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Development and Trial Manufacturing of 1/2-scale Partial Mock-up of

Blanket Box Structure for Fusion Experimental Reactor

Toshiyuki HASHIMOTO *, Hideyuki TAKATSU, Satoshi SATO
Toshimasa KURASAWA, Seiji MORI' , Eisuke TADA, Toshimasa KURODA*®
Kensuke MOHRI' , Keisuke SATO* and Masahiro SEKI

Department of Fusion Engineering Research
Naka Fusion Research Establishment
Japan Atomic Energy Research Institute

Naka-machi, Naka-gun, Ibaraki-ken

(Received June 21, 1994)

Conceptua! design of breeding blanket hes been discussed during the CDA (Conceptual
Design Activities) of ITER {Internationa! Thermeonuclear Experimental Reactor).

Structural concept of breeding blanket is based on box structure integreted with first
wall and shield, which consists of three coolant manifolds for first wall, breeding and
shield regions. The first wall must have ceoling channels to remove surface heat flux
and nuclear heating. The box structure includes plates to form the manifolds and
stiffening ribs to withstand encrmous electromagnetic load, cooiant pressure and blanket
internal (purge gas) pressure.

A 1/2-scale partial model of the blanket box structure for the outboard side moduie
near midpiane is manufactured to estimate the fabrication technelogy, i.e. diffusion
bonding by HIP (Hot Isostatic Pressing) and EBW {Electron Beam Welding) procedure.
Fabrication accuracy is a key issue to manufacture first wall panel because bending
deformation during HIP mav not be smal! for a large size structure. Data on bending

deformation during HIP was cbtained by preliminary manufacturing of HIP elements.

+ Department of ITER Project
% Kawaszki Heavy Industries, Ltd.
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For the shield structure, it is necessary to reduce the welding strain and residual
stress of the weldment to establish the fabrication procedure. Optimal shape of the
parts forming the manifolds, welding locations and welding sequence have been
investigated, In addition, preliminary EBW tests have been performed in order to select
the EBW cenditions, and fundamental data on buiit-up shield have been obtained.

Bspecially, welding deformation by joining the first wall panel to the shield has been
measured, and total deformation to build-up shield by EB¥ has been found to be smaller
than Zmm.

Consequently, the feasibility of fabrication technologies has been successfully
demonstrated for a Im-scaled box structure including the first wall with cooling

channels by means of HiP, EBW and TIG {Tungsten Inert Gas arc)-welding.

Keywords : ITER, Blanket, Fabricability, HIP (Hot Isostatic Pressing), First Wall,
ER(Electron Beam) Welding, Shielding.
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Fig. 2.1-3 lIsometric view of 1/2-scale partial mock-up for the blanket box structure



JAERI-Tech 94-009

dn-yoow jo MalA [BUO1|23S-$501) F-1'Z 31y

Jly 83UlTUal ;115

A” (TR 1SJTY
- U0TYs gUpasdg
éeéhw....«
v
0
\“ D103 TUER e 100
\\m L1BM 1Sl
===\
ooy \ SUUBY FUTTO0
&N& | 1BM 3SJ14 w0y depeopy

DTOJTUEH TUBTOU0
uolgeay sulpasdg

PTUTTUEH
§16Tg FUIUDTT T8 “

[T
ue 00D Pialug

(OTaTUSy Ty FUTUa 1T



JAERI-Tech 94-009

1NN PULILA
(1J8)se jucd4
{1ug1y)9eT 1vo.dy
967 Jdoeq

aguw |4

adid
sanjonts xog

COOREeD

dn-yoow jayuRq 91BIS 7/

(8 }=81825)

