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Development of an Instrumented Aluminum Outer

Tube-Capsule

lsno TAKESHITA, Susumu SEKI!! and Toshiaki TNOUET?

Division of JMTR Project, QOarai, JALRI

(Received October 22, 1974}

The aluminum ocuter tube-cépsule is excellent in heat transfer

| and inexpensive, and safe for disposal after irradiation, comparéd
with the stainless steel one. Characteristics of the joined
elements of both aluminum and stainless steel have been studied
for the design of an instrumented aluminum outer tube-capsule.

An aluminum outer tube-capsule with the element was constructed
in trial and irradiated successfully in JMTR for about two months
at 50 Mw.

The test results of the element and irradiation of the capsule

are described.

t Division of Health Physics and Safety, Tokai, JAERI

f2 Division of Ingineering Service, Tokai, JALRI
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Table t —1 Physical properties of Al and SUS

HL_"*——_
Property T aiifY SUS-304 | AIBI
density (g/cc) 7.9 3 2.7
melting point (°C) | ~1400 ~6 60
thermal conductirr}y

cal/cm}/"C/sec) 0.039 0.53
coeflficient of linear e 6 -6
thermal expansion (1.7°0) 173X10 738X10
thermal neutron absorption 2 9 0.2 3
cross section {(barn . . |

Table 1 ~2 Chemical compositions of Al and SUS (JIS)

\"‘“—-\ composition (%)
| “? _ o
Al Fe | si Mn Mg Cu Zn Ti
ATBI
>9095 <040 | <025 (<005 ;<005 ;<005 ;<005 | <003
: ~ C .- M . O
SUS—304 Fe r Ni Mn S5i P S
i §~11118~20/<200 <100 |<0.08 <004 <0.03
Table 1 —3 Mechanical properties of Al and SUS
[ T 1
T i 0.2% | +. 1Brinmell [Modulus of
alloy ™ T.S. Y.S. jelongation hardnessielasticity
(1“1\55},0) 9.1 kgso2) 35 KE/op 45% 23 Bhn|7X10° kgg 2
SUS—~304 | 56 # 21 v 50% (160 ~ | 203X10°%

(at room temperature)
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Fig., 1 -1 Illustration of the parts which must be joined
and sealed in SIS outer tube capsule and in

Al one.
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Calcuiation model
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Fig. 2~1 Comparison of temperature wvspower about
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Allowable stress of Al.

alumi num atlowable stress
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| A2PO 4T L b
i
A2P7 8.0 i a
P | |
O’B-{—‘GO‘? 20
R N T Y
=
«
<
(=]
(&)
Fig.2=-7 ‘l'emperature profile of joined

¢element of both Al and SUS.
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Fig 3—3 ICRARELERMA L2l H L D ERT.
@) EF v~ aEES

O HEH
RF R SUS--27 &
TA = a-a  AlBI

O wEEOBR |
Fig.3—4 TRT .
C R
I A 30KV

. DitEOmP L, AL DABICHBYZANEDZLETHE,
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o 2. A

:i B 4 0 Omm, Toin
B IERR R 13.6 sec
WMHZ 5 A¥ b Halir pin
B B i i

Program Timer {# /8
- aER L EEHEF SBRBECHT T  RROBESGELLALIONELETLOET S 5,

O WIETH Nt
SUs  —fsk Al
: v
= = -
H T
i |
= ‘L A
o Ly = ‘I
& ™Nw i
!
|
I Sl v
E.B.W

Fig.e 3—4 Configuration of both Al and

SUS piece at Electron Beam
Welding(E.B.W.)




Fig. 3—1 Friction Welding (F.W.)
(photograph taken approved by T company)

Fig. 3—2 Cross section of joined element by
Friction Welding (F.W.)

Fig. 3—3 Cross section of joined element by
Fxplosive welding ( E.W.)

-17~-
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4.1 €% ,BEECETIEE
411 #3—F =v? .

