oHe w1420 95-011)

'égﬁﬂm%ﬁ$‘2ﬁﬂ$ﬁﬁwfﬁﬁﬁﬁx 1

TEHT 5,

[&ﬁ%ﬁﬁ]l

70 yT 4 T A EE R - 3

COHP — H£2D

Flﬁ{ﬁ .




AEEOAME I — BT BN G BB, TRICBMEV GRS,

T319-1184 eI ER R RFF R4 T HI40
o1 2 VB TR
HATRMLE SRR

Inquiries about copyright and reproduction should be addressed to:
Technical Cooperation Section,
Technology Management Division,
Japan Nuclear Cycle Development Institute
4-49 Muramatsu, Tokai~mura, Naka—gun, Ibaraki, 319-1184
Japan

© Bkl BI%EHEH (Japan Nuclear Cycle Development Institute)




9 3B HEEXWHERE
93B1 ALmgkE

L — )

I 2 e g Py - . 1 19

@ SRR S R 7 s DB oo 36

93B2 FHHK -BEE

93B4 AMIXE
@ B EOBRVERTE R OBITE oo 188

983BbH FEM¥

93B5 01/ HEMENFRICKIHHR - BERDHKEVIV-VaY
” DPFFE - 201
93B5 02 BRUELERERERITEHOIARKFMEDERERE - 215

Q%iji{i)ﬁU~¢ﬁ%ﬁ%ﬁﬁ@x@%ﬁwﬂw&ﬁ@ﬁ% ------- 280

(98B5 04 ATVxy MURAY La by 2 Y FHOBE ~n 303

(338505 VIRt eNOS BT ERIMT 3 RFLENHH
FHEOWE - 315

o ¢

:

93B6 E—A

@?ﬁﬁﬁﬂﬂﬁﬁﬂ K BRBEFLER oo 345



ool

B K e w0 W5t

ERERE LEBEHBERE

LR



B % g
XD ABICE B S 2 5 A~ <

BFDT5 v vicBirs ks 77V EE - RS SE R

MEotERE
B - KB Y

B - LERHR } BEB W MR R o
R - B O EE MR \ Tl e o s e [
?ﬁﬁﬁﬁwgﬁ MBERBREE SR b
FHEBIER o s i - .
s tales ). /GRS ———3 N )
¥ BTSSR

O ML IRE L /-

MROTEZ &



G Sl

R DR MV Ry 7 OB

ﬁ&« 2R ORFN RS T LT oA b R
(SR — A D TEME+ BB LT - 2BNHEE) X b, B0 X LR

H <
%%?:—'

L
\_/m

R BARE S IREE
KEhRELAL/—F




% & F Bl

HABEESELLTVWALASLHETERLEEZ, BEEEERE
o B A |

BEOHBAR—ADPLOFEETCIEHRTELVWERTDH.
HOHEE - % I hE DR L CRRICHETE HHERBE

B AR

; m%mmﬁﬁﬁ/&ﬁ
;WLID&ELLJ-L




- U OHREHM

Jlin!

EEM T e Y 2 s ERNO K

BRERICL 2 HENE

()

BT O B



AL D BIR L L

#E T =
RS

RBHER

I #A HHE R

JR )90 BF T DB

J

e R E

eSS DEE N (BK)
et EABRHER L L b1, BEFFERT%
BETAHALHEN-ARIZBYAFAD
BHAPREEINTNS

EmBEZETLV (Bh#k)
EEINEYIa - 2 HWTIE L &8

BORBTFT—2 055, IREHEREZ X —
AT HEGLEREETTNEER

KRB LEMBETELF XS~ X574 (DOE)
BRLEBOERT— ¥ 2 RBHBICEIFL T
—fRERZE S HRHRIR 70— — |
FALEFAN— M AFAXBER



WAL D IR L OV Aiﬁﬁﬂﬁfwﬁ

@EU?% & DR RAL

=

EoED  SEEINERTE (BBHEE. BRCES(FEFLLL)

HEaA MBETIER

i CEDMICETCHEBLERICEIL)

BB 1c #£0 < 2F (EBL)
EHH o Ko L HERR(CBR)
B Ic#E T ( HEFR(MBR)

------ BEHTI Y 0EE - RFICBT S
fﬂ%&@%%mﬁ%A%ﬁwﬁ%%%




5% it P ¥

OF

>

e

B A

&
S
Hinl

KR T 0 B

OF k#Eim v X 7 » ORRELBAE



ERNFQ. BmRHEROEFRAE

B OER - RFICBITDS
(AN X B) BRIEROSHINE

e &R, D
u\% :i:.] &ﬁ‘l.j‘tf P —\;{:ﬁ:
ST ERPEE L7 —F v — b OVERK

w75y P OEE - BFEBTIBREROEEY T VTR
D YE R |



EHNEQO. & KA

Jlinl

D H B A

BEBALIN = VB FTRITRER s S
25 H TN alB B & FERE weeemermeseesememsneeess e AR SAREE D 72 1 O FJH D 2 B
EF']&%KEJ‘ & Eﬁgﬂ reorenmessssssssare s ¥ﬁ AR A Eﬁ.{p’ %ﬁ D% 7 n&

v MIREBOHEE




EENEQ: BAERTFEO B

B - REFCBTIEREROY T H & ‘
I W O DBBIIN Y — VI - 'R

(RED#ER)

EFNE 0 4 5
EES5 ) EHENEE)

T R AR 5 A Bl
(REFD GrED B

BRI . DR, B, _
MICERIN TV LEELH W TR ®




B ) BBl e mmmm e mmmmmmeee R A O~ — v BT
(TR

B0 R B R THMBADN— VHERD
(MR EHEEEE) | -

I JEHE DIRE - meo e EHE DR % RE

(A3 5% S5 ) |

BAEF IR D Ko mmmmmmmmmeee - VB ERTRY ) B BEERE
BAE DR REERD - -memm e mme - N — v R R

(31 D& RMER) | | )
Y Yy T — NaBERGR 7O AR —JHER
(B RERERER)

I DIRES - mmmmmmmomeee SR 2 NE-SRY

(MR EEERE)

B DRI --mommmmmmememmeee THET RS BRE RS

(% 2 REEH) |

BIEFIHD ER------mrmmm - BHRIER S V2 RE
BN R E R oo mﬁﬁﬁmﬂ%ﬁ

(8 2 REMEEE)

H IR DARET = eomee 2 FRBEBBEOBETE RE

ﬁ@ﬁ%/$ﬁ®%% ~~~~~~~~ ~17wN®@0§1t@@%§“® K5E & PRI

(B & HERE)



BEOR

FEE OB
(BiMs) AR BUBE O B

ERFSE (COf) FHoOER
EER I S D PE
Lo J EHFRORBEE
Rt 1R 5.2 o0 2 B

o] | REFE MO ER

15 3 Rt HOEE

3 o HEE (AEER) OR#E
BRI RORBRZE

T ROR N

AR D &R

(FRH) )
B R E EHHER
(iR EHEEEEH)
SRS D ET
(iR RERME)
PBAEFNE O£

BIEDORRHEER
(ﬁ%@%%%%)
wOEMTHER
(FEHEE E@Lﬁ% 2)
x5 D IRES

(R EHEERE)

B OB
(% 2 REER)
BEFIEOERK

B AH g2 v B R ER
(% 2 BEHEHEE)
X O RES
(1. 2 REHE)
BRENG/ FIEORE
(B & HERE)



WRE 7 —iRIL DR E

KIAEE: BRRRTEOEMFOEE
(Hef D W1 BT % dERm 0 KB

28N %o
= w0 T — A
HEm DT — A | ERTFIE BEEQuery
Al - Procedure(p,q,r) *Uﬂij_f B 7 S 3R T EN
A2 Procedure(s,t,u)
B1 Procedure(a,b,c) \ /
C1 Procedure(x,y,z)
C2 Procedure(f,g,i) %ﬁ?g%%f& Er)
(earsicmy s 50 )

HE{Lo RE

-



KEABTQ®. BRHEH Y X7 o OFE Bk

QDR RICESTWTYRTF A OBRE 84472,

it

R ERE/EICL T, Ham s =
o



ANE - THETHE

H©6

H7

H3

HO9

HI10

BXREROBRIFE

BRERFEOEHFOEH

BR¥ER Y AT b ORE B

REAE - #REE

AR (BR)

AR (FR)

FHE (BH)

12

20

25

25

25




B8 3 FH g
EEBIFE ORI OB ER

EE - RFOBRFEOBRN /BT
BARERDOBEOER (RENIBELOF 2y )

ALHEZEMICHAEL T 2BEBL OB

HFE EERBEEDO BRSNS R &%)



FRIN D N

EBREF-BRCHEIR FIFEV
R TV ERBETE AEAGEORLELE DR
R B o B OXBEROBLAEDE

B EATEAWEBECHLFEMOK

OFERCRELRES 2 LEH )



T S DI SE

B HIF - 1RRIREERE
KIS 52—
FATERRL SERMNERE

&R B

TR 6 SF S BIAF



FFIE

ﬂ%ﬁl

aamﬁﬁﬁﬁj

H o R

T 6

il

|



Fas HiE

EFIVEREE

MRODZEWNET IMEE LU Z NICED CHFREB DM

£ OB b
U 2T LARSORRICES U B AR E R TR O 52

SEm R
3 ROFEA QR BB DT

FEC 6 FEFFFHE

e



BIRTFH

77> bOBRMLEE
75 2 bOHIFEINERE. EERIEDR L
KFE S X T LOEFIVE, F—aNXN—-Z{tFEMDOEEAL

FREOTRI 22 PR DRBGHR
SNBSS S X T L O BEIRHH

— Bt BCR ARBRERREAEAN— X
RFIPeES . B 1 7 IV eaX O EERiHIE B R FAT A D E A

P 6 EEFRFE =




BRI DB L~

SERE T VL, HOHEERE, BCURBEL S

BB e 8E

:_i%.l_—l'_fi &FD}% Fnﬁ% %1‘7%??‘?5{: __.ﬁru,f
y

BEFhaEx sy —7 v b LzioHT

At 6 2 EHATRFIE



——

0y 52 s 4 5 L B D B B SE PO

() EFILEREE OIS

memaashOEE > 7T NOEFIEEREOSEL

- ZENETIE
L FEETFILOEEAL
(1) FAZEETE ‘ |
- BB T IVEEEE, EIREEE H6~H7
- FREETVEEAL H6~H7

- VAT AERET. BAE. BRI H8~H10

T 6 EEEHIE =




H
i

- ZEE T IVEE, FiEE

*5FIUE

/] DR S % B DB (7)1/?-7J1/7r/1\13/ ) 5

€7 VALY B R DOAFE
T ILEIR

RVLIIE © T 72 € 70V % #E) Y 5 A OW5E

EFIEIE

BEEBEOTTVOKE—EBRFEDON

%

5t 6 4 B F R



[??EEQ:EF}I/]

FEFIAE

TITANZ 7 a BEEIEETN (ZRLy )
MR BERRNL S bO Y
FINA X$EE/ SOt R FEF)

EEETINV/EEETIV ...

E5IUEIR

BEEBETTFVICED CETFINLBIREREDER
CEFIERE (LAY X) Oz S

TFIVEIE

TIVFTING L MO —EFNEORBT T IE
BIE-D (3 . 5
Bl : EFNEETST (EFURIETICLZ2ERE) |

T 6 EEFRET =




- FRIETFIVEEAL

ER XN LEE CIRETH 2T L T 5 FRE T VOB
FES R N+ OEBREO

.L._

pig: Lk

B EIERE )

A+

FE; 6 FREERIRTIN




]

SREET T

IR AVBTTRE R ET V2 BERE L Tl T V2 iR T %,

A FIALEE

BFF hAREIRRE

FERFLET I

ST 7 I
PRl E T IV
EMET I

25 FH
IR Ty T

VIVF g vy 7ay 28y 3 al—ynih

Tk 6 EEFHAM =



(i) B O R RS DR

st A, TR

(1)BESEETE
- BIH B O

- Y AT AFkER BUWE. FHM

H6~H7
H8~H10

VR 6 FEFRIFF

[ro—



B SR

BY¥r—Yxr sORBEMLOWEE
I— v bOBECERERE
BEREOBFHMLEZTREL T AL - = v MBEEE
W B DR D < R 7 % |

T —V sy NI AEREFIL -T2V Y HERYE Y ALY
MEMZEI iR T — Y = v MBER

FHL 6 FRERFHT =




iJ

I—Vx?bm$5”ﬁﬁibt$Am R D

IT—Y12 bTARE

FEDEDY L, 2L UTOMEERET 3,
Zhicdt, Tﬁ‘@iﬂ%ﬁ%ﬁ?% S0

I-— /I/bm &

SNRELET— /I/FWﬁ

BOHEERTEV,

EjEYE SR EPER

]

@aﬁ%kmﬁ;*““”

FAl 6 £ EFATFFR



(i) B SRRSO

HOREREH / BEECKE — BCWMRHEEICS SRR

(1) FEXEETE
- BB ARICET 2B amET H 6
- B2 R AR H6~H7

- Y A7 LEEEN. B FHE H8~HT10

A 6 SFEEEATRFAR

———
Ar—



|
u
|

(2) AR
- BEREARICE T 5 gt
EEE, ACHELTRORE, Bk
- BEHRAR
cZa—F Ay PETVEOEEREEFA L
H O BARE OB

Za—5 iy MREE T 7 ¥ — il
—a—F iy M X ARBTFHEICHE

S 2—S iy NI = REEOERE, Ty —I—VD

SHBADBZE TV TY LA OHEH

Tk 6 4 AEERIRFAN



(’

BE{E

- hA—7Z

- NNEF N

TPV LTI ete.

7o MEFI
- BEEF N

|

1

NN
- 7rI4

{ E 7B EHEE

CBETLY XL etj

N

N
R{EE HliaE
- s
-}

J

ikl

lCHTD

= o

%*&ﬁ’l‘ﬁim X

TR 6 EEERFN =



AEEELRHE > A 7 A

BT VRIS

fad bREAR

BHo#

i

HE R

H10

8 H9

H

H7

Ho6

il =

A

71

Jb
FH 6 FEE

BEICHEBMS A T2 2




|t

(Ksal]
N
aw

HEEERSE > X 7 LD

B)IF - MERFREESEREH
AT St &~
FARISES MR
B R

FHC 6 FREFRIFHE =




R EE
HEMEERFE S X7 L DR
772 b BEMREEOER M

KA EIFE RN — X2 X7 L DOFIF |
MFEN—ZA S AT LORBRT T 2 b A O R

BURIESRS X5 L (R

ERESFAORY NI FLEDOBEY X5 LAOEE

FHe 6 FEFRIFFE

—_—
[e—



A

e

w1y B - . —
19904 2005 2015
ko (GEoEE) S B

BEEEEGGIE Y X 7 LORFERRE »

FEC 6 FEFRIFE




BRFH

BHEELEEEIE S X7 L DOFR
KBETS Y NOEEFIH S X T LD EEL - BEELICE

ANFRR E R E AR N — X BT DO WESL
KIET S > MBI DHEBAN— z/erw%%%ﬁL_

FRARIRTHEEEDBIR

(RIPEE D BEME - ThE(LICH S

P 6 EEFRAET =



|

FHEMD 70Yx 2 RO

BRI S RFEE A4S U B i hl Rl
_l__
A % ARTE | /- ERERANES N — R ALIERAT
. ;
SARACE D XS

EFIFREER. BB 1 7 ViR OEEHIHE R OB A

BEDOTF—a~Nx—2ANEEERE

o o

= -
=] g
— ]
== %

FH 6 SF B E AT




EPI7L DIIR L~

BESMBIEE oYYV IXFLA (BEETIE)

AR EEY X7 L (RSP EE)

L TF 4 —HR— P RF L (REFEE)
KIE | ORNL ACTO |

hFH AECLANL—&O2INZF >

EHH - 2 E@i&%%%:>

T 6 FEERAME =




P p—— i P — P —————.

|

MevEeailfE > 27 L

V. SEERED A T CHEAT

EEEE, REEAME LIV AT A
EHE TS v N EREE Lij(ﬁ’fiiﬁff'ﬁ%ﬂnﬁk“\ 2 DA%

T 6 4 EFRTRTAT

Okttt



2 SR R I R L5y D &R
HEEESZGH S X 7 LADEFE
HEEEGEMES X7 LOS E1E (>BERE)

7ES
BEYINFI—x2 MR TFLDORE
BEBRELAETOMNAS T IFLOEE (~EK 6 £E)

=
I

Jlinl
1]

T 6 FEERTM =



XSS S A L R D R B
() BATEEHHY X7 LORE

7ﬁ7afb%§ﬂg
I T T72 bINX

= L
752k SR F5= F|I [ZF > R MY B
LA E‘ ikﬁ%%?ﬁﬂi 8 i il | =2 )
I I 5
VAT ISR ] E '

—

1 1
O—HkiA |o—h B—AJ
LA |8 W &
( O—AIILX _ ))
T

Lt e

Y 4

Sk 3 Vi gl
ENFs Ay EIalb—4-

/\

BARFEORESHBOL-V L b TR EHE ——

BENELY 2T LB 3

FrL 6 FEFRIFHE =




e r—— e —— S ——————
. ettt mrrrrre r—— ety

YNIWFI— 12 MIEDAERNDZREE

C!WH®$WE )

P(0) = 2W.F(q* + gW.XDC (@)r) \ *E;gg ; 'J_"JL-

g N = AN NV
DSt o A
N _ s - MIEBFEFN
5 NG + Z AC{) + S | - EMEFL
dcw By >/ :ERJ:E_F—EIjb*.y "o
& =0 - 250 PED CHARLT 4 A
(T—Txe h - AN — AR
o -
Rty = R + K[ Ze- B R0 ] E@.
Pu(+) = [ I- K« He JPx(-) J s
\Kz=Px(-) B [ He Pu(=) Hx'l.r'f'Rx}") 1 vd)ﬁ‘t% 120L—-Yx w;m

B 5 I
LA
WY

olile
'

EZFE ShiAMIT R

B

 (FresmEuAEosEl )

T TET (-1 k)
BT ) \f\

p,mdﬂ—wd—-U.L.,(T, T
[ e Unla(Ti - T)

o ST

e o i == EE -
pradi WH' UradT:-T) T 7 1 I
\_ y - LOGBGESI
—EEEE E =Yz b) ~ . Diz}é;ﬁ%ﬂ
(EVESBE) — H..
{ + (EVACINaSE. H:

EVAONax&E, - - »)
— (EVEBKEER)

\_ J
—(AREF A ) (T=Yxh) ~
M

\ X(s)= Y, A(m) X(s-m)+ W(s)
k m=l -/

C EFIAAN—Z BRI

BEO T VH N —HIOMR

VA 6 FEEHEHE =




v 1 A ' ‘
: BE

B B

YIR 5

o il
| 1
b4

IR
gl ] -

BHEHS X FLTO k21 TS XT LBRKE

AL 6 FEERIFFN =



exat A dt

(1) *&EM
(2) #H—#3EH
(3) ZE%*
(4) BBEM
(5) fnrEshsR

I —H—

/4
S
# ﬂfﬁ Contﬁller
'f‘/$?7:r:*-1 - — —
%Ufifﬂ’é‘ﬂ ' %A'
X N

MVC/NT & A LIZED

AT A — X MBS SRR

ALIESHER

P A e e 1B
< —

T R
<——p

< BERERS RN

FRC 6 FEFEFIAHE

[



H

|

I

I

(1)FEHESTE

ARl —T = v FEE
B LSRG
TNy A4 TV AT LERE
7O ATV RAT LEYE
SO ¥4 T AT LEHE

Ho6~H7
HY
H 3
HIY
HI1O0

ik 6 FEFFIAL =



AR -T2 b

INFL—T 2V N ATAEERT AL -V v Mk
\CEEEEY B WA, R 2 BIRT B,
TONSA TV AT ATHE LT -V 2V O, B
L UERENIETERE L g 08

W 2e e Re |
N N#HE., BT Ve, €%y 3Ia2rv—-va3 v, NDF,
=TV N TGN, AF AL Ty U—EE &

5 6 FEERUTM =



)#

- BE{bEE

HREALDOME
F—OWSICBEHEORE &%ﬁﬁ@ﬁﬁ%Lﬁﬁé

o

2% ikl
HRDEFIFEE
(EATEEE © W5eBiR. HhaBR. F)

< VF Ity baY—cEIlETVE

SR 6 EEFAAFE =




i
i

SEFREDHTE |
B HROEBE R AT S

o

-

I kR
B R R O B R
MoOEEE. BEaA b GHERER, FERES) F
DEBILE D 720 DIREDHESL
% JE G A O [E]
Tl ] B R B AR AR |
(B TF YTy e v RS- AR

L

T 6 FEFRTE =



BEI~-Jr b TREDE
FHRESEMRBEEOA
ElEREICE RS L.

MREBEHRKT S &

TE D,

~5. EMTIHERICHL
TFELEI—TJ D
BEIFEShiEEE, F
BEEEELC S, L
g%ﬁ%ﬁ?ﬁ?% SENT

~ 5 IE B
rem—— BBRE 7
PRERNTLY \Fnvia I-Yzrh
A

R 51 3 S ERRES

Fat 6 SFAEERIETAT




» DX T [\ EELEE
YNVFL -T2V MR T ADOEERBEDRS

e ERE
WS X7 (ERME, LFIER, FEREIME, 7
TV a VEE) OFEATEEMKE |
EATEHERRIKIE L 2 W iE B R E TS
-V MNEBES o baLy &

S % B TS O B E AL LA 0 2 0 Bm

Vi 6 BRI =



ST = x> MR

I
- e e e e i e e e 2 e e e = e
Agent A Agent B Agent C]
Agent Y Agent X Agent D
= 7 b

=T U1 FENEERE

EEAETHEES]

Bt 6 £ EF BTV



() HUE DR
-@lT— > MEE

BESML -V bDTA T T VIR
CHEHI-Y =Y bDTATT ) Ik

- B bRIEMZ

p ==

 BEHROSRMLEEA L, ERILOFE LT )

Tk 6 EEFRIEE =




|

J

(i) KRS EREMESAN =X 2 2T LOFERE

(1)FAEETE
HEAB RS 6
EREUN A H6~H7
TFa bty A TYRAT LERET . HS
Fary 47 AT LEYE 7 9
Ta sy ATV AT LEH H10

T 6 FEFRFE =




(2)ERAR
KA RS O X 7 LR EYEt
BTH TS5 v b EEE. RArE T e iR

BN — R & L TR IREEGREZHET 5,
ZHWETY VY SOEAERD

P 6 S F AT

—_—
—



KHEHEFRN — XIBEHE
KEDF— 7 AN EBRSHICERT L HFERRET 50

EARRYIC
BT — ?“ ZOFEE (BEHER. BEER. RTE

) TIRET 5. MERF L EH L CERT b

FUI A vF— yEFGEEE LT, BEHR— IR, LR
N — X%n#@%%mﬂﬁwﬁﬁ& HAHELHESLT 5,

Fre 6 FEF I

—
—



dhaeand

C KSR — X BRI O

BRI TSV MBI ARBET - RX—-2 & LTEFT
NEERBA LT %, |

HERTRIA

BEF 75 v o0iker. i, RFE. BEFH79 b0

ETATHA 7 VN N—TEDEERABERA LT
%6 |
FEANT=F LSO VT X T4 7 & OBIEDE A
BRBEHELT B, |

6 FF A ERIRF

—
A—



— ——

T &N — ZH
FKARRE S — 7 18 L7 SRR AR RS T B R ST —
yo— REEFE (FBEF I R—X, F 7V MER
P R— ) ZEET Do
KT — 7 R—AOEBICE LT -5 D
SEILELRETEET 4o
et —N— 27 54 7 v NGEILE R
BT -y FOREET 7 AR
SHERIEKEE £

M A R RE OWIFT
' I 6 BEHRIAFID




+ ERFRIEEE N — X AIER AT O R

HIREEEIE > X 5 A OB 2 EZHT 5 720 I E
HUTO L) 2B EET BB e T 2,

ERREEE (B =~V F TV v MTEB Y A7)
[EHE & 2 2 QLB

0 AHIES

BT A+ T4 B 4

- KRR ERF RN — B OM%E

FHVRANA — A & ERRLE QTS 5 Heil

F5 6 FEERFTFM —




AR RIS R ER

¥ A7 BMIE Lo —Y 2 v My e &b
o2 B B PR AR AR AR

&1 DAL
B FIVERIE QBRI MR k% i}
CFREFNVOERICE)ETEE
- BEREROWIED %oﬁvﬁa Vil

FAt 6 4 EFATFFE

p—



OB EAR LS BIE

S

FHE 6 LS FATAL

—_—
D —



(3)=HE DA

A
BTH77 v VEOEET T Y MR OFBER
N— R OEFFE, B -
BRBREDT T v M ETET — 5 N = AOWE

- BRHLIITEIR

C T F N = AE

NEEOH BT —F R—AEHEY AT b DEE

TS5V NETA T4 7 VISR R a0 BIR
VA 6 FEFREFE =




(i) AARRIF Y X T L DBAZ

(1) B ZETH

N &

ERTIN R

TN TVAT LERE
Ta ¥ ATV AT L
Fa by AT AT LEHE

Ho6
H7
H 3
HO9
H10

P58 6 L HRTFFAT



—g9-

Eﬁﬂ@%ﬂﬁvxTA
% ( G2 )

A

KIRE R
pall

)
(restEmeE ) gﬁ (frepstimmss ) }
EerRrERs) GRorae o) (mfEmE)
RE(FRER oy CELED)
s i p—r

| FERME
CHESEESIES AT L
P 6 FEE AT

[r——



- RARIRSE Y X 7 LEAREET |

BEE TS v MBI ABERHI AT A, REFHEV R
Fh, BEORY N AL OBEESHE T BT 5,
REMIEICBE T 5 REFTHEEE. REFTRKERRE.
TRy MTEIETEIRERE Z L F R otEEEo4E & BERE(L T 5,

- RS R KIE2 R EE
W ERkss B0 2 E BN OZHEDRES

Tk 6 R

—
—



i

=

n

THER

BEREFIR
RIRFIR

RLBEB X7 I

Xy ame
| CRTENG ‘o

| a2
BER, ABF—4

%ﬁﬁékﬂ@ﬁﬂ

IFERR

(EEREY AT 4
34— 48 ? (3
b
d )
) LnaRy hF |

CORRT
ES~GoT

76 (Fint

2LhERASD
- WEReTT
: AﬁBL‘: Y "‘?ﬁﬂ

FB 6 S EEF R

e
—r—y



it

- RETTF

ABTAY

RIEHERE

N 7

PRERE, RUTEY b2 o OEEREICETE
REFKRERET 5o

- BARY ML OFEEROFE,. EEG
REREROEEE, BEF— 5 L OBk
REHERIIEIL RETROBEE %

- RIETRSF D720 O R ERFIERER U ER

- TRy MTEJFTHEIRERE & DS - BE 70 a2 VikE

- EBIRHEE Y X T A L oo - BE T 0 b avikE

- BEOFRy MRREMEL I 2 V-7 3 VERE

P56 S HATEFT



B OB 5L

SRt
2 2T L

A R AR 52 a8
N—RIRTIs

BRRRTEY T L

FEEEGRIE Y X 7 LIREEX T 12—V

L

S
s
Fean

P4t 6 A FATRFR




i b R =

1
1
mim s, LB

k%li vy — FITHER

EF AR —45 7 U~ o1 OB%

3 L
i

= o

—
—

EXAR

.