1-2°% 314

B 1Bi8g

S

(g:l=81835)y 9-A

7r OF 7]

v-v
.
LTS 1 |
1§ 5:50 1°11.3%) } il
m/ O ot
.. e o b 0 } LA Y
(]
e i
e 4. C—— H M M e INe
4 1 i)
ro-o-n-o-toinccoo..'-.a\..-o-o-o-ohﬂooco-vo-c:-c-t-w N S @ —_—— !
= \ 717 I — =it ——
90 0.0 0 4t T C— p——
7 T FELEA TIPS TILS —— r—
O DO O/ =+ . ——
77 s ¥ ATILT “
i s - L., 1
W : - ] i
G 1 57¢eC L=
[0GC= TULRS e

M TOpZ OOy

it




JAERI-Tech 94-00%9

H TE1d(

Joued-jes JSIT] JO J9PE3AY 3Yy] pUR JAUIOD YY) UD SUIMBID T1B)I(

3

AT

|22

EcT 08 0F




JAERI-Tech 94-009

IroU ures(

g ECH \

SPIT U0 sa[zzoyN pue agueyy ¢ -z°g 814

5d7c 1Ua[0G0 J0F 31[[ON

sgue|

oo )=

GEf

SIETV I

oid¢




JAERI-Tech 94-009

3. EHRORLF

PETHRHRRE T LTIy FEREEET RIS ST, BETREAEUT

IR T,
OBHREEATIE—ERUHEOREY
OEHMUELER L RHEEOEE
QEROERAE
tRDORHRBEETIE—SRUMEORFCH LR, BEETHAIRESS
BHO—DrELLATWIHIP (GHESO—H) ¥E2RAVWEREFEEZREEL. B—
BARELCEERESREEALE P,

HIPEBL R SEHEA P THE RIS RSEOBE BT TEILBDOI LT,
B RTRESRE (~HTER) LEERD, BAKE (HRE) CXE2EHZRTHIE
EVHENBERICTEEL 2D, COED, RARBEETLIE—BRUMEORFECIZEL
EEBrEIOND, £k, SRBEARLRHIPLERZACZSEINEART, 2HO
WROMICEEBEOBNAL, TrEA, V- VABBEEHIPLAEEKE T AR T, HIPLE
CBNTASA THLEET 2 -0 NABYNBELORTN I IR ARICRAETERED,
HIPO%KE*BAE (BAEH) CHRATEZIDT. BEARELSIOOLNILVIETE
B h. AEZRICLNE., S—HRTHBRIIMO N ARANVESE (E—2#BEK) LT &
MEHEEER B,

LEORUTOIBLTE. REXEHOBEETHITICHELPRBILEREZER
WL - FHEERCEBAZESORESHROHEENEIONDIHN, TICGHEETRIELESR
BAECHEEE LOBESSD. V- FRBTEEREERILHIDEL, BUIAKFETH
FE (20anklF) ME (30mn) £ 1SR THLHRKZ W, F/-, EBEETCREAZE
OHE EEABAE (inxlaxiolt) PO ETH P, BHEECRAEBIEHN T~ R
BTHB. BAEEHOHA, REFORBIE L, BAEETISELIERIRZZLL
FEBLOBN B D, o7, SENOBERBERCAERELERL TEBUCE>L
FHTOBEEE2ERZ2LEDH D



JAERI-Tech 94-008

EBIICBNTIE., EHEEEOE—BHBEA~ORTR, EZREHERKOBANPSEB
BEOBEHEFEAICELZ, FTERUVASSOERBIBVWILEEREOEALEN AL
Ebh2@8HRCERTIGEECEE 2R - k.

