoOMRERNM B IUE
BEMOP B OS5 HREER &SI S T Table 4 — 1 23 L7z,

Hastelloy X I 2WTixt Mo, W, C, Si, A OHENED b, T bRV EMIE

DELENHEBCEEN TV D TH D, Inconel 617 DHFITIE C & AL DA HEENED

46 —
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(b) Hastelloy X (HVEN)
Secondary Electron Image
: Pos ' w: Position and Size of Precipitate along Scanning Line
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(c) HastelloyX (HVERN)

Fig.4-15 Distribution of Elements across Melted Precipitate Observed in Heat

Affected Zone of Hastelloy X



Secondary Electron Image
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Secondary Electron Image
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Table 4—2 Precepita

tes |dentification Result by X-ray

Diffraction
Precpitates’ | Relative Lattice Constant
Material Mark Morphology | X-ray Intensity (A)
HAEN
‘ Mz3Cs S 1060
Hastelloy X HAEM
HVEN
MsC w 10-92-11.00
HVERN
NoC S 4.43
Ihoconel 625 Inl 625AE MgC M N13~1115
M23Ce¢ W 1060
MeC S 1.05~-11.06
Inconel 617 | Inl 617V ks
Ti(C'N) W 4.25
incoloy 800 | Iny 80OV Ti(C+N) S 4.25~4.32
M23Ce yw 1053
N C S 445
Incoloy 807 | Iy 807A Ti(C.N) M 428
M23Ce W 1060
SUsS N6 | S N6 M23Ce S 10.60
Notes. S:Strong. M:Medium. W:Weak . VW:Very Weak
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Table 4-3 Main Precepitates’ Change in Heat Affected Zone

Precipitates Effect of Precipitates’
Material Mark TmorTe(°C) . Precipitates’ Change Liquation on
Type AT (°C) Quantity Microcrack
HAEN | M2sCs  [oBE30. 1 Large Not changed Nil
Hastelloy X | HAEM Tm <1400
HVEN MsC of Mo Small Partially and fully meited Appreciable
HVERN | andW
NbC _TJ::_=1:1315 Large Not changed
Inconel625 | Ini625AE | MeCof Mo |—M<1200 | Medium | Changed only sightly Nil
M23Ce TMSZS:?Q Small Not changed
MsC of Mo Tu<1400 Large Partially and fully melted Appreciable
Inconel617 | Inl617V o138
Ti(C,N) 7&@#7 Very Small Not changed Nil
Incoloy800 | Iny800V THC.N) TE:G1>3280 Large Not ch d Nil
ncoloy ny - ot change i
Mz23Cs e 1550 Very Small
NbC TE@P‘S -1 Large Partially and fully melted Appreciable
Incoloy807 | Iny807A | Ti(C,N) TE@QBEL Medium _
Tual Not changed Nil
M23Ce 174, Very Small
SUS 316 S316 Mz23 Ce T’éPSG Large Not changed Nil

Notes; TM: Melting Temperature of Precipitate
Te : Temperature at Which Eutectic Reaction starts to occur between

Carbide and Matrix ( T)
AT : TM-Tsor TE -Ts,@;a1>0,0; AT<0
Ts: Solidus Temperature of Superailoy
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HR G EEOBES O WHE ~ 27 v O —fF) % 5+ Mean Expansion Coefficient ()] 1.625x 107

Density (P) 8.01 (gjcm3)
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Thermal Conductivity (k) 0-0683 (callcm-sec-°¢c)
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g{lllxl

6.1 #

BE2EIZBWT, Inconel 625 BLTFSUS316 ZHMLTRTOMBEFTLEOETF € — ABEDR
kI 7N REL, o7 eEHREBBEARLBERNH B L BRI Lz, F4EZICE
WTRIHhHD I 7 rENWCET 2BSFPIEE LTV, 7 e Eh i BEEEREE TN
B OWACRR L 2o THERBRES S & 285 i L,

AFEZ BV T Table 2-2 R LABERAMBOFTE 523 3 7 m EINEZH D E W Inconel
617 LHEGLEREMEBMLAEABRESLEZRAEL, TLLTIOHBEEGLDEF Y - A BERD
EEMEFEUEC L3 ABBEE B XUVEPMA OB X 2B ORS SN 2T A5 2 bic k
D, 37 rEhORECTENEFEZRETIIHDORERS LT I 7 nElho BEL2FE Lz,
TORE, PE2EOARLRZE 2E N ZHRMT 22 LicX>T 7 nEIMPlETESZ L %
ERPICTEH L, WRAASD I 7 e Nl hxbd THES» >RANEMNELRE L,

6.2 # = & #

AREBRICIWTIE, Inconel 617 D3 7 rERIKBIIFTHHY (M C)DOEELEEL, C
LEDLD THETOROND ZEEMICELEELHABEELERAIFEL, Thz “ % Inconel 6177
L, SEMBE LTEHERA L,

M H Inconel 617 OERIMT (72 & 2 1 X8#E, EAA &) ROKEM TREEEEIZ 1000°C~
12000 TH50,” - OREAL D & BORECIT & FHThiEss Rk o RE I X 5K AL,
BEWVRETTAZIBFCRENEELRLOME D D, KAERTHIME LK Inconel 617 X2
BMTHELEZL S Nb 2 FATVS iz, BN TR EIZ@EE O Inconel 617 CHE LT LE
T2 ERHD, TZTENp BELTIHO, 1.0, 20 BLU40 % 2 HEEE LTHE L,
Eoi, ENEXEELFET 2 2O EERNERX TE 3P TABRECTRETHY, ZThdnl
L2E R L CRAME LR Inconel 617 DILFH S B L UVBEBMEHB 2z Fh Table 6—1 B &

Table 6~1 Chemical Composition of Inconel 617 Experimentally Produced

Final Heat Graln Chemical Composition (%)
Material Mark [Thickness Size
(mm) |Treatment ¥ASTM)] C | Si [Mn | P S |Cr { Co | Mo | Al | Ti | Fe | Nb | Ni

Inconel 617 | A 3~ 5]0.072] 0.09/0.020|0.003|0.003{21.90(12.50| 8.88( 0.94| 0.45| 1.31| -

B . 5~ 7 [0.068| 0.13]0.020/0.005[0.003(21.17{12.60| 8.83| 0.96/ 0.46| 1.23}{ 0.95
Modified 15 1177 Cx15Min 7 Bal.
Inconel 617 C w.Q 5~ 710.072} 0.13{0.021]0.007(0.005|21.92(12.28| 8.73]| 0.92| 0.45| 1.29} 1.95

D 5~ 7 [0.066| 0.19]0.021]0.007|0.005(21.92(12.30| 8.85| 0.90| 0.46| 1.36{ 4.10

Manufacturing Process
Vacuum Melting — Forging (1150°C) — Hot Rolling(1150°C)— Polishing — Final Heat Treatment (1177°Cx15Min,W.Q)



U Fig. 6—1 IZR7,

ERRERZSVW TR Np 28407
% & Inconel 617 (¥4 7B~44
FD) KOVWTREEFRBEIC -
T, 28, FAFHFOIFER g _
REFZRIVWThoOSAICH REFT Type A (Nb:Nil) Type B (Nb:095%)
B0, REGZED DNED oI, '

6.3 B B &

Table 6 —1 WALFEHRS 2R TR
fF L7c2 B Inconel 617 DOBEFE = K5 PSR
A BECIBE— FBxRRYE | Type C (Nb:195 %) 5 *TypeD (Nb:410%)

Electrolytically Etched (10°Oxalic Acid)
2B 2 4THRRFETERL, Fig.6—1 Typical Microstructure of Experimentally Produced
Inconel 617 Base Metal
BN O BRTTE S X UEH#

B (BREFT—E) R EERE

FEMBIC X >RERIGHRPESOMARBREERL, HHPORBB IV I 7 rElhoFEC

SVWTHHE L, £/, BPERCRY 3MENOEPMAIL I RS AHTETRI ZLEX) Z0

HEBILo>WTHFE L, &k, HEBEOLDCRMHOMREES XUMHYORT TR o7,
%72, RAfF L7k Inconel 617 DEEPABRE T, B L UBRERTRE Ts 258380 3.3.3

HATHhR7AFETKD I,

6. 4 EBRERBLUEE

6.4.1 B oSO RE

EME oS BIERE R % Table 6 —2 IZ/RT,
FKIVHBE51C, Nb BERSLAZBIT LK

Table 6—2 Melting Temperature of Experimentally
Produced Inconel 617 Measured

> TREFBRE (BFRIK TRE) Ty BXU Material Mark “?muﬁmmag%
ﬁlﬁl%j’ﬁ.ﬁ ( ﬁﬁﬂ{gﬁﬁéﬁﬁ ) TS iiﬁ( & Inconel 617 A 1350 1331 21
WEERFEOES Nb MoK Liedi> T Modifies | B | B4 | 126 | ¥
Inconel 617