A. [FU®IC

B ARETHTHFEREORENRLRFL (F—57U—DIA() OEE

SHEF. EF. BN, TAENICEBTEREOME S — 5 X~ 2%
w |, HE U CHERNE Y XS LERYT S,

1T BELEE

2 MHEFMAIRAFLOMEEA~Y—A T —T AR

3 F—H%7TY—DIABEOERE

4 F=5T7 U=z A EEOLOOER  (FIRZADIS)




-

= =y = I e = A
Faﬁﬁ oS

EFAHR T — & N — RS SR BOHEE _
[y N—2E S EOEFHHFRHROERELDDT, HEITANE] EiRE

AR e OB

.

ORI 6 24E TEFHIBRFRICELET—9 ~—X0%RE FHREE SRR

OB 6 3FEE EFHMeiiibEasstEl CEETER/EINR

" PREEHONELRT —5, SIERE - BEET - BUARERMELT —I~—2X
AHEE - 2L T, FIETHEERIO U V(LB END Do

OFE#N :?: SEEE  [EEHIRAIE OO DETFHRAMET —5 R— I8

ROTER C={:ES- Vg PN,

" ERETHRAMEIRREET s —ZEL, CHERBICAHTES Y25 b%a
BLT, F—& OHERSEOHEFRICK 5Pt OSERHEEER S UEND S,




FEFE S X5 LD &

d—Y—A 5 —T 42X
4

R

ERBEFHHA
MU

A e

5y EETIEIZES
preatodlivbdzy st
{LE BT + HiE
MR B AR AT R i
SYIT - BRI
(Bt - Refs
D Bk

\

i S g am i 4

-

B S

IBEHIRIEAER - FE
fﬁfg:/ini/“fz_'a g

RS

REFhHBEERLEY

REEFERRRESR

Fitgesd it

T B AR R

FRAMNEHRE VP~
HEEHEREZS 2 Jf7 Z_ I

Y

1

DBHMBER

L

~

T ' TY— A
DBiERM Y — I fé;é%r / =58 . o 250 |9
R HBEF—FIN—=2 )
o e DBHEEFIFAEI
TR R Ny '__‘: 1"'_7\
B2 S LF A=)
Ry~ | =
2 — b
4
P’ \Fﬁ 7—:'_— 9 ~N—=A
BT Bjyiok

RO B
A o 18I
4D B

IRIFESHD B
BEANRT b
J Rt 08 59
1454k D B

=iaisED B
iR F
R g4tk O B




/’

=5 7Y~ 1 HEOEREE

R 2 F TR 3 E

T 4 5F RS FE Rk 6 4

O————0O
7O b4 TV RTFLIEE

B

o—-0

|
BRURAFLRFRE - A~ 5 —T - —REE
O- : 0O

Bl — & N— 25
O—

.

l 2 25 LEHiE -
& ‘ O

5 —& R— ZF| BT
l e | ¢
5 =t 1
I N El -I%b-l-‘
Q- 7




N

A.

C.

-
= 5T~ TAEED-OHOEE FIRIROB)
— & T -5 T A EEHEGES =L B . BT _LOEKRBBEORKRET

( 3 BB DHEEFFFRIER) EEER TEEIHMEBOTRIBIAITD
| MEOEHEY
IEIDOPFRIEZE

3RBIDNEHEERSE
FTH—sN ﬂ:“iﬁ:ﬁ?&m?ﬁ =F-
FREHE F1~2H

F—5 71— A BRE S H8Y iR T R & BT
(5‘ 57U —0 I A BEEES ZEER FHEE (EX)
Mo FERE) 3 D=

sTEDT. st
J I CST. #HE OFEAR
FRESAE F3~4[

JEEDITEAHEL (BES) 584 U R 5 LSS D
BRES PirinNE
FEHEE BR1~24

2R F AANDEN %m&%@tm§$%@nmmiﬂéxﬁ? J




B.

F 7Y — T A HEERKR

SR T LR OREENE - BE
2 X 5 LBEOFE & EERR

3 25 LDEGIKR

X5 LDEEE

F g R— X DS

225 ADBEE

F— & ANTKR




-

IS

2R LFEEE FODERE LN - BiE

. YRFLDEE

a. WHHERDT =5 ~—2{k
b. HMHIFEROEEFIFH

. T DIE

a. LR SFEOEHT—5
b. SelsHEIRT —%

=, 4/9 ~ 7 = — ADEFH

a. RSIIER
b. HpVES=

. MBI OBEF

a . hﬁ‘éniﬂiﬁ.

. HTTCIRRE AR SFF R DIERS

. SHREDHH

a /ZTA%%@%W
. MDY

xf 3K H &

« IEFNT — 4 AN X DHEEE
- SHESEIDR v b U — O

« BEFDT — & R— 2O SIS
- %ﬁ@?ﬁﬁﬁ%ﬁ%xéﬂﬂ%

—a2—ERICE DI (SQLEEHER)

e ST S

» AAGE & IGEIC L HFIARIEORE

F Py N RER Y — VD R

-3 %E@Feﬁ@i’%ﬂﬁﬁt%@%@ﬁ#
» fF jl.ﬁuiiumiﬁ&ﬁ CTh% 1'?1‘5

\




2 R F LNEHEOEHE S ESGR

£ R i OE £ B R R
TRf 2 4R | ESENET MESEREt - Ry P~V BB ZFLEBA
TORSA T RT LR 7O AT AT LEE
MR AT LEFE BRI X LBFTET - TV R T L R
TRy 3L | A—PA VI —T 2 —RBfE | F—H AT - (A
mgj-—sm—-zz%ffﬁ EigT — & ~N— AR R (PNC)
7 AT 5 —% ASIBA
HH““%%# Hﬁ%ﬁﬁﬁﬁ el
SRk 4 AR | R LB T—QA&ﬁﬂ%vZTAﬁﬁi(JAERD
F—F AN WERBEIR S IR e
F—& AT
Tk 5 ARRE | LR LR ~9A&ﬁ§%/27Aﬁ%'ﬁW
F—% - ZF RIS —/ZTAfsef‘Eri@EL-b |
F—& AN SHEHF - ARRART - J | C S TR
7-—’5')\7]%&
SRR 6 4EEE TT U — 3 VHREEE (FE)

& N — | R
—& Ah

=
e

F—& ATHE P




2 T L DERRE

-'-
C.--
..

Data-Free-Way
DDX-P
9600bps

lication Tool

EwS4300

T~




4 B
U R T LD
% % IE BEIR |
_ RBEIEH [ REERRT
. i BR | U7 98" =29477 4R |
o= | M7 87991 s oEERiR [RRERRE
. A F—FsER — B (A ~ FR
- - B RE CEERT IR
BEFA—Ib Y= R RE BT
Frza- B R g R —EHER) 7 METR
N VEVEY, 5 — 5 84T« EE

V7 b

BRI - BURERN

G UFIVETE - BV

U E7° 04 94

AAsE - EEDR{ER

w7

BEDEWS




= oA M

A F 8B 5

BEAINT I

oh W T 8 5
= T IR

i

1%

i
ey

RERECAN - RN

= 4 B &
HE RN
s E8 2

=82

R

I

R
(R
= A&

(#6058 )

= B
F R
= H S A5

M
B [

v

m—
—>

N
E—

BRATIBIGHERT -7

J — b

-

L“\/" N/

—

LN
— 1]
_..._f\
— ]

J

e

0 RS

N

- I
SHERDI N

hy-tN o,
MR - RIE

Gf:’aa 0 0%z

- BRyE
H e £pE
BR=
BIEH
AERFERTIAL

J




gt

AR Xl

-

F

P T Y

erete u.f."'ﬂ.f.‘g.l' sapir=rltz
o

L)
Ilc\"‘ll\"l‘lv! r'!'"l 'T‘f"f":\-"’""

O i

FreviadiatTvien r-v": ereiercITEITIes
(XX k% ¢

A YAt e e P emy [ T it et T
o ot 't o i e 4 2 8 % b N Al
3 Akl i.-ld‘t""\“f‘

e kel

W s fa g e g ven s, 'r-”--cs-..-.- FacE
g o —..._—<r’|-,_,.- e e
o M ol i~ et
‘4-"\ -MC(--. "1- I(-l‘ %

Tregrl
_,: -

rua
4 'O

i n " el e i F
R A i

..\-.
‘ 'rt':

J.I'LA vvutv'l Nw'l-('\‘

Ry Bty
SRt G AT =
.'ﬂu.ﬂ.u.u-i '—"l:f.h.z?.‘t'-l_ x—_z—zr-t—s-uz—'t:;rc.':-
4

SHIES R 3=

Friror y:ﬁ";:—-—

jre gt paznaniiily
——

I 5 aneka

Jﬂlrj

i
lll.-l?:
i

Y

FakdFide
==t

!

) . Tadrslagis

it F.:E{ :Ras:':é:h an Base Maedals

Wil s
Ak

L.-..‘

-.»L.; e ,,
L:Au -'.u hd l.,l'.)-

=243 “ e i
feiy 3t 1 -uu; -un:xrup
Ay e

,m"'.!'ﬂr‘)w J'l-r
g g

eryeiedy

e R YR TY AT

T

[ R o e iy
-~

iy
CAmpd Zad I-—‘-‘I—I-‘-I‘:f "—‘ b,
prealiifa

aoRT "f'ﬁ
e ]

FEatamige) e Az Iy
yrvrT fﬂ-’mﬂ"

_.ti-a-f: Ao LA ATeYE s
‘irv-iﬂu-‘-'s u)—“,““ wlm:“"‘r ﬂu.
a}-_; ‘—Bﬁl MJg—L’,{J‘rL‘ :?Ml‘nﬁ;wg-:.l:;}f

T T T S TR Y T T

P vt et P vid ot of Aentden

A e e b B = 8 4 S R T e e e

e
Py g 8. myipep Ayt A g e

Fe g p Ty rr ey DT ST - Tl PG o Lt o S oo s s
Hﬁ- <
m it mmf“mﬂm@iﬁic ﬂw%ﬁﬁnﬁﬂ“'“k 3;-&:1::“““-- Im'r---uucv-ﬂw‘a-u_:_:? Ef
-ﬂ‘—-‘-u--i&m-—-ﬂ

R e iy ak

et



.-f

1y
T

St
¥l

»
4,

o
e

b

T :
= s
- [

X
L

%

5

-




the itexs are ignored.

O Execute I;J Quit B jm] Functionl. lzage I :
Display :i “C onversion |
! Condition . VLN f 0 MAN Character
( [t em " = <= Strings
J &kl MATERIAL NAME i | ‘ “lnco%
A FE..‘\TLRE OFTHE m ,.—I— .
a VALUE OF CONTR! L :
a TIME TO RUPTURE b : '
[l2 ELONGATION T
a REDLUCTION [N AR :‘Cf-lﬁ;__'-- prer "4
a TEMPERATURE [
Fa TEST :O. N .
{
TixE 10 "—:'u-u\: TRIz?
" o e ]
Y pssage ] Count : |
: _
Display Coudition
3 1 Gronping O : OR
A ¢ dseending A AND
D Descending
[f both of the “Display™ and "Condition” cells are blauk.




St
Incofe

C

|
|

A
.
S
— b | .
| ’ -
ot
-y
N - [ U ) O N .
vip st
L . %
@ G
| S| v]~ Il L
o N . o
[ - i
=1z A ‘ R R
e L S A A R A LA S A A AT S - Y X
NI
' - . U U A IO TN
=1t -
O C LIRS ST 2 4 D SO A e
-t — e — . s fan-| - RN [=Bx wbC1 o vep ey . “ . ...-n.. .o .
bt Th L nER O VishkaREn
3 .
= ae
o SR PHEL A
] -
— c
D)
rd
[ SRt

‘ke/fmm**

i
.';1;; [ ERL N

ARA.

" [ROL P

"

A%

L o
e fe fo fn O fe A

[~ 0= [~ t= [ [
aede Na brere ns
TTRY FIY

v
t.
I em
MATERIAL NAME
EOFCO

Y

FEATURE OF THE TEST
VALL
TINE TO RUPTURE

‘ELONGATION
REDUCTION IN AREA

TEMPERATURE

spla
I

—_ <1
S E :
= bl
- —
. ] g —
L ﬂ . N 7 =
am ; wl @) | g @) ] @ X
G 2.




EMTH

Bt

Wl
=
%

\(BEREE 1 DIED L TOF — Sy bET LU )

F—4& AJHRA

BR#SE0IU—T. BiE5| k.
SENES - He - HPHAXBEER

25y Tiegns U—7, 5k

[ERsH e, @BRILEY
SEOIHT—5. HERA%T -7

ﬁ%ﬁmoz%yuxﬂwﬁ#4awﬁ%-

BRES - BHEHME

0480 0H. NAFOA XROEBESE

. HOTYH - TIVI DT ALAEEORERNK

[KA48 - X5 v L MO BEHFHE

S 3w7 ADKERSBILEN - BIHHE
LiIKIo £ 3L BEHE LM « BHHE
25 L RO B -
Nb/Mo Bt 284 00 BEHFIE - L/KIETFHE

3 BB D

2%t

N ONE
[t

+ 66004




C 3HEDWHNOICLDIF S
(1) MBHCENT-F— 5 NENTEE  (F— 7 E0RM)
a. IBESHDTF—H5DOAREERLSDIBIE
b. SEEREHE DR
(2) F—H5 D - EHEOER. =p9E ENNFTRE (BT — L P R D& )
a. FRIEOELTIZIZDHEEICLSET—5 O - 5HM
b. 2ELF—FIZUM U ERIGTHNE O
ZE 4]
SUS316XRFUVLULXOSERIE -7~ F—45% 3EETEHLES - /-
T BTy —IVDER - Ty ERESERBRM RSO KB DIRE
2 F—HEDEN - F—4FESICLBLEAOHEEEDIEE
3 F—HEOEM - BEENEOER
4 F—H4=DEM - BHHEOEBOETENZTE
5

T — 5 BB &R .
| - - EENGHREOMY




1= & B ESEO 2B DIEE

P

1 F—4~HEE&ER

| ST (o o)ll-llu[1"ll'(ltl\{|1_]
r

Syetinon ' 6... " Mecsmtm Camparard  SusagA{MP) Tenguienfst
LR F allag_ o tae i :_m._ﬁ':ui‘l:ﬂa-t._k...::r_!nl._‘:trn-'m

=':.-:~{

¥

.a-'
T
N
i 1. production process
‘:"_§ 2.i rradiation facifity
-~ e 3. dispiacement of atom
e Ty T — 4. amouni of He formation

G
Illh."'i‘c-'ll
Wy

S. irredialion temperature
6, testing temperature
0.2% Now siress .

A hiut

L iR

2 Rcovzsni T T T ’ e n —— = 8, tensile strength
Jaania’ :‘Jmum TTTTTRAR : 3 R ] g, uniform elongation
& 5 10. iotal elongation
— oD _£4,0 69 11. lecal elongation
Ly :
o —
TELC :

[}
CL | p—

. g __

5 __'l‘!l

I AJONITACH
Jura TTAd00 Al
-

nﬁmrus L i
. o (‘I"'l lll- )., [=]
. nulu__m'; uu_ N -
AE3NLAe h_“____ (83 E“\.__.l 5 o G:‘,é’;, o
o b 1
FANACHITC A 25 Wt 5 ” A ©
3

> — & @i
3 NS INELIT—FOD
HeL i EFBY — VT KD,




/

2 F— 5 DHEIC & BINEE O RS DIEE

Tolal Elongation (%)

o
(=]

-
o

]
o

NRIM

JAERI

g !

PNC

| |

bt oy i wow
.—

200

400 600 800 1000 200
Test Temperature (K)

400 6500 800
Test Temperature (K)

Do M oaw

EEre]

1000 200

400 800 g00C
Test Temperature (K)

000




3 EIEEIE O

1000

MPa)

~ 100 1

Stress

10

a irradiation

. non-irradiation

16

18

Relation between stress and Larson-
irradiated creep testin type 316 steels.
(hr).

2'0 2 2 24 28 28
LMP=T{C+log(tr)}*10"(-3) (C=20)
Miller pérameter on non-irradiated and

Where, C=20, T=temperature (K), tr=rapture time

/




4 SHEOEHETEEHITTH

400
3
; O Ti(<0.1) NRIM
o M +  Ti(>0.1 . . .
S o) JARL | T Ciy=Co+f(T)+H(Ci)+Eo
2 . 7 0.2%flow stress(Fy)
2 2007 g o 8 g ! Fy(T,Ci)=485.2-1.119T-0.00148T?
2 8 & & 802 8o +0.000000647T3 |
2 o 5 -8 58 3 +193.4-1448Si+83.2Mn-Mo
S 1004 " ° e +199.4Ti+2630B-779N
0 ! 1 v T T T T T
200 400 600 800 1000

Test Temperature (K)

~ The Classification of the data on 0.2% flow stress in NRIM and

JAER! rearranged by Titanium contents. : : /




E e RO

30 30
a
. y=13.363 -0.61574 x R=0.429 < |ea y=16.257 - 0.36816 x R=0.646
< 20 * 4
= } < 20 a
[
< g
5 o 2
o on
cn c
c 2
2 i
m ——
— [
b 5]
o =

L v 1] Ld ¥ T T 0 Y T
4 6 8 10 12 0 10 20 30 40

He Content {appm) : Displacement Damage (dpa)

Relation between total elongation and He content (A)
or displacement damage of atom (B).




D FH#EDHEEOBFM

1 D chit FBBETIC & BHedEDFA
2  [Ef F—HADHA R XFLDRLE
3 Ehk 5 3 w7 ZONaBEEHT




B C BT 5SS v g RONaE R
SEOLBEMETCEREND S

L1

250 A0EFREER | > EEFOSERE

O WEEEE & B

OB I | ERA
OB EE - B [jﬁfffgimﬁﬁﬁ>
(R WBERRE f=) 0 ,,
(HEZE % Cl#ess Mg Ensty, =
= = 004 B Y —=> SR

OTMMEQ%%%%%L\W@ﬁﬁm@ﬂtﬁmﬁm&E@DVﬂWTﬁh
HADBEIBLD 1= DRERTIETTED.

O T RRRICET L. REREFRD BB EETRT S,

B

O Sam ke Rl (5138 - il - WIEHE) ZFESL U Ty ST E5

paDRERE S L O M IABREIIREFHRT 5.