EHOBIER, RICTITEEIRBICEDE. 28, BFERAP CEARSHOMNIELER
BEERIZEL L,

OEAHMLHI PRIALE :
a) BRAMMT
b BE-EREEACHIRUTY-LEBE
¢ WEER

) EZERIILE

GHIPUMEBEIMIEMRAE
a) HIPHMICLZE BEESEORRE

) HIPWMIZEEOAE

QHIPHNI ERMMBEME
i) FTHERCHEEBEREOHR
) Hisk) TOBT & EBEBEAMENT
¢) EBBEBLICLZEBERMEDEL

i) EBBEEEDARE

@EHRMI
i) B-BEOBMAMI RTEEL
b)) TIGHICL2HFRYLETEDRMN
¢y LM RUYSTESRR
4} {HREOBRY
e) EREHER



JAERI-Tech 94-009

QETEOHE :
BRMICLZ2EGROUTE

MFID, ETRICBIT28ERTFBEEE R T, EEETICFig. INICERKCHE T D

_%7.—1‘_{?’0

3.1 HMMmMITEHIPRLE
(1) 88450 T

EHEEBETIE -, NERVERAESOHAM L LTE., HBEERIFOE—
BREEMBELTBEIOBNTWEL —XFTF A FPRAFTULVAHE USR] 2H WA,

S BRUAEORECZESinn(WAE) RUBES 10tun (AARAE) ST LS
SIEAM E NE SO lonx Snn, EXlmn WHMITLEEREEEZRMHWE. Fig 3. 1-1 12,
AKTRETHAELEE - 2BEAERNER T,

Fig.3.1-2,Fig. 3. 1-3 CHHIMTEHOARBRUTAROHABEBRRZENEFNTT .. AK
D, R TRUSSBORMEZERLT. AEBFTRBSEUTARFCETAETR TR (E
) B®ITE.

PIEMIE, TLACIEHTMIERLE. £ BREEBCA LTS RAOH T
I BLEE, EEEOAXRBCAIHERELIEZRL L,

(NBE-—EEEERCEHIRTY - LEE

Wio, ChboMiR, ARECERE2ZESsE. TIGBEIC LR, ARKTHE
BEOEERELES - ABREL, E-BHEEREMEL T, Tl d 14 2, Y- LE
HHEOE -EREEDNABRRAETR Y. #R., F-EHBEACRHIPAERCET NI
ERICLDFEADPEDESELIZ2O0EHIET2E80 T, EEMERABEZRE L.

{(3) a8

V—Aﬁﬁ&\v—A%%%@@é@%ﬁ%?%t@ﬁﬁ&ﬁﬁ&%%btoﬁ@ﬁ
BRit, KECLIWRBT A/ cn® RHRBHEIOSTERL., BEBICLSVTRAEF RS

BETHH eEHERLLZ.



JAERI-Tech 94-009

(4) 22 i 5 AL 38
BoARE. SEAMNESORAEREORAMYREEENE LEEERILEL R

Lze

3.7 HIPABEMIERERZE
(WHIPABCLAE-BREGEDEE

ATETR. BEHALE2E U - E-ZERER 2 BHEE0-ETHA2HI PEK
LhESLEZERL.

ﬁ%ptHIP%ﬁﬁ\%%Mﬂﬁﬁmwﬂ\%%MEbHMHUmZ®%ﬁEﬁT
ZHIPREBETHD. AL TIZ, BELICC, EH1500kgt/cn® RIFEHR 1107 OHIP
&%%#T%E&%ﬁbtohbmblEHIP%EJDKD&LE%~%%E¢@%E&
WMERT.

(MHIPHWIERDAE

HIPHMBICL BT A28 RAOEHEZNBTZ2EANT, E—EREF0 L TREBCRE
ErEL. HIPHMEOHBIRTIEEMNBECOMMNMUEMEFM Lz, Fig. 3. 1-2 2,
EAENERSTOTHELE (HTRE0~Q) RUERBOHAUBRET T.

ERr LT, ZEWIEABEC LY (HPESO, @) MoxEREzd, MER
(HEREQ, ®) TRAME Jon~imn, HF—BH (KFE50~0D) TREGRBIZE %
WEMEQ%%EUTﬁb\%E$%%%(@¢ﬁ%@)f@HM(HIP%®@§®®t
@K@?ﬁhM@@E%%T@otoiTH@@%%@ﬁ&T\iTﬁ%ﬁ@tiﬁ%%%
HhETCOBESEMLAEES,. RATS oo LUTFOE (0.i~0.3m) THo k. £z, BERE
OF FRENADE —BOESS0ERER, RO L THHBOERE (ITu) L b2
nfEE T, HMARICIEEY —-RRETH > .