[od 1334 1321 13
{THoTWd,

D 1315 1308 7

6. 4.2 WBEIOEEREFEHEC X8

Notes: IL : Liquidus Temperature
-75 : Solidus Temperature
(1 & #



24 7 A~%47DOBMOEENE TFEBE
Bk oREFE —HE L TFig. 6—21F7T,
RIVHBLo1C, No2RERWESTABY
U1 %E AT 24 7B TR KB oWHY &
NEIOFHEHBRD b, REOFHEHOEEIC
INIOFT B BEE->TVWS, WolES, Nb 2 FH
ZhR2%BIURAPEAE LA TCBIV %
4 7D TREBRORBONHEH LS LR 505,
(2) BRI AR 7 B BT

24 7 A~%4 7D OBEEREHERYERDE
BERNETEMSEARO KM Z Fig. 6—-3 KT,

RIoHBE5E, N 28Envs47aC G ,
Type C(Nb:1.95%) Type D (Nb:410%)

BATHY OBRE L BERBARPED bh, Bl Electrolytically Etched (10%Oxalic Acid)
AL A S b 7&@%%% LTBY, & 4$® Fig.6-2 Typical Scanning Electron Micrograph of

Experimentally Produced Inconel 617
Fig. 4—5 27K L7 Inconel 617 ®WM,C k&b ey

Type A (Nb:Nil)
F—Weld Metal
- e

Type C(Nb=195%) Type D(Nb=410%)
Electrolytically Etched (10°/ Oxalic Acid)
Fig.6-3 Typical Scanning Electron Micrograph of Electron Beam Welds
of Experimentally Produced Inconel 617



HDTRULTWD, £z, BRBKRZECAMEYO SGESRER 2L ED Tw 3/ oYy
WERD BbN5, Np 21 %L 24 7B TRAFA N VIREBRIZZED Shia v, Bl
YRR BH, ZOWREBIXE4EDFFig, 4—6 IR L7 Incoloy 807 O NpC L EbHTELULT
Wb, £z, Nb 2 2% EFL 44 7C CHREDBRELE CAMBEHHERD N5, S5, Nb
B4R LA TDOBECIEMASZEE U r@Eo 5hd, RicRT o el
HWThaFEHE2LEDTBY, ELOTRETH 5,

6.4.3 MHHEHORD T

n 8 #

BT O EPMADBRSHIC L 2RO D MEREZ Fig. 6—4ZmRT., KLY, Nb 2 Figw
2ATAOFHBICIEI Mo & C DEEED SN, LMo PEMAMKEETHY, TidbTh
ThHI2PBETHIHAERLTVWS, Nbi#1%BAKXA 7B T, Mo, Nb, Ti,CDEI
PR b, Mo NENRE oL REL, ZORCEEORENINELSBZ>TWS, Lir LMo
DFBEOBREIZ 214 7ATHE LTS, Np 282 %LU EEAK L1 FCHBXITD TIX, Nb,
Ti, C OELEED SN, Mo dHHA LTWwD, HEOKBERIY, ThFhoREALICR
»HNEEEARWTHMDIE, 214 F7ATEMo DMsC, &4 7B TidMo PMC B LUNpC, x4
FCBELIUDTIENBC :EZOLND,

(2) BEERILEE BB

BRI A ERONEY O EPMA ORSITIC L3RS SR % Fig. 65 Krx¥, KX
D, ZA4ATA~ZA TDOVTROEEFICEV T RO B ORI RMITHY & RO R %
RLTWS, DEORKEBIVEERETFTEHEC I 2BFEROBRER LY, BERILHEZ
B BV TR R A& Ui EiE, 21 7ATIEMo DMs C, £4 7B TidMo ®PMsC &
NbC, #4 F7CTENbCTH2LELZOND, B, 24 7DONbC CREBMRARIAD bk
W
6.4 4 BH4LTE (Nb) 2ZHE0 I 7 eElhEZTHICB IETHE
BEHTEAFEROEERNETFEBEC I 5ABRBROBE, R ohk 1 7 v EholEX
BIU 7 e8hfoxEHEFEEERBO —6% ZhZ h Table 6 —3 8 XU Fig. 6 —6 12537,
Table 6—3 L VHB X5, BESHCEBRIND ZFETRVEIATABIT NI P EAILR
4 7BIBVWTIRIEENE I 78N ELTVWDA, NbEXWZPICRS L I 7eElho
RAEFDRELIARY, SHENbEPHAIREAD L S 7 n ENITFRE LRV, Fig. 6—71% Nb &
L rEnREAER (A—ABRCBYTELORD bR 2RBIHoLE) o
TL7ZEDOTHY, NbEVHMKRTBIZONTI 7 vENFAERIED L, Nb @In0R)ER» IR

— 68—



w:Position and Size of Precipitate along Scanning Line

400¢
Scanning Position i

30cps

SH

20cps 20cps 40cps Gr 1
20cps : %\
W o i i i

(a)Type A (Nb:Nil)
~_Secondary Electron Image

w:Position and Size of Precipitate along Scanning Line
400cps

Scanning Position 60 cps 60cps

40
Al

Mo
L L Nb, F
20cps N c Ti W

I-%M Wy - [ .-\'i-nm i o i e

(b)Type B (Nb:0.95%,)

w :Position and Size of Precipitate
along Scanning Line 80cps ’7 80cps

--——Scanning Position

T
T

20cps v ¢ Ti, b
[ Mg [\ A e ,J/wb &

(c)Type C (Nb:1.95%)

w:Position and Size of Precipitate along Scanning Line

80cps 80cps

------ & ——Scanning Position N L

40cps = -

M 60cps L -

100cps Al L Tt

20cps : ¥

Mo B B Nb,
W L] ! '-“'L‘ hw_'

(d) Type D (Nb:4-10%)

Fig.6-4 Distribution of Elements across Precipitate Observed in
Base Metal of Experimentally Produced Inconel 617



w :Position and Size of Precipitate along Scanning Line

300cps
—~————5canning Position
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20cps Al 5
20cps C Ti
AR W . Tw

(a)Type A (Nb:Nil)

-y
Secondary Electron Image
: w:Position and Size of Precipi- 400cps 80cps
- tate along Scanning Line
L . , Scanning Position - -
M, 30cps 30cps L L
Al
40cps L
20cps R c Ti M W‘:‘ ! Nb
v wﬂ v W W W o o

L .. 59 W

(b)Type B (Nb:0-95%)

| ' . w :Position and Size of Precipitate .
along Scanning Line 80cps 80cps
% Scanning Position
. 40cps 80cps i
w=3p L
100cps
"% SHi W[ u .

(C)Type C (Nb:1.95%)

Secondary Electron Image

w:Position and Size of Precipitate along Scanning Line
80cps 80cps
Scanning Position
30

2. 60cps cps At F B

1DOcps L L
20cps Nb Ti
b S § ' '

{\W w, w,

(d )Type D (Nb:4.10%)

Fig,6—5 Distribution of Elements across Precipitate Observed in

Heat Affectad Zone of Experimentally Produced Inconel 617



Table 6—3 Schematic Explanation of Occurrence of Microcrack

in Transverse Cross—section
Cross-section

Welding Condition| Material

g

117 | 113 104 10 |096)|091 | 087|082

108
B ] ] [ e =

Inconel 617
Ib =30mA

Vb= 100kV

Modified
Inconel 617

UB=100cm,/min

=
T

Inconel 617
Ib=40mA

Vb=125kV

Modified
Vé=160am /min |Inconelsi?

gjlo|lm|(r|lo|lo|aw|>
I

IEHEE

Note:-means that microcrack never occurred in this experiment

e
: wl
Type A (Nb:Nil) Type B (Nb:095%) Type C (Nb:195%)
Electrolytically Etched (10%. Oxalic Acid)
Fig.6-6 Typical Microcrack Observed in Electron Beam Welds of Experimentally
Produced Inconel 617

—

= Welding Condition
3@.’ Mark 10 Ve ;
)] (ma) | (
i —o0—| 30 | 100 | 100
‘-\ a—| 40 | 125 | 160
S0\
o
{=
5
o
g
0 0 1 2 3 4 5
Nb Content (%)

Fig.6—7 Effect of Nb Content on Microcracking Percentage



KR 5 b,

6.4.5 ZHEMZL I 7 mENBFIEEICET 5 EE

B L7zX91c, Nb 288 VWE A4 FACBOTRELTHEHWEIM:C THD, ZOM;C @
BiE i< )y 7 AOGBRMBBREE It EVERVWADCEMBASZAEL, s 7B RRBE LSO
LEZHND, Nb 280414 TB~214 7DOHH I ELNTEMINDC TH D, ZDONpC @
B AIX 3500°C Lk xh»TEYEY 1315°0T r LHERNIGEEL, FOREREERMT S Z L BH
Exn s’ Table 6-2 ORAMEGR L D AHAESO Ts i Nb DHIK & L BIIE &5
W, 24 BRIV 2A47CO Ts i3 WTFHHNbC & 7 O HLEHBEE LD S HWIZDICERL,
I RENBRELLZIDEEZOND, WolE ), W4 %DONb EEFL A 7DOGEIX Ts F
1308°CTNpLC & 7 OFHEBEE LY IRV D CHTBEWRERET, 7 eEniRE LR
oD rBbhs, TOXIaMEWOBEBEARE (7 eEhoBREE4TED 4 4 3THTH
iR EAKETHIII D EE L BN D,