_/




-96-

Weight Change (wt%)

5 3y 7 XONattFHEARER

3.0

2.0 |

1.0
0.0

-1.0 ¢
-2.0
3.0 1
-4.0 1

-5.0

COHE <> S

Al203 (Ref.4)
1 36% Density ). A1203
:80% DCl]S%W (>90% purily)
:98% Density A 7r02
1(a+12% ) 7: Si3Ng
(«a+53% L) []: SiC
(a+97% ) O: Sialon

650C

0

10 1000 2000 3000 4000
Sodium Exposure Time (h)

5000




N

£33y RONAERE— FOREER

Example on Sis Na

Al

L Na exposed surface

:"é‘”f‘&;—:ﬁ.ﬁ; by
650°C X1,000h SisN,.10x

Si ceramics
Alz O

Si + Additives (Al, O, Y205) ©>SiOs |~y

Low Purily > Impurity SiO., etc. ¥

Reaction with
Na, O




HH Y[
SR F LAREERDIBEE L ERE
BONTREORS |

SEROUIEETE

L RFATEOHRME (R

- A REGR DORRFER

LD

£E)




4

- —— | g = = ~ 2, proke—
URF LEEORESENE
72 = F- I
1. YRF LD Oy A7 LB EIZIFTET LI
a. WEERREOF—5 N—2X1k « SYVEEIF — & N— X EFEELTC
b. HEIEROEERR 3B R » T —JREDBIREET LI
GHSRF #8855 J | CS THUBIMEETFE)
2. F—FDEE L O6 6 0 0 {FDIXEFESET Lic
a. JLRME, ZPWEOEF—Y - [N E
b. FEmdElT—% - IR AR
3, YA H—T z—ADFFE O = 2 —E&RIC & AR EEmEHRET « SfFLTC
a. BEILRE - S QL EEMERER CORRERREC L.
b, HEER RO FFEONETEDD)
4. FIFBRORS OBERE
a. SiEEiE _ . AAGESEGEOFRAERREC L
b, Fi-iMEOEREABOES - —EERELID, AR IIFERDRE
5. SRS OEBSEABEUMHEEIERILE
a. ¥ART LD « Fem 7 — A R R e
b, FIFOIK - « Fm & T —9 oA TR ERRE

. . R,




—00T1—

o REDRSE

BORHEE 3¢F
i @EESEEST) 64
EPOFER 5 {4
HEeHE 4
THERY 7 b9 2 7A\DEE. 1{%F

SHOFLEE
FIRBERE |
RO SRS FORERE (HEORS)
2R ' '
Fu b D~y OUEE (FHEFF. MAEET. JICST & D)

THOEE Eigr— 5 WBREEESURRS A KOl
F—5 A%
REPFHE DR




101

BEETEITFCE MR

( EFEag s O = o — /s S—FFFTEES || BASHE )

PrZTEEHE

R 6 FFEE~—~ 1 0 SFFE

HESITESATE D = w0 XFRTILTFO R
~ 5 U UL M s T o T OO BASRE

ER6=E1 H 2 4

EHFRERSERET - e =tz —
SEEEGNBRREES
DORPAITSEARE



—¢01—

- AFETREHE SIS S = w2 XL aO AR s
5= 1 7L & SEESCETIE T oo BASE

< ®ZEEag =
FREYISUFOOEMERE(E (BiRfb. SESmiEtaEf b, mhliEdRRi b, BSSoenfhb. SHEseE .
e 5D =S EeY S Ul S (SP8Na. =EEEhtdeE—F Al - &R
SIS, AUSNRRESEISEITE. Bl SRWUGCTIISSSOOFE-SISRIT) (aEATIeELs
RS ARAYNFIVRY S FRTUTHORBIBLD 7=&D. FAFHEERET ~ & E - S Hii=TT S5 & & H i
S BT ST E BAFRE I S
F 1=, SZFEAEEIOEMSEE( B /=&d. TR iT =BT T Do
T, B U 7S5t &S I OERm AT 71 0O rESn S = - - S TR~ O E FH T A 55 iR
S

< AHEEST— =
CAY) MBIt = o XD 48220 o - ooEIsY
(B) SimERHARR = €25 o |~ ooEImy
CC) SERRFAEEA D o220 o | D&My
(D) I MTooBAFS




—£01~

BEF—vTRUTAI—R T Ta—N

PRr—7 STAERE | Q4ERF | S4EE | AMEEF | GAEE | 6EEE | THE 8FE 105RE | I
7’[:1:1[‘3%%\ T 7T
oM B WM AT
L L‘]ﬁ‘t& - = " Eﬁ =
Nalft Bt PRSI, At
Eﬁiﬁmﬁﬁiwbz .............................................. -
FotREF § 4 aRxA—I5—
EasEE 7 XA TEFRMERE, A W %
E o W OB He———T— S -
| ik
70 KBS, HAET T
oM OB E B M AT SR
SERER Y O  RR, RUEE SRHEITR
m RN TNV PO ERRREEERPPPY PEPTRETREN -l %W
| ]
a,qwmﬁ;% THAEHE - SRS Ay
* @ ok K KW O e e i -
e SR LTt - RAEIE, ERET
Wom & & D | Bk BB
L5 hEEE F—5 AT FIRITBAR, | FIBILK, 7~ 417t
F—4T7U—9xA B s M s O R ettt B R -| BhR AT

B HERTR




-F01-

1 2. BASEBASE X425 o —JL CEHED
HARER vILFa RSy bR U P ILOBRR MEABIEAES 2 o 7 RRVAFa UMDy b o5 U 70 & SmeiiobIR,
£ E % | EHE 2 % I i i 2 ] 5
H B TEEEEE | 6 & B | 1 % g |8 & ® | s & & 10 & F
: P . i L g & g ﬁ T 0
& WRHOBRIE B R 5 R OMY U RAEORY AL MR H W I REN®
5 MPIES, FAMERE | SR DR, mﬁﬁ%@i‘%ﬂﬂmmm i O ;
I |HBES Iy o x| FROER OB R ORI T B | v Y - T HENE i
v [3UMTy b OMY | BEEEL i hMIF W S KB AT R R AR
z i P BOEOMRMENR | BASIRSm
2 g mﬁﬁﬁﬁ-ﬁﬁ-ﬁmmﬁmgmﬁ-m&-ﬁmmmmﬁ
# i i T :
Z FING 1o B0 FAILY 0 XERHEORR | MEpEoRYAs | mAltTotxmr | BERRG
- 71 - BTHEH, ERHEALY o i j TRHEA(E T b XeE g
D O|F R MR BT ; AT LY B g Y — 7t H G
L, |A¥RTy oRIB | Oz, MET i BT R SR R AP T ERSHR AR
+ : i H ' !
. AT j _BSSMETEE | mavomim
) B - BT - AWTOORBIT | ARA - I - JRUHERIRET
4 T E
k ? !
o & A 5 9 O 2R A7 0 2 AE7OLAFY RS - =)
S ey | TR R BRI i e S el L
" BRAERHOHERAT | RIPHORSSEE | WEHORMIETE | T T ouiee |
. .
' ¢ﬁ$m ,
CoAEI EARIOTM | e ARARKONE | - AOHORSL SO
EREBREMC L 5 548 TRl Ot MRSEOREL W & % ¥ E it — LG S AT

EHEEREH 08 N

5158 - MUZ UAMETMEET | SR - MBCAMA EOBEL | BBE— ARAH=H1 5308 - W& C/ASHE

5 V) TS | REE—ARHHCET DS U — ST

TR | TR

¢ﬁ$ﬁ




—G0I1

(A) FEESI oo 2 VRSy ORI

< WERER >

m

& | HEHEICHT BE5397ADTHIA 1T SIERES

) = HEODRFAA

AT AHRERER. Nl L, MREREAYT, EHRHE,
BRI, TR R T R h ORI

Di=th, TEE - HHE - IBEHEE O S HEEO/FA,

“hinlcED<

SETEROER « L. SEMOMEEETS LSRFEAEETO

R ETT S,
X5(c. SEESOESEIOBEREETS,



90T~

52y 7 ZEAER (&)

O BEEST=AR - TREVERAT (B CROM. THX, £v7, K& %)

O BCHERM (-vh51F %)

O K~ NEBEF (BE3-M507H, BEEEGEH %
O HfiEERH
O BFFREL A~ KXy tIb & OO

O FREFNEEERH

O WEHF A & VIR DRI

(2529 ) REMOX RN, SRBENEI, TRUBHAIY 992 &)



—L0T-

Tested ceramics

Sintered CVD Sinele Crvstal
Existing | Advanced et YR
: Al»O3 AlyO4
B v | i
.g g 3 SI3N4
00 . S1C S1C SiC
m )
| Sialon
g
i
8 MgO MgO
% YzOg
< CaO
MgA1204 | MgA1204
E Y3A15012 Y3A15012
g TiC T1C TiC
| BN BN
AION




%
o
s

2

By

\;

Il

|

-
—
R

=N HNGRFm St
“m RO
AN AEDE<J

SEErHE (EE%L) (A-2, 3)
5t

~
7

B
A
t’:ﬁl’t‘i iANAT
I
N
0
2

&l —

0k G0, 000 (B ACGORE )
CHT SRR L 1o, oo ;
2%

—
Lt

[CHAN, B
LERA LR
[‘- (JT\-—O ; if‘—\ :

| Jc%: JE
r%@%%ﬁmm o ERAEL
JU (MgAl20s ) *OYA

G (YsAls012) \ ESICEIFIE LTRSS M0, Y20
N I;tﬁﬂﬁ.ﬂﬁj‘ﬁfi’&i"—bf:@!‘_ﬁb’t T1C’sbBN(;tﬁﬁﬁf$l""v fzo 452 TiC, Bfil(:t
ﬁ’lfn)a?a’p]gVDH@ﬁE %%:’c% <HE%@%O)ybeah_ﬁ?émﬁ&l:%‘é &R S
/D7,

N 2 [CoRT, Bl
J@ﬁgmm)@&%
z@ﬁbﬁ%f?

~801—
Ve Jw Y
WNQS
O N
S
£+ 35}
i
il
-
A
JiE
'E."""
Bl R oHIE
Ji ik —
Gr rl9-r
L_\H\-C;‘

7’
N

(&b
L
x>



BOT—

NE{ERES I w2 X Al0:DFE : TEM/EDS sEEDIHER, UTOIENBELNICER

o o

ONa2FHICHB T, NMERRETHSHRE S, FRAAN S BELSNED 2T

@i REM S (FST, Mg, Ca, A Enfzh, 5055, MyldEE{biEERl & LT
MODETHEMEN=bDOTHY . Si, CAlIRTHYMTH D, CholE2TEBR{IEYORE
BECHEIEL TR EEZ LN, TOBERTS AETH S,

HEDCEMND, Al0ONIC & BBRFHMREANTRN TS Y, T QRE EHF (-
5H5$ﬂk%%%£&ﬁ&Ltﬁszmwﬁﬁﬁaéomﬁﬁmi%ééﬁ%@:m
Si-O{k&¥ LR ONaL DRIG ( Na.S10s DA R 1Tk » THIFH A HNarR(Z
BT BIHICEID ENEESIND,



—0I1—

(2FEEE{bRSTES = w & RS1C |, SisNy , SialondDIgS : B 1 (TR TEM/EDS EERZED

TEE. IFTOZ EMNBRS ML - 2,

@MﬁﬁﬁmﬁmT\M@ﬁﬁﬁﬁﬁ%ﬁ&éh\ﬁ%ﬁﬁ%%@ﬁ&én&moto

@KRMBIEST, ¥, ApdHan, ChoDS55, Y, Al & L TR
BT NI DTH S, b EEABOTE TR C0E L% e o,
ZTDEELHS RETH D,

QEARIICHERIEL TOHIHENS [ENaZRB Ehmh - 1=,

LEDOZ EMD, SiRESE
J, ZDERREISEMBROEBEIL OB S FBERS L > THREBREICE NV THERS
nic, RFEFOSI-0EEMNaERIET 5 ( NaSi0s DERKIG) T2 THB EEZ
DD, REGREEBERIZICORISICH > THAHEES ONarth\ DR Hwi F D551k
L OFERMDBEDIZHICE LS EHEEEIND,

y 2 ONa[o & B RS A0 B R AN RN TH
il
[

7
o)
Na
%



111

LiehS > T, THAMESED o IZ [LER O - BEEwliE L. RRBREEMHT S
EMERETH Do

s it - B OEE O BEN S .
. & DiE & - R RABARIE DEREAL - Na[of U TR E 45 BhF] D3R
L e e et (45 2510, D)
Al1203 = = = 4N Al.0sffEdk (HHERDSHE) ,
SiC = » = Al0:BYFISIC  (Naloxt U THREL BEREBIHI DER)
SioNe « » « HBEEELSToN,  (HISHORRID
Sialon = = = FEIAAFEEFSIalon CRLEAREFEDIERAL)




-3.0
£
Q
(@)
E 20
)
@)
c
1]
.
L © 1.0
- c
[
)
=
0.0
+0.1

Al, O,

Test Temperature :650°C
Test Time :1000h
Oxygen Level :1ppm

. C K | K | C K N | C
99.0% | 99.5% | 99.9% | 99.99%
Existing Advanced
Purity of Al, O,

Fig.5 Effect of Al.O; purity on weight change




—E11-

SIREFZIWIR Qﬁﬁfﬁﬁﬂﬁmﬂ.éf) Wi TRl R THBEE 2 AFHEES I v IR
BLUOEREREET I v Y ZOSRIEEREED TN B,
QB2 XFBESZT IR OFEHKEELS I v I X

SiC : B4C BHFISIC Mo /FeA o »iEASIC

A1,05 BhEY = 8Si0, SiC  Mo/FeA o iEASTaNg
SisNy @ RIFHEFESRME ~ ST0 KRS 1aNs Mo /Fef # v E—LI£LJSiC
CFavRERS Y M Mo /FeAf o+ v E— LI+ SN,
Sialon: Sialon-SisNeEEEH (UG RL) | -

i FARIE AL - 4 Z BSTalon



AN b

(B) STEYBNHERTD Ky b ORI
< BEREf >
55 | EHEIC 5T 3 BRI OFINS (2 & B HHEIEE Tk B Tty
DFIEEHBET BRRARE L, WSh &I IR 25
ERHERI A DBIBID =85, ) » M ISR LD =6 D

' MRERETZEITO & &HIT, {ERULE = H/a0i0y ME = vion%e Tob (LD

iEfsEan el & SEES(LIoADBRR, EE - iHE - BEHEE O &
BRI, b TED (RFROER « L S SR A IR

- COBERAMEHBET D,

Sbll, &RFLOEESHEAMORFEETTD,



_ax$ﬁﬁ%%rwuxéﬁﬁﬁ/ﬁﬁ%ﬁ
= lmlf; /%%i?ﬁ

Thickness : W= 5,10

1000K

ERTIEEERETIVICELZIETE /- SRR
e RRIRE

— 952 ThnE
wﬂﬁﬁ¢¢l&ﬁﬁ%
M N—XIN2 I
FGM
7:¢—»Rﬂ'. -
A

RIFEFRE

—115—



911

B . {EsLEEEERr oD Al sy
T S . BB OE ERORAL (B — 1)

(1)ENMABI S DiF A R E R MR O — ke TFINAS %. #ifEo B & LTHABADB LS
(CiE L, FGMDEEH « BB RRiT & alaE & LTz,

(MR BREME (NFGM) OPEF — 4 ZE(C, PSL/SUSRKRFGMOE M IEEZEA R T
BEOEME LTERE Uz, 1 CEBICHER U/-FOMRES A COME S E D
Bthamrd, H2 Lm?%%:FW%kFGM(D A T=1000K OEiaEEEBICR T SIFER
= A TORE, mmEFESICEOTIE, REREEREFGMIERIS
NBENOLETHATHD ZENPHLNICT - T,

ﬁ##ﬁ%ﬁ&@@ Tz, MEHF(NAL) TOBBRRIRE TORBRERTE U TRRE - 85
HERIETT - foo BMICAWEES VER 3 [CRd, COEF N EXBRESI) &
ERARMO—BAEETIELLICBDTH D, £ZORBE. HEMERETICENWTIER
RE B R MR BIS I BN O S THHN Th 5 © LN BN - 12

W5 (C, REORBKICIED Bz, Fl4 ICRTETIRE 7L THEE - SEHR
HETT o T, BERERE TSR 5 FMOBILN T, ERBRORENTHES (&
HREAT) CHPIT S &S ICABITERDS CETEY . ERRAERS N A 8
THs &AM LT,



FGMEE 7022 (MA/HIPIE)

1) H T EN~OHEBRBICE (O 7 NVHE  SUS304)

(2)

@ 7' b A(33kglfcm?)
RN A
.
7 - —
)|
V| 722,
Y o
T .
et ———>
>3 |
BT VY5 I —HTCE
| ¥3-4FiE
— BisE
~— TigladE

77

ST Ry
i ey

““f‘ a»‘"m T

.

-117-



P

¥

| A A2

Upper Electrode

T R

it Sew et

; \

=R

et

Upper Punch

TZLT
|
_4 el

i

T

[
A2

T— Die

-

Al

Powder

g b

R

VISIST

i

=

]
Lower Punch

Power Source

TERT

I

s
ard

o

o

\

ez X
~ Lower Electrode
P

Schematic Diagram of
Vacuum Plasma Arc Sintering Apparatus

e

rea fak<d

ey
fath

Water Cooled Yacuwm Chanber

—118~



A {2 27— (el
27 L Z$8iH TYTF MK
(SUS304#1#%9 um) (M12F, $1120.97 um)
SEIREH B 10mm (M10F. $%&3.05um)
& 20mm
| ZSY_EE BREITE/ I
CIP (200MPa)
R
25—

CIP (100MPa)

Rz A

HIP (BRIEHERR)
B 1300C
7 : 150MPa
ArSREIR

1.58E]

RERRERES
XMARZAT
SEM-EDX##4f

K#
(SUS 30418 9 um)

4

PRSI s2oxesnd (30TH)

L]

] — LA
o TR B T (g9 R E R HRE

\

D A5 YU —EEH UAERE

A5U—F 4y EvTik

—-119-



031~

B . {aflEedErs oo Sisy
— HEFOEZOER (B—2)

(NmRiEREE MA/HIPE) IC XK BPSL/SUSRAERFOMOEEEITH>7c, HETOEXD

SHETIEAR 1 [SRT . A CRER - THEHEIEETSH Y, FERFMORIEI X
B LTS EDERN &R 5 12,

QUNRTEEE (MAHIPE) (& BPSZ/SUSRMBKFMORIEETT- 1o, AT O+ R %
R 2 [Cmde AETH, B33 w7 ZAKAY v FEOREMBRENBEC. + v 7B
:fg%l:;%é%bfi CAd2 &, FERAOFHIEE SUAEHIEHMNERETH D 2 ESEHNBEN

&k DlCe

(BMA/EZE T S5 X2t E IS L YU [ERPSL/SUSRIFGMDEENRIRE L L - 1=, L&D O
XA 3 [CRT, BEBMEROY—{ED=HICIE, BREDENWC L DIMAREE L Ry

EZHEOFBEENVBETHY, BLEFCMIEDHICE, SEEROUENDLETH D C
EMBAD & 78 o T,

HZRZU—=F ¢ v EVTERIZE S FARIAMO/SUSRFGMORIEEIT . BERGORE ET
o571z, B4 IC8ET O X&ETRT,



21—

(C) R /Ay ORI

< ®fEBs) >

BT I k= LIRS KUY S VRS DB TR
&7 BN T i TR FESERE U BB R S e
BRIy M ERIBLT B o, BARIERET, HALIobADBRRE, EoA

=0

RS TRl SR S HGTRRIE COERMEHRET Do



~¢8l

(1) BRENY o ZILODFENZEZELD T, BEEEALIRE - VLSS ODOTHhEE, B (SFReD T
EEEI/IERRE TIH D, FE o, UTEERBAYEECMEE K U ——EESS DS U Y &
I i RS- LD RTTEESTHEOD &F 1, =m0 0D Uy 2 X5 LS A ST
IS D EODOEEEMEANTEE - T LD

(2) BTSSR TS S AT, A L USSRt B S T R U
SE3E (Np, Pu, Am, CmZ HUERR T SHL, —dSBP ulx., —#
S CHEHEERO Sk & L TR SR EE X o=/, P uEkE< TR USE
(. 7 R PMETFRROOTRL NS OOHEE < . Bk oORSRES I35 L) . BRI O
Sehe & (3% T = A > P

(3) L O LT RUBSEBIOEBES S I, ok U, TR USTEEO; A RMAULTR
2T BRI SRR OIS T 5 S & 2. BT T RUSE
FREFFREGREE UTTRIFA T S D &EDSFAJEEIC /D,

@) o35 UL7mERSSONS BEESFERATE T RUEMO XEREIESED—ERIC RS LT
r=EELRI SIS U NTERE S . =SaEEE w_%’y*%%'rélz\ %ﬁk’tﬁ’s&,ﬁﬁ\ U 7—aFF=eBEazzoo
EHESDS 95



—881—

sy 233 . : - |
ML S | S U_———ﬁme woe B odecay B2.7%

taamasswnmrrrat

electron capture - 17.3%




-ve1—

(D) SERERTORIE
< ®fEERY >

ERBOYIIA. AR B 7o) 0. THEASEOFEHENDEIRE >,
-~ BHFEEDOFA - B EEZIEOFREUIE - BWIRZE & ORfGHHE -
FESEREIC & ARmERN =R L. AFREFEONIEMHEDRE. KiEE
D E RN U5 [RICT DR :tJ::?ﬁ{E‘J:t\jJ DEAICKL D, BiEHFHDNa
|Zxtd Bt Dt S - BV, AR, [EIRERT G EOYN AN A
X3, Tl MAEEREIEOR b oERFF S N 2T EDFIR B d 2

BIRATT 5. -




Ge1—

IRECUE R & 13 ?

SEA A L —Y—, EFRELEFMBOREICEAL .,
IS DIFIE & B BN |

1A AN  rrre—rzEs s
BFECFALL, MEL  HRREZOMET O+ X
. GHRELEESS  SAd oL LERE R
TLT%EEU)/?E&“LHU% AL T 2BEE7HER

EEE]/J 73 7E§ bﬂ!ﬁ

OB % A R Y 14 =2

(4 4)

fEA4 A AL FY N




-981—

~FT&FE AT
14 VENEOHEE | S
_ EEET XL F IS & BRTH IO TH B,
RET iy L,
THEBED DA,
K270t TH 3.

mFr NAEDEZDE . N
= EATEBTEOEREICENN b V) . MIBERE L — 5B,

T AE-LIFI L TEOBBMEDO RS A a—F 1 L FHREREL T)

B E DB GRENBET DI EIC LY, SOBEENES 15,
14> E—LOBSAR. T3UE—Z1Z & BRIEICHT 350 S0 % i

D, EETAtEXTH B,



~LegT—

RADIRIRL AL (AEEORATKE, SR Bl —v OamS)

AERHZED &5 ENIR R CEREER O 3 ESRME LTD

F33 99 A DRFFTHIE L0,

DEFHEREMITFRES T NIIICHIREIN T 3 HY, SElFRIEEXIE
& LI=mi3eid, z&a}nfaﬂ%wcm\

BE X LPUSE R K UTRU S BRI BT S T HEHE SRR
¥ig: & Ui=FEA Eﬁﬁﬁ@f 2] [ A AW

@R = DN T IR AR

Eﬁ’éﬁﬂ’lé L7t

LSt FXMTNBD, BHETTIIAD
AR |



=
p—

ST 00 27 META\ORBERHhER

il

SEOEEL. TS L. SR DS E — o oL 3

DrEnd

EEMOE LA TES,

—821—

QERRFIENEREBIR s DBIBUC & Y. B EPulbils K OTRU Stk

DESEEPIRES T B & & bIC, W< EXIBIERTE 3,

FREAFHAINAEFICE VT, 1339 b. FoDES{ UM, =88
RIS O =7 Rk DK & F D RTHEMED BRSNS B,




—621—

SHERT3
(hafY, $BEG. = — X & ORE, S5y - RIS R R ahE)

OFELVEy b7 DRIBEFZAE U, FHY - RIS REI IS T 3,

el

QFET I OEMERbIc LY, EtEELTE S,

| @ UL ES{ T, EaEdl. REERIiEORRIFE I OA ST
EZEDE N\ DRBDHAFF CE 5,




~0E1—

| -

FELTIVS
RS R = PN DR

DETZ 9 HXAVKT 5 FEANATDYEEEEEN =D (. SR & e
@ESI v IXAVEY y F DOFGHHRERAFRESTUEN — & SRR B OGS DO vT. S,
EEF. FOC. *—h EZZ=9 |
S FEAANN D SO CACRTIZINT = K B Nal Sl g STFErtEE_E (oD 0N, ST
S FERFF
@HESIEIH o DUNT ., A B, A—h ETSTE
@&3r0 PPEHRREETIC D (N T, SR, S, B, S, A-n EER
C=FE~—L FRESHERF OIEEFRUA (SO T, SRR, ST, JEaFTIARA .
S A TR~ A—h  =XTRE '
@ESEHRAEI DU VT . cASn FEEF. A-h S35
ESrESMbTneExBAFEIC D UNT . S, ERF. A—h &F55E

FLATTAANHI

F A LIS ODESFE o |
CORCISIREE =D LT, A, [EWF. A =I5
@0 $TERRETIC D ULNT . ks BRI, A—h XS5
SiEeStiio Dl T, KSE, EEF. A-h XS
@rREES{EJOEABASFE (S D O NT . ki EWFR. A—H XS5HT



l B

H0XF—N—TFEDEE

| T~V EE 1) HeREEes O tE @F BR/ER
0 2 B @F BE/ER
) B 8 (2% B/E

W BRyvARyos R FR 6| SRE0TENERS) 1B BF BB
() EE9Vﬁ9¢A(ﬁ 2, & IFEOPERERE) 10 &% 3
6 BAEE (B REREE T~y 59 THE) ] &% 39

0 % [ et EOT RN R
0 EIBHEOEIHETR ﬂiﬁﬁﬁ

L SEETE () ) HHIRRRRES B (&= Bi/ER
) H3s l@ %% Bi)

B By VRIGA (h0RF-~RE I ) ERNCER )
bVEEFR 1) EEYYRYIA (R KR, £ EHEORERS) B &% R
0 % | EE ORI Ml

—



'FELAS \i 82 DB

|I|n|

Ei]k‘** R a%Fﬁ
VW*—H&‘M’I%?‘FB %i‘n“ﬁim‘ﬁaﬁ%

LB

H-tﬂ



—EE81

JORA—/N\HR
AEAr O

L BB A ot
iga@‘%‘bu‘ "“;& (J\TCFEL %*&@fub@*ﬁﬂﬁhﬂﬁ
BRI E | A=) TRV CEBRFEL

\-_//

BISD il D B
7 mE

FELXFRICET 5%

B

FELA S 4 eER DR

%W@k%\% hn
?ﬁﬂ'ﬁi RN/ AR — l\




vel—

FELICEB T B HXFER

PNC LaserGr.

FEL T3, ZOM F St t2RrRBEE L5,

e-beam | -
Difficult interaction

Low gain

=L BN

e-beam

1
g -, e ———————
3 3 et o e s

Undulator  High energy noise light

=S, EREOTSAAL N

IS EIIESR

BB FELBIED 7 81214 |

WEETIRBVWEEREXAFZRDPVDEEL D,



PNC LaserGr.