CHRSOEROEEELLTE. UWTFTOHDOBFR S50 D,

w%*%%ﬁﬁﬁvvfw%ﬁ: |

HIPAMEFOBRTE - BEHEREERTIERELAAREOBCEDLIE



JAERI-Tech 94-009

FETAHF vy 7HAHIPUERCSVWIHERT2I LIV ELEEDLHE
BIhb,

DE—Bo-FUBTIANE EREONSVRCL2RE
F-EREAENECI - FHACENT, AARRUTEREEOHEEDOMERL
LFOVHIPUBEBOEACIINEHUNEHASSZ VAP ESLICZEND
WELIOEHL, REFO-HEIFEEBEARBCIDEAETATHDIILR
CHEZESBEENIIAMEPS DI LEOEHIIVBAEDEZE -EHI. FiC
EERBTHLI-HOFRBALKRERERE I~ 1 2E LD HETH

%o

1. HIPEMI *EKRESEHT
KTRRTR, HRBESEYRLE%E, HIPABICI VAU EE—SEORERER
EL., TIGEEIIVERY Y (BHHEFAR) 7E8) 2Rk, £, EBBHEIC L3
ERESOMEISEEML,. N b3-l CRTHEROBRICE LT =,
() ETHBRUNEREDYRLE—SBEORE
HIPHBEOH —SMSEICH LT, BEEKO L THERUERBILAOBRES
SREBERYRE, TLACLINE BENROEREY I UFETHEELE.
(1) sh ) 7OEMG L ERBBEABEMT
BRBEMIE, Figd.3-1 KR ThR) 7 (NERSO) 2T I GHEEC L b BA
. BI%., MIBEMECEENTI2E U EBRAEAOBEARREMT L.
EBREMICLIIERBEQHET
Wic, Fig. 3.3 CRTEBHBOBHTE (E+FR50~®) Wi\, ST (E
BAEK : ETES0~0) MEmEs (29250, @) 9K (X+ES0. ©. O~
@) RUKE (RTESO~0) CBLELITE. &5, BFESOL@DHIRL M
R OEE I HMIIERBLE. AEBWHEIILBW TR, AENERRTE - FORSH

EERLT, RTRXTHEESY, FETRZKFESTERELE. 28, ARRICKEITZSED



JAERI-Tech 94-009

AEOBMEREAV., B2 EBAEAHORENTCERBBER TSI ZATEEFTEM
® L=,

EHMUOERBSEBIRTEI., XBULIERERELEREL. RBOBFERORER
EiTof, FEERBECLBNT, 2EENERKTH LI L EEAL L, Fig.3.3-3 KLEB
AEBLEOMBEOAERREE, £, Tig. 14 CEBEOY - FABERRET .

EBTIIBTA2BEHEY - FiZ, £~ Fi§ L.t~ lex DBERE-FThHok. EB
@%E—F@§§@®&ME(K%M15@\EB@%ﬁlmﬁﬁcﬁmtuéﬁiﬁtﬁ
L, BEICOWTEB LAEZEMOEENZWED (RERECEIRE I (aIL2E L
Ez2 %) EfELaboiz,

(WEBBEEBEEEORE

EEESUOEITRCRTIMEROEREEET L., HEADATIIIRE
L. EBABBINEBECSI 3 EENBEOANNEEFYY NV FAFLIDAHLE,

ERBEOHRERY LT L THEICSITIZERMEFI LIS Z, SE@AROME
- Bt sERMETNd It CRT,. BTOERER., BEREOHAEREERESO
$-BTOMIEL-ETHD., B T2ERBOFMe LTR, BFOELEOEEZ¥YIL
Fohok L. EEEEO (/) RT/) TR, BENORARUVE2RBZEROERE
FhPhBEEL LTFOROCEEEZERLTH 3.