Table.4—1 € 3HBOEEMIE 2w T OREMEETT T Chob , BFv— aFENIC
ConTi, RENEL MEREEHLAZWIEAHLAC 2ok id LSRN T , HEO
R b B Le. o
4.1.2 ~Y oal—2sRER . _

Table.4—28 %  EETEHO~Y Y &) —2HBHERE* Fig 4—1 CHBFTOERE
Rt '

EN HEMFE Y 2 F 472 #—

A R 31x1071 atm c¢/sec.

N kA WAk

=xEBH Figd—6lCint, £3FzERL .
cal5KﬁEJMTH#?7twﬁ§£$fﬁb1ma%ﬁu—;ﬁlxuraMmcv’

sec S LT, MAEMEKHAEZWT EHHHL 2.

4.2 BmEICHTIHR
421 FIEEABR ‘ -

Figd—2 KR TRBENCEGRH LD H L, FTREORMTHE~ERE TO5IRMMR
4 %, Figd—3% LUPig. 4 — 4R TIENERE , » LUFIRB T 2B
(B

o Ee KK BEFEHCDETNL LS &

HEBSH  FEEETTL5~3 0min, HEIEH 2 0 min R
BUAEE %@, 1000.200C.300C |

15 = 4 = bu vﬁﬁa%ﬁ%ﬁﬁ .

T O L P MR A RCEL BB OT v 3 = am 2BHTH oo COT LM,
BAMEGL  BHOT A= a— 2L VEEERENEEERLTNE, 22 Fig4—-3%
LU Fig d—t 0 b@ESEREO S S EREREE Ll L TABEKIIRDBIEKE no MUK
DLTi L, BB OA LHORAH AL brw  KEICEZL X0,

fB SR EO T v = o AHITEORBMMERNThe, Fig 4—50 L9 O
oA A REESOTACHE LTS ne 20T LM » SRR ORMR & HILT 240,
s T m o HEBE E <, » oL ERHTH2bh TARTHOTRANPEHLD

Nnbde : :
e EdECE R LRI, FRFR IETATLE o, iR .5 x5
FEaE (BAREHOHEEETIESUSEAER) TH 4.
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4.2.2 ~—2 FRE _
C Fig 4—60RBALDOVT , A —A PRRET R ok FARE Table.4—3 TR+, Tk
FhEADA—2A M LRABRRF T Fig 4=TCKRT,
tRIC L TERESER MEFECES L éﬁE%@%ﬁﬁK%ﬁ%hAl%ﬂfﬁﬁ
LTwnid, EMNSCALE e AT ABESORBEHECIL IR T, o BEOS TR D,

g,= gff%bﬂnam,cnm%ﬂ%hm%LﬁWE&fﬁ%khfﬁ%?a&.
, 123x135 _
BIEREEM T 0z=——'§")>:—1“—-“~”—.83Ol&g/cm2
5 .5
B T at=ﬁ—%Li—:ssoxg/cw

FRIVHE LAEAREES LW KRS
BREEEMO 0 EMR0, LV RENET T 20, chdBBAOBRP LT+ I =
e LHAOEAXNLOmmT , GEE T e L CER THRIATHEABEL , LT

oy, ERTRGELFLIRDINT . 00, Lok dDEFLLND,
rORBHEBTE , AEAMHCEAHEZIOIO TORKE 2L 220 T , FHABIL AL
BHIDLBAZ LD, IRBROBERLELETRERIN 2o
. 4.23 MEEHER

EOHEREF LURETORI L IUESNOREL R TH LD EHRILDIK Y 1 v 71—
AFAORFEPNTe, Fig-d—8S W FOERET o

rAR IR, BEEMELCRT v ASRESELHETE 2 2TWwa, HAFCEINKE
( o TWAHEBEEATELLENTNHS0 4TS b, ' :

Al BHIUT{ BTR . EBCEIOEMEALATNS L ATEDNTH W MA T ERE
hezbantd BT cownTE M AL LD 40~100 BRES 2T,
FEEMIIC . SUSE AR SUSE t T, BB LTwasz &l , BNFIRAKA M
T LACE EFRELTWAEHF2 R , R, BTFSErERRFLCALEE , THHR