DEDXdic, AEBCTRFLAMEBEAELD > B, Nb 2 2% U LS5 1 7 » ERK
FHEHEL 2D, Inconel 617 DHFPHKIEAEILHE L LTNb 2 BELICHMT 5 LT ko THHI
DM 3 7 nERMENRE L HKETE 2 LALLM R o7, —BIC, NEDOREE XTITH
e r oREBABREN <Y v 7 AOBMMAKBEE Ts XV R R2XI BE&THREHEYI
WINT 22 @ Ebd TENRTETHELELILND, 20X BRELETRE LTEAERTH
MUz No oftic z0oRICHOBRRE? &L, &5y E0®HBRIGE A LRV Ta 72 EHFT
sha,” nB, MAAGECREN:BRAEEESER SN Lp, BRRECHT 5EED
5O LERH B D,

6.5 = 9
MEAEEDOETE— 2BFERCEAT S 1 7 v BN IEHEIC DWW TR T % 72912, Inconel

617 IZAELTH L LTNb 2BLCHAMLABRESERIEL, ZORAEMBOET ©— 2B

HMOBEFNRELTR-EREENTI2LROBY TH D,

1) Nb #& %7\ Ioconel 617 ODEAZNEMIIM;C, Nb 2§51 % & A ZHE Inconel 617 i
Ms C B LUNbC,Nb 22 %8 LU 4 % Z LW E Inconel 617 OFELNTEPEIVT LD
NbC TH %,

2) BERIGAMERICRBT S5 s0 EENEWIE, Nb 284 % & A2 HE Inconel 617 %
BT, WTFhoBARICHBEMAREA Uk, Nb 2354 DR Inconel 617 DNbC 23 fE
Lhah-o7BlE LTE, NbC &y o&S&PEHRRER~ ) » 7 ZAOEMBIBERE Ts £V 3



EP ool TH D,

3) Nb BEAHMATAIC LA T 7 nEINEZEHFES 2D, 2% ETEZORRDEE
Y, 4% Tz eEnoRETHED LN D,

1) Mo BRHASCER LANSESD 3 7 eEh &b+ 35— 2FERL LT, Y
ORISR ICHHD L r ORGEBBEER~ MY v 7 AOBEMBBERE Ts XV3RADLIE
WM EETRERGMT 2L THo T, THEEDLD THIRTETHDLE L BN D,



£7E BEKFOEBNHECET 3%

7.1 #t 3
BEFFRAMBEGEETC - AREMFORMNESE tCRRAEFECHET IBREIHBY T
B, RETOREBEITRLOA TV RVOBER TS D,
ABCROTE, FEMBAAEORM L ZOBFE— 4B X0 TIG BEMFTCOVT, H5IEK
Eetk, B4 2 AVESENE, 7)) - FBIC 7)) - TENBEC OV THEL, ETE - 4K
EMTOBMMELZHECL, TIG FE#FCHEBLTEBL TSI L ERL,

7.2 f# & o #

721 # 7

Table 2—2 IZ7% L 7z Hastelloy 5%, Inconel ¥ X7 Incoloy ROMBALEHEM L7z, &,
Hastelloy X O&H¥HX, T Z TIXHAEN, HAEM, HVEN T& %,

7.22 TIG B

TIG BECHEE LB NEOLERSD & Table 71 IR,

Table 7-1 Chemical Composition of Filler Metal for TIG Welding Used

Chemical Composition (%)

Material

Cc Si Mn P S Ni Cr Co | Mo W |Nb+Ta] Al Ti B Fe Cu
HastelloyX | 007 | 042 | 0.35 [0.013 |{<0005 2156|100 | 897 [ 051 | — | — [ — (0002|1780 | —
Inconel625 [ 0015 | 0.32 | 0.32 |0.004 | <0005 2153| Tr [ 886 | — [ 3741016 | 014 | — | 262 | —
Inconel617 | 008 { 016 | 003 | — |<0007 Bl 2227|1245 (913 | — | — | 089 | — | — {050 | —
Inconel82 | 001 | 017 | 292 | — | 0007 1977 — | — | — {259} — | 035 | — [ 038 | 003
Incoloy800 | 009 | 014 | 355 {0002|0007 | 3417{ 2025} — | — | — | — [ 024 [ 027 | — —
Incoloy807 | 006 | 038 | 0.75 |0.002 [0009| 3916 | 2062| 793 | — | 489} — 1039|046 | — Bl i

Notes; Melting Process: Vacuum Induction Melting

7.3 BESRRRFER

BEMT OBBNABRA 2 80T 5 L ERBFEARIIL T o EFIC X - TRIF L7,
7.3.1 WESHE

B EA SISO WT 15mE S 2415, Table 7—2 IC/RTETF Y — 2B HELMF B XU Table

7-3 AT TIGHEESRBCTEEET R >,



Table 7-2 Electron Beam Welding Conditions

Joint Welding Conditions
Ca“ﬁguratlon (Tpgilr)) (nl?ﬁ]) (rr(\ur;\) ( rgg« ) (Ke ) (cmliiin)
fe 5x107( 225 | 104 | 40 | 150 | 60

Table 7—3 TIG Welding Conditions

Joint Welding Conditions
L : : LN
Corfiguaton]  Bu-up Sequence | \Bi o eingive ool G
(mm) | (A) (V) . Torch [Back-up)
o 4 46 1~3 | 12 }60~70] 9~10 10
40
/] -0 6
25373
1 4~46| 12 |70~80[10~11 —_—

7.3.2 BEHE
BETOXBEBRABRET 2V, EXWGTHD2Z L EHERLE,

7. 4 TEEBOBEREES

WESROBEMKEHER T Table 7—4 B XU Table 7—5 WRT, WIhdEFAZABKTH B,

7.5 BEROBEIHR

BETOF XRBAERE T Fig. 7T—1 B XU Fig. 7—2 T, Inconel 625 %< £ 0 B4t
THv 200~ 220 OfEZ /R LTV 52, Inconel 6251 Hv250 FIRDOEZRLL &V, B
#iz >V, Hastelloy X, Incoloy 800, Incoloy 807 OB &% Hv250 Ritk 2/R7 2%,
Inconel 625, Joconel 617 X2V TIZHv300 BiEO»R I EWEEZ/RL TV 3,

—iBiz, BT E—2BERBEIETIGHEESR L ZERABECMEEZRL TV R, BEDE S
BHBESCHELTELS A>TV D,



Table 7—4 Microstructure of Electron Beam Welds

Material Mark Weld Metal Boundary Base Metal

HAEN |

Hastelloy X | HAEM

HVEN

Inl

Inconel 625 B625AE

Inconel 617 |Inl617V

Incoloy 800 |Iny800

Incoloy 807 (Iny807A

.__,_.1
L 15,
75 75




Table 7—5 Microstructure of TIG Welds

Material Mark

HAEN

Hastelloy X | HAEM

HVEN

Inl
Inconel 625 625AE

Inconel 617 [Inl617V|

Incoloy 800

|Filter Metat:  |InyBOQ
IncoloyB00)

Incoloy 800
(Filler Metal: b
Inconel 82)

|[incoloy 807 [Inyso7

Boundary

Base Metal

155

75, 5




Vickers Hardness (1kg)

J

100VHN

225

a)Hastelloy X (HAEN)

N

-
———pye Y

b)Hastelloy X (HAEM)

Fig.7-1

Distance
Hardness Distribution of Electron Beam Welds




Vickers Hardness (1kg)

4

100VHN

a)Hastelioy X (HAEN)

e)Inconel 617

/’A// A“A\ /A_‘A,A\
s AN
|
20} 4 17
L AN
g W S
///A/ | B | \\
Y - ° J A.\\A//A
f)Incoloy 800
Filler Metalncone! 82 A A
200+ A
1 N
- | 4
A"——-A’//A - E - TR ~a
g)lncolc;y 800 P

Filler Metal:Incoloy 800

Fig.7-2 Hardness

-7

Distance
Distribution of TIG Welds
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7.6 RESFTORSIKIHMH

7.6.1 RBEEPRB IUCRBRTE
A% Fig. 7-3 0rT. BREMFHAR | fmg
FiZ2onWTik, BERIHITEHORRICMET 2
Lot L, WEA R SHELF ENIERIL 72,
ABREBEIZ, BEA— 2757 (BB 10 ton)
AL, @BMBLIERETTE (JIS Z22241)
B X UEAR o @i g R AR HEE(IIS G0567)
CHEHLL, 0T AEEEM ) £ T 0.3% min,

SR

»F
1001

20 L1l 30805 |l 2

i S LA 7.5 %, /min i THEIR, 600°C, 700°C,

Detail ‘A’
800°C, 900°CHBIUF1000°C f{BEIIZT Fig.7—3 Configuration of Tensile Test Specimen

IR 21T 5 7o,

762 FEBRERBIUVEER

B 720BETFE—2BIC TIGC BEMTCRL, BE, 600°C, 700°C, 800°C, 900
CR LU 1000°C T THFIERBEZTY, TOEREFig. 7-4~Fig. 7-6 K7,

SIRBSB LT 0.2 % NiconTiE, BMEZOBEBTFE—2BIUTIGHEEMRTFOMICIZFA
LERIBD LNV, B, BEMFOIIRBRIB LT 0.2 %M, RESLAT 52 LR
WIETF 525, SIRME B L050.2 %M I OREREEIZZIEE LV,