FTHEICRBITALTERLLTE, E—20—-FHAET LYUn(ERESG®, ©) A
mEsT | (THEES0, @) %#ZT 1. ilm(EEES®, @) OEXETH . &S
mOMBEICBTAERE LT, MEESET L1Im(EEESABC) ZEET 0. (0o
(EEEEDEF) OFE—BEFREFNBEETPIRBPIMELIETORIPELTVED,
BERyRBUTEARER T . B3, EBBEBLILZ2BEREICN T S3REMERERN
0.60pn/2 ¥ — FTHhole £2ARBELT, LELFOBFE-LABBERIIILIERELER

2ol FTOMNRERETH 2.



JAERI-Tech 94-009

3.4 EEMNT
ATLETE, EBBEEOMERINUTUTOEEZREL =,
OE—-BEEOHSMIRTELE
@QTIGHEIKL2MHRTETEORN
@t LIFHNMIRTTERSE
@R BB OEM
G E R & E R
(NE—-BEOESMNIRFEBHEN
® BRI AREPOREABEITCOREZAEL D DIOREVFREDCHE L 2%
IS5 E—BAEEEMILE, OB, ROTIGETI (LEQH) KL% L THEOERM
FOBICE LA EDLbRI3ERE2ZFELT. LTHELFCODWTERNIDOESRT & L,
BB, COLETFTHBCOWTE L TERMGE, (LTI ezl LE. REHEIE, BEVWL
HERLBERAARERUAREBOHRFZIT oL
(N TIGRIKCLZMFRTLTEOIMN
$%¢E£H%LT%@TIG%%%IT&\@6&t@ﬁﬂ8#%%@%%ﬂﬁ%
YL rhs, BHNECLIZBEEENNOTEEYES S, COokd), BiiCEELTRE.
HNEBEMEEER, BEXSERVFIES23ETH2 00T IGCGEERIARERMEL . £
OB ST, AT TRHEEHS, E—FBHMRETFR—NVFETE, BEEHANRT=T—
LE LT, MEEMANACS AL F L TERUVEME L TEOETT [ GERET 2 X
L. Fig. 3.4-1 CIFREIKRNE, S LTECRGI2E82CETIAREKRR 2 I
14— WFRZHhRT, BIE, BFEERORTICLIFEHERBEEZREL, BRETHL D
EEERLE.
TIGKBIIL2ZERE (WEE. AZEE) BEBBRBIIIERRIV, XEFDOLT
EHMITERE I THor2dERELTIPTH oD, ZHBO TV FLABETEREL
IMOBEHBLERL, I6K, BABICREBETNIBHNSANLHEARENLZ RS, B
EEMOBLTERIARBEEAT A EAEI 6N D, #oT, BERETE, BMER
(REERzEL) FORELIPLE LR S,



JAERI-Tech 94-009

(MEETFmMIREETHERE
HEITFMI TR, Fig. 2.2-1 ERULAETEHEZERCEROATMI 2L Z. EITE,
BERRES A C LD SENCOREFAELERL~, Table 3.4-1 &, EWU ORI E
BRUREHAER 2T Y. (A0S, THHEEEHETAII L ZHALL.
(4) (i ¥ DB
waE (75 9, rEEyr—vay, TEREFL-VHARURE) 2TIGHERK

X b HEEICE .

(5) Tf FE o ¥ &L Bk
BREERMATRTE, MEREARERBELE. BRI, HTEREEKRREFEZ+IE
E LS I ERE Likg/cn’, i‘éﬁ‘ﬁiﬁiz. Skg/en’ RIFIFNDORBETEAL. REBAH 2
CHENCBRETH LI ERA LE. Fig.3.4-1 o, MEREZXRORE 2T T. HBRE,
EHEOTERAEEREL, HHOERTHRATEEZBETAILEZER L

= L EROABREFIL ). -4 BRUTFig. 3.4-§ TR T,

1. BE®0flE
Fig. 3.5-1 WEANAROBRM I IVERULZHIPEAHO I JDHBEZTRT. BS
EDREERIXN. 1LY CARERELAERERRERE (3.0~ 4% - HBASBILOVETE