SEEEICIHER
O—F 1 > TMOSE
=WVEEER
I RVARZ N Ay A
HiRE DU AN LU
37~ ,IH,—(;LIJ &H%T |




—981—

% H IR

FEL % 3£

AR~ %5
FEHSIE

‘ﬂﬂ:@% =
11— Ma‘a“ocl:U\

[ B D)

VB THE

LT 5780 I BB A DRR

I TEDEBRRAFRDHI

;

%%ﬁ.é - HE ‘\-—Ffﬂ%

REIE SEMIIDKEERTF

— T A yazi lfo)ﬁﬁ%

REEERT & L THAREER



 EiEEE
= EEE7E 3 — b DF3E
SRITEM & L TOBEREEDRIR

KHEZTIFS
=T N DBIEFERRT DR

- 4

IEREED D — MHTE SR RS



—8E1—-

HEOE LR AER RS

B E L TEXMADT vitz=R 5,
J&E ?ﬁ_f#ﬁ‘/]\ﬂfiﬁxyﬁé‘: K-oREHEEZS< TS

B RE 4 Ao BREERD USRS

A EAZEEEDNIBEIEDEBRIBPTEL S,

BOBMERD U 7= R E - S 7



—6¢€1

FELAB DS ERESR D RETE

C—‘EL Fﬂ;?i;liﬁkji&ﬁﬂw )_,n R R OB w=  a-corbonBiDul =1 1 A VIRFIC BHREAMOLLE
LFLH
' : ALEIR TS, IROTIRILO LT/
RBIETIFELE, 2 EC I L et ; f v

HA T F O L — F DI IEIRE .
T s L | RO Al e
IO, —RRITIRDY,

EELmMITRALE 2 &
yd S HRAMOBIGE
112

RS 2D, WUNGASE| 9 carbonHaRE

ERisromy |

o LHEMBOEE ] KR LBBHRY AV EL FIROBL

a-carbonfit & O L §5 & U FEO
AR F AT L o bt T ek 4 1 5 30)
BEE1TD.

{ERFRMICHL T, BB 7 v {Lhiihf
U L OMEEE - TSN, FELORSRIT
LHELRIEECCHAESICHLORETIEME
NaENMLOKEROMBILIEEAD,

' a FREE ORI BRI TE0

DAMEER
EAUEA TR £ RO 26 R Y R
WIEIC N B BILET >

RO EINE I

Bo7 =i LD t!d&lﬂ‘ i
&0 THRMENM EEIEN D,

U

gl BOHT LI FIROEE l———-—

{EEEBEUML AT VI FIROBHE

MO L o= o M7 LS FIRBSD
ERENMWTERIREORE LTRERT I FHROREETD.

[

- THRAIRO -rj— UMD TRFAB DR

ThFABIE i 4% 35 & DRI RIBS B W T
EBEAERITEOEELTHOENTHIN
Theyiy MHEWME R ZARASICIECITNEh TG,

T E LS DBERGD

- IR OB - 7D R DAk

%ﬁ,f.li MR TEes, RO LIVMEEY

5
T&HEHILNEDRE TIE, MK ORI HOHRIC
'DL\T{t"“fbﬁ,Ln‘@LLx&:kf¢t\ZNQHT?:).

B, RkORME

)

Forliohaw de gy diictad -

FeRE T R

y




—0Fi-

EIHRN

NFREERRZROFE

A A VEEFREFE> CERENRSZEFOEDIC

EE R =R (T

BILT 7 RRFRR) EROHR%E
?:]:jf:—:o | :

EEEEIRE
oV

ERDA—T 4 T EDRFE

— T =R EDREEE

7 v I:%ﬂﬁéiﬁﬁCVD%%@nx .ﬂﬁzﬁ:‘

U

IR RE ?L*EGWW



Y2 L L TDEA VY ES R

Z4VEL FEIFVHRESEGB~8W/cmK)
EIN R¥ v 7(5.48eV) & 3F BILEFH D
R TERR AR (IR~UVIEIZ » (7 TERR)
mf:#ﬁ?(z 4)037{%7%—}'(& 5.

]'W\ﬁ%ﬁ'(%b\é EDTEHEREEL
JEFHRR

RFEEDEEEART 2 2 &P DE

—141-



A14YEL FES
a. #7445 A MCVDE
AR GEETHEERKZE

1982F EEEMPATERT AR, BELICL - TEE

CHs-H2DEEH X £10~100(Torr) THA LAER L 1) 700~1000°C
MEETI, S, EREACR T TAL P ZEEI N %2000C
BECMEUER IS YT RNEERSIEDIFHE

27 17 X2 MW,TaC etc.)

Sqmple CHa4 + H: :
\ ' SR NS AT

—-142—



b.B#H TS5 X<vCVDE

HBOBENBETEZA YT FOERORAIBVNEEIBRED D,
/. 150mm/hEE CHENREVEEREEERDI PV TE D,

FRS H Z (CHa+H2)
11
I

10~300(Torr)

- DC7 72X~

Sample

HAREE800°C ~11007C _l
CHuEEE % T -
HBBLHKVOEHET P 83K

SEB LA VE KEY BEXL
B5h 3,

—143-



c. 1 7 2 4b3;

14 MALRBFE. CVDEEREBLEYRFESTCIFEMELT

ERICERI A2 LY BFNICSESEREZAVLAIVYELR
EERTIFETHD, COFFRE., 44 VEL FOBEBEEZ,. Bo5n
TWwhWwY, EREEY . ERRETOHEBRLRERFEENIEKT S,
DS, FREXFRETERTZ 200, ROWAEREEZ SN 3,

Sammg‘: | _BET U R
14 4 1k o - -
T4 77X b -I-
RO H e
| _ 1 H.V.(~2kV)

HES

—144—



214V EL NEOFH
a. BSOS '

FA1YVELFEEERT 2. ®REIC

WL DHD RFEERDPIFIET D70 EH
*%La)n:l:ﬁﬁbsfugt&é _
BICEREERESRENDHE. 41V ECFR
DELIC, BER KE (i-carbon) H 4Rk

t¥M“EmﬁﬁE®;5&ET&5ﬁ%
FHIT 5 7201 SROWERHT . B

RFEORZHROFHEIL. T~ 9%
EHREET G EICE->THLN B,
ELIC. REDST AN MU, GBZ
REBERRMEERT 20 BEFMICT
EELFETH D,

—145-



a. BE¥) 1% O F¥

EFHREZAYERESE L TEELYNE
1. FERE. EEDOH—i4&
2. BT
LARIN X~ KL
4. BEEE
b, ZM & DFIES
0. LI IE I E
BEWHITOHNB,

NS DYEDFHEE U Tt

1.8 E. BREOH—MHOFHM

2. JBIT= | |

hbli, TUTIYX—2(CL2EH
RICEEMNIC L > CEHMMEE S,

3.IBUN X~ KL

SEIR I N D N 7= DRI X~} R
DEIFEIE. LW, FEEEWINI YT K
IWORIFEE., S5 AEPASE E)T
TOUEDGH D,

—146—-



4, B=BE |
BAZEESAZTWN EiE. BEOAEE
ERICEDHNFRODER % 585 =0IC
SHAOL—HTHEESEME L TEE L
J7I732—¢&R5, COFHAIE. H—F
T o7 14— k- - EESME X RRs
ACHOUA MNYZFEICE>TITHN B,

U‘I

EIREDFTES

Zhit., —#%! _aﬁ‘(ﬁ'fl:@s%ﬁbb\
DT, MET—THEIZLB
52 LEXEEBH AL EICLS
Sl -oBEXRICL > TEHMAEEI N B,

6. LI IEAE

C DEFHmP . EOELG Et%%@é
L, BFEERDL —HFRERETIC
WiEaER Il L > TEiiah 3,

WL ZVMEDRE F. SEMESEIERIC
£5HD, BELIEREZTIEICL D HD,
AEDZTEALIZEZ DL E H B,

—147-



PNCTO41VYE FEAEDRERIK

1.LEESEKICDOWT
BEOEREE. XEBEOERERI/ES N D
EEZOND A FALERBEE KR
BRDA FACICHE z HW = HETEE
mflﬁilﬁj%??? 7’:0
FREOER EICEKEREZTULSIOLEC
R 4 FER AR D& R ISR T,
MO FEDIESTWVWEWDICHEEEIC
DWT L. BBE,

2. RFHIEICONT
BOFHEIC DOV, FHAZBOEMR T
BT 7% TR A £ 17 5 FE

BHEEHE 5 v

EE . BRI BHTUTYA—2
HAREIARE <A v QS W

SUREE  SBESACH DY A kUK

SRR HEB

—148-



54 YE NEREODSROEE
1. IR DFFZE DWEIL

2. HEIR COINHIEREDAITE
IR, AJ#&, UV, #E%E/¥JL AUV

3.IRDZE1L
BREFIREDEAEDE

> =77 27 v IVEEALROSR & D
fHAEDHEICKDARHRIEDEE

FELHEMEEEOHEDER T —42& T 5%,

S —149-



—061-—-

PNC LaserGr.
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Pressure gauge
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PNC Laser Gr.

Synthesxzed DLC
film system
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PNC LaserGr,

i

BAERDEH

B f

EM  SiO:

1% ON
Ar5(min)TvF>7
14 {EBHE  600(V)

IEEE  1.5(KV)
Cell pressure 20(mTorr)

_ SampieA ..
CHa4:H2:Ar=0.25:1:1.75 total 3(atm)
- SampleB
CHa:H2:Ar=0.25: 0.75: 2 total 3(atm)
~ SampleC
CHa:H2:Ar=0.25: 0.5: 2.25 total 3(atm)
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Intensity (arb.)
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Raman Spectrum of
Carbon Thin Film

300 |
225 |

150 f;

~
n

1000 1200 1400 1600 1800 2000

Raman Shift (cm™)



G661~

Set Up

PNC LaserGr.

Q Energy meter

| XeCl laser |———— A \
_ ' / \‘

| GPIB

\ Lens
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PA Signal

EE

FFT Output

Fundamental frequéncy

400KHz

Max.

N

.l..l..l.-.l.-.LLL_L..;.n.....u...-._
From 400KHz to10MHz

—-156—



—LGT~
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PNC laserGr.
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Synthesxzed fliorization thin
- film system

| @ ®
Base | | _%CD Raw materials
; ; ; ' {—-%?Qmioridization materials

Controller

Main valve I _.I I._

' NaF Trap fl——ls_é(
O

—1 Pulse generator




Step 2
Introduce AI(CHs)s

Step 3 Vacuum
Adsorption layer
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Step 5 Vacuum Adsorption layer

Chem1ca1 reactlon

Heat @ @ Al203 @
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Free Electron Laser

2 ALY AR ALy i VAR A M MALALE 4T b S T A VRN AR

R Visible | XUV . X-RAY
Peak current [A] , > 20 > 50 - >100 > 200
Norm. emit. [ pai mm mrad ] i 60 ~ 500 20 ~ 60 3.20 <3

High Peak current very short bunch production from the catode
Low Emittance = high accelerating gradient

@ |

RF Gun
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RF gun projects
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Thermionic RF Gun

Duke Beijing
CATHODE LaB6 LaB6
CATHODE AREA [cm2] 7x1072 7x107%
NUMBER OF CAVITIES 1 1
FREQUENCY [MHzZ] 2857 2856
MAX ON AXIS FIELD

CMV/m ] 50 50
MAX SURFACE FIELD

(MV/m ] 100 100
FIELD AT CATHODE '

[ MV/im ] 30 30
MACROPULSE )
LENGTH [ pS] 8
MACROPULSE .

FREQ. [ Hz] 12.5
KINETIC ENERGY

[MoV ] 0.9 0.9
CHARGE [nC] 0.07 0.08 ~ 0.1
RMS MICROPULSE
LENGTH [ pS] 2-5 4~5
MICROPULSE

2857

FREQ. [ MHz] 2856
PEAK CURRENT [A] 15 ~ 35 10 ~ 20
NORM. EMIT. 10

[ mm mrad ] 30
TOTAL ENERGY
SPREAD [KeV ] 200 200
NORM. BRIGHT. 77 135

[107° A/m?rad? ]
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ke AT

GUN
CAVITY

CATHODE

MICROWAVE
- CIRCULATOR

F
T L v l II '
H

DRIVE

KLYSTRON
PHASE
| SHIFTER
ATTENUATOR
Il
Y/
T
AARGEA
- ~— Q AR R A A& f
LINAC
MOMENTUM
FILTER @ QUADRUPOLE
L

~ VERTICAL STEERING

—~ HORIZONTAL STEERING



Laser driven RF Gun

Los Alamos (HIBAF) Duke (FEL)
L ASER WAVELENGTH 507 355
{nm]
LASER MICROPULSE 5 - 30
LENGTH [ps] ~ 100
LASER MICROPULSE
ENERGY [ ] 4.6 40
CATHODE CsK2Sb LaB6
CATHODE AREA [cm2] 0.5 7 %1072
NUMBER OF CAVITIES 5172 1
FREQUENCY [MHz] 1300 2857
MAX ON AXIS FIELD T
CIMVim] 26 50
MAX SURFACE FIELD
(MV/m] 59.8 100
FIELD AT CATHODE
MACROPULSE
LENGTH [ pS] 10~100 3-~6
MACROPULSE ) 25
FREQ. [ Hz] :
KINETIC ENERGY
CHARGE [nC] 4 0.17
MICROPULSE LENGTH 15
[ pS] 2~3
MICROPULSE
21.
FREQ. [ MHz] 167 95.2
PEAK CURRENT [A] 270 60 ~ 80
NORM. EMIT.
[ mm mrad ] 35 8
RMS ENERGY
SPREAD [KeV | >0 200
NORM. BRIGHT. 447 50.7

[10'° A/mPrad? ]
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ALPHA VS R (MILLIRADIANS)

NORMALIZED CURRENT DENSITY
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Los Alamos HIBAF rf gun

#
XN EINAZ WY b Y RV P AL I M I W 0 L AL BB PSRBTV AR 1N Y 3 AR,

rocusinG B INCH . "
SOLEHOI0 CONTLAT R R
7
\ 3:
S St
BELLOWS ;gi
T T g,
A % [N - -

core

PHOIOC A THOOE
"SURE ACE

RTHTRIRHy

SN

e 5 g < s

ST RANES 02 A% 0N

LOS ALAMOS NATIONAL LABORATORY
ACCELERATOR TECHNCLOGY DIVISION
GROUP AT- |
1300 MHz PHOTOINJECTOR LINAC

Fig. 4. Los Alamos HIBAF rf gun (from ref. [14]).
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semiconductor

GaAs , CsK,Sb
High quantum efficency ----> High current density (820A/cm2 at LANL)

- cathodes Very good vacuum , short lifetime (Los Alamos , CsK,Sb, a few minutes to a few
days
Samarium , Yttrium
metallic Life time : metallic cathodes >> semiconductor cathodes
cathodes

Withstand high field
Very good vacuum

single needle or
array of needles

W, Nb3Ti , Carbon
Unstable

cathodes For high currents, these cathodes can be easily destoryed by thermal effects.
LaBs6 , W ,BaO , CaO _

thermionic ‘L.aBs ( Stanford ) , W ,BaO, CaO (LAL Orsay )

cathodes Quantum efficency :

semiconductor cathodes ~ thermionic cathodes >> metallic cathodes




EBEFHT X b FIEEZERE
(BFH/15 A — S REEE)

'93.10.21 145

(Hv—F. Bift. BESE)

1. Hy—Ke—%— (A V- FeE—%—8iftvs. hv— FBE)

2. AY—FIZyaBEHV—FKEEvs. HV-—FKIIvdg B
3. SIEHLEER(T VY hEDfJﬂ%EE) vs. E— LTt

4. AV—F T7/—FESEEvs. E—LEH

(E—LIZNE~ Q7PN T3 yvi 5%
5, E—LIZXN¥—HH

6. E—L7O7rAN

7. F—AIZIvywa12R

(WL > i)

8. ﬂﬁb/RLRTERt¢M§%®k€é
9. IBEE vs, E— A%ﬁﬂﬁ%ﬁ

10. L > XN

(% Dith)

HE, RBHARSHE
12. AV —FHES
13. 7 vV — KREREE

14, WMEOHE

{(LERIEHE)

1. BV — FREREMENHDE 21— H—-pbBLUNNIOA—4—

2. F—AEFERENHOATEZ2-HD5VEI4+~NLHLL N EZ4 —~
3. E—LAZROEUEREN DD T F>F~hy 7

4, TV FICHNDIEERUED /- DEFET

5. E—L7O77MNVEBIETRHHOERNER, oFL—%—

6. 7O FANBDF-HORER. EIENIER

7. TRV E~BHREDLEHONR T3y MNEeF 42—

8, F—ALAIIyA2AMENEDDOTAI, AUy b, BLUTALTE—
9. BEZES5 -V, QYA

(FEEE)
1. BEEPEEOF~LSA L EAMIERTI L
2. TEDFFALNNTMITILEDICSBEDF v oW ATEZE
3. D EBICTRTHMEDSIZE
4, BEFFEAEEIVTORMBHREIREBE—LZI L IIHMACEOERLETS

—182—



—€81-—

Faraday-cup

retractable alumina screen

300mm—1 z-translator image intensifier
vac,. =
gun P\ a E ] I long distance CCD camera
1 . =i microscope
i

O]

. \ ' 1
\ \ scintillator
cathode anodepennher-pot

\>/

graphic analyzer

wehnelt

AN

mi (E__.

/
I xyz-axis translator

(": ‘
- .



—V81—

ﬂ V- KM (R, SH5)

Al, W, LaBg, BI

(LI v &R, EFHREEDC. RF))

OL—H—AHAI. RREEEHY— KDIES A ¢

J o 1N(sing - sing)2"
J: B | L—=%—iEE  n:XTH

O AKRTFIE




~G81

R  2 — )

H6 H7 H8 H9 H10
(1) %%%ﬁﬁ*ﬁ g TD e I A <, — N =
S RmE | SRR R U O — PR 1 ¥Iab-a~x 1. il
2) RF EFs— - = -
& ey = | e st P4
By &mELEHY—F e F A RN F . .
MERUTIRD aXET e = il
Z\lgﬁ 1 s B2 otk
A




]

|

C

e

/

—881

DR VHEBESIZFS

TR 641814H

ERFEMAEILZL Y ¥ —
AT B 5 R SE B EL AT B 58 =

= fEih

D Kt

o




—L81I—-

AEEHE [XFV] 65 TFLy V] ~o%HE

ir:@ﬁm:5¢nwamj A :5Tnf§mj
w(vw17WL FEWTH o) N\ (Z DR OREEI)
(?ﬁ%kﬁboﬁ_) (& DERGH O #EE L)
M(/\lv 7T FEL Vo) (cwﬁﬁc**NMb%)
B4 OBH & LCRES N BLE T b R R & -4
fEG %+++#%ﬂ&xﬁ@ﬁﬁ%$%«®ﬁmﬁﬁ%ﬁ*ﬁ =R
IR T

s 7R T WA B 4N

AVINVETVORERBEBERLTET LA YT IVEFTVIEDES



—881—

JEERI & 2 7 R RBEBREBESZANDEBIEE OXTINEE T 5 =W
MR- b |

------ BFA0r%03, L%, BEFEOT T Y M, 30ET
LEE, RBE - BETHINEBOREILTIZEVAT
M - BEEOmLICER |



681—

dlnl

% AT AN NN g

- FEX TR ZEELEER - RTFEHF

B4 ANBOBEBEICIE L CRERBRZ
Tiaw, BROER, Ro-RROBIEL
XET HHK

- 77 MEZOFENE - ZelmE

- WER O AHE - HEEREIR



—061—

WAL IR L XV

MECAD/ CAEA Y5 —7 = —ANDORMBENT 70 —-F (KK
2 vy VvV ATLEANEEEE (EX)
EEEORMTEHEEYI2Lb—va ¥ (RK)

BEEOT — Aﬂ@/\lvﬁva/( )

75 v FERE O RFEEEREOSH (BILEER)

VR Y YAV I =T = ANOBEMEFVOBR (ZEER)

e o AL TS Y NREESHEC & AR 4 V& U ¥ FE (CKORNLG)



—161-

N A D IRR L XL

RF T8 T O RBABFE B

e 5 B 1 .
4B OB HTBE ::>m@¢55%
H

S

N B — 14k D R & 70
AR FE O FE1EE

SR OB, WHaRE., T2HEBMBICESE

TV VOEENITHEBE (A FIVETINV) O
T 572D DRI 7 v

B
i

(7M., YI2b—=T 3 V)

B0

ST I%



—261

Bk o B E R O B

ﬁ%@%%ﬁvslv—&%%mtﬁﬁE®%Wu£H%E
ZEEOE TNV, VAT LB LT,

 OEZBOREET WV
QEEBROEZE e T =75 R—24bT 5 ) TNT

Cﬁ?%&éﬂt% BIEE B L TSW Y AT A %R
EREEE

BEZOLNTW A,



£E61—

FE N
@F:RINQE Ut

AV ¥ VEFVEREBROSWEDHE

DA ¥ & VET VAR DT
AV ENVEFNVERBREOE T IV

QEVBBIEFEOEE
HWE L WAYIILEFNVOSH Y FDESR
XEFRDOKRE
DFECEBTEVRAT LADREE
¥ AT bR

1l



—-p61-

EZHENPAEQD  HROILE

EEEORTBETELLNL M < —— JIFEETERINLAFL

CWEBTTV PAOKFEROBE. M

-ﬁ??ﬁ%ﬁ%% \ |
(Z@m WAl HENY

AR ALELZNE (T 2EE)  NIDREEORES.
AV NVEFLVOEBIEFABATCELIFEEE L KD -

AV I NVEFTIVSWHEDORE

%%mjivb@%mﬁ%brm%ﬁ%ﬁmxy&w%?w%%ﬁﬁao

EORE =<



—S61—

%kWﬁC)x/&W% VI BB AR O ST

A¥ W

K

(%F%%% BA S E R

@‘ﬁ%& 0)& nr ﬁ%*@
Fhy Y C%ﬂlfmﬁ:@

AVINVETNVHREZ Y, RETFHRP— ﬁ%%@ﬁ%ﬁwJﬂ-b%‘
B2 %ﬂ&@ﬁ%%EUHWWM#TE L. TN OBREEZNE
& *ﬁﬁ‘z%$ﬁ®ﬁ#‘“ﬁ£ DEEDZHTAVINVEFVERBRE %
R LT 5

(ﬁﬁ%’%ﬁ‘b %2)

Bl 21




—961-

EHNEQ) EVWHEBRIBETREORE
@%iLWXV&W%?w®%@ﬁ®E%
THEFRFEED 1M

LFELVWAVIVEFVONRT 4 =TV ADIWEE LT, FIBEELRET %,

B R = o 7 L0 A ISR TR 7
Bl BHEOMBOWE, 41 vy —ay rikE, %

FIFENDOI AT ERIC R A0 0, LELHBESRE, BIUHBEZTH
BELIFEEL. DHLEAVIVEFIVERBEOEELEICE T L v
SNVETFNVELIEET S



—L61

ERNEQ): BWEBIESTROKRE
b)SLIE TR DIRTE
%ibwﬂﬁﬁﬁﬁﬁ@%ﬁm

IR R %%wtﬁ DLTOMEEZITR ) FEDHE
[ﬁﬁﬁ@ﬂ/&W%TW]

[%%Eﬁ#€§@$%KW%¢%#]
[(RICHERTANESHEBEEEIT ?]
[zoEEEZ D20 THDIE 7]




—861—

EHNAED: BVEBTEY AT A OBEE
)Y AT b FFE

ODFHEE BAEMICY 7 b y=T & L TR

DRl (ZBRFEEHEOHIICLD)
YRFADHERHAEN., EEEORERR» O R TRETHERY? D 2

HABEBICL s CTEBBESRA VI — T 2 —APERINTV L P

EROERCHELRITHBLEET S &) ZBERE 2w



—661

WoERE ., MW & Ol

%%ﬁ%@%ﬂ@%%ﬁ
x/&w%?W%&ﬁh®§WW%
R LR, VAT LD LN BEN O

AVINVETNVERBEOEFNNEICKE R V23T =N E
ETT v MBI L EGRERSYE

‘ﬁﬂ%ﬁn%%k@ L [E B3 o 6 Bk |
Aﬁ#ﬁt&ﬁ%bﬂﬁax VI NVETFTNVEIERT A
BREICET I —KAR

- BFSEERT LD Ny |
A2 S WETFVEEBEOEFANEOR, EEAFRN/SHEEATVI L
W) BRIEHCAEEORNT Y CEE L Wi » ORFEFLE




—00¢—

- 3 =~ 7, ==
s 27y Ja— v (FE - ANB
fERE TR 6 ER 7 0 FER8  [EE9  [PE10
1 BHRoiEE
2 A VEZIVETIV
m BEBE O
H; mvamzers | I N B
DEKE ' |
T A ORE - il
INEY S 0TS 1 2 2 2 2
Sl EamEREN-E) ]| 1 2 2 2 2
;j%: (BAH 10 2 0 2 0 30 30







'éf";' :
3 B

o




—£02—-




RNy L | |
O AN i b, x 3} M':P“
i DI

g ! ' 3 . .2’. ;

S

T







il 3 ’W% - ®-
MHREEHME
LA YATh
BUERRETIA A b
I:“/L’.o ,1-97" 574"qu .