MUEBITRY >V T, BF - 2BEMFREMCHBERL TR VETLTYS A, TIG
BEMRFCEE L TERL TS, 28, BMBIUBEMRFLIICT700~800°C TiRIFR/NMEEL
ARLTW53, Table 7—6i%, HEMPOBEF -2 BIUTIGHEMFITONVNT, 800°C, 900
CRIC 1000 CRBIDMEBITKY ORMICATDHEEZRLEZEDTH S, TORPLH
BT - aBEMFOREERITIGCHEEMTCLLTEL TV Z LD,

7.7 BESFOSEREY S 7IVERFEM

7.7.1 K&

(1 ABAER

HEEH MR % Fig. 77T, BEMFRABFICoVW TR, BESPFHIIHobRIZAZEST 2
oL, WEFREH S ERET IR L 7z,

(20 RBEE

ABREBE W, BETHEF-FAHRICL2ARA (+10 ton ) & @AKEFEMBTTRNIC X 2RE
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Table 7-6 Comparison of Ductility between
Electron Beam and TIG Weld Joint

" Welding | 800°C | 900°C | 1000 °C
Material | Mark | o ocess| A [B | A [B|A B

aen |_EB__[0-7900.96/0.42/0.85/0.40]0.89

TIG [033]0.31)0.21]0.31/0.20]0.40)

EB__ |0.39/0.91/0.36[0.75[0.72]0.96

HastelloyX| HAEM =16 0.39]0.67]0.33]0.42/0.31(0.29
ven |_EB__[1.23]1.37/0.58[1.22/0.84]1 41

T1G  |0.42]0.75/0.49]1.04/0.50]1.51

EB _ |0.871.00[0.790.80[0.68|0.98

Inconel825lInt623AE 15 0.61/0.97]0.55/0.98]0.45/0.99
EB  |0.66]1.19]0.40[0.87|0.47[1.08}

Inconel617)Inle17V =715 55[0.92]0. 35(0.84/0. 48]1.11
EB [0.81/0.90/0.72]0.87|0.54/0.96

Incoloy80Q Iny800V 7515 36/0.530.37]0.88]0.34/0.90
EB_ [1.002.37/0.68]1.39/0.99[2.08
Incoloy807)Iny807A =757 5717 88]0.801. 22/0.90]2.00)

Notes: A: Elongation's Ratio, Weld Joint to Base Metal
B : Ratio of Reduction of Area, Weld Joint to

5

Base Metal
<
e, o x
[ {= Ry
B g J
o E
?:.‘ [I =3
B a
-los 100 -]
135 -

Fig.7-7 Configuration of Fatigue Test Specimen

Fig.7-8 Close—up View ol Attachment ot

Fatigue Test Specimen



AR (10 kVA, 100 kHz ) » 5> TW5, Fig. 7—8 HRBFBT BEL O #E 27T,
R OB, BHEA 5 A0 ERBAERICH LY, BTk L, 80 DTF 5k
P T RIZAEF 2 TRIEL T 5, RERE, RBASREBCPRAES (Rh 13%, 0.3¢)
EEPNBEL TR > T o, BEOAEIREMEMCT LTL 2 CUATH 2, RBABES I,
PREVECRERRE L 2005, BEHEMOBEZEIZ 10 CHUATHY, BELTSEE LTV S,
3 R &H

AR 900°C, 1000°C, P THRME 0.1 % sec’ T, ZLFEMTHEIO =M% 2 HE L,
O LHIERBRE TR - 7,

7.7.2 EBRERBIUER

(1) % &

Fig. 7—9 BU TR BRI EBRBFE RO 77 7 M E B0 TARAEEE, 20T HEHEK e, p,
ZFOWYEC T AREEE cpp 2R LIBOTH B,

g @
I I £=01%sec’
I3 Em O t
'~ Epp [
Em e
(a) (b)

Fig.7-9 Schematic Explanation of €.z, eps

and Strain Pattern

Fig. 7—10 BX U Fig. 711 3EMBHZODWTOERERETH Y, 900°C, 1000°C BT
5 €r Ny fRNB LU €p —Nso FEE LTEEDHLIDTH B, NeolZ 5| EMEIWIED Ly
CETLASEOERE TH Y, HEBRHLEERL TV 5,

BB K UBEEMFICOVT, €, — N SEEITHHEBIRTH 52, epp —Nso FRXC i EHES
3w oh, REGUO T - X IERNELVHEETE D, TORRNIY, BEF v - 2ABEHRT
DFEE TIGHEEMF LI 2RV TCATREY, BHLAZOIDONE WV, 72, 900°COHKN
E1000° COMROMICIETREVERIED SNV,

B, TIG WEMFPEIT X TEESBRUE, BT — 2aBEMFIC OV IR HEE £ 7212



O:Base Metal, ©¢:EB Weld Joint, 4:TIG Weld Joint
{and 4 show that main crack occurred at weld metal.

a) Hastelloy X (HAEN) 900°C | l

{g EB BM 1 |

I A TIG EB BM | ‘
Y N : |

_ k\i\Q:% o A ‘{LW;%"f’

F \\\ ‘ \\ .Ao k

(8]

7
P
T

[=]
n

LTS WO\ )

~ \

Plastic Strain Range, Epr(%o)

Total Strain Range,Etr (%)

\
. ol
0.1' Ll 1 I L L L i 1 JEY L A 1 1 i a]
10° 10 10° 10
Fatigue Life, N5 (cycle)

0:Base Metal, ©:EB Weld Joint, 4:TIG Weld Joint
$and 4 show that main crack occurred at weld metal.

5 ['5) Hastelloy X (HAEM),900°C | ! ] 5
i\—-TAIG EB.BM TG EB.BM |

Total Strain Range, Etr (%)
o -

Plastic Strain Range,Ep (%)

10 10° 10
Fatigue Life, N5 (cycle)

O:Base Metal, ¢ EB Weld Joint, 4:TIG Weld Joint
¢and 4 show that main crack occurred at weld metal.
2 ° [ Hastelloy X (HVEN), 500°C | I ! 5
&
g \\:‘ o % | UL e
c s % X | R &
x 1 \r\*\¢<\C§" TN — & T ¢
c Al R0 | ~4 ®
8 o I : -
& o TSI o
= | i
- H i
° o
\ i i
01— e o e i
10° 10° 10° 10°

Fatigue Life, Nsp (cycle)

o:Base Metal, ¢: EB weld Joint, 4:TIG Weld Joint
$and 4 show that main crack occurred at weld metal. .
3 ° [d)Inconel 625,900 C ] i ‘ | €
124 T =
H3 [ TIG EB,BM | w
W <7 TIG EB,BM | o
@ ! N\ ~ < o
g’ & . Qo A ™ \J) 3
@ 1 F— ~< \44 “ \¢ R, { - 'T\O T —1 c
e I ‘ NS N ‘s
w f e T~ 1 < =
i I - e e P —o5 ©
& o5 S R oL N —+ \ 0s &
= | S )
-t N S
2 | ; ‘ \A\‘ 2 o
. | |
0w L \\]Il L Ll [ L I L 1
10° 10° 10° 10

Fatigue Life, N5 (cycle)

Fig.7-10 Fatigue Properties of Base Metal and Weld Joint at 900%



O:Base Metal, ¢:EB Weld Joint, A:TIG Weld Joint
$and 4 show that main crack occurred at weld metal. -
= % [€) Inconel 617,900 C | 52
~ T T T g
& H
s TIG,EB BM a TIG,EB BM w
;[ mae 4 g,
o > c
= * ‘ @
g} L X 1 ¢
£ | . T
e S AL N s
g ‘ "9 2
2L a
adl Ll 1l 1 1 1 ‘ 1Ll 1 1 4 L1l L 1 L L1l 1 1 L 0'1
10? 10° 10° 10°
Fatigue Life, N5y (cycle)
©O:Base Metal, ¢:EB Weld Joint, 4:TIG Weld Joint
©and a show that main crack occurred at weld metal. -
< ° [ Incoloy 800, 900 C | 58
sl %G’ £8 BM [ ] TG EB BM S
g 1 e N || LN g
o &% R o ]
c A \\Q S ~o. o
g & A——0— S B S B Y
IR RE P YN 1 e
£ Rl \°\ RN ’ . o
4 05:_ | ,\\$>§77,/ \¢‘é§ I O\ 05 )
(7) 2 ST~ So | g 0
- NN =
E = A \\\\ 3
N a
0'11 Ll 2 1 L 1 Ll Ll 3 1 1 H 111l 2 il ) 1 L1t 3 i1 1 H 1
10 10 10 10
Fatigue Life, Ny (cycle)
O:Base Metal, ¢:EB Wweld Joint, 4:TIG Weld Joint
$and 4 show that main crack occurred at weld metal.
3 5 [9) Incoloy 807, 900 °C | S
~ 4
& [ TIG| EBBM w
wo < T‘— TIG| EB,BM g
o AN < | =< g
N N g
&1 <S- - B < | 1 ¢
.E C \4\\ \\ \ E
[ o ~ =1
a—-‘.’, oS —1—— 1‘Ai—'¥¢ 1 ™~ 2. ~——105 ﬂ
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10° 10° 10°
Fatigue Life, Nsp (cycle)