WETHo D, BE2LKTFREL2ETDIEOLEESIN D,

1.f EAEECBIZSEORE

(E—EBEkoRERECH L
B BREAEORNAECBIISBEOREXLTE. BEIPEICBIZE-EHOXK
FREAERTLIEHDCE - BESGEIBY Yy 7ORBAEORT (EEEORERTRK
BHEEO®RHN) RUEZEBLEABESEAFFOUES2MAILEYNH 2. £, BEHRSE

DENEERELTY - LBBEIBI2EECBRRBECERAEIRETILEYD D,



JAERI-Tech 94-Q09

D EERABEEIIC BT 2ABY - FAE
e oh— ) FAYHEOEBBEC BT ARBEY - FOREEOBNE (RENT) 0
PEMORT RUREMABIREOHEED LT R 3,
G EEMEETC BT ARAEREQR L
EMTEREFERL-EECREDORERCR T FEORELEORBICL . KHED
EFECBLTEIL D MTOERIITAMA S I EDNAGREFTI LN S,
OEEIN 11 R T L
CHOTLFABETE. SHCEEMCRESNSHAAANVNESREN, B0
WEGRNT B Lhb. REZHOBANTEIA, BEBTE, SHBR (BERRE
&) BORBELAXELRE, $/-. ARKCGED TS0y P ERBEEREL 257
B, BEATINECELTERS7 A VAZHATEZEMAE L, FREREORMNE

LWEDOHEEDMS B,



JAERI-Tech 94-009

Table 3.4-1 Measurement of length and thickness on each parts {(mm)

Location | size variation of | measured Location | size variation of | measured
tolerance valure tolerance valure
AR 1006 | > 1000 1008 FLO T | £1.0 6.6
AL 10086 > 1900 10049 FLD T ix1.0 6.7
FLD T | +1.0 6. %

BRX 352 | x5.0 351
BRY 352 | £5.0 351 FR@ T | £1.0 6.5
BRZ 352 | +5.0 351 FR® T | £1.0 7.4
FR® 7T | 1.0 6.4

BLX 352 1 5.0 351
BLY 352 | 5.0 351 GLO T [ x1.C 7.3
BLY 352 | £5.0 351 L@ T | £1.0 7.9
GL® 7 | £1.0 7.3

CX 525 | £5.0 527
CY 525 | 5.0 527 GR@ 7 | £1.0 7.1
CZ 525 | £5.0 527 GR® 7 | £1.0 8.0
: GR® 7 1£1.0 7.0

DX 480 | £5.0 480
DY 480 | +35.0 480 HLX 23 1 x£1.5 23.1
Dz 480 | £5.0 480 HLY 23 jX1.5 22.5
HLZ 23 | k1.5 22.0

EXL 3 | +2.5 =0 4.1
EXM 3 | +2.5 —0 3.5 HRX 23 | £1.5§ 21. 6
EXR 38 | +2.5,—0 4,3 HRY 23 | 1.5 22.1
HRZ 23 (k1.9 21.8

EYL 3 | 4+2.5 -0 5.1
EYM 3 1 +2.5 -0 4.0 IX 10 | =1.0 9.6

EYR 3 | +2.5,—0 {.1 Y 10 | £1.0 .