TaASLENRSLEE DR Lo

4.3 BEAEAEEDIZOHEE
431 BAEOHKBREIC L LHHE
Fig.4—9~Fig.4—121C . ThZhETFC—2 . BER  BROSESHORSHAGH T
gL 2RO KRER (x100) 2/RF,
PFigd—9 08« — 2 BB X 2EFRE, AI&SUSGWﬁﬁWﬁ%T A LICER
FEHCHelsEAohb, COBRALHS —F = » 2 ODREIHILT 5 EHL LR 5o
Fm.m&ﬂa%ﬁE%KiéﬁAﬁd.Al&SUS@%ﬂ#ﬁ%T@ﬁ%f@ég
BEREEHOO D . Fig. 4—110A 1 —T | OHERL . HEE LT , £ORMBICH,
NEAREHNE LN AL LR IUVT | BRKELRALBAND LT LVFHTL 5o
Fig.4—12®T ;—SUS OB LURT . MBI TS 4,
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432 EMPARI 2R OBE

EEHTEMN OEASE R EMPA TH~N AR+ Fig 4—13 TR+, chC X hit , BR
EA B Al BICHFes, e BCIEAL ZBELANE E  » LEBRAR -5 b LTh
BT EHbB B,

BREEFMOBEAH RO L TIi—SUSBAEO EMPAOKA 2 Fig 4—14K7F T, &
haTi .FeMAERERLTWAWEZ E WP IUFEREY v—~7THLTEETFLTWE,
Ti—AlZEAAR2WTH . ZfE, 72bt , TIi—-AIGE&HFELTNHEEELILNS
Fig.d—15 ¢ , B thnsaidZobhiznwligd—-160HEE#B5hk, Fig.4—152
Ti—AIBREBETIiE . AlBLOoBREL . fEOSUS—AL , Ti~-SUSEKERMRICHHT
Bho arAl-TIRABKELT . Ti—Al 24 I 2EELPUELALEILELD,
LHetTAEEDLY R b D0t FHE—1 THRE LA

4.4 BEMAPCETIERER

Fig 4—17TWRT Lo 2R BA+482% , IMTR F Ak . 157THH (19724
3F8A~197246£8 A118) FHFL , RERBORES LUERERONEEH 2 ok
(RERBOHR) -

BEEEM TR . Tr = .—2BanBRKaCEG s, ST sI o 2RETH
AL L BCEEOADEILD LS TH b, |
BREE#EMTHL ., FTAS = — AR OEEE  EETERL ERTD 0, T4 VB,
2\ @Aeft (FAkRcg i e s #lEe) LT Ao

hE ATV ABRRBESEEHECELCBROSN Z N,

(EBZAL)

ARSI EOBRNEHE 2 Table 4—~4 WK T, EEHTEREL LOEE 25 o7
zEtibhbo

4.5 BEMOSZBRRABROER
BEFEHOAI-TIiEEED A7 —F 29 2K EARBE .~V T2l —2RABETO
[No Leak | Ev ot bebds \HUHHE THHAELTWARBTHLZ ( . gHER
TRLALABBEOBESHO—HMKE LrEH b LHEINL, :
MR EIED 9 bERM AL , B% . EEEEMRCEN 0T 4+ ¥ =2 —20mI LIRIER
LTohbe BREEROFINBEBERCE L TN REVIIRIAIERTILE . EECEHR
LATAS = a—sBHOMIEOEW , » L UEEEHOBWIKERT A VO EEL LR L,
wmoan I AL TH . BREBEOAI-TiEHoEEHEHEWT , &4, EMPAO#R
PhE L D9 D [HHE] &b [A8E] ErEbNBEAKERLN kb ~ro
BiMAPTORERELL . EELTF v 7t v MEROKTFTORHREFOESH O
T HET L E . MEBEMEK  KE{RRBRIALZLPOBAEZNESLLbN S,
FHEHMATTOAl DRBIC2» T A2 20800 0Al BEEOKE ., ¥ LUER
BREEHEDIL D L, RCFRFACEE+EL2BOBATELAWIOLEL LN L,
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Hfex v 7t AMTCHWD SUS—ATHEAMI L EORBRERS L , BEEE  BELEO
L LnbDThBMtR nESEL bR AN JREEEE , T3 RBINKENIOD,
FEmRofd (BROMFE  AlI-TitraTi—-SUSH~OEHOBES) #AHETE LA
HI FATONFERIGEOLED % W EBIEHER LA%SM &8RN L .