Fig.7-10 Fatigue Properties of Base Metal

and Weld Joint

at 900°C



O:Base Metal, ¢: EB Weld Joint, A:TIG Weld Joint
$and 4 show that main crack occurred at weld metal. _
2 5 [ Rastelloy X (HAEN), 1000 °C | [ >
= f ‘ S
L EB BM TIG EB BM W,
o | _\| ‘\ o
5 X MO g
1t Vo NG -1 ¢
£ F 2\?}\ o
£ osf - —- \\_\,}.\Q__ 105 &
@ IR N =
s f EAN RGN E)
2| N o
10 10 10 10
Fatique Life, N5 (cycle)
O:Base Metal, ¢:EB Weld Joint, 4:TIG Weld Joint
$and 4 show that main crack occurred at weld metal.
3 5 [ Hastelloy X (HVEN), 1000 °C | T 5 g
= fqg | ! ‘ &
w |[C EBBM TIG |EB BM @
g K : | AN L g
£ U 4 3 AN X Lo &
814 _ R I e I
£ F A ¢\°\ ‘ ®
o] L SN N -
£ 0 - A O b s
2t NN B
s ; RN 3
- L ‘ N a
\
ool Aol Ly
10 10 10
Fatigue Life, Nsp (cycle)
0:Base Metal, ¢:EB Weld Joint, 4:TIG Weld Joint
¢and A show that main crack occurred at weld metal.
& ® [<) Tnconel 625,1000 C | | v g
= - . 5
w | TIG EB,BM! Tl EB,BM o
[) ‘Z’\;\ ‘_'_\% | S <‘—b o
g | A Q| &
e 1t A b e e g o< 1 ¢
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T 10° 107 10
Fatigue Life, N5 (cycle)
0O:Base Metal, ¢:EB Weld Joint, 4:TIG Weld Joint
$and 4 show that main crack occurred at weld metal.
= ® [@ Tnconel 617, 1000 °C | [ ! )
~ 3
s [ : ! W
w  [TIGEB \BTM_ 1 TIG.EB BM P
[ 4 N AN
\ 5
A N
‘g 1 E ,,,\,g\%ko, N R ‘?\A 7\i,, 11 Cé
NAENNY W :
[ - | ¢ (o} -
I o Y NAAYG- AN ) s O
H05— $4T0 ﬁ T 05 G
o i ¢ 2
5 ! NO\ ©
- | i o
| \
s 10° 10° 10°
Fatigue Life, Nsp (cycle)
Fig.7—11 Fatigue Properties of Base Metal and Weld Joint at 1000°%C



O:Base Metal, ¢:EB Weld Joint, 4:TIG Weld Joint
$and 4 show that main crack occurred at weld metal.
3 5 % Incoloy 807, 1000 °C | ‘ ° &
= [TIG EB,BM S
W T } TIG | EB,BM P
&[4 (AN g
Y O ' &4 % o &,
&1 _—Tm\ Ago\J “a. 6Q 1 g
c C b e} S 20 ©
w b ‘\? [ LN &
2 05— R Sl 5 ¥
n i (AR N i R L
3 0 ; AN g
e L i \ 1 a
WIA T SOV R POV R FUP M
T 10° 10° 10° '

Fatigue Life, N5 (cycle)

Fig.7—11 Fatigue properties of Base Metal and Weld Joint at 1000°C

FESRIEN TH 5, —BRCBESBERENEBMICE L TESBMET LTV 5,

Table 7—71X 900 CR LT 1000 CIEBI S €2=05% DL XD N, 2 &Z&HBORME T
UBEMTICOVTHEL, 7, FEMFCOV BN EHT 3 B8O EET L, 25,
1000° CoFHEEF () Wicz D¥fE
R LT,

900°C IZBVWTIE, BFE— oi#H
MF2BIL Tik, HAEM, HVEN,

Table 7-7 Comparison of Fatigue Life between Electron

Inconel 625, Incoloy 807 iXft#t & Beam and TIG Weld Joint at 900°C (1000°C)

F% 0 B8 #7425, HAEN, Inconel Material | Mark [—2eoEX=CST) ﬁﬁﬁz
1400 | 680 | 390 | 049 | 0.28

617, Incoloy 800 iZ >\ TikfE#fIT HAEN 1 1500[(300)](440)]060)](029)
HastelloyX| HAEM | 1700 [1700 | 800 | 1 | 047

NTHHFMOLEKIIFOSLLT, TIG 1300|1300 | 620 | 1 | 048
HVEN 250]1000)[( 580 )[(0:69 )[(0.40)

BWEMFICEL TE, &M v 33003300 [1000 | 1 | 0.30
Inconel 625 | Inl625A 3 ) iB300)( 420 T )(0.13)

05 LA FTHB, F/, 1000°CITBNV 1000 | 670 | 880 [0.67 | 0.88
‘ Inconel817Int8T7V o5l 6601 66006370 63)

Tk, BFv—2BE#FCEIL T, Incoloy 800|Iny800V [ 5000 | 1000 | 680 | 0.20 | 0.14
1250|1250 | 350 | 1 | 028

Inconel 625, Incoloy 807 ixfi#f & Incoloy 807)InyBO7A [r200)1200( 5500 1 )K046)

F% 0 F@y &2/~ 5, HAEN, HVEN,

Inconel 617 I DWW T BH T 5

FoohEIIH 06, TIG BEMKTF
BIL Tz, &Rz >V TH 0.5 BFe
H Db,

ERLX S, BF -2 BEHMT

Notes; Nso Fatigue Life defined as Number of
Cycles at which Load decreases to

half of

Initial one

Moy : Fatigue Life Nso of Weld Joint
Nso.av : Fatigue Life Mso of Base Metal
BM: Base Metal
EB : Electron Beam Weld Joint
TIG: TIG Weld Joint
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WTH, Fig. 7—12(¢) AT IO, RBAERICEESHUAOL S OBM/NEHOFEIRD 5
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LI BMICREE L TV D,

TIG BERBECEL L, SHEIEESRCRVT, BEREOKNARBITHNRAZERL LT
S/ LTW5, Incoloy 800 ZE< FHHEHZ 2T, Fig. 7—14() OREMTRT I IICES
i, BESBR RN LagBEATm, BRGNS ITHAZEVEELTND,
Tncoloy 800 (2 OWTIE, Fig, 7—14 (bl IK/ART & 9 s B0 B #ERE o R SR
M ERRAEL, THH2EE AL TESRCHEL TV S,



€:p=0.758° , N5p=677 cycles
at 300°C

s (a) Hastelloy X (HAEN)

Ewr=0.752° , Nsp=1327cycles
at 900°C

(b)Inconel 625

—_

Imm

—_—

Erp=1-0 %o 3 ~50:537Cyc[95
at 900°C

(c)Incoloy 800

Fig.7—12 Microstructure of Fatigue Test Specimen of Base Metal



Weld Metal—
Etr=0-488°, Nsp=1960cycles
at 900°C

(a) Hastelloy X (HAEM)

tmm,

Er=0.761% , Nsp=521cycles

at 900°C

Imm

 rosae |

(b)Hastelloy X (HVEN)

Er=10% , Nsp=241cycles
at 900°C
1.1

(c)Incoloy 800

Fig.7—13 Microstructure of Fatigue Test Specimen of Electron Beam Weld Joint



Er=0.758 %, , Nsp=371 Cy'CleS
at 900°C

(a) Hastelloy X (HAEN)

Er=1-0% , Nsp=298cycles
at 900° C

- = (b)Incoloy 800

Fig.7-14 Microstructure of Fatigue Test Specimen of TIG Weld Joint
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BT, FOEEFHA 3 EN, BEFE 2@ (ROBIUTERE) OFt 6 ERTOHAT =
s 7 ORER, WFhd BERBREBEEO+ 2°COMENICA>TWVWD Z L &R L,

K EBC BV EBGE HTR ELHEY ©bh 25, He FORMPLERO ST, £V F 2

Y TE T RERREBE VAT AR 57 XY,H,, 0,, Ny, CHy, CO, CO, DG EAT
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Table 8-2 Elcetron Beam Welding Conditions

Welding Conditions
Joint Configuration| Py, Dr ap Ib Vb w
(Torr)| (mm) (mA) | (kv) lcrm/min)
} ~ { 5x10*| 225 | 104 20 100 | 160

Table 8-3 TIG Welding Conditions

Welding Conditions

Joint Built-up

Configuration] Sequence | pass

Size of [Welding|Arc _ [Welding[ohield Gas Flow Rate
FillerMe‘all Current|Voltage |Speed (Tans™
(mm) | (A) | (V) |immmid] Torch |Back-up