A 10 | £1.0 16.0

EZL 3 +2.5 —80 4.8
EZM 3 ;+2.5 ~0 4.0 JX 10 | £1.0 10.3
EZR 3 | +2.5,—40 3.6 JY i0 y&1.¢ 10.0
J 10 | £1.0 10.2

T

Detal B
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Fig. 3.1-2 Appearance of the outer plate of first wall panel after machining
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\
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|
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% b Badan i

Fig. 3.1-3 Appearance of the inner plate of first wall panel after machining
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Fig. 3.1-4 Appearance of the first wall panel after Assembling
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Fig. 3.9-1 Appearance of the first wall panet after HIP processing (1/2)
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L i
Fig. 3.2-1 Appearance of the first wall-panel after HIP processing (2/2}
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Fig. 3.2-2 Deformation of cross section for the first wal! panel during HIP processing
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The Number shows the electron beam welding& sedusnce

Fig. 3.3-2 Eleation Beam Welding sequence
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Fig. 3.3-3 Appearance of the blanket box structure after EBW
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Fig. 3.3-4 Appearance of the bead in the end wall
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Fig. 3.3-5 Deformation at the end of the box structure due to EBW (1/2}
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Front end view

Deformation at the end of the box structure due to EBW (2/2)
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Fig. 3.3-6 Deformation at the side wall due to EBW (1/2)
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Fig. 3.4-1 Joining of the side lids to the blanket box structure.



Fig. 3.4-2
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Appearance of upper lids, lower lids and flanges on the
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Fig. 3.4-3 Pressure and leak test.
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Pig. 3.4-4 Appearance of 1/2-scale partial mock-up of the blanket box structure.
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Fig. 3.4-5 External view from the top of 1/2-scale partial mock-up

of the blanket box structure.
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a) HIP-bonding joint X10

b) Detail part of a) X100

?&.y@;‘,m‘_ E I
PR

c) DMaﬂpanofb) X400.

Fig. 3.5-1 Sectional micro-structure of joint formed by HIP with two rectangular tubes
and a plate.
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Table A-1 Fabricating-test condition.
Shape T-gap!’ | Number Thickness of test-block  {(mm} Remarks
of of test
plate -bloeks | Flat Rectangular | Flat Summa
plate tube plate | -tion

Corrugated | Small 2 3 122 x 2t T 22 as first wall
plate

2 2 129 x 2t 22 37 | as side wall
Flat Large 2 3 1297 %2t 7 22 as first wall
plate

2 3 122 %3t 21 37 as side wall

1) :T-gzp which is formed by two reectangular tubes and a plate.

2):O0uter size
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Table A-2 Measurement of test-block dimension.

Num. HIP Length (mm) Thickness?®’ (mm)

pro

T-gap | -cess L ¥ o) @ ® @ & ® @ ave.

E-22-1 | before | 199.9 | 301.9 |22.3 22.% . 22.5 22.5 | 22.4 | 22.%
after 199.9 | 295.4 [22.5 21.8 1 22.1(22.0 22.1122.1)22.0
Small |diff. 3.0 -2.% -C.5

R-22-2 | before | 199.8 | 301.9 [22.2|22.2(22.1|22.5 |22.2|22.6)22.5|22.2|22.3
after 199.9 | 300.2 |21.8 21,8 |21.7|22.0(2L.9|21.6 2.9 [21.921.8

Small |diff. 0.1 -1.7 ) -0.5

$-27-1 | before | 189.9 | 301.7|22.2122.2|22.0|22.1|22.1 221 |22.2 |22.2]22.1
after 199.8 | 295.9(20.9|20.8120.8|20.9120.8[21.020.¢ |2L.1}20.9

Large |diff. -0.1 -5.8 -1.2

$-22-7 | before | 200.0 | 301.8 |22.2|22.3 (22.2|22.2|22.2122.222.8 [22.2|22.2
after 199.9 | 296.1 |21.0{20.8|20.8|21.0|21.0;20.9,20.820.8]20.8

Large |diff. -0.1 -5 1 ~1.3

R-35-1 | before | 200.0 | 301.8 [37.1(37.3(37.2|37.1(37.2|37.3 [37.3137.1/37.2
after 199.9 | 200.4 | 36.7(36.8 |36.8|36.7(36.8[36.9 368 36.8]36.8

Small diff. -0.1 -1.35 -0.4

R-35-2 | before | 199.8 | 302.0 |37.6 |37.8 |37.5 {37.6 |37.7 |37.8 377 37.7 307
after 199.9 | 300.4 | 37.2[37.3(37.3[37.3[37.4|37.4]37.4|37.3|37.3