) P
R













ié:&)

  :¢ﬁﬂ%m-a P EE ﬁ ERD
. s “/~1V”/3/®w,..-»

. BaRROWE

---:Qz%mfrwmmﬁéﬂw
 EBERRIC L SRERE
_*ﬂ@%ﬁ%%*ﬁ&%ﬁ =~“* 
B = r-ﬂi'kF‘ 0) :|~5|:|_ ﬁ@( |: t ﬁﬁflir’j_}; i:




—Sle—

FrRL6F 1 F10H
F 270V T 4 THRERRHE
FHBERE A EM

2R UBREREFETZ A
S IERTE 2B O (R R ME DR

MKttt v 4 —
BB EHRES
BEIR=E



—912¢—

EREE=EE S

FE  BREZRE (FEM) Y3 b—2 g VEITERLE

BEO (F#)
C EEYOREE S FOREREUVER & OBREEEICRIEFRIOETE

28 : BER GBI H VT HEE)

B .{%Wﬁi(mr BE - #EH - BERHE)
| BRI (GR) BEEAL

BRI - e (BAGT)) 258h FReE {2 E)

E’f“@ (FLin )
: R IR E T A O BRI
( ) MR ICE D BB HFHRE



—L1¢%—

(3)

s FE 5~ SR

(1)=&

STEDIEEICRS T AHITTHEROLEIE - ED KIELER

BT H#EROBERSMIM <& RET - 8UE - Fin - (R - H{EE
------ CISEENT ) 1ICE D < 51

FIREZE (FEM) i [EERGETORNEIE P RELEEEES
RFEDEFE « BB{LICNEL /NS A — G — o R EE - 20T

BSEDRRE <= HITEBOOH « E0XIBTERRE

QERFHEDIEREICED C FEICREOEL

[RoN R TORORE - REHNERRERE. - RS La il
S AEIC L DIRRIERE - ABEHRRIEE I Bl E A5 BEET i
= CAEEHCEICED < GIEBERET - BYF - &R - {R~F - #E

—RREE AR O R

EERBE(LH - HRREGEL: - FHllk - R/ WMIELRNE

“Design by Formula” = “Design by Analysis”



—-812—

EIHNIDFEZHT L~ (1/3D

(R DBH N FFHEE

(BB PHEAZ )
- 2 x JVEEZEE ASME B&PY Code Sec. NI Appendix A STRESS ANALYSIS METHOD
A-2000 MHF A-6000 AEFRIDHD (2 x VISR
A-3000 TKE% A-7000 Ziih
A-4000 [JE /58 A-8000 Eix
4 A-5000 gE A-9000 Interaction Method
EeE AR NIEE
ASME B&PV Code Sec. Il NB-3600
(&7~ B01=55485%)
JCREERREE D EEKRK |
‘ Peterson
(ES (FU—~7HY) REFEA (GRRE)
| - FFEMEEEIEIE) 1 R EE
- Kefr#g FEIRHI R
AR ; BRI
Neube r Bij - BIERGH

WHEEE T RERHEDOREIEL



. —618—

EIANF+DFEZHT L ~<IJL (2/3)

QR ST

LA TH P e
MEMEE (IR - 2ESME - WmEEH) O
{ﬁﬂf (FEIRAZE = as—welded FEqK) coeveereemeereeen A
B (BEEE/SHFEERL) oo X
SRETREL - TR = FESSREVET
SRETAEY S « ERETRRRS 95/99%LCL
1 it BB i 5 g5%LCL
R ST EEELE

IR FRIEEI O G H=>ER i BRIV X IT U 73R E TR ER



0ec—

E P 0D 23R L ~<JL (3/3)

(SYFIpEER I D < B HICHE A
BIRBZREDREZEN U cshEz=pERAbiE

BREEZRE/NSA—FH— N enee X EEE S ITEE - BTk
IUX AT A ADHE CAE-- EEN—IXTERAEL

CAD = FEM#EIr = CAD = F—4#~X—-X = ERt

I I T |

NS A—HJEE -~ [BRFE

FHAIRFEA OBk
B ) e N B B R A - IR A AR S 7

Synthetic Approach
MIWstEES: PCER -85 FEM
{ﬂ%N—z: oz JURR - SRR « SR R |
R S U B R o S 1=t 15 1) PO RSN - (SHE



-12¢—

== g EE{ T IO EEFE IR IST (1 /5D

NWETDZEES
BEEhHEEMBESJPVRCHEIANET R 4 ﬁi 6 HEE
HEY “Design by Analysis’ l‘_cté ﬁiﬁ%ﬂqﬁfm*ﬁL_nxn'fE
KEPVRC/C-ETD & DIEHRAT
HEE4L (FHEEE - kHE! :;:EE)
T RFZS RS4RI (BEk « K HK - EbHT - &FHEBE - 811%)
BhH (FE - [7RE)
B (ZEEET-HFZ- T HI - JIIE)
(b3 (A - wFoyzyyy - BEtEA - HREBET - BARIIZTIY)
RN (SR8 - AASLE - 2 - MWEE - JIEE - NKK)
R E SRS & &8 (B8) -1E8HE (Bi)
B b AR T7&E fER (RE) -l (=)
L RBAERCEARS & AR (BXEBHE)
RIFEENREEIC L2 70— MEE
[ENATROBSTEMmICET 27 v — FRE
R s ENARER>ETDEES - TDFZRES
TR 5 EERICEBEMEEVEL TIMRES - BEFRFRAS

A




—06¢66—

EE TSR {EToD EERE IR (2/5)

2y =
TRk 5 F1082THFESRERK SEak
AL THIRBHES] TTOSRSHREC L 2B EMABEME -
R (SNSHREZFRFEE) NoRslERRAr

SENEEERLIIEENEMBEE TDEERZEH



geé—-

EETERE{MEET o ERE IR AR (3/5)

(3K[EPVRC
-DESI{GN DIVISION Kroenke
— . on BOLTED FLANGE CONNECTION Hsu
- C. on DYNAMIC ANALYSIS AND TESTING Bitner
— C. on ELEVATED TEMPERATURE DESIGN Dhal la
- . on PIPING AND NOZZLES Moore
— (. on POLYMERS FOR PRESSURE COMPONENTS Leon
L C. on SHELLS AND LIGAMENTS Ho!llinger
-MATERIALS AND FABRICATION DiVISION Imgram

- . on FAILURE MODES OF COMPONENTS

on NDE OF PRESSURE COMPONENTS

on THERMAL AND MECHANICAL EFFECTS ON MATERITALS

on WELD METALS AND WELDING PROCEDURES

— C on THE REVIEW OF PIPING

_STEERING COMMITTEE ON CYCLIC LIFE AND ENV|RONMENTAL EFFECTS
IN NUCLEAR APPLICATIONS

T 52118 8 HDr. Prager (Executive Director) &?Tf%t‘
=PVRCA D EE DO FIEEME D IEE

OO O




~Vée—

TSR aT o iERE IR (4/5)

Dr.Dhalla M5 DIEZE
1) Prediction of Inelastic Stresses and Strains by [terative
Flastic Analysis by J.M.Corum & R.C.Gwaltney(ORNL)
2) Simplified Creep-Fatigue Life Prediction Rule
by S.Majumdar(ANL)
3) Simplified Relaxation Locus Method for Elevated
Temperature Design by D.L.Marriott(SESI)
4) Simplified Ratcheting Analysis for Bending Problems
by S.Majumdar(ANL)
5) Evaluation of Creep-Fatigue Damage Rules
by J.J.Blass(ORNL)
6) Mode Approximation Method for Dynamic Plastic Deformation
of Strain Hardening Structures by C.K. Youngdah!(ANL)
7) Flaw Assessment Procedure for Welded Components Subjected
to Creep—Fatigue Loading by M.Ruggles(ORNL)
8) Simplified Strain Concentration Factors in Creep Range -
by H.Ziada(W-Hanford)
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AT (D)

November 8, 1993

for Discussion on DEVELOPMENT OF SIMPLIFIED METIHODS

TO SIMULATE NON-LINEAR STRUCTURAL BEHAYIORS

SES:  PNC/OEC
Takashi NAGATA

BRIEF DESCRIPTION OF THE PROJECT

(1)

(2)

(3)

(4)

Title (in the application of a new budget)
“Synthetical evaluation method development for non-linear structural
behaviors by repetitional FEM simulation analysis”

Objective (in the application of a new budget)

“The objective of this project is to develop equations which clearly
describe the relationships between the behaviors such as stresses, strains
and deformations of the nuclear components and the mechanical loadings such
as internal pressure, dead weight, pipe reaction forces, etc. and/or the
thermal loadings due to the temperature changes of the fluid, by
repetitional FEM simulation analysis. This project makes it possible to
significantly reduce the amount or the number of f{ry-and-errors in the
present design procedures, to achieve more efficient, economical and
rational structural design, and to perform more efficient in-service
inspection/monitoring and maintenance of the nuclear plant. At the same
time the results are applicable not only to the nuclear components, and the

conclusive equations can be expected to have splendidly general
applicability.”

Financial Base

use the item of govermnmental (through STA) expenditure for development of
nuclear bhase technology

about ¥30,000,000 for the financial year 1934

Long Term Yearly Plan (in the application of a new budget)

Mechanical * Thermal Weld Joints
1994 planning & preparatory analysis planning
1995 EL EL(a)
- 1996 EL+PL EL(b)
1997 EL+PL+C LL+PL(a)
1998 EL+PL (b} preparatory

—-233-



{5}

PNC:

analysis1999 EL+PL+C(a) EL

2000 EL+PL+C(b) CL+PL
2001 EL+PL+C
where EL Development of elastic equations
EL+PL elastic-plastic equations
EL+PL+C elastic-plastic-creep equations
(a) for structures of fundamental configurations
{b) for practical structures

[Framework of Crossover _
This project is pursued as a part of the “crossover” project as;
Development of Computational Mechanics Technology to Evaluate Micro and
Macro Damage of Nuclear Components and Its Application
MSynthetical Evaluation Method Deve}opment for Non-linear Structural
Behaviors by Repetitional FEM Simulation Analysis”

JAERI: "Development of Damage Evaluation Method for Brittle Structural

Materials by Micro Structural Mechanics and Probabilistic Approach”

IPCR: "Development of Simulation Method of Strength of Nuclear Components

with Taking into Consideration Working and Heat Treatment under their
manufacturing”
IPCR: Institute of Physical and Chemical Research

NRIM: “"Investigation of Mechanical Behaviors of Heterogeneous and/or

(6)
Cl)

O2)
33)
4)
5)

6}
7)

8)

Anisotropic Materials and Development of the Optimization Method of
their Micro-Structure”

Present Status

Proposal of the conceptional plan by technical divisions/sections to the
Headquarters ‘ "~ April
Agreement of the conceptional plan by the IIQ May
Agreement " by the STA  August
Agreement ” by the Finance Ministry December
Application of the concrete plan by technical divisions/sections to the
Headquarters January
Approval of the conceptional plan by the Diet Jan. ~May

Application of the detailed plan including specifications for contract by
technical divisions/sections to the Headquarters
Approval by the relevant sections/divisions and the responsible member
9) Negotiation for contract

10) Contract

—234-



OBJECTIVES OR TARGETS OF THE PROJECT
{1) Tentatively [ would like to define the main objectives or targets of the
project as follows;
1) Phase I (1984-1393)
Development of simplified elastic relationships such as stress indices
for piping design, with putting emphasis on their development for
thermal transient stresses.
2) Phase II  (13896-1397)
Development of simplified methods to bound inelastic (local) strains
in order to prevent failures

3) Phase IIT {1997-1938) [1998-2001 in application of the budget]
Development of simplified methods to evaluate strength of the weld
joints

1 would like to emphasize the importance of the objective in the Phase I.

{2) They are “tentative”, and are neither definitive nor exclusive. They shall
be determined based on discussions with the persons concerned in advance of the

start of the work. They shall be checked & reviewed as well in the course of
the project.

(3} The terminology, "bound”, is used to describe the development of the
simplified inelastic relationships because rational bounding shall be
emphasized to define practical design or operational rules for the inelastic
structural behaviors which have a lot of effective parameters. Bounding values,
or envelop, are more useful for practical evaluation in many cases, and they
are effective to describe advancement of the technology in the form of
difference from the most probable values. Therefore this terminology does not

mean that the conventional bounding methodology shall be objective.

The terminology, "evaluation of strength” is used for the weld joints
because metallurgical feature and as-welded configuration shall be taken inte
account to define "equivalent" stresses or strains based on an engineering point
of view., Material strength standards for the based metal are assumed to be
applied here with accompanied by engineering factors which correspond
geometrical and metallurgical discontinuities. Then the differences of the
strength between the weld joint and the base metal are expected to be described

clearly and quantitatively, of which should be taken greatest care in the
actual structural evaluation.

{4) The reason why I pick up the development of the simplified elastic
relationship as the first target is as follows;
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"Design by analysis™ or cvalualion with use of analyzed stress/strain
behaviors is more desirable and efflective in optimization of design or of
procedures of fabrication, operation and maintenance in general. However Lhe
complexily, associated with the stress analysis and with the evaluation of the
results, prevents its hroader application practice.

(5) Then simplified methods to evaluate behaviors of the structures, with
including their non-linear response, are earnestly desired to be developed as an
useful tool not only in their design and construction but also in their
operation and maintenance. The necessity is not only fo: nuclear power plants
but for conventional power/perochemical plants. :

(6) Non~linearity makes the problem more difficult in general. Here non-

linearity, or complexity, can be observed in;

1) plasticity/creep and their effects on the structural strength.

2) geometrical and metallurgical stress/strain concentration at the weld Jjoint
and its effects on the structural strength.

3) relationship between geometrical configuration and (local elastic) stresses

4) relationship between temperature change of the internal fluid and (local
elastic) thermal stresses

(7) Research and development works tend to make their efforts focus on the first
two items in usual. It is clear that they are necessary to be pursued. However
it should be emphasized as well that the latter two are dominant reasons in
practice why engineers hesitate to perform detailed stress evaluation even in
these days when FEM can solve almost any structural response.

(8) There exist, at least, {wo ways to manage the latter two problems;
1) Development of useful man-machine interface for general-purpose FEM codes
2) Development of simplified equations such as stress indices for piping

(3) The development of man-machine interface as pre/post-processors of general
FEM codes is promising under up-to-date significant progress of CPU, especially
PCs which offer us availability to manage a large amount of digital data in
comfortable circumstances. It can be said that its development will be pursued
without any special helps by governmental resources, because the FEM analysis
is being necessitated anyway in a sufficient number of cases, where the
processors are developed in order to reduce analysis cost on a commercial base.
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{10) On the other hand, the development of the simplified equations requires an
organized activity and an appropriate public financial supply. Ordinarily works
of stress on a commercial base are terminated if an engaged engineer finds.out
a solution which satisfies design or operational rules. Then fragmental and
personal experiences are accumulated, but only without understanding of general
relationships. It should be called as a social waste of human efforts.

(11} It should be pointed out that a way which can reduce (elastically

calculated) stresses is a better solution than a verification of structural

integrity through detailed analysis which considers inelastic behaviors even if
the latter may require an excellent knowledge on structural analyses and on

material properties. If we succeed to develop a set of simplified

relationships which can offer (elastically calculated) stresses with ease in

most (70-80% of the problems) cases, the results will be most appreciated by

many engineers who are insisted to evaluate structural integrity which requires
laborious stress calculations,

{12) Development of the simplified methods should be emphasized not only because
of the needs to reduce laborious works but also because it can be accomplished
through complete understanding of the phenomena, which is required to be
achieved if one tries to utilize the phenomena in optimization of design or
procedures.

(13) Simplified relationships, with accompanied by possible differences from the
most probable values when the stresses are calculated in detail, are the most
preferable completed form of the results. Then any engineer can select the
methods whether he performs a detailed analysis or uses a simplified method.

(14) The present circumstance where powerful personal computers are available
offers us a chance to develop an advanced simplified method. For example we are
able to easily obtain solutions of shell analysis, those of single dimentional
heat conduction analysis, values of material properties at corresponding
temperatures and results of evaluation with (complicated?) structural design
rules. Even a fundamental form of FEM analysis can be introduced as one of the
functions if necessary. Then structural engineers can obtain necessary stresses
with their PC without usage of a complicated set of tables and. figures.

{15) llowever it was hesitated to define this target clearly when I proposed the

project. One of the reasons was because I was afraid that the governmental
officers who tend to prefer innovative technologies do not agree, although, by
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my epinion, this is a splendid innovation in evaluation of the structural
integrity where engincers are free from laborious works in stress calculation.

Another reason was because the same tendency can be found in persons fn the
field of R&D works, which seems for me to be caused by the fact that they are
seldom or never engaged in the works where they have to calculate stresses under
a lot of conditions by themselves. It is expected by present knowledge that
the development of the simplified relationships for the elastically calculated
stresses will be laborious because it will require examinations and comparisons
between the results by proposed simplified methods and those by detailed
analysis. The laborious works may not produce any fruitful results.

Then I defined it as a preparatory work to develop inelastic relationships.

It is true that it is necessary as the preparatory work. But I would like
to insist that the development of simplified equations to obtain elastically
calculated stresses is the most important issue to be pursued in the project.

SELECTION OF THE CONCRETE ACTION ITEMS

(1) The main objectives shall be defined clearly. However the concrete action
items both in US/PVRC and in Japan will be better to be composed such as half
contributes directly to the main objective with allowance such that the
residual can contribute only indirectly.

(2) One reason is because the financial supply is limited as much as about 200-
300 thousand dollars in total for the coming financial year, which is
insufficient and requires voluntary efforts of the participants. Lack of the

financial supply shall be compensated by allowance in selection of the action
items.

(3) The other reason is because it is almost impossible to define all of the
inmovative simplified procedures clearly in advance. An appropriate -allowance
in the selection of the action items will be effective to include and encourage
innovation in development of the new evaluation methods.

ITEMS PROPOSED BY DR.DIALLA :

(1) It was informed through a fax dated on Nov.3 from Dr.Dhalla to Nagata that

the teniatively proposed items are;

1) Prediction of Inelastic Stresses and Strains by Iterative Elastic Analysis
by J.M.Corum & R.C.Gwal tney(ORNL)
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2} Simplified Creep-Fatigue Life Prediction Rule
by S.Majumdar(ANL)
3) Simplified Relaxation Locus Method for Elevated Temperature Design.
by D.L.Marriott(SEST) '
4) Simplified Ratcheting Analysis for Bending Problems
by S.Majumdar(ANL)
"5) Evaluation of Creep-Fatigue Damage Rules
by J.J.Blass(ORNL)
6) Mode Approximation Method for Dynamic Plastic Deformation of Strain
Hardening Structures
hy C.K.Youngdahl (ANL)
7) Flaw Assessment Procedure for Welded Components Subjected to Creep-Faligue
Loading
. by M.Ruggles(ORNL)
8) Simplified Strain Concentration Factors in Creep Range
by H.Ziada(W-Hanford)

{2) They can be classified into the following categories;
a) Simplified estimation of inelastic behaviors
1}, 4), 6), 8) '
b} Simplified estimation of damage due to inelastic strain behaviors

2), 3), 5) _
c) Fracture mechanics approach to evaluate creep-fatigue damage
7)

(3} All the items are technically interesting or attractive. I believe that all
of them contribute in development of new design or evaluation rules.

However it should be pointed out that it is questionable whether they
correspond to the practical needs by engineers who hesitate to apply "design by
analysis” or “evaluation based on stress analysis" to their own problems. It
seems that they assume that (elastically calculated) stresses have already been
obtained, or that they are very easy to be obtained, although in many practical
cases calculation of the necessary stress values is laborious by itself,
especially in the case where an engineer tries to find out an optimizeﬁ
solution through parametric study.

(4) One of the optional ways is distinction between the works by PYRC and those
in Japan, and only the latter is tried to make efforts in simplification of the
stress calculation methodology. lowever I hesitate to use this option because
the development of the simplified stress calculation methodology is the most
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urgent needs, becasuse I believe that the elastic relationship is the simplest
form of the general solutions which is inevitable to develop a general
inelastic relationship, and because I believe that useful methods can he
developed only under the conditions where practical problems are examined even
in the cource of development of sophisticated procedures, and introduction of a
certain amount of activities to develop sipptified stress calculation technology
provides a good typical example to examine practicality of the methods.

(5) One of the reasons, why simplification to evaluate (elastically calculated)
stresses does not attract attention in the US, will be because the elastic
stress analysis seems to be considered as a tool at the preliminary evaluation
stage, or because the elastic rules are considered only as screening rules to
define the evaluation objectives by detailed inelastic analysis in the US.

But I would like insist again that reduction of the elastically calculated
stresses by change of the pre-defined design or procedures is better and more
useful than verification by the detailed analysis. Only if simplified methods
are successfully supplied, then more number of related engineers will try to
find out a better solution.

MY OPINION TO DEVELOP GENERALIZED EQUATIONS TO EVALUATE INELASTIC STRUCTURAL
BEHAYIORS

(1) My opinion to develop generalized equations to evaluate inelastic structural
behaviors is as follows '

1) find out steady-state relationships between the elastically calculated
resul ts and those where simplified constitutive equations such as a power
law or an elastic-fully-plastic equation is assumed as g-¢.

2) find out relationships under transition. '

(2) For the load-controlled stresses, the steady-state relationship will be
sufficient for evaluation. On the other hand the transition relationships will
be necessitated to evaluate the dellection-controlled stresses including thermal
stresses or peak siresses.

OWNERSHIP OF THEE RESULTS

(1) ALl of the results are encouraged to be published through WRC Bulletin or at
appropriate international/domestic conferences, but with a formal procedure for
technical documents in PNC. Publication will be allowed if a work is not aimed
to deny the utilization of Pu.
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{2) This project can be defined as one of the efforts of the Japanese government
for international! contribution to make progress in base technology for nuclear
pover generation. This means that the results are emphasized to be published.
The ordinary procedures in PYRC, where the final reports are published in WRC
Bulletin through technical deliberations by corresponding committees or sub-
commi ttees, seem to harmonize with this fundamental principle.

{3) On the other hand, the governmental financial supply is offered through PNC.
This means that the results should be managed in accordance with the rules of
PNC. All of the technical documents are carefully managed in PNC, and they are
classified into some categories when they are registered. My intension for the
results by PYRC is that they are classified as “"for publication”. I believe
that there exists a sufficient time between the publication in WRC Bulletin and
the approval by the responsible committee, at least one interval between the
succeeding PYRC meetings, which allows to follow the formal procedures in PNC to
obtain permission for publication.

PERSPECTIVE OF THE FUTURE FINANCIAL SUPPLY
(1) It will be prudent to make a long range plan at present with assuming that

the amount of financial supply to PYRC will be about ¥10,000,000(=$100,000)
per year for 5 or 6 years.

(2) The amount of the budget, which was agreed by STA, is about 30 million yen.
My tentative idea is planning with assumption to divide the resource into 3, 10
million yen to the PYRC for international cooperative works, 10 million yen for
Japanese domestic cooperative works, and 10 million yen for the activities by
my Structural Engincering Section.

(3) The drastic change in the political situation, which occurred this August in
Japan, makes it difficult to predict the final amount of the budget for
development of nuclear power generation. I expect that possible decrease of
the budget will be able to be absorbed by the last 10 million yen for my section.

(4) 1 made the proposal with description that the works in the 1334 financial
year are only preparatory, and more amount of budget is necessary in the
succeeding years to organize the earnest works. Therefore there is possibility
of increase of the budget after 1395. However my experience says that any
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increase of the hudget is usually difficult and it tends to keep the amount for
the first year.

TIME OF PAYMENT .

(1) The payment of the money will be in a month after arrival of the final
report. The final report shall be arrive at PNC not later than the appointed
date of delivery in the contract, which will be set at, or a little earlier
than, the end of March.

(2) In an ordinary case, the financial payment is performed only after
completion of the work. The completion shall be confirmed by responsible
persons after reception of the final report.

In some cases a part of the money is paid in advance. Regrettably I am not
familiar with the conditions which allow this type of payment.