12 60~70( 9-10 | 50~60 6 10

Interpass Temperature:Max.100°C

2, HoO o3 Hic i g mA K5t & A
Wi, DTEERRIE o A 1 E Ry,
PRATARDD BE) & FH 7, Table 8
—4 s R %, Fig. 8 —2 icBEiF th
M2 R % He PR O ZEHO—F 27~
FRED 1kg/eiG & L, He i EiZ A
BOHO 100 BEIRBF L ALD
IR g LL, TAEBROBEEDE LW
500cc/min it L7223, D% 100cc/min
ElTz, L7zdio THWEE S FF LR EE
(RtiE#E-> T2 ) TH 24, 100hr M
BoHARDOESHETHED RS0,
g R E B IRE R & e,
ABHBICH > Tk, FOLERNE
1% 10 Torr BFiz L7#%, HTR i

U He LEBL, BTEORBIREICINE

{ Analysis
Thermo-Couple Test Specimen
Gas lator -k
g |
o)
H— \ He_ He
8242 He

S
‘g‘ \Furnace Column(Alz03 ) Hei
Testing ratus

Fiow Meter
%&

Fig.8-1 Schematic Diagram of Horizontal -type

Electric Furnace

Table 8-4 Impurity Composition in He Gas

(PPM)
Ha | CO [ H20 {CO2 [CHs| Oz [ Np

Specification | 200 | 100 | 2 1 |<05| <1 | <5

1
Analysis (Inlet) ~293% -1?(2) -2 | <2 | <5<t | <5
200} 90

Analysis (Outle) 50 40| 2| <5 Nl | <3| <6
CO/COz, Ha/H20%100/1  (H2)(CO2)/(CO)(H20)=1
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200+

Analytical Method | Hz | CO |H20 |CO2 [CH4 | O2 | N2
g Molecular Sieve-5A| O | O [—|—Nil | A | ¥
a Activated Charcoal{ ® | ¢ [—! ¥ [Nil [—(—
~ Hygrometer — |l |
@
T P
€ 150F
< at 900°C,kg/em2-G
= .
[
g ’/_0\0\3\0
8 100F o T —a—o—w
>
Z
5
[}
E

50r

RWRE w et wRf Wy M o R, Voo
500 1000 1500 2000 2500 3000
Time (hr)

Fig.8-2 Impurity Fluctuation in He Gas

Lo RBREMHFL LT, 800°CizT500, 1000 hr, 900°CIZT500, 1000, 3000 hr,
1000°CI2T500, 1000 hr& L, H40RHMICoxREREAEHMOMR, EEE(, HREL
BT b Yy 7 AOMBEL, BIEFEEH, FERERIE & IR L,

(2)  He FIFZHEE O iR K 1 7 V7 Rk

WHABRE 2 HTR i flHe 12T 900°C X 3000 hr AN S 18, SREF 1 2 L EY
AR a7, JERSM & HERGE Lc, B OBRB XU BEEMTFORMEF L 7. 7 1 (DE TR

NI TH Do
é_r_\alysis

BRABEE OMEK % Fig. 8 —3 25 qm__{%—

T ABRABRICHER LB #iti o . rrnace Cotmn(Aln
-TIH

B, FLEWE, REBIUHBEHE L Thermo-Couple_ ine

Flow Meter

(WHEEZRLEEER LR TtH 2, BEE

BRFEINBGZ X B 2 V) — FEBFIZd L SR
R E OO BN 2B IET 5720, RBRIX
73 A B mEICERAT 2, BB

=y ZIEECRLEBERNOES L REE

“Jesting Apparatus

Fig.8-3 Schematic Diagram of Vertical —type

Kﬁfib\, B%%ﬁ%iﬁﬁ 90000 BV Electric Furnace
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L 2 0DBENICA->TWSEZ L 2R Lic, EARIEEFE T, He 2 FHH» 5 EHTH Lic,
FHHe OFES, Wiz oCKAHERTOVEOBE LA THY, HOOSHOBE, He o
MK IL Table 8 -4 KA LcBHEICA > TS Z L ZHR L7,
BRMSHEOEYRBIE, BEFTHEY - AARCI2A/H% (£ 10 ton ) & RABEBHEINE
FERIC L HEEEESR (10 kA, 10 kHz )2 S48 5{EV 1 7 VEFRBBEEER L, RBRiRE
ORI, 5o EHRB PRTC PRAES EBABEL TS0 TH 20, ARRIBT S
BRBHEORRBRA OV, RN TREOERRZEABEZEC X VHERT 2 &, BRI
L5 E R FHCIBET 22 XA A D EE L, THARIC L) SAEFEEMRC X 568K
FoRESHERD, BEMGIMGTME 2RRFFRE»D 104mBihcL I5E Lk, BE,
BEOCEBHEREMBCHLTE2CURNTHLZ Z L 2HERL

EERBROSHSZ, BABDRR AL HTR Il He I TTR 728, F+ v —HOE
Fix 0.4 kg, /G, FEIX100cc/mink L, #AZwv= 27578 X0 AW TERAKON
ELEPE T o7, He MOMERSHOME, Table 8 —4 IR LEHBNICA - TWD Z L 25
=7, RBRIEEZERBDRBICEDE900°C & Lic, E7z, #E LR 2R KIP
D= R A, CTAMEATR 2RM L .

823 EBERBIUEER

(1) He s)IC X 2B EMOFAS L UHELL

(a) EpRhEROBEEZL

AREREFSIL, He hic@EoH,, H,0, CO, CO., 0., CH, FOLMWEEAH, Bk
MBS > THY, BiL#7 v >+ log ( Puy/Pmyo ) &, P, = (200~260) X
2 kg /er, Puso = (1~2)X2kg /i & LT log (Pup,/ Pu,0) = 20~24L7o>TWND,
Fig. 8 —4 HEBOBMMAERDOEREZRLEZIOTHY, FHRNCBVWTEM, T74b5 log
( Puo/ Pi,0 ) BEWETRZ0&BRBASNT, TH, 372bB5 log (Pn/ Puo) 2EV
fcHSB BRI ZLERLTVD, Liedo(, FABRFHSOLE, HEMORT DI
£ AL, Ti, Si, Mn # X 0° Cr # Z OIHIcEEMCERRIL S h, ERS TH 2 Ni, Fe 3R
SRhAGVD BB, EBRBILINDIRT ® 5 b Tk Cr BRIzl fhoMERS TH
D, Lizd- TARBEEIC T U v 7 2 LBLRIGORER, HESh 2BRICKIEDOERT L Cr
A ThH DI LR THINS D, ZhidBci38ILA Yy -1 0 EPMA FHOFERNLHH
Bk,

800, 900, 1000°C KBTI HEMALEHNLETOBEBFE-— 28XV TIG HEMFOHTR

Al He i 351 53000 hr My o BB E(L % Fig. 8—5~Fig. 8 —TKRT, £7 —F i
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Fig.8-4 Relation between Temperature and

Oxidation Potential for Various

Elements

FhEhilBR 2@z L 3 EHOF
BEZRLTWD, BREVTHhY
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T OEEIHINE
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MERLTWS R,

DEEZLNSD,

EMRHCOoNWT, EFE—ABX
U TIG BEMFOERBEREME B
DENERKT 2 L, AEBRR 0%
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SCEFBHROEEREMLEGM L OE
REPECETERVE, MFELHE
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Base Metat, in HTR-He]| Material _|800°C]900°C[1000°C
HastelloyX | © [ °
35+ nconel 617 & A A
nconel 625 ¥ v A
ncoloy 8 o ] [
~30r ncoloy 807] < > *
%
L
©25
£
£20
]
[V
é’ 15
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1.0
05
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Aging Time in HTR-He
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Fig.8-bH Weight Gain vs Aging Time for Base Metal

“ EB Weld Joint,in HTR-He] Material 800°C [900°C[1000°C
Hastelloy X o [ [
35+ Inconel 617 & A A
v— Inconel 625 ¥ v v
s Incoloy 800 © o =
,\3’0- e = Incoloy 807 ¢ L4 *
o~
E
25t
E
< 201
@
(V]
150
g
=
101
05

1500 7000 7500

500 1000
Aging Time in HTR-He (hr)

3000

Fig.8-6 Weigh Gain vs Aging Time for Electron Beam
Weld Joint

“TTIG Weld Joint, in HTR-He| Material _[800°C{900°C[1000°C
Hastelloy X o [ [
35+ nconel 617 4 A A
nconel 625| ¥ v v
A ncoloy 8000 O o [
A3v0- s Incoloy 807 < 3 *
o
£
S5t ¥
E
(= 20 r y
o A
S ‘\,,-_—-—-—-
15 S ——
© n
[
; B
1.0p
05
0 1000 1500 2000 7500 3000

Aging Time in HTR-He (hr)

Fig.8-7 Weigh Gain vs Aging Time for TIG Weld Joint
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LLTRBTEY - 28 X0 TIGC FEMTOHEREEMIBM O Zh EEZRIRED 5h BV,

BRI 3 L, FRBRERE L ERGERIEE A4 TS 5 Hastelloy X O HEEHMA—RICRK
FAEL, ThoophcrReBLLEEED > T d, MULEEFEBIERESGE THS Inco-
nel 625% 800, 900°C TikHastelloy X I OW TEEHEMA/NE WA, 1000 °C Tt
O IV ERCE>TVD, WoIES, AL, Ti X2 ES TH S Inconel 617,
Incoloy 800 3 X ¢ Incoloy 807 iZ Hastelloy X 25 L ZAABBEOEEHMHEKRTH %,