Table 4 —1 Calour check test results of each joined elements

i eiement by F.W, | no defect
E element by E.W. a few shallow pin t.m.les between Al and Ti layer
F element by E.B.W. many pin holes

F.W. = Fxiction Welding

L.W., = Explosive Welding

E.B.W.= Electron DBeam Welding

Table 4 —2 He leak test results of each joined elements

rﬂ\\_\_\\m\ detec;‘}z?ue B. G maé{t);ri::lgrgfleak detected leak rate

clement by F.W1 0 0 19X10  (31x107"" 2MCec
B 2| . P . - ”
v 3 P P p ”

element by B.W1 l # # ‘ “ S —
- ; \ - T - -
» 3 » - - T i “

Table 4 — 3 Burst test results of each joined elements

| \'\ Pressure at the | Pressure at
test piece —-__| beginning of strain change , Burst
.i_;lement by F.W 1 60 ) . kg o’ 65 kg/cnt
& 2 60 z . 65 s
# 3 60 # 63_ #
element by E.W 1| 105 ., 1214 »
! # 2 100 & 123 e
B ’ 3! - 121 »

21—
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Fig. 4=1 He leak test (test of joined

element by Explosive Welding)

AL 33 | Qtaiuless sieel
A /
Aﬁ\. '’ j_/— S
i o m e (3}_ L. E
LA TR VO 2
3R
& 27.5 Blig—— B3G5 T
DU -7 SPUUML

w77
— 1l e
N NS ;E._
IR

{b) BElement by E.W.

Fig. 4—2 Tensile test pieces
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12t Elemento by B2 We | Elerents by Iv W 7
°r (3000C) [ (30003 ]
3 / \ [/ \\ i
0
f\lz- (20000 [ (200C) 7
@ 9t 7 . N
\§\ AN
6l I 7
x; N ﬁ
< ;
- 0F
m )
=12 (100C) [ A (100C)
- ) 9 | /-"-\ - ;f .
61 \ |/ .
‘ 3! i i
s 0]
! (room . room 4
12 temperature) /\ te mperature) |
] \
\ j \ i
. . o L
10 0 10
strain (%) strain{%)

Fige 4—3 Stress=strain curves under the elevated
temperature of each joened elements
by Friction Welding and by Explosive

Weld ing.
I i I
100 i
7.5} A
50F 4
“% Elements by W
2 25f I
<
b } ! |
= 0
. » 100f 4
)
o0
© 75 -
3 ;
c 50 Elements by E W -
&
251} i
! I ]
0 100 _ 200 300

Test temperature(Q)
Fig., 4—4 Tensile strength(from room temperature
to 300°C range)
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a) Joined element by F.W. b) Joined element by E.W.

Fig. 4 =5 micro photograph of burst cross sections

of each tensile test pieces (X800 etched)

W ; - ag g P R R Y e
R ?é}'&"b - wax:.z“%*fﬁ’#%%xa&i:%sf*?
; TE e L NSRS ELELE Y TYDRNEE SRR
; senvil coatbhifEEr g on Y
F R g -’“&&-{?&’:'ﬁ s Pie
@&wﬁ»,‘; “ﬁg%ﬁwﬁﬁ’*iﬁgf.;:ﬁxg’ﬁ'?
oo - . g ;
L SN %"g”?ﬁ%i@g@*§;§iza
vy A S BT
e eg o TR e . Ha
PR G %

Fig. 4=7 Burst test pieces

(leftsby B.W., rightsby F.W)
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Fig. 4=~17 Sampces for corrosion test