CONTRACT
(1) I would like to pursue a contract through HPI if possible, because it will
strengthen the activity of IPI.
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THERMAL TRANSIENT STRESSES AT STRUCTURAL DISCONTINUITIES

Takashi NAGATA
Structural Engineering Section, O-arai Engineering Center, PNC
4002, Narita-cho, O-arai-machi, Higashi-Ibaraki, Ibaraki, 311-13, Japan

ABSTRACT
In order to develop a simplified method to evaluate thermal transient
stresses at structural discontinuities, 16 detailed analysis results at the
junction of the cylinders of different thicknesses with a corner radius of 20mm
{8 configurations and respectively 2 thermal transient rates) were examined
through comparison with the temperatures and stresses which were calculated
under the corresponding conditions by the sigle dimentional heat conduction
analysis and the "shell solution” of the problems.
As a result, it was concluded that the “shell solution” was promising as the
base of the simplified method, especially if it is used with recognition of the
- following characteristics;
(a} The detailed circumferential membrane stress is fairly smaller than the
“shellisolution" which is small enough by itself because of compensation
between those due to the wall-averaged temperature and those due to AT,.

(b} The detailed longitudinal bending stress, which develops the maximum
principal stress, coincides quite well with the "shell solution".

(¢} The detailed circumferential bending stress, which is smaller and
therefore less important than the longitudinal one, is slightly greater
than the “shell solution". Precisely speaking, the ratio becomes greater
as the temperature transient goes slower.

(d} -The nonlinear temperature gradients through the wall and the peak thermal
stresses are hardly affected by the structural discontinuities.

{e) The stress concentration factor at the end of the corner radius is almost
independent on the shell diameter, the thickness, the thickness ratio, or
the transient rate, and it is as much as 1.29~1.37 for R=20mm.

1. INTRODUCTION
In the structural design of the FBR components which use liquid sodium as

its reactor coolant, thermal stresses, transient and/or steady, should be
evaluated with the greatest care. Thermal stresses are self-limited by their
deflection~controlled nature, and greater stresses are allowed in the structural
design in comparison to the primary stresses by the internal pressure or the
dead weight. On the other hand their evaluation is laborious because of their
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non-linearity. In addition to the non-linear material behaviors such as creep
and plasticity, the temperature response of the structure, which develops
thermal transient stresses, is non-linear by itself even under the most -
idealized thermal transient of the internal fluid. This non-linearity can be
enhanced at the structural discontinuities, where the thermal stresses should
need to be evaluated in order to prevent exessive inelastic strain accumulation
or (creep-)fatigue cracking, and presently the designers or the analysts have to
withstand to spend significant efforts to perform a serious number of numerical
analyses in order to obtain the temperature response and the elastic or
inelastic stress-strain response of the components.

Simplified analysis methods, which enable to evaluate both elastic and
inelastic thermal stresses at structural discontinuities, are expected to be
developed.

2. DETAILED ANALYSIS RESULTS TO BE EXAMINED

Pardmetric analyses were performed with use of the FEM analysis code,

"FINAS", to elastically calculate thermal transient stresses at the junction of
the cylinders of different thickness, which can be considered as one of the most
representative to examine behaviors at the structural discontinvities..

The geometrical configurations are listed in the Table 2-1, the thermal
transients of the internal fluid are in the Table 2-2, and the material
properties are in the Table 2-3. The configurations are those where the inner
surface is smooth and the corner radius is 20mm in all of the cases, and the
temperature dependency of the material properties is neglected in order to
exclude auxiliary non-linearity.

Representative description of the FEM elements is shown as the Fig. 2-1.

3. TRADITIONAL SIMPLIFIED METHOD TQ EVALUATE THERMAL TRANSIENT STRESSES

ASME B&PV Code SecIl defines the simplified method to evaluate stresses with
use of stress indices for the piping components in its NB-3600's.

The equivalent linear stress intensity, Sn, the peak stress intensity, Sp,
and the membrane stress intensity, Sn', of the thermal transient stresses are
defined by the following equations:

Ea [ AT;i .
R T P T GRalad-add

KJEC{ i L\T:, I . . . Ea i ATI ,E
R Ty R L T
Sn' = Ca'ELs | auTa_ﬂ'bTh i

where
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E Modulus of elasticity
E.. is at the average temperature of the two sides of the structural
discontinuity.
[y Poisson's ratio | =0.3 is usually assumed in the code.)
a Coefficient of thermal expansion
ATy Equivalent linear temperature distribution through the wall
AT: Nonlinear tempearature distribution through the wall
T. and T, Avarage temperatures of the side (a) and the side (b)
In the case of non-uniform thickness, average thickness "t" in the
length of v Di*t shall be used.
Cs, C:' and K5 stress indices
Precisely speaking, they are previous, and not the up-to-date equations.
The term due to the linear temperature gradient AT, was excluded from “Sn" by
the revision in 1978. Tt was assumed that it does not cause meaningful strain
concentration, and can be treated as peak stresses. " The previous formulatjons
are described here because they corresponds well to the following assumptions
on the thermal transient stress behaviors:

{1) The thermal transient stresses can be represented as a linear sum of
those by the equivalent linear temperature gradient through the wall, by the
non-linear one, and by the difference in the average temperatures at the
structural discontinuities.

{2) The membrane component should be limited more rigorously.

{3) The membrane component {s mainly caused by the difference in the average
temperatures, and it is necessary to consider stress concentratian as much
as Cp'.

{4) The thermal stresses due to the difference in the average temperatures
can be enhanced by the gross structural discontinuities as much as C; times,
and by the local structural discontinuities as much as K; times as well.

{5} The thermal stresses due to the equivalent linear temperature gradient
through the wall can be enlarged by the local structural discontinuities as
much as K; times, but it is not affected with the gross structural
discontinuities.

{6) The thermal stresses due to the non-linear temperature gradient through
the wall is affected neither with the gross structural discontinuities nor
with the local ones.

It should be worthy to try to use the above assumptions as the first step to
examine the thermal transient stress behaviors.

A routine to calculate the one-dimentional heat conduction in the form of
Fourier series was developed on the personal computer, which allowed to
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calculate necessary Tm, AT, and AT easily, and the coefficient C; was teied
to be determined through regression of the detailed FEM analysis results.
Fig.3-1 and Fig.3-2 show the representative results. The thermal bending
stresses corresponding to AT, by the one-dimentinal heat conduction analysis
were subtracted from the longitudinal bending stresses by the detailed FEM
analysis, and the residual was compared with the wall-averaged temperature
difference, Ta-Th, in order to obtain the coefficient C, by regression.
Individually the correspondence was not so wrong, and the regression results
conincided well with the detailed calculation from the engigeering point of view.

However a problem arose. The obtained coefficients, Ci, differed between
the two thermal transient conditions, and they seemed difficlt to be written as
a function of the geometrical parameters.

4. THERMAL STRESSES BY THE SHELL SOLUTION WITH USE OF THE SINGLE DI“ENTIONRL HEAT
CONDUCTION ANALYSIS

As the second step, the function to calculate a Slmpllfl&d shell solution

was added to the routine on the personal computer. .

Here a longitudinally uniform temperature distribution, which could be
calculated by the one-dimetional heat conduction analysis, was assumed for both
of the two cylinders, and the precise configuration at the junction such as the
corner radius was neglected. Then the shell solution could be easily obtained
with use of the simultaneous equations which corresponded to continuity of the
deflection and the rotation.

Frankly speaking, it was hesitated to use this simple shell solution because
It was obvious that the assumption of the longitudinal uniform temperature
distribution was suspicious near the junction as is shown In Appendix A.

Fig.4-1 and Fig.4-2 show examples of the calculations. The use of the shell
solution makes it possible to examine the stress components by ATm, AT.. and
AT:, separately. It should be noted that;

(1) the circumferential membrane stress due to the wall-averaged temperature
difference is partially compensated by the difference in the temperature
gradient through the wall,

(2) the longitudinal bending stress due to the temperature gradient through
the wall of the thickker cylinder is dominant, and

{3} it shows a meaningful stress concentration, typical in the shell
deformation

These characteristics seem conceptionally different from the assumptions in
the conventional piping equation.

—246—



5. COMPARISON OF THE SHELL SOLUTION WITH THE DETAILED ANALYSIS RESULTS

Typical examples of the comparison of the equivalent linear stress
distribution are shown from Fig.5-1 to Fig.5-3. The detailed anlysis results
and the simplified shell solution are compared at the time when the thermal
transient stresses take their maximum in their histories. Fig.5-4 and Fig.5-5
show the comparison of the peak stress distributions. From these figures, it
can be said that;

{1} generally stress distributions coincide well,

{2) the circumferential membrane stress by the detailed analysis is fairly
smaller than the “"shel! solution" near the junction,

{3) the longitudinal bending stress, which develops the maximum principal
stress, coincides even near the end of the corner radius,

(4) the circumferential bending stress by the detailed analysis is slightly
greater near the junction,

{5) the peak stress on the inner surface just coincides with the thermal peak
stress except the limited length of the thickker cylinder in the
neigbourhood of the junction, and

{6) a serious peak stress concentration can be observed near the end of the
corner radius.

Fig.5-6 ~ Fig.5-8 show typical examples of the comparison of the stress
histories near the end of the corner radius where the thermal transient
stresses take their maximum in their geometrical distribution. It can be said
that;

{7} generally the ratio of the defailed results to the shell solution is kept
constant through the transient

{8) the longitudinal bending stress coincides quite well .

(9) the circumferential bending stress by the detailed analysis become greater
as the time elapses or as the transient becomes mild

Table 5-1 shows the regression results of the detailed equivalent linear
stress components with the simplified "shell solution" for all of the
parametric analysis results. If can be said that;

{a) the coefficient Cs for the circumferential membrane stress was 0.06 ~0.23
and different case by case. The maximum value will be able to be used
practically as the stress index, because the shell solution is sufficiently
smal| because of couterbalance between ATm and AT,

(b} the coefficient Ca for the longitudinal bending stress was 0.91 ~1.04,
and shows almost no dependency on the configuration or on the transient rate.
Unity will be appropiate as the stress index.
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{c) the coefficient C; for the circumferential bending stress was 1.03~1.49,
and shows noticable increase as the transient rate deceases.
Fortunately the circumferential bending stress has less importance in .
stress evaluation because it is smaller than the longitudinal bending stress
even after summation with the membrane stress component. Herefore it seems
unnecessary to determine the stress Index for it.

6. STRESS CONCENTRATION FACTOR AT THE CORNER
In order to examine the local stress concentration, the surface stress

history exclusive of the thermal peak stress component was compared to the

equivalent linear stress history. Typical examples are shown in Fig.6-1 and the

regression results for all of the cases are presented in Table 6-1. It can be
concluded that

(1) No stress concentration can be observed on the smooth inner surface,

(2) The stress concentration factor for the longitudinal stress on the outer
surface is as much as 1.29 ~1.37 for the corner radius of 20mm, and it is
almost independent on the shell diameter, the thickness, the thickness ratio,
or the transient rate. '

7. CONCLUSIONS
The “shell solution" with the aids of the one-dimentional heat conduction

analysis is promising as the base of the simplified method to evaluate thermal

transient stresses, especially if it is used with recognition of the following

characteristics;

(a) The detailed circumferential membrane stress is fairly smaller than the
"shell solution” which is small enough by itself because of compensation
between those due to the wall-averaged temperature and those due to AT,.

{b) The detailed longitudinal bending stress, which develops the maximum
principal stress, coincides quite well with the "shell solution”.

(¢) The detailed circumferential bending stress, which is smaller and
therefore less important than the longitudinal one, is slightly greater
than the "shell solution". Precisely speaking, the ratio becomes greater
as the temperature transient goes slower. .

(d) The nonlinear temperature gradients through the wall and the peak therma)
stresses are hardily affected by the structural discontinuities.

(e} The stress concentration factor at the end of the corner radius is almost
independent on the shell diameter, the thickness, the thickness ratio, or
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the transient rate, and it is as much as 1.29~1.37 for R=20mm.

Examinations of the additional detailed analysis results for the junctions-
with different corner radiuses and for the tapered junctions are undergoing to

_determine the final form of the equation and the values of the necessary
coefficients.

In addition it will be worthy to mention the followings as well;

(1) Comparison with the simplified solution was effective to understand the
complicated behaviors of the thermal transient stresses.

{2) Appropriateness of the conventional simplified method in ASME B&PY Code
NB-3600 to evaluate the thermal transient stresses should be re-examined
because the conceptual basis are suspicious. ' |
The characteristic features of the “shell solution", such as compensation
of the circumferential membrane stress by AT., and remarkable increase of
the stress due to AT., are apparently observed on the detailed results.
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TABLE 2-1 CONFIGURATION OF THE MODELS

icase t te | Ri | r Nole

i No. mm| mm|{ mm| ma

La-ot} 40| 0]1600| 20

iA-02¢ 401 601 1600 # { Thermal liners: 304 ptate of 10mm & Na of 10mm
iA-03: 40; 8011600 “

fA-041 d0: 60| 2000 ”

PA-05) 30y 70| 520, ~

PA-061 30| 70! 700 ”

t4-071 301 80 520 o

|A-08) {0} 70{ 3520 ”

t. the wall thickness of the thinner cylinder
te the wall thickness of the thickker cvlinder
Ri the inner radius of the cylinders
(equat between the thinner and the thickker)
r  the corner radius at the junction

TABLE 2-2 THERMAL TRANSIENT CONDITION OF THE INTERNAL FLUID

; Condition @

Condition @

(— 2°C/sec) (—0.2°C/sec) Xote

time ! Temp time Temp
~0s i 500°C ~0s | 300

I00s | 300°C 1000s 300°C 300=> 300°C (linear)
100s ~ { 00°C 1000s ~ | 300°C

TABLE 2-3 MATERIAL PROPERTIES

i Material Property

value Note
! Modultus of Elasticity E | 17200 Kgf/mm? \
| Poissen’ s Ratio v 0.295
i Thermal Expansion Coeff. | @ | 19.57 x107¢ mm/mm/°C SUS304
[ Heat Conductivity A 4,70 x10°°® Kcal/ (mmisectC) 400°C
| Specific Heat Cp 0.132 Keal/ (kg#C)
| Density 0 7.86 x10°¢ Kg/mm?

R AFFEHII-1-1-02~02
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TABLE 5-1 ANALYSIS RESULTS OF THE EQUIVALENT LINEAR STRESSES

(CIRCUNMFERENTIAL MEMBRANE STRESS o 1a= Cit o tman)

Y0, r. L. o ts C. Std. Dev Oim mes C2¥ 0 imun mas
A-01-1} 1620 40[ 1630 601 0,253021 0.138 1. 431 (200s) I.705 (300s)
A-02-1 11620 IO 1630 60 0201731 0.169 1. 191 (300s) 1. 286 (500%)
A-03-1711620F 107161071 80 0.28685; 0.100 2,620 (300s) {2,808 (00s)
A-04-1{2020%F 4072030 60 0.2781410 0.172 1. 533 (200s) L. 874 (300s)
A-03-11 3337 301 555 T 0.17493% 0.196 3,309 (300s) 1.997 (300s)
A-08-11 TI31 30) 735! 70| 0.24059| 0.033 2773 (300s) | 2,743 (300s)
A-07-1] 3354 304 560 80 0.22770] 0.078 3,981 (300s) | 2,908 (300s)
A-08-1; S40: 40y 355) 70 0.06093F 0.228 .00 (300s) | 0.525 (300s)

f
403 16830F 69| 0.19960

A-01-2 1 1620 0. 107 0. 80 (1000s) 0. 809(1000s)
A-02-2 11620 1016301 80§ 0.16146 0.0323 0. 841(1030s) 0.801¢1100s)
A-03-2 016200 0 0640 80 0.23187 0.202 I. 819 (1000s) 1. 873(10320s)
A-D4-31 20205 402030 B0l 0.21337% 0. 113 {). 865 {1000s) 0. 872(1000s) {
A-03-21 3331 I 555 01 0.1898L¢ 0.146 1. 27401000s) 1. 318(1000s)
A-0B-2( T137 300 T WL 0.233831 0.183 I. 297 (100ds} 1. 637 (1000s)
A-0T-21 535 30 3601 80 0.22351: 0,202 L. 870(1000s) | 1.897(10005);
A-08-2 | 340 40' 305 Ty 0.10389F 0.067 0. 613C1100s) g 0.621(10505);

Gea the circumferential membrane stress by the FEM analysis

T iman the circumferential membrane stress by the shall solutian

Std. Dev  the standard deviation

{LONG!TUDINAL BENDING STRESS & .o= Cif¢ 1oan)

‘.\.0. ra ! la Ie tb Cz Sld- DEV Fxo, man CE*anln.x-:

16201 401630 60} 0.94793

A-01-1 0. 565 52,034 (110s) | 32.039 (120s)
A-02-1¢ 16201 4071630, 60 0.94874: 0.268 33,482 (160s) | 33.710 {160s)
A-03-1¢ 16207 404 1640; 801 0.93829! 1.0%8 58.863 (120s) i 58.820 (120s) |
A-01-1:2020: 4012030 60 0.950791 0.361 32,071 (110s) E 32. 164 {1203 ;
A-05-1% 5357 300 335| 70 0.922710 1.30 51.322 (103s) | 51.333 (103s)
A-06-11 Ti3 ! 0 7B ; 10,9343 1461 31931 (1055)5 31.873 (105%) ¢
A-0T-1 333 é 301 360 ; 8 0.014532; 1339 50.868 (10553 ; 30.906 ¢105%) o
A-08-1 ) 340 E 101 355 : T+ 0,91432¢ 0,862 53.873 (120s5) | 33.972 (1205)§
A-01-2 | 1620 % 011630% 60| 0.683397 0.247 16, 772(H000s) | 16, T18(1000s)
A-02-2 11820, 10 16301 60| 0.97146] 0.399 15, 140€E000s) | 15.062(1000s)
3-03-2 116201 40} I640) 80 0.973721 0.510 23, 752(1000s) | 23.7T66(1000s)
A-04-2020207 4012030 60 0.86790: 0.233 16. 765(1000s) | 16. TO6(100Gs)
A-03-21 535 ! J0| 3357 10 Lo1026: 0.363 18. 132¢1000s) lS.ED?(lOOGs)g
A-06-21 713 i 3001 7335 ! L0i212; 0.318 18. 108(1000s) 18.155(100ﬁ5)§
A-07-21 335¢ 30| 560, 80 1.03894; 0.633 20. 473(1000s) | 20.647(1000s) °
A-08-21 340 E 0] 355 70! 0.96916| 0.3359 20.670C1000s) | 20.663(1000s)

L 2 the longitudinal bending stress by the FEM analysis

T evan the longitudinal bending stress by the shell sglution
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' —-251—



(CLRCUMFERENTLAL BENDING STRESS o= Cito coun)

I -
1 *
I So. I'a La s le C; Sid. Dev T b, mas Cit o cvan mas

FA-01-1 |l 1620 401630 60} 1.042847 L. 483 44,004 {110s) | 44.900 (110s)
3-02-1:1620) 1016307 60] 106626 | 1.354 27.880 (160s) | 28.702 (160s)
1A-03-1118201 401640 80| 1.04288| L1756 45.2686 (110s) | 46.469 (1103)
CLA04-1: 20200 Jof2vd0) 60| LOM2BG L 462 44,182 (110s) | 44.957 (t10s)
: 4-05-1 : 533{ 30 335 O} 106831 2.3 39.976 (105s) | J1. 119 (1053s)
iA-06-1 TI5) 301 735| 70| 1.07935| 2.6l £0.396 (105 | 41.495 (103s)
A-07-1: 5351 30¢ 360| 80| LOBM3| 2.627 J9.850 (105s) | £1.046 (103s)
A-08-1] 50| 40| 535| 70} L.02Bd1G L 863 44,346 (1108) | 45.325 (110s)

?:\-01-2% 16207 401630 60
PA-02-211620 | 401630 60
|4-03-21 16201 10} 1640 80

1. 2318l 0.712 13.33601000s) | 13.386(1000s)

20740 1 0.800 12.520(1000s) | 12 532(1000s)

1.32818 | 1. 409 17.21901000s) | 17, 44E(1000s)

i A-04-2 ' 0200 40120301 60| 1.23031; 0.699 13.518(1000s) | 13.368(1000s) |-
14-03-2 335: 30 5357 70} L.43403; 1.036 12.228(1000s) | 12 417(L000s)
L.

L

L.

1A-06-21 715 [ 36 3% 10 433841 1.000 12.204(1000s) | 12.382(1000s)
13-07-2% 3355 30 360 80 19339 | 1.22% 13.42001000s) | 13. 750(1000s)
1-08-21 340 ! 0 553 1 20089 | 1.227 15.769C1000s) | 15, 892(1000s)

T the circumferential bending stress by the FEM apalysis
T iban the circumferential bending stress by the shell sotution

ACIRESI-1-I-03-01
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TABLE 6-1 ANALYS1S RESULTS OF THE TOTAL STRESSES ON THE SURFACE

surface

{LONGITUDINAL STRESS ON THE INNER SURFACE o . = Kitoae, — Ex AT, /(1-v) )
Yo. r: t, ry le K. Std. Dev Tr i mae The oax. val.
A-01-11 1620 10§ 1630 60| 0.96435| 0.313 66. 254 (100s) | 65.892 (100s)
A-02-1 | 1620 40 ] 1630 601 0.93893[ 0.217 33,865 (140s) | 39.666 (140s)
A-03-11 1620 40 | 1640 801 0.95126; 0.401 69.908 (100s) | 69. 443 (100s)
3-04-17 2020 40| 2030 60 0.96204 ¢ 0.311 66. 237 (100s) t 63. 308 (100s)
A-05-11 333 30| 335 700 0.98229) 0.230 6L. 948 (100s) | 61.647 (100s)
A-DB-11 TI15| 30! T 707 0.95990 0.217 61,885 (100s) | 61.621 (100s)
A07T-1¢ 333 301 580 80, 0981741 0.2 61.479 (100s) | 61.158 (100s)
A-D8-11 540 {01} 335 TO! 0.98360 1 0.388 63. 641 {(100s) ! 68. 183 (100s)
A-01-2§ 1620 40| 1630 B0 0.969311 0.106 19, 145(1000s) ¢ 19, 068(1000s)
A-02-25 1620 . 40 (1630! GO 0.97039; 0. 1R 17.453€1000s) | L7, 118(10005%)
A-03-2] 1620 40] 1640 80§ 0.96209! 0. 64 25.?2[(10005;; 35.617(1000s)
A-04-211 2020 40| 20130 BO! 0.967711 0. 106 19.098(10005)§ 19.022(10005);
A-03-21 535 301 355 701 0.983733 0.101 19. 194¢1000s) : 19. 118(1000s) ¢
A-06-2¢ 715 30 I Ty 708 0.9T2701 0.LL0 19, 272(1000s) 3 19, 195¢1000s) ;
A-07-2 | EXE 30t 560 80¢ 0,08t86 0. 112 21, 76001000s) © 21.678(1000s} §
A-us-zi 340 40 555‘ 03 0.98362 ¢ 0.135 23.289(1000s) ; 23.202(10005)5
[ RN the longitudinal total stress oo the innar surface
by the FEM amalysis
(compounded by . o, and T ..)
G the longitudinal equivalent linear stress on the inner
by the FEM analysis
ATs. the nonlinear temperature gradient on the inner surface
by the single dimentional heat conduction analysis
Std. Dev. the standard devialion
Os i, max the maximum value of the g«
The max. val. the maximum value of the right side of the equation

(CIRCUMFERENTIAL STRESS ON THE INNER SURFACE o ..= Kitoaw. — Ea AT, /(1-v) )
é No. ! I's ! ks Is 1Y El ka2 Sld.DE‘.‘.§ T, max = The max. va].i
%-01-1%1620 1071630f 60! 100161 | 0.306 | 60.835 (100s)° 60.885 (100s) |
1-02-1 | 1620 | 40116301 601 1.00762] 0.071 | 36.105 (140s) | 36.132 (L10s) |
3-03-1 11620 40016407 801 L0506 | 0.473 | 62.313 (100s) | 62,436 (100s) !
A-04-1120% | tol2030] 60 Loozi| 0.335 | 60.873 (100s) | 60.949 (1005) |
A-05-17 533} 300 555 70} 1.01783} 0.674 | 53.078 (100s) i 53.361 (100s) :
H)B-l! TI50 300 7357 70 101788 0.842 | 33248 (100s) ; 53.686 (L00s) |
| 4-07-1 531 200 560! 80 103781 | 0.791 | 353.544 (100s); 53.981 (lovs)
4-08-&3 S0{ 0} 533 0| 0.90930: 0.276 ; BL.479 (10ds) | 61295 (190s) :
: i !
;0120 o] g0lie30l so) 1osmes| o178 | 17138010005 | 17, 163(100s) |
A-0221 1620 40}1630 ©0] 1.06070| 0.301 | 18.058C1000s; 18 11210605 |
A—03—2§1520 01610} 80 1.09336] 0.395 | 20.750(1000s) i 21.919(1000s) |
A-04-212020| 4072030| 60| 1.05233| 0.187 | 17 144C1000s) | 7. 175C1000s) |
A-05-21 535| 30| 555| T0i 1.09548; 0.176 ; 15.337(1000s) | 15.428(1000s) |
A-08-23 TI5| 300 T85! 70! LI400! 0.218 § 15.420€1000s) ! 15.355¢1900s) |
A-Q7-27 535| 30} 500 80F LI28; 0.215 | 17 108(10005) LT, 179CL000s) |
A-08-2; 510 40§ 553} TO{ 103738 0.182 | 19.606¢1000s) ; 19.609(1000s) !
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—233—