EMEHZ BV T, RBRIBECKT 2 EEMINEE © KT 5729, Fig. 8—8 iIcAABRIREE LR
EEEROBRETRT, BILEEEH K 1x, AR 500 hr ML EcHEHEEMIBDRAIC L
5 E LT, KOBFREID KD,

AW? = Kp-t + C 10'
in HTR= —TBase|EB Weld[TIG We
. [ HTR-He| | waterial [B258[EG Weld|TC Meld
zzie W o ABER L kTS - Hastelloy X | © 0 0
f Inconel 617 | a A A
= = 2 | = Inconel 625| v v v
HEMEME (ng o) % Incoloy 800] o o [
_ E \ Incoloy 807| ¢ 3 *
t o BEREFFE (hr) - Y
210} \?
Kp.C : &K Z B\
8 AN
Kp, C izFTE 0B B L URBREECH W = \e N\ Incoloy 800
k] (]
<, 500, 1000 hr ORABRFFRICRT 5 3 © \9\( _Inconel 617
5163' \\\/
BRI S TR D T 5 §\\  incoloy 807
5 e
ATE D MEHT ST 5 K 0l BRI, g Inconel 625 Qﬁ
7] o\,
(o)
T L= AFERICBWTE SEERGRIC © Hastelioy X /N, Y,
. o) 8
S>TW5h, FTEDOHMBHCRT 2/ & 20 l L .
07 08 0g 10 1
FFC- 28XV TIC BEMFOKe & VTx10 KD
- ) ‘ ) Ti00 1000 _900 800 700
i+ 3L, EToEs2XEA 60 50 Temperature  (°C)

L ICERETES b, Fig 85 ~ Fig.8-8 Relation between Temperature and
Coefficient of Oxidation Velocity

Fig. 8-7 »HdH LRI L TH DN,
Hastelloy X @ Kp X & AR E IR L T
MOME LD EIAE 0, 72, BRECHT2ARGERL»THY, REOEFICHS KenHEHO
HEBRMOMEL L VNIV EEZRL TV D,

(b) P9 A 1L

Inconel 617, Incoloy 800. Incoloy 807 @ X 97 7' X2 LA G4 TIE, NiAL,
Ni,Ti 2 Ex < b D) o 7 ARHESE2Z LIk CRRBRBEZHERFL TS 2D, AL, Ti B

ETHELLTERMCHEMEN TS, AL, TidFig. 84 KRL7c X H iR He FOBET
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Mo, LERMCKIGL, FHSYVACERLASBERIV MY v 27 20RNFICAL £/
Ti Bt LTRTHCHET 2, ThARBRILEVWbh 23D TH 225, HNEMEALIZRERE L
S ETEERL, Rz ) - 7RESCSRETHE2ZSLE €D LF 2 oh, BESMYILHE
FEUER He thic B 2 B 27l 2856, BEEZRTCREEA LN D,

AR IC BT B AMEELO—FI L LT, 900°CX3000 hr K& o5 i HE O BEREG S B

%
Table 8 —5 IZRTo “HDIEELLT<4IY v Z2ADRATBEARELCWEN, HEMAkELLAES

Table 8-5 Internal Oxidation for Base Metal and Weld Joint Aged
at 900°C for 3000hr

Material Base Metal EB Weld Metal TIG Weld Metal

Hastelloy X

Inconel 617

Inconel 625

Incoloy 800

Incoloy 807

Td % Hastelloy X, Inconel 625 ONIMILOBE X, AL, Ti Z2EaLHEBRILEEGETH
% Inconel 617, Incoloy 800, Incoloy 807 IHRT/hEXw, TN bWNEEILEIZ Lok
ROMER e, EPMARIAMEOH A STRBOIHET R o7h, fRO—FIL LT

Inconel 617 @ 900°C Xx3000 hr KX O Hi#ER & Table 8 —6 B LT Fig. 8 -9 IZRT,
HOWICE “RETHEBCR SN BRI, 0., AL, Ti OFEHAED SN, TLBEIITIC
IBAERCAPAC I N OB E L s — 27 BN TR D, NMBIEREL LTAL, TiO
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Table 8-6 Distribution of Elements in Cross-section of Inconel 617 Aged
at 900°C for 3000hr by EPMA

SEI 0 Cr Ni Fe

BILHIOVERELTWEZ L 2ESITTVWS,

ﬁ Inconel 617, Base Metal NERILORE 2 ERmMICHARZ 2D, KXk

. ‘_300 Cx 3000 hr

L' 0 e LB oML Z20BF ¥ — A48 XU TIG

i ; )

xw“ BESBOANLMIEE X 0k AfE#% Fig. 8—10

Eﬁ ~Fig. 8-12 L7R+F, TN 5iF Fig. 85~ Fig.

i Al

{ ‘ 8—7 T~ EEEOBE L AL EE 2T

th LTBY, FBRREEA L TR ANPHEICE =1

( BRI L TW 5, F7408 0Bk

| R 3T, ERECOBA LG LTRY,

- Ti

Hastelloy X X BtaA# kb ix & @ 72 i P SPEE
501 tEZRLTWVWS,

)RWL = EFhrZhoMliconwt, BFr—aBroyr
T, T TIG BESBORANBBRILEX 2EH O ZFh
Surface LT 2L, EFE—2BESLBOE ST

Fig.8-9 Distribution of Elements in Inconel
617 Base Metal Aged at 900°C kii&fu&“ﬁﬂ#iﬁﬁb bh7s Q\b;’ TIG ﬁgﬁ
for 3000hr

BTk, B AL CBEFE—A2BEBELEIVE
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150 Base Metal _in HTR-He[ Material 800°C | SO0°CHI000°C
= . HastelloyX| © o] [
nconel 617| A A A
nconel 625 v v v
ncoloy 800 O o [
Incoloy 807] ¢ L d *

g

o
o

Max. Depth of Internal Oxidation (

0 500 1000 1500 2000 2500 3000
Aging Time in HTR-He (hr)

Fig.8-10 Relation between Aging Time and Max .Depth of

Internal Oxidation for Base Metal

150 EB Weld Joint, in HTR-He[ Material 800°C] 900°CH000°C]
= HastelloyX| © [ ®
3 Inconel 617 4 A A

Inconel 625] ¥ v v
Incoloy 800 O a 0
Incoloy 807 ¢© ¢ *

)
S
7

[54
(@]

Max. Depth of Internal Oxidation

= f;;;:——g - 800°C

500 1000 1500 2000 7500 3000
Aging Time in HTR-He (hr)

Fig.8-11 Relation between Aging Time and Max .Depth of

Internal Oxidation for Electron Beam Weld Joint

150 TIG Weld Joint g Material 800°C [ 900°C1000°C
o mHe_l HastelloyX| © 0 0
S Inconel 617] & A A
A Inconel 625 v v v /‘L
Incoloy 800 © [i) [
Incoloy 807] ¢ o *

—

o

(=]
¥

a
(o]

Max. Depth of Internal Oxidation (

1000 1500 2000 2500 3000
Aging Time in HTR-He (hr)

Fig.8-12 Relation between Aging Time and Max .Depth of
Internal Oxidation for T!G Weld Joint
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KAFHRICE S B — I KIZm > TWd, 20 HiF900°C X 3000hr BFRIOFHEH I F OEIHE
BB ED b b, BESBCRET I IARRLE—BCERBZHR> TERL TV A, AR
FEMEBREOATHEINAZIVEZIAFE-RICABBIEEIRIRCAEZD LI TH DS, Z0

BifR%Z 900°C X 500 hr FEEH A IC DWW T Fig. 813 IZ/RT 23,

BESBCHRT—RIECKRTHY, NERE
LRSS KiCm>TWDDHRHD,
EHFHz BT, ABRRECXS 5N
BALEEER & Fig. 8 — 141281, W
fLREER Kip i, RANIBRILE X 03k
s L TEmBEIC Lans LT, K
OB X VKR 72,

4D?* = Kyp-t +C

ZZic 4D : REEEHt C BRI 2 EK
ML (2m)
t © AEEFR Chr)
Kip,C : BH

Kip, Ci3ATE O HE B X 03B E i2Bn»
T, 500, 1000 hr OREREFRIICX 3 %
AN BEAES 2 #I S TRD I,
FrE o ket 2 Kie O EKA
i, 7 V= v ARRICBWYTE Y ERBK
7o TWaH, FTEDMEHCX T 5TIG
BESBO Kipld, B AT ICE T ¥ -
AEESBO TN T—RICKER -
THY, BEFE—2BEERBO Kip 3RH
DENEAEL LLBEETOUTTH S, &
hixkicd~rEEeBRERRO ARk
B0 EEZ LR D,