Small |diff. 0.1 -1.6 -0.4

§-35-1 ! before | 200.0 | 301.8 r37.2137.2[37.1(387.2{387.1[37.1/37.2]37.137.2

after 194. 9 299.1 |35.5 | 35.7|35.9 /36,0358 36,0358 36.0135%9
Large |diff. ~0.1 =2.17 -1.3

$-35-2 | before | 199.9 | 301.7 |37.2(37.2:37.1(37.3[37.2(87.287.437.237.2

after 199.8 268.4 135.9 13571359 36.0|36.0{35935.81/36.035.3
Large |diff. -0.1 -2.4 -1.3

1):Clearance gauge was used.

®

,_i {mmmm OO0 JIULUIU@T’Q
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Table A-3 Deformation of test-block.
Direction |Locaticn Measured valure'’ (mm)
of of meas [
ruler -urement | R-22-1 {R-22-2 | S-22-1 | §-22-2 | R-35-1 | R-35-2 | §-33-1 | 5-33-1
@ -® @ 60 {2.72 |s5.83 (6.20 [0.87 |0.62 [1.11 |1.50
@-@ C .71 2.68 6.82 €. 28 0.87 0.58 1.35 1.53
@-® ® .88 2.62 6. 70 6.18 0.81 0.50 1.38 1.22
avergg .65 2.67 6.178 6.22 0.85 0.57 1.28 1.42
®-® @ 17 i0.04 |0.19 [0.08 [0.18 |0.15 [0.12 10.13
@-® c L2 0.11 0.13 9.10 0.24 0.21 0.158 0.17
C-® @ .20 0.18 0.23 D.13 0.10 0.18 0.18 0. 20
averge .19 g.11 0.18 0.10 0. 17 9.18 0. 18 0.17
1):Clearance gauge was used.
W
____________ @-vrmmm e
©
®@
@ eee@w

— 58
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Table A-5 Measurement of non-bending ratio.

Location Non-becnding ratio (%)

E-22-1 | R-22-2 | $-22-1 | §-22-2 | R-35-1 | R-3%-2 | S-35-1 | 5-35-2 | Remarks

)] 5.9 5.7 4.5 6.8 4.6 9.3 4.0 6.9

Thin Plats

g1
L (D——B®-—

D3-2

@

Rectangular
J L

~—@/~6%§3®-—-
3-1

Thick Plate
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(b) Test-biock of corrugated plate-type R-22-2

iest-block of corrugated piate-type R-22-1

@i

r

Appearance of the test-block (1/4)-with corrugated plate-type.

Fig. A- %2
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est-biock of corrugated plate-type HR-35-2

(b}

(a) Test-block of corrugated piate-type R-35-1

Appearance of the test-block (2/4)-with corrugated plate-tvpe.

Fig. A-2
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(D) Test-block of flat plate-iype &-22-2

-1

Fig. A-2 Appearance of the test-block(3/4)-with flat plate-type

(a) Test-block of flat piate-type 3-2
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(b) Test-block of fiat plate-type S-22-1,5-22-2

(a) Test-block of corrugated plate-type R-22-1,R-22-2

Appearance of the cooling channel in the test-block (1/2).

A-3

Fig.
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(b) Test-block of flat plate-type  S-35-1,5-35-2

Appearance of the cooling channel in the test-block (2/2).

Fig. A-3
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{a) Test-block of corrugated plate-type R-35-1,R-35-2
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a) R—-22-1 x 7

S~-22-1 -X'T

(stching by 10% oxalic acid electrolytic solution)

Fig. A-4 Sectional macro-structure of bonded part by HIP (1/2).
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a ) R—35-1 x 7

b) S—-35b6-1 »x 7

(etching by 10% oxalic acid electrolytic solution)

Fig. A-4 Sectional macro-structure of bonded part by HIP (2/2).