(LONGI TUDINAL STRESS ON THE QUTER SURFACE

dea = Kztdnnc - Eﬁ.’ATZe/(“U)]

yo. r i, re ts K2 Std. Dev, G oo maz The max. val.
A-CL-L [ 16201 40| 1630 60| L.31610[ 1.076 -52. 977 (120s) | -56. 070 (120s)
3-02-111620; 4041630 60 1.32606( 0.412 | -37.095 (i80s) | -36.840 (180s)
A-03-1 11620 40} 1840 80| 1.33674| 1.522 ] -64.423 {140s) | -63.657 (120s)
A-O4-1§2020:% 401 2030 60| 1.31326] 1.079 | -56.113 (120s) } -36.205 {120s)
A-03-13 5351 30| 355( TO| 1.29965{ 0.919 | -56.263 (120s) | -56.3580 (110s)
A-06-1| T13] 30| 135 707 1.28853| 0.962 |-36.419 (120s) | -56.75% (110s)
A-07-1| 533| 30! 360| 80| 1.30090| 0.967 | -55.796 (120s) | -56.078 (110s)
A-08-1f 540 40 5935 | 70| 1.33940F 1.329 | -60.287 (140s) | -39. 804 (120s)
A-01-2 | 1620 40 1630 60| 1.322451 0.190 [ -19.19501000s) | -19. 377(1000s)
A-02-2 11620 40| 1630 601 1.31293| 0.195 [ -17.060(1000s) | -17. 130C1000s)
A-03-2 [ 16201 101 1640 80| 1.37227 | 0.416 | -29.400{1000s} | -29. T87(1000s)
A-04-272020¢ 40[20307 60, 1.32161| 0.188 | -19.167(1000s} | ~19. 350(1000s)
A-05-21 53 M G5 7 1.32430 | 0.284 -22, 143(1000s) | -22. 431{1000s)
| A-06-2: TI5; 30| THB| T 1.31287 | 0.273 | -21,9153(1000s) | -22, 192(1000s)
A-07-21 333 30| 380 3071 L.33472) 0.365 | -25.396(1000s) | -25. 745(1000s)
P A-08-27 340 403 353| TO| 1.36335) 0.318 1 -23.080(1000s) | -23.377(1000s)
(CIRCUMFERENT!IAL STRESS OM THE QUTER SURFACE & .6= Kyt nvs — Eax ATsa/{t-v ) ]
Yo. ra ta rs ts Rz Std. Dev. G io. max The max. val.
A-01-1 1 16201 401 1630 601 1.06149| .33 I -33.647 (120s) | -33.463 (120s)
A-02-1: 1620 4011630 60 [.054431 0.529 | -21.696 (160s) | -21.337 (160s)
i 4-03-1(1620) 401640 801 106334} 0.451 -35. 355 (120s) | -33. 140 (120s)
A-04-112020 | 4012030 60| 105792 0.342 | -33.609 (120s) | -33. 419 (120s)
A-03-11 935 30| 535 70| 1.058817 0.795 | -31. 144 (110s) ! -30.800 (110s)
A-06-11 715% 30| 735 701 1.03531| 0.391 -30. 850 (110s) | -30. 433 (110s)
A-07-1 535¢F 30} 360) 80 L.03772; 0.904 -30.363 (110s) | -29.944 (110)
A-0B-11 540, 40 3551 70 1.09983| 0.357 | -35. 166 (120s) }-35.053 (120s)
A-01-2{ 1620 | 4011630 60§ 1.00339 7 0.193 ! -10.691{1000s) } -10.655(1000s)
4-02-2 11620 10| 1630 60: 0.993701 0.327 - 9.6589(1000s) | - 9.648(1000s)
A-03-2 | 16201 410)1640%F 80| 0.97089} 0.4 -13, 813(1000s) | -13. 658(1000s)
A-O4-2 120201 101 2030 601 0.99986 0.199 | -10.619(1000s) | -10.577(1000s)
A-05-21 333 | 301 335 70| 0.962931{ 0.191 - 9.902(1000s) § - 9.796(1000s)
A-06-2 ¢ 71531 30| T3 70| 0.925101 0.222 |- 9.336(1000s) { - 9.394(1000s)
A-07-2| 335} 30 560 80 0.92827 | 0.226 | -10.602(1000s} | ~10. 449(1000s)
i A-08-21 5407 40§ 335 T 1.04885 1 0,235 : -13.301{1000s) | -13.284(1000s)

AL HEEI-1-1-01 -0 1
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Stress (kgf/mm?)

70 ‘ I :
[ | |
Case A-1-1 {t.=40, t.=60, Ri=1600 o..= EaATi/2(1-v )} C;#Ex(Tb-Ta)
60 |——-2°C/s—— AT=-200°C—-C;=1. 25079
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i o : é
Case A-1-2 11,740, t.=60, Ri=1600 o .= Ea ATi/2(1~v )+ Cy¥Ea(To-Ta)
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FIG 3-1 CONMPARISON WITH THE CONVENTICNAL SINPLIFIED ESTIMATION IN THE PIPING EQUATION
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stress (kgf/mm?)

70 i .
| |
Case A-5-1 [ t.,=30, t.=70, Ri=520 o o= Ea AT,/2(1-v }+ C;¥Ea(Th-Ta)
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Case A-5-2 11,230, t.=70, Ri=520 o..= Ea AT./2(1-v }+ Ci*Ea(Tb-Ta)
21 | -0. 2°C /si— AT=-200°C—C,=0. 74533 !
18
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FI1G 3-2 COMPARISON WITH THE TRADITIONAL SIMPLIFIED ESTIMATION IN THE PIPING EQUATION
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FIG. 4-1 CIRCUMFERENT1AL MEMBRANE STRESSES BY THE SHELL SOLUTION case A-1-2
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LONGI TUDINAL DISTANCE(mm)
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LONGITUDINAL. D! STANCE(mm)
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FIG 5-1 CIRCUNFERENTIAL MENBRANE STRESS DISTRIBUTIONS case A-1-1 & A-i-2
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LONG! TUDINAL DISTANCE(mm)
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FIG 5-2 - LONGITUDINAL BENDING STRESS SISTRIBUTIONS  case A-1-1 & A-1-2
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LONGI TUDINAL SISTANCE(mm)
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F1G 5-3 CIRCUMFERENTIAL BENDING STRESS DISTRIBUTIONS case A-1-1 & A-1-2
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LONG! TUDINAL DI STANCE(mm)
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FIG 5-4 LONGITUDINAL PEAK STRESS DISTRIBUTIONS ON THE INNER SLRFACE case A-1-1 & A-1-2
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stress {kaf/mm?)
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stress (kgf/mm?)
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Appendix-A Temperature Distributions by the detailed FEM Analysis and the
Effects on the Thermal Stresses of the Longitudinal Heat Conduction

Representative examples of comparison of the temperature distributions’
between the detailed analysis results and the assumption to obtain the shell
solution or the ene-dimentional heat conduction analysis results are shown in
Fig.A-1 toFig. A-4. [t can be said thal;

(1) They coincide well at a sufficient distance from the junction.

(2) Both the wall-averaged temperature and the equivalent linear temperature

gradieat through the wall come close near the junction.

(3) The non-linear temperature gradient through the wall is almost not

affected by the junction both on the inner surface and on the outer surface.

The contiguity of the wall-averaged temperature and the equivalent l[inear
temperature gradient is caused by the longitudinal heat conduction in the
neighbourhood of the junction. Mere its effects are examined by calculation of
the thermal stresses on a uniform cvlinder which has longitudinal temperature
distribution.

Fig.A-5 shows the circumferential membrane stress(o.n} distributions and
the longitudinal bending stress( o .s) distributions when the walfl-averaged
temperature changes in a specific length A 2, and Fig.A-6 shows the
longitudinal and circumferential bending stress( ., and & .») distributions
when the linear temperature gradient through thewall change in a specific
lquth A,

fhe stresses are normalized so that o .. at x=0 becomes unity in Fig.A->
andso that o :» and o.» at a great distance become unity in Fig. A-6.

[t can be found that:

(a) The circumferential membrane stress (o .») decreases significantly as the -

length A £ increases. [t decreases more significantly within the length

of AZ.
{b) The longitudinal bending stress (& s} is almast independent on the
length A £,

{¢) The circumferential bending stress(o .} increases where the AT, is

smaller.

The above characteristics correspond quite well to the behaviors of each
siress component at the junction of two cylinders, and it should be pointed out
that the shell sclution will be able to be successfully applied as the basis to
compose the simplified melhod with understanding of these different effects of
the longitudinal heat conduction near the discontinuities.
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Pt-U Phase Diagram
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Co-U Phase Diagram
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U-Ta Phase Diagram
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Nb-U Phase Diagram

Weight Percent Uranium

(]
8
TP

Temperature °C
& &
3 8

saetlees P

8

IYITERS FTTeT

;

selosnsiavaale,

~
Q
a

977°C, 478%

T

TIT e T T rrreY

YT

Y

T

LAARARNLARRARERE ]

f}$§;<f
YRy ITY

o

1

Atomic Percent Uranium



11.3 Compounds of Uranium with Other Metals and Selenium . . . . ., . 51

11.3.1 UGeSe (USnSe) . . . . . . . . i i e e e e e e e e 51
1132 UTh,Se . 0 v v v o e e e s e e e e e e e e e e e 52
11.3.3 MyUSesand MaUSeain s - v v v v v v o e e e e e e e 53
11.34 MUSes . . . . o o o o e e e e e e e s 54
1135 MUSegand M, U, ,Ses . . . . . . . . . oL L oo .57
1136 MUgSess. . . . v o o o oo oo oo L 58
12.3 Compounds of Uranium with Other Metals and Teltlurium . . . . . . 128
1231 UMTe . . . . o e e e e e e e e e e e e e e e e e e e e 128
12.3.2 UM, ,_.Te . . . o o o i e e e e e e e e e e e e e e e e e e e 130
00 T - 130
L < T 131
L 1 o O 1 - e e e e e e 132
1233 MyUTegand MU T, - - - 0 v v o o o o i i e e e e e e e 133
12.6 Compounds of Uranium with Tellurium and Halogens . . . . . . . . 152
12.6.1 The Uranium Oxopentafluorotellurates F,U(OTeFg)g_, . . . . . . . . . . 152
12.6.2 The U,Te,;-Bry and UTe,-Bry, Systems ... . . . . . . . . . . ... .. 155
12.7 Compounds of Uranium with Tellurium and Sulfur .. ... ..., 156
1270 TheU-Te-SSystem . . . . . .. .. .. ... ... . .. .. . 158
12.7.2 Uranium Telluride Sulfides . . . . . . . .. .. .. . .. .. ... . 162
UTeS . . . o . 162
12.8 Compounds of Uranium with Tellurium and Selenium . . . . . . . . 165
12.81 TheU-Te-SeSystemn . . . . . . . . . . . . . ... .. . ... 165
12.8.2 Uranium Telluride Selenides . . . . . . . . . . .. . ... ... ... 175
UTe,-USe, Solid Solutions . . . . . . . . . . .. .. ... ... . ... . 175
1283 TheU-O-Te-SeSystem . . . . . . . . .. .. ... ... .. . 177
13.3 Svystems with Uranium, Other Metals, and Boron . . . L 198
13.3.1 The Systems U-Y-B and U-lLanthanides-B . . . . . . . ... ... .. 198
13.3.2 TheU-Th-BSystem . . . . . . . . .« .« v v v vt st e e e e 201
13.3.3 The U-Ti-B, U-Zr-B, and U-H#-B Systems . . . . . . . . . . . . . .. 203
13.3.4 The U-V-B, U-Nb-B, and U-Ta-B Systems . . . . . . . . . . . . . .. 206
13.35 The U-Cr-B, U-Mo-B,and U-W-B Systems . . . . . . . . . . . .. .. 206
13.36 TheU-Mn-BandU-Re-B Systems . . . . . . . . . . . . . . ... .. 206
13.3.7 The U-Fe-B, U-Co-B, and U-Ni-B Systems . . . . . . . . . . . .. .. 207
13.3.8 The U-Ru-B System . . . . . . . . « . . o o v vy v a v v o o 210
13.39 UOs,B, . . .. . .. .. I AR 210



15.2 Ternary Silicides . . . . . . . . .. [ 353

1521 Survey . . . . . . L e e e e e e e e e e e 353
1522 TheU-Al-SiSystem. . . . . . . . . . . o 0 o v v v v i e o 353
The Section UAL-U,Si, . . . . . . . o o o o o 0 oo 353
The Region U-UAL-U3Si,. . . o o o v 0 0 o 0 o 0 o0 o o o o 354
Diffusion. . . . . . . . L .. o e e e e e e e e, 358
Corrosion Resistance . . . . . . . . . . . . oL e e 358
Application as Nuclear Fuels. . . . . . . . . . . . . .. ... ... .... 358
16.23 TheU-Ce-SiSystem. . . . . . . . . . . . v . . o v e 358
15.24 TheU-Ti-SiSystem . . . . . . . . . . . . . . . o o 359
15.25 The U-Zr-Si System . . . . . e e e e e e 358
1526 TheU-Ge-SiSystern. . . . . . . . .« v« v v v v i e e e 359
1527 TheU-V-SiSystem . . . . . . . . v . .« v i v i v s e e e 360
15628 TheU-Nb-SiSystem . . . . . . . .. . . . ...« .... ... 360
15.28 TheU-Cr-SiSystem. . . . . . . . . . . . v i v v v v v v e, . . 361
UdCrsSiz . v L o o e e e e e e e 361
L 361
UGSt L T e e e e e e e e e e 361
15210 The U-Mo-SiSystem. . . . . . . . . . . . . . . . ... 361
UMosSi; © . . . o . o oo oo e e e e e e e e e e e 361
Page

15211 The U-W-SiSystem . . . . . . . . . . . . v v v et 362
15212 The U-Mn-SiSystem . . . . . . . . . . . ... ... 362
UaMnsSia o L 362
UMn,Sia. . o L o e, 362
UaMngSis o o o 0 o, 363
15213 The U-Ni-SiSystem . . . . . . . . o o o o 364
UlNiggaSioaalas - - « v o v v o o o o 364
UNigSiy . . . L o o 364
UNSE . o 366
UNBLSI, - o 367
15.214 The U-Co-SiSystem . . . . . . . . . . . . . . v v 367
UCosSiy . . . . o 367
UaCoaSis - v o v v o 369
UC0.Siz . . v v v 371
UaCosSi o . o o o 371
15215 The U-Fe-SiSystem . . . . . . . . . o v v v e 371
Phase Diagram . . . . . . . . . . .., 37N
The Compounds . . . . . . . . . .. L 374
UFeSi; . . . . ... .. .... e e 374
UFe,Si, . o L o 374
UsFesSiand UsFeSiy . . L 0 L 0 o L 0 L Lo 374
UsFesSis o o o o e 374

—326—



15.2.16 The U-Cu-SiSystem . . . . ¢ ¢ =« « v v v v v 0 v o vt o o o s 374

UCu,Siy . - « - - e e e e e 374
15217 The U-AG-SiSYSIEM .« & v « v« « o v v v oot e e e e e e 374
15218 The U-AU-SISYSIBM . . « 4 v v v v v e o e me e et e e 375
15.219 The U-Rh-SiSYSIEM . o o« v v v v v e e e e e e e e e e e e 375
15.2.20 The U-Pd-SiSystem . . . . . . . .. .. e e e e e e e e e 375
15221 The U-PL-SISYSEM . « + v« v v o e v e e e e e e et e e e e 375

-327—



—828—

PR TIN P2 LERICDODNVT

II

VEID

HE S

(a) FEIAM

T BT

1A

2A

JA

4 A

5A

6A

TA

8

13

2B

3B

4B

5B

6B

7B

0

h
Hr

k

2 He

2 | 8 Ll :g,," 7N ' g F |10 Ne
[l-.-:- Ry

3 11Na’i§iﬂ/fé 15 P |16 S [17 Cli8 Ar
Tl

4 119 K |20 Ca sy "2"51;1‘?’}“”‘% o PRI e 33 As|34 Se|35 Br|3s Kr

poy

9]

37 Rb

55 Cs

2154

.“

;
JEY
e

N s uvrta ey e
i MmmM” ,

n|5! Sh

38 Sr-30 Y |40 Zx |41 Nb|gaVid|43 T i dmRch | 6RO AL 527T¢|%3 1 134 Xe
Sl & st trnxods N BN
, RO v (RO A ovtom kA P M| e,
56 Bals7~71 71\2 TLf 78R TR fiﬁiRe 103 5 77 Ir i?&fl_l}rzﬂ A (| 81 T1 HW}IM Po|85 Atl86 Rn
e |- s kit CRRE ) ! SEINY | LS R PO R ] iy "

87 IFr

88 Ra

89~103

*HF /4K

571'La

5@,,

i'ﬁﬂ

5G&P% 50

i B 64 Gd

65 Th

66 Dy| ..

68 Iir

69 Tm

70 YD

1 Lu

“CTYFIAN

ihvﬁJ

i

o1 Pa i i il | e

v 06 Crm

97 Bk

98 Cf

100 I'm

101 Md

102 No

103 Lr




=1 REREBEETIERELEROELR
L850 £ & 2 R BEEEIR
Sorby; JCEEEZ Mendeleiev;
A&
Gibbs; ##
Boltzmann;
S

1900

1950

1986

2000

Le Chatelier;
25T

Roberts—Austen;

Fe—C FRIRREX

Campbell;
=T VYA b 0)
X RRAEAT

Bain; T-1T-T X
Klinger-Koch;

iy &R D B
pa it

Heildenreich;
EREESRE

Castain | EPMA

Fitzgerald; EDX

Van Laar; Z4AH
REROFE

Bragg-Williams
S Al

Hume—Rothery

mﬁﬂﬂ

FHihRE— ; CVM

Hillcri—Staffan- .
sson; Bl¥FE€ 7

v
Sanchez;
E—REE
Zyr—Mo

Hansen  IKFEKE

ENIAC(z= v ¥ 2
— &) IRED

1C 85
Kaufman;

CALPHAD £/E

Eniksson;
SOLGASMIX

APDIC ;
RABKI£E

—329—



—088—

-1 970 - 1980 - 1990 -

T -“‘“—;j' '-,'_,_.----7-; e [ [Ir:ﬂ..,_r‘___ :_—-‘—_....“-;“k--._.-_._, -g._...:'_.._‘..‘___'?:.ﬁ“‘. ,
o El Bt e Lo i ] L |

=) {45 40 Yk E

q%fﬂ?" ~ N Q= ol =
L A—-—-—-___..___/\/l‘a'lﬁ

s EE—— , e =t

- (CEEEE
Be\»ktbr T ggtli\wes'lém

U. Texas
v 5 R — g5 Solan Enery Resench Lusl} #8734 F

= RS —— ONERA -Eﬁﬁ/%
AR TR it k- sk iR |
» >»c ALPHAD Ik S 45 45 1 |




1€

TN RETEE

7 1B ¥ £ EhFE
(1)FHHREVTE
H—FEEPSRT LY v VEMKIT, | APWHE. KKRik OPWIE

B—RENAE

YalbTFqa AR eI T7aL
YATFr MCERL . BEFRISEEEE
FRIEBEABBEICLYIYES, &
FiEE. @I N¥—, BERTFES
T EDETEAAIEE,

(2} REMEE -
LAPWk. LMTO®&. ASWik,
pseudofunctionix. F L A PWi&
(VRFT D vIVik:

SV LRERAR T VY v VK
(4)LCAO:
E—EEWLCAORK. DV-Xa

HARERAVA

BERINNSA—REETLETFTIVL- NI
WEZTF L EHWTEFHESERET
Do IN RIEET RILF—ICFhS
DBERSEMATEIINE—XPRESE
FESIDOEEBITE DN B,

(BHERT L v Ibik !
BEREIRT > 2 v Uik
(4)LCAOQk:
tight-bindingi%

(1)~(4) 2N ETORBOFRAS 5D, b, ThSLHIN L REVERE UG5 5 HF B %st
BHEEYICTHHEHE LT Car-ParrinelloiEd # 5,




—¢€¢

5
|
5
o=t
gy
il
i

L BEOHET AV T —
L FEA(D A VI E T AR T RS —

L TSR — %ﬁﬁ?%ﬁ?®ﬁ3l$W#*
: 455@@5%&

&)



WAL

_py—product

OHLW - HHEOETES L EHE

< FE R

@ R 2V —dhig
(BT EHOMEELCcoLx x5 ~)

@ EFALEFYYALADLIIEE ing
T Lennard-Jones

Morse potential

potential

&R, HAEO
HMOER

@ w135
KREEER

T Y2y rAEYEYE

inpllf. ELE L ————_—— rooxiacl ol in

DETHE

®@ REBHHx LI~

® 7524 —EHERLLS

EFMEEfEHT 3 v¥E—
oTHW

input (bR F > o 5 0|
- (#nk)

final product

@ 23RS —FEHFEREE
Efloxy bog—
CBHx x$ dpE

& PHRER
SBEOLERE Tz L FE
R, FEETEH etc

—333-



@
‘ -~~~ f g
j —_T 1
EA_J___. e 8
e | ] u'] .....
) T
! |
| ! ! } i
P l } 5
P : i i
[ 1 i i 1
A ABAB AE  AB AB, B
0 V5 14 I/3 V2 3/4 l
Concentration of B
B 1 245 &M =% — ORRE O
HEBOBEI R ILF - 1E45&
LEDBAEDIRLF— 1/10~1/100
HRARRICH T 3 BAtO = 2 L F — 1/1000~1/10000

—~334—



10 ]
(Cu,Au)
08 R A
f
06 | -
v
~
[
oaf~{[-~—
Cuy Ay
o2}~
0 t L
0 20 80 100
Cu AR /50 Au

[ FI L w4 VT AR LD Cu-Au
2LFD A e — v RBE( e, 20
~ 08 r2),

1of--——- A N N
{Cu,Au) , l
i
05f——{ {2 | {—] | r—
inlE
L8] o
0 | |
] 25 50 100
Cu AL SR Au

i Ff‘.éft'-’}'isl’-iﬂ:iilir-: A MG % i e
Cu-J;\u 2AFD I~ R JRE (Litah e
L5),

1300 |- 1000
1HOD 800
2}
900 600 N\
“

# ¥
w 700 400 ™
500 200
300 P — 0
0 20 40 60 80 100

Cu AR /RS9 Au

Cu-Au 2 T RDOURIRMER (o~ v BT
EB).

| -1 600
[Cu, Au) l !
| i -
. T00 b e e “laoo ¥
AN ~
H
"
o 500 4200 ¢
L ! | |
!
300 - - - ] - .-.--..l.-._ 0
0 20 a0 60 BO 100
Cu AOERIE 1 HHE Au

B 2 728000k 4G {sE R o TR R

12 Cu-Au 2 EHD 2 b — v 1 kIEI. 4 i
MANTLA I 2 b e e S I L Cun 2 (R
& kB,

noo- /ﬂ'\
1000]-
- l 5 ] \ '\
< anl <
Ch S {31 ~
= ool =
8 o z i A
o - RN
(8]
600l
‘_xju'_‘zlu M a4 S 60 7h 50 951
Auillil /9
R -GN X3 Cu-Au R8Ik B R,

RBRNER & It~ CuyAu @ stoichiometry
T #7500 K CuAu @ stoichiometry T # 300
K 2RI I % overestimate LT s, s
BOWINMHINUELL. underestimale -+ 2.




/RS BA5 305t IR 69 BR1R L

p
(A
~

=(30), )
do/, ~ \o1l

T 7$9Ya 2x2 2% 73
I 2x20 81k 433
IP=-(hV B EERYEF

~

>
\

AR B

D 18rt:869 uzat (velativistic conlraction)
. be,= 4J[£°f¥3/fnjﬂ32

@ #artiae) 18 E Fas 3k (relativistic seff -consistent
~ expansion) .