Hastelloy X Ti, Kip ORECHN T
3 A, MOMBHCHERTEbD THE

{, ¥7-Fig.8—-8 ik} 5 Kp DAR X

ol

TIGHRESED 0 3BT v— 4

— Material _ [EB Weld Metal M 900°C x 500 hr
2 [ Hastettoy x] —O0— | --— YN in HTR-He
g [nconetér7| —@-— | A
= rn RN
:8 25+ mrl—n\’l""Ar”r-“\A1Q
X ar? R
%20 R ..
E’ M ALLL,LL\JJ-ULL/“A
"":‘ 15 r".4 7774 Ul ALL N
° uk A “\3\3@\;\;\&
£ oY SIS .
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& o .M. N Oxidation
5t © Mular Dendrite-, ;62 i
1 i 1 L 1 1 I 3 A '
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Inclination Angle of Cellular Dendirte, 6 (degree)

Fig.8-13 Relation between Inclination Angle of Cellular

Dendrite and Depth of Internal Oxidation

O TRoe] BaselER Weld[TiG Weld
é_k (] [ ]
haed A A
a v v
x a "
£ ° .
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L 1 1
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Temperature (°C)
Fig.8-14 Relation between Temperature and Coefficient
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DXL/ > T WS, ThbbHastelloy X TiZ, BHRES LRI BAERED
et 2 B L ABBILOET T 2BIAA AR ZLERLTVWS, TNOZ L
Hastelloy X : RAEOEBHEHEMBIEEE5S THS Inconel 625 I2d HTiEE 52, AL, Ti Ik
5 TR L 54 TH 5 Incoloy 800, Incoloy 807 Tik, Kip & Kp DRE ST 24K X
E S PfTIc ko TRY, EEHEMLEATEBIESE A UEA CHEITT D LAY, 3R
{EZL D Inconel 617 TiX, Kip DARB Kp D ZHEH L TR SN ERNPIEAZ>TVE LY TH B,

(e} A&y —rofR

iR He RIZBT 2MEIOMREEZFMT 2 9 2 T, B EABLYcLsEERNLZ S
CIABRILOBEOfic, RABLAYy —LOBERIEAEERRTLAD, RER LAY —
AHHEEL SV EFHERE M) o 2 ADPEEEML, NERBRLERTHZBRIEES LD Z &,
BROEFIAYy — VB L THe RCEBATZEFLEFRL, L{icAr—n1dizCo F Mgk
MEPRBAL TV LRLLEAZMBELZFIERT 2D TH 5,

AR B b Tid Hastelloy X 23R Ay — VO BERCENRTWE X THE, —HlL LT
Fig. 8—15 i 900°C X 3000 hr FZ)HRIC 331 5 Hastelloy X 72 5TFIC Inconel 617 OETF &
— ABREROEENBETEME T X BB/ R LTI, Hastelloy X DRMEA 7 — ik BETH
D, Ar—L0fEETE o BESNRVA, Inconel 617 OERMMA ¥ — L ICIXBH, BES
Biztrrbbd, LALZr%MLrbErRObNSB,

Bttt BESBOUEREZEE T2 L, EEROBETIIFiz. 81525685 X5ic, BES
BTERERAENPEEERBEPHEICEESHL TR Y, B L IREY 2 M ey B RE I X 7
Ehah, BEEOBETIEFig. 8—16 KATIIKMEBILZLALERZIRONTY, MR, #&
By o WBYHGHER L TV 3,

Af, Ti #&%r Inconel 617, Incoloy 800, Incoloy 807 Tix, EMIZFxy b7 — 2RIz

Base Metal - { -Weld Metal EB Weld Metal TIG Weld Metal 204,

200y,

Hastelloy X, EB Weld Inconel 617, EB Weld

Fig.8-156 Scanning Electron Micrograph of Specimens Fig.8-16 Scanning Electron Micrograph of Specimens
Surface for Electron Beam Welds of Surface for Electron Beam and TIG Weld
Hastelloy X and Inconel 617 Aged at Joint of Hastelloy X Aged at 900°C
900C for 3000hr for 3000hr
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RAXBEIh3H, ZhixAl,Tilkk
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Inconel 617 TiX, Fig. 8—17 AT k&
912 800°C X500 hr DRFRNTH TIZEE
R A BBHBICHh TV,

50 20p

d Ar—rOMKBXIUCERERT
. . Fig.8-17 Scanning El Mi h of Specimen
He EPB&?%}J {ﬁm%‘ﬁﬁﬁoﬁﬂz‘i‘[&:’)l{\f, -~ 12 anning ectron crograp o pecimens
Surface for Base Metal of Inconel 617
FU o 7 AH5EME Ay — 2T T EPMA Aged at 900°C for 500hr

I X280 %17/k 57z, Fig. 8—18 %
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Table 8-9 Range of Impurity Composition in He

Measured
(ppm)
Hz O2 | N2 | CO | COz | CHs | H2O Mark Kind of Specimen Atmosphere
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max.| 297 | 12 | 95 | 35 | 5 |nil | 200 ' T Weid St
Outlet . . EB Weld Joint He
av. {150 5 | 25 | 10 2 | nil | 100 A(V) TIG Weld Joint
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¢¢:Z)§ ancg 4(¥) show that rupture occurred at
weld metal.
a) Hastelloy X (HAEN) | Temp.:900°C
[ [
L2 o .
30t o.
°
2 $ 8
01x|| 1 i il’l‘ﬁkl Ax A#lillll
b) Hastelloy X (HAEM) |
l I I
| O _
“0 ! o
30— N % ‘¢°*
A — LA
¢o ¢ ,AAR ,,,,,‘1 ]
P [k S
0 ¢) Inconel625
{
LR
o of -
o . o’t»o— a
. a
A=, S T
= £ o
S i
5 10— e -
'g, O @) inconel617__]
) !o
-+
o
o %4 e e B
A
2 a &—a
10 —
01111 1 L1 Ll L L .
e) Incoloy800
> | e e Ve
B o O 2 (a)] Incoloy 800
.o v(¥)| Inconel 82
MR b S R —
o —¢— Wy ]
o ’:AIVY A'AMA ‘AAu L
f) Incoloy807
O I 1 |
o | - - 4
hd A
4 ° N
m’—‘A A ‘ ]
°
i Ll 6 A L ks Ll il A A A dod 4
103 10%

Fig.8-28 Relation between Time to Rupture

Tirme to Rupture, tr (hr)

and Elongation for Base Metal

Weld Joint

in He
and

Mark Kind of Specimen Atmosphere
0 Base Metal
o EBWeld Joint Air
AV TIG Weld Joint
° Bese Metal
. EBWeld Joint He
alv) TIG Weld Joint
SA(Y)¢ and 4 (1) show that rupture occurred at
weld metal.
a)Hastelloy X (HAEN) | emp. :900°C
e - S
5 *— -
40— - &
0 e &
20— +— Y i o
10| L ( : A4
o] SRR 1 [ L4l 4 A AL
b) Hastelloy X(HAEM)
50 T ST {
s a4 |
“0 T Ak
3 eS| 1%_A o
SR N
1 | e
! *
0 111 i i i I I 1 1 I
¢) Inconel 625
60| S ]
. o ;
= 5 5 i
“; 4 — o O
@
<3 oo
D2 * —.’*4 PN
c 2
s 1
‘GCIIH L 1 1 JE J - L4l
3 5 d) Inconel 617
& o, le%
- _
. -
2 o_t‘,, 5 S
10 ¢ =
0 L 11 i 1 i 1111 | i N
e) Incoloy800
5 o3 ‘ l T T
4 — 5 o __ [Mark|Filler Metal |]
RS A (a)] Incoloy 800
30| ® 5 [V Inconel82
2 e — Y — +-
10— v Y
(o] HEEE] ‘Al“AY.‘AtAALlixH
1) Incoloy807 [ ]
| o] 9 1
o o ot
S— e — A —_
A
Q b | & 'Y I
L1 It Ll ] @ i il
102 103 104
Time to Rupture, tr (hr)
Fig.8-29 Relation between Time to Rupture in He

—126 —

and Reduction of Area for Base Metal

and Weld Joint



To BB, HBEOEDILKIPICBIT 2/REFAMICK L,
EMBORMLEZOBFE—LRB LT TIG BEMF O He FEKFIC BT M Morix, —#
KRHERSKEL, BFE—2BEMT, TIGHREMFOHIC/NEL 3, BFLE— A5
MFREMIENVEERLTWS, ThHOBEMMT & KKhicB i) 2 B L T+ 5 &,
Incoloy 807 #Bx&, —MICHERETOMAEIZAD 5, Incoloy 807 iz >\ TiX, He
FHKPOMTIEHALPICKIFRICHE L TETOBEEZRL TV,
EMROBEFE—L2BIU TIG BFEMKF O He FEHIPOBEALZ D B L Tik, BHEK OB
A1, BHMEZOBFE—ABIU TIGC BEMAFORICIERIED SR LV, WolF >, B
CRMBBEHOH AL, BFE—2BIUTIGCBEMTFRIVShIBMICILTETT 224, BF
E-—ARBIVT TIGBEMFOMICIBAEERIRD OhAEV, ThEOBMKY 2 KKP O
WD LT 2L, —BICAKFIRELTETFTLTWS, A%, BEKYIZASH LA, &
FoOWKICHEWETFTOERZR LTV 3,

(3) WMIERABRK 0EE

(a) 4 B8 %

He FHEKHIZ B 2 WM 0O REH & kK & HE L T Table 8—-10 iR,
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Atmosphere

Conditions e Als
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