@ ze°v - Bk 53

—336—



—~LEE-

MERA - UZTFHII NN

AEEDBME - RODEDAHEN E o

(ORE=ErL, 1988-19924ERM O BRI &)

(EH ) P

1. BB (BE) 2. =HM 3. RjpEHYy _
1A IERFIIr I RFREDPE | 5% RME—AY R %gm HRHONE
MEXKK P XHBE X #HE—AL b AR 3" ¥}
IxNF—LANOE EABD ' (v2onrf) Hizwix
RIEEIX apsyl | BOHE XBRR Eh I IR
ROREN B®E | LT G R
A (9 xpz<srn 3&,% )
i . - F.NaFOFK e{f3{12a" Yo - .
it evo [5-1d Py AHEDSIZ TRY ()
XPS |87 ROSAIREORFRI (AM-Kmx)
89-15' N-NZ7xzut>m AR H
R (R) YIVRRTFORTFREBLIURRY
PS5AY—. HF ARD RMAA (EM-R L)
XQARAZ b I3)
B @ ' [B9-16] KF. NaFOFKa¥5 51 kA< FA®D @
o o8 20 A (B — LK) Cuoxs SAs DRTRE
TR RAEDBNT y EBIAT S EDFAMRGD :
XPS RFRRUT (BRI-BK) ~XRIANY kI
33-19) XRFHADEEORMD (PR-EX) ~XRAR [555) pameanns x5 o
RN . 89- 11 HU-BFNBRIZELENaRBAFRE (Kk-RK) (AK) MM
vVav. BT |__ Utzkmin) TARKEDY 5 A5 — K3t
) 5) [59-18] #ANFeBOY X5 - VT XD
c 59- 6] REMAMEHAONIRR (KA-NK) ~REABDH (O 54-291)
-*e.%‘)»%aa 89-10| EME MR AROATF RS (RI) 89- 5 fi;f\;'f‘:;f;??:ﬁuﬂ
O HRYI (kRFEOREN) BORAS A0 DRRIES 89-11] REBEBEORFRE (% A-Kx
' Rgonrum (huin-fak) [89-10) ERThLRN D kXD

RFUB-ERHHE (ZU-XX)

BUAEDRTFRR(HM-EnX)

(£ N FHRABAR)

B 1 MENAEOHSE: 1989FEDV-X afffEe




c Ske @
.0 -
I
S 3t
Q.
O
O
O
8 21
&
>
O
© non-rel.
c 1L A
O
0O
L
>< O 1 ) 1 1 1 1 1 '
0 20 40 60 80 100

Atomic number of X element

Fig.1. The Z-dependence of the bond overlap
populations obtained by the non-relativistic
DV-HES and relativistic DV-DS methods for
the hexafluoride molecules

-338-—



—6EE—

AR B

1) FOFZRA AT HREIFUHHEI SV Co

o) FiEt A N — R & L ABEHH T O XICEET S I o

3) HHEEH P +HE <. B (BEBLUSMN) OFBEILERT
H5BHTE, -

4) HMHHIERE THD I o

5)%ﬁ§ﬁ%m:&o%5mﬁ$0tmzt(%&%%@%
MEFEVNE) o

5) mEM ({bE2p. RUMBEHE PERTVWDS I

) TwY s ORERKE - ABICLELMEIEE (HEE,
EERRDEUHMEEZE TSI Co

8) KIBFRADBRBENENT &, - o

o) HBRMAEL. IBIEINANBN &, BREMETENI Co

{TT




—0FE—

) BETEWI &,

) 272 LA EDEBMICH LBREETR VI &

12) AR RUCBEIRE TEIXANTH D I &,

) AP ISR RIEEL & GO ) B JIVER D AIEE

BZ&E) o |

14) BEWNDPRETHDZE (DEIPAJETHH I EHEEL
. FOBEELMEEER LGN &)

15) A B CERF. SRR OCETEOHBEI LERZ S,
FNSPTREEMOREE S LD ED VI E (BENT
BETHBZENEELLY)

16) HIRE & OREFERPLELISE. HREUSOVTHE) ~14)

EERETBEHNTHDIE, | '



a2ouppungn 21n17osqy
8 9 14 ¢

F__ﬂ__H_—_.._____________.._m__,_ﬂ___.

LD-

cmpond. 003

_&(t0oN) PN-OanD

—_0 PN-OdHWD

CMP O+Nd

OdWD

€oNn- € (SoN) PN ‘

1/16/92

FTMS

LA A A S T B T
001 0G
(%) 2ouppuURGD BAT}D[3Y

T T T T — 7

—341—

T

o

200

100

(A A )

CMPO+NdDI CRAHHKR

X 2



LD-

cmpond. 005

1/16/92

F TMS

mocovc:no 21N[0Sqy
8 9 14 ¢ 0

._.___.._.__.-.____,q__“___.__.._.ﬂ___p_._._

T T T T T 7T J T T

l

410

CMP O+Nd

PNogt i

PNgyp 1 -

PNgyp1 PNep 1
PNyp1 PNeyt ,
_Con.E(toN)PNgpT i
PNogt =

PNgy1 ——

PNg; 1 i

PNSYT B 7 m

PNey1 —

INOZ.M Amozu @.Z..Nﬂ.m

B

420

400

390

380

,h__ —
001 0S

3 1 i T T

T T T T

o i

(4) 2ouDpungDp 9AT}D[8Y

—342—

370

m/ z

370~420 DK

(A1 A V) n/z

CMPO+NdoDI CROGWHR

X 3



—~Eve-

"'".,'.- ,‘:,'_‘5.6. ﬂ' he} ...". "

T*—“;Z T,." (ﬁ:'ﬂji:&)b *"'Iﬁ)

T A e R

JR R —— |
astamascssumby
1

--------------------

------

e
MMz
5
e

I(D

------

T E N ard e byl ST it A !
PR RREE Y

(R 2o b ML H 1)

v=Ey

Y

Vi ®F (0FN, 1,2 i, n YEHE (@
£p, 1,2, 8, - N)OE|hllF iy b

10

R P e T e T O R X AN L k. LYY SR TR

Vv, W3 (12,0 f ) BEORHRTF vl

N RRVAY N

LERR

FHhid
e

NROEFE (CBEOHOREZae) EnflORF (BRET—e) *SKIPFO
Schrodinger® i H gzt (1) r, HFIADEHK



AR

 ATHEEDNE

F & 2 o ERTIETF 151 - IR

KEERAY FEM (free electron model) TeF MO DIEHEAYIRER
HMO (Hiicke! molecular orbital) T BF MO DTEVERYIRAE
EHMO  (extended HMO) BT EEBTAHGE

HAEERRY PPP (Pariser-Parr-Pople) Y- TR IF—
CNDO (complete neglect of differential overlap) B+ WHB-FRERL &
i NDO  (intermediate neglect of differential overlap) e BY R E VR &
MINDO (modified INDO) E{REBF e &
MNDO  (modified neglect of diatomic overlap) e F EEEL s

JEFEERBY ab initio (from the beginning MOE) 28BF Rt &

r

/“.(“f)




—CF¢g

W5

[RFhs 04t — N —hf5]

R H 7 ?ﬁﬁm R & B T4

SERL64-1 A 25 H

S - AR TS Y 4 —
S B R

Rt BE

-
=9
Lot

HHIRF 7R A

33



97 €—

T COIC

BET U — A DR

LBy B4 OREETORME - 2 AV ¥, BIEE. WRAEE
RET 5o

2 WAL B BEF AL AVF— L LV HIHTEB0T, BEUBOETH
BRI TE 5,
3EEGET A\ 5 Z & CREEE O AT A,
4 BTFLRERTAZLICEL VL F b TE B,
SEFLHBLTUFR LA\ GREV AT L BIHEFD 2 )

KERBEEF Y — L DONEM
1 NFXE)RPEF. T2 DR FE— AT TCIRERIE SN o T
W - MR ORI - KBTI EREICITZ 5,
2 DNATEGHEE O, WE (ROKFR) EREOREBEYI S {bas, £
DFERICERKROFS RIS,



-LyE—

BEFV— 50K
1RIFFEOFIFH  22Na, S8CoEFEDHETIREFA
WEA RS LERGET 2155
Y— L5 106~107 8/
KEFALICHIE D 5
2 BEFIELROFE Tav gy 7 L WiEEHM 2 HW5
V—A5E ~108 8,/ B (ANEFE:~30kW)
ER)  ~10" 8/ (AFEFEN:~5kW)

A CEELTABRTE — A
- E-—-AamE 108 EPBLLE
ASTEFES] 40kWLLE
IANVFE—  keV~MeV
W GEFFYLR) T
b BRI SR

Bt B IR ORRE 2 EHIIZITY
(REM ORI )

T

=) K



254 AVRARIK

54X+ AvRaHig

b= B2 N = B AV 31

IR R HIE
IR B

—348-—

pieplacenCline 2o |

NOy , O, AR
(UnEBFEHIREMBEIC)

 PREEREEIWSBIRMEE BB




67 E—

& P N C MW # £ A F A O £ #
H H {t #
= & N ¥ - 1 0 M e V
B K / ¥ B B i 0 0 / 2 0 m A
AT A S 4 m s
2 h E UL B # % 5 0 H z
E - 4 #H A4 2 0 0 k W
R F B # # 1249, 135 M H =z
oo =E.—- N 2 / 3
Mmoo g W HITHEY HEEHD
5 4 X b v ¥ A ¥ 2 %
7 A4 R b o v ) 1. 2 MW(I&Eé‘Df:bﬂ'ﬂ()

& K

E &)

1

6 m




—05€—

%5’"@:&: g 5’1‘
1. KERETIEBOBMY &0 L KREREE TR EY
U - R R)VDOBFEETI .

F - RERGE T Y — A DA BE
- BEHRRTE G R DS LB B 5
(P54 L W)

RS aE - BRE
- KIER D BRI, - Bk R OB
(10 MeV T D [ BAFERIZRI/N Z )

2. mEFHEE LT108 ML L% HEg 7,



—16¢€—

TEEHTH]

BHET - MR

» SIS

- B

FHE (ARSI R OB - SR MERSENG) % 17 5

£ K

= A% SO BRI R

..........................

A
tfafi lﬂ?‘i;lzﬂﬁ

No, IH H A LA H6 H17 H8 HSI H10 H1l
Wik | EB
(1) | BEFENOTIR B
O O O
wite | Hm
(2) | BRTHATRRO B
g > C O
mite | oBm
() | TR BUIF
e O O




¢S¢

) AR

g |
13

@

-
>
-

7

RERBEFE— 2D LKEBHRE BEFY-A2RET2RIGREHART 5
& 2 — F(EGS4. ALGOR¥)DfiEH

A2 E

s

PR ERE) 28

AV —1y rikE

il
)

e HE R
(R - BZERE
GLi - TRAGALE)

AHEFE— A

A



—§S5E—

WK

i X

b

ERBEETF VY — A TkeV~MeVDBEIBITTEZER T AR Z FFET 5
& 0 — F(EGS4-SPGE)D1E

(A)  someswgs (B) Semress
BIZVEBETF  BURET AT

\\ wJF:h”
-t "™
L] 1%
I‘. L bd -
..- l.. T
ALY I v ~wwer e,
i
i3
LA :

'
.....

r

........
-r e
.......

-------

ooooooo

.......

T (i e e
Y T
Eorn

........

B LxIpE—

=F '
TFL—5E

1
]
[ ]
]
1
| 4
|
]
T ,
< '
‘ oo - O S,
\ ~ v :E?U_Q;E ’

Taldn—>3 aJN\—>D

.
.......




-76E—

By 5 SR A X

MRS N ABRBETY — A %85 T3 = ER B A= PIVEET 7200
BERZEY-LAMERTRTET A

FHE 2 — FPARMELAS) DA - ZBHEER OMET

Et +——rm

Hl w1 ¢* BEAM /) avz o o
R1 \mlzzgl 'IIl"llIIIIIIII[I]HIIIIﬂll”lnﬂllﬁl!' IIIII WMWY MMM MR NN NN ;ﬂlﬂl'lﬁl/

f"l' I E R R R R AR R ER N AR E R R R R R R FARZEE R AR RE R EE R R ERRER RN BN R R E R R RS R R E R SRR R R LB NEE R l'wll_\_u
: R2
T4 sy = i b 13

TARGET i__g .[.'f

©
® R2 A3 ® L L2 L3
O—Llﬁr‘l‘mn—!ﬂ ataoms | o | 1] R4
T T o1
T4 Ts T6




AR E DB

ERROFE == EGS4& ALGOR

EGS4 12 & A EFARIC i % EWete

1. 221 : Ta 4K
B,
05mm (05X, for 10MeVe
8.0mm (2X;) for 100 MeV e-

Cut Off Energy |
ete- 0.1 MeV for 10 MeV e-
1 MeV for 100 MeV e
y 10 keV

2. AFET Y — A 1 200kW

3AFETIEIR:28Y

(a) 10 MeV 20 mA (b) 100 MeV 2 mA
45 T
FAETFE-A [ FFETE— A
Ta Ta 1%
ATERAR

1. BE5 A (Tatk)
2. BELERIT- (eve y ) DARESH
3. BEEFDIRINE -5

—355—



96€—

EGS4 sTEIK

A

Y




LSE—

Particles/Incident e™/Strad

1074
107

106

Angle Dist. (10 MeV ¢5)

+ : Photon

O : Electron

X : Positron

Ta2 mm (0.5Xg) —
1 Bin = 6 Degree

— + +++++++++'++++T

0000 —
o 000 05
O
o0 | O

y

X

X
% X X

0 50 100 | 150

Angle (degree)



—8G¢E—

Energy Deposition (kW/cm3)

104

103

102

-y
<
ja—y

102

Energy Deposition in Ta Plate

I ! ]IIIIIII [fTTITH

TTTTTTI

?
.

= —x— — ]
B - =X 7 200 kW Electron -
| BE
| 1 1 E
Y TR T T ‘ _1"'_"—_'—_'_"'1——4—-3
I
L e
L e
4 _L'—‘X——l___x__.

|
I
{ unml 1] umul

X : 10 MeV 65 (R<2.5mm)
+ :100 MeV ¢S5 (R<2.5mm)
O : 10 MeV $200 (R<2.5mm)

e

- O— 1 Bin=1 mm
| |
= — —0—- E
I 1 I 1 ' 1 | 1 I I 1 1 1 1 ' | i | }
2 4 6 8

Depth (mm)



—-66¢E—

Particles/Incident e™/Strad

102

101

100
101
1072
10-3
104
10°5

10-6

Angle Dist. (100 MeV ¢5)

l | k ] I i | b | I | I { | l { I

+ + : Photon
-+ O : Electron
+ X : Positron
Ta 8 mm (2X() —_—
1 Bin = 6 Degree

% T R T
> +
* 5 +
O * ey *
@) Co —
O OQO *K— -+
OO Y
O —
@]
o agt ::x:x:xx_:%
& O Co
] O
O
| | 1 1 | 1 1 1 1 l I 1 H 1 I ! |
50 100 150

Angle (degree)



—09¢

dN/dE, (e*/Incident e /MeV)

10-2

10-3

1070

1076

Positron Energy Dist. (10 MeV ¢5)

E } I I | I 1 1 i | I i { ] ] , I | Il 1 | | | | 1 E
- X :0<360 degree E
i O :06<20 degree

= - Ta2 mm (0.5Xg) =
A 1Bin=04MeV 1
:X | X X X x -
- @ . E
52 ? X :
SR AL f%%§ ; :
] 1t ! ! ' | | ! I i ] ] ] I IO IR SO | l ] | ! ]

0 2 4 6 8
Energy E,. (MeV)

p—t
-]



—19¢-—

dN/dE.. (e*/Incident e /MeV)

Positron Energy Dist. (100 MeV ¢5)

10-1 =TT I T T 1 l T T 1 I | I — | T T TS
B X :0<360 degree -
- ¢ |
1072 5 % O :0<20degree =
- Ta 8 mm (2Xg) .
e © >
- Se g x 1Bin=4MeV
103 = e % % —
- ° 8 x -
— p=1 _
_ & " i
104 ® s =
= s -
- ® u
5 i = ]
105 ® _
: m
10-6 IR N l I N T l 11 1 | Lot 1 I { 1%1-7-1
0 20 40 60 | 80 100

Energy E. (MeV)



—69¢8—

EGS4EI iR
AN EFEII200KWDY&
IANEF— | E—bEE HEGBRETR
o] ) I e v P 6 =20° & E=4MeV
10 MeV dSmm | 2.0X104E B | 2.5X108 @
100 MeV $5mm | 2.7X105 @ | 6.8X10B{F T




ALGOR I & 5 &HNZBE 3 5 ARt &

ALGOR : DEC PC (DOS/V) TEy < # - IS I Y 7 b

1. 22K - Ta fR .. i
2. FHAR : Ta R HHEE & RET 2

1SRRG - AEE L. 5 om DB 100 ¢ /min
' OD(\fﬂj<%fﬁ%Tro

L

BARER
h=20800 W/m?/deg

/2N

ASEFE— A |
Tﬁ BARER h
r |
z | - EfE 2 cm '. ul LEZES

(E— 2% ¢5mm)

% 0 HEE—REE T 5,

—363—



-79¢-—

QALBIRLY.

TR
e
S
e

BHT
&t

Fhrhy
3

S

e
Yoy
4

&g

Bk
B

s

i

HERERREE
= 0




G9¢€—-

_'A,
{

|

|

|

. 18 mm
:

¥

T
H HH




99¢

ALGOR ETEHEE

IANVF— | E— L i (C)
200 KW A5 Ak
10MeV | ¢5mm >10° 1050 (0.5kW)
100 MeV ¢ 5 mm >10° | 1140 (5.0kW)

WD R M. BRI RRILA Y — 7y M
=7y M OHEABETEEO SRR BT 5,



A BEREEDERAL

LR - BENCANERFRELRS T
Fl1 ¥— AEkHE -

10 MeV 20 mA (200kW)
WHRKEFE—A

AEE &k 23

Ta 1%

me-  § 5 mm& B LT AfE (2kW) T AL EE

#l2 ¥ — AREEFE

10 MeV 20 mA (200kW)

FITETE—A

Ta _

ASTFE (R DEE |
> T LVWEESICE DS CERN DR

=367-




—368—



—69¢€—

Particles/Incident e”/Strad

Angle Dist. (10 MeV ¢$200)

i ! | l { ) { l | I | H ) i i i

+ : Photon

O : Electron

X : Positron

R | Ta2 mm (0.5X0) —
| 1 Bin = 6 Degree

T+

..|...

++++++
* oy AR 2 T e

+ +

000000
O Oooo

- 000000 —
X 2 x % 0o ,00° o
O A ap o O .
ok &
X

I X —

A | ] 1 I | 1 I | | 1 l, | | | ! |
0 50 100 : 150

Angle (degree)



0LE

dN/dE4 (e™/Incident e /MeV)

1072

10-3

104

100

Positron Energy Dist. (10 MeV $200)

I l 1 | | i I | r | | t I i l I | ) { I i I | l

L RL

X :0<360 degree
O :0<20 degree

[ 1]

! | I,I:.,Ill”

= Ta2 mm (0.5XQ) =
C x X x -
- X X x 1 Bin = 0.4 MeV -
_ X x - i
E3 *x

=)

- 2553 230 .

>4
B4
Pl 111141'

1 1 flfllll

L1 it 1111

| 1 I | I 1 | 1 | ‘ | l | | | | | I | I | | | |

4 6 8

Energy EL (MeV)

o
o

i
o



O

PNCIZBIT A BEEFEICOWT

ASEFIANVT— 10 MeV -
¢ Smm HEE

AFEFE (/) 3.1X10 (0.5kW) | 1.3X10" (200kW)
Tatfll% B FHERE 2X10 97X 1010
IUBR - kR 210 GHE1E)
EREETFR @/ ) 1.2 X 10 1.3X108

¥) BEELRET 5.

BE TR (Bt - JUR - MERAE) L LT10° EoRE A BRT Lo L
HEL L, BEFHE LT108~10{E B)%= B3,



—éLE—

Efficiency [(Slow Positron)/(Incident Electron)]

104
107
106
10-7

10-8
1079

10-10

1

(é—.

CETTT

I llllll[l | IIHIHI ! f[llllll 1 IHIIIII I TTTTT

\

<A VYK
N PNG (hEE)

lllll,

XﬁﬂU:7v7
X BT =7 v

1

[ EARI]]

1 Ill[llll 1 Hl”l[l | IIHIHI 1 lI[llIIl | HIIII[I

o

50 100

NFET T30 ¥

(MeV)

500

1000



< KA G E T E

14 MeV Electron
ASTEFE 210w
A RRATER 2.3 X 1079

grid
P ;glpten
-

de tector —

impact ' " — support
ared //A \H%

lem
| e |
/?g[ectron

eam

=~ tungsten
target -

Fig. 3. Arrangement of target and positron converter (schemati-
cally).

—373-



—ZE R (B)EEGE T

18 MEV Elczctron
AFTEFET 162W
FERRARNER 1.35 X107

Helmhohe c'oil

P )
Two types of coils Eﬂ E"a!':ip:u:.c:r ring

i

E Sinoc
Conitrol reom ' 22 . .
Solenoid coil
AP, B, and polyethylen shields “T.M.P ". Converter
i . moderalor) =
l__meor-S!oro\?; Section . {W venes Vinod
4 23—V

. we I\ICS]I&Q

= solenoid coil

Fig. 1. Experimental setup for slow positron production.

Smm

Converlter

Hoderator

]

Vl'll

Extraction

electrode I__n ]

Vv '*I’ﬂ o | 7
T

Al vacuunm =N
tube

Fig. 2. Schensic drawing ol the posfteon souree consisting of the electriv petentind coshpuration,

—374—



LD

—Glg—

1. KEREFIEZFOEE (10MeV - 200 kW - CW) % 4=
L7 KERGEEFIEOHEEZITI o

2. REGGETRTHETL2720CBE LRz bk
VIR (RBPJTE: - Bk - HUTEISROTSR - DR o
>\ o sl S

3. (B TAENAEL0S, HETH 108~109 [E/F (keV~MeV)
DFBETE—- b2 HRICHEZTT )




—9LE-

NNRIANTT Ry b ERSET 5% s F
e | (m ) ()
EF (NE) X

G F
(naf)

| B tos MR ot oon R -t

.............
-----------

sessceamans i}
---------------

dmiﬁﬁﬁﬁiﬁﬁﬁﬁmm”ﬁﬁﬁhﬁﬁﬂﬁﬂmn

RIKIK =7~ KKK
BEZANY BT ®1Trr7— %2 Ter7Y—
Taz »/8—% (

----------

-------

BB 3 BEERIURR R O R A

Trb g
...............

tree gumparar o, T

LA

BITRy7) —



® tizs

\ @4‘/&-?%?
. \
B — <
Tiﬁﬁ p=kiy: 3
wE ENVE
Jb@’f: . Q) s
<N 8t =
B <
; <
= >
A @) HERH, HEBE
7
__— | BEFU-.
=3
Q@ E8 (E&R)

BA 2 BETENESN

~377—



—8L¢-—

Bh 1 EFRIBIER & 3 BERE R & 20 B

( B ™

Taaws—%
: Wiagiy
I%%%E&

ﬁ&ﬂz
Rl ¢ . / y

P e Y e
r“uﬁmxew
)\I?E'E‘

hﬁ%t A@%ﬂ .
LRy WA OFR (BEFOEHE. =3 V¥—, TIEE. HR
FriE) % (ni

2HRALBLHEBEFASLANE L LN BTE 20T, BEUED
B EELBITCcas

3EEBEEFEHANWLE t?iﬁﬂﬁ@ﬁﬁﬁ?

54’5?'&‘%?31?#?}7&’3'6 &L..tbff?l‘/'ﬂ:’C%is (B#a%kL)

%E%l%#%ﬁﬁyﬁ%&if@i# A

LGB FOHHERE DAL

2ABRED L ANF — T T HIES T CHE

2 (BT & OIEHMEEEL

0.025eVEAT A ¥ — (B4l

3EEOBTF L BEFAINR

4.y MEBL. (BFOEHER, Thv¥F—, BFEE,
HELBEOFREEETS)

BETC— ABERAE LCR

HE, REGGIBTS

R BB AR
B, BFHEH
AU B
B TSR
PhiTbha

BROBETFE—ADIAHE LTIk

“FE T ORATRER

-SRI & B BT EAER

D—ERE UTHRERP RS D IRSHAN & AR (2
x..(‘.‘.%k]ﬁ‘l"%ﬂ%