Table 4 —4 Corrosion test results

No.of test pieces

Weights before
immersing in water

Weights after
Preserved in water

Element by F.W. 1 89795 ar 89796 gr
4'7 . 2 92362 92361
Dlement by B.W. 3 34683 34682
# 4 F 35243 B 35240

-29-
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ERBFEIC Y A8EAHE Fig.2-4m+ s kAT LRICER L 2 AR BB RESHl *
w7 A ( 69F—TJ)%# IMTRO#EY 4 272+ No.14 ( 197243 A1 0H%) , No.
15,No.16 (197247 H228KT)IO 3% 12 rHEH LA,

Pig. 5—1EEBLLTHWAUO LT, U0, “Vvy FOHLEFHALAL L ¥ £ Y —
ZOW-5GRe-26% Re DB EN # HA LABEHEZ , Fig 520 FE S+t B+ 7 ¢
ABREHEY , Fig. 5—3KRERLAKEF y 7 2L (X Y2 -V 7#) ERTo

EHGOFHN F— 205 b , APAE (BEARLERTND ) ARER L CAREY , +
YO E RIS W AVRe BES O B HLHIM OB FE RS E Fig.5—41 , * &, FIHE
OB FER LS, BFE—RAE K (F ¢ 7 22 OB HLFEN TN D ) OFLEADFAERE
EOWEY Fig-5—b kT,

ACH B (BmEER)BER, SN %8B L TR0~T70C%xL , U0, B HLERR, 1400
~1600C%#FL ko ALHNHOREIAMEORE R ( ~1 QKC )&, Fig.5~4 & Fig.5—
S5EtaehTHLA R L I CREFF—REINKOBEZLLRIT—HL TWa,

UO, HLEEDOS D, No. 1694 2 A8¥EDF 2020 TE , HBEHO#HES L ( No.
16494 22081 1BOHIGET~T0RTd2afk )DADRBEE TR S,

B FEH 5 OMWEEO FEF S BFRlE 584 H , ¥+ 7 A OFROENHREREFGMHSE &
ET,cOM, %y 72 r0F THF—MSEZE~NOHEE (AEd 5L, AL-SUSESE &R
BiET AL, BERE MM L TREBL , F-RKE~OF.P.FETFERTEIEL NS )
22,3 A, ¥yv T EAREENOVPOER (DLBEEHBRETOF Y 24y —AH
HEARATHBL, BTN TOFBEENO v —xBEI LN , A EERTOF HikK & — 28
A(=2a7v—X)DOFEFHEEITLETELSL ) 222 wfo

wEEE o Bghho bR, Table.5—10 s CH#HFIRTFD , CcOBEE (460~630
Woem) DR PJTHAEOEEI~60CThohc bl d , FHEFTOFEFNME , #H
FHE R THAER T TV b, TOF— 456 100 0W cmoE HTIAFOREX
~90TC + A EWEREE IR, B EHORARALASoRESEGLHIL LN LT
SrCrEWEELLND,

FaBmEREOEREEDL , Ths0BHPD F— 22 X UGENGTC 2 —FiIC L 5 ®EHE
RS L, BB EA~500W, cm THI0O0CLHEIh b, Toffid , BEEE Lo (2
HA) EOFpw 7, Fr o 7HOHEE(H =, Nak) , BREMESTELIN N, &
FRTEMNLA (BEHATHOBEFT ORBE] oBFn , ARG F+ » 7 2ATTHER
TELTLBHAETERLENL B,

* JMTRZEGHETIR INEFIIZENLTS ba
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diation of 69F-7J capsule

brra

d for the

pin use

Fig. 5—1 Fuel

—7J capsule

2 Components of 69F
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) po WA E %;.MH&A
;& v . o R W
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cated capsule 69F-7]
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Table 5 —1 Assumed thermal power rate (w/cm)
of 69F—7J) capsule

.Rggg}gr QOFI) Qeal L Qa ?
14 460 Wem 520 Woem ! éT‘SAO‘W/cm

s — 535 7 5530 “
16 | 626 =~ |518 7 E475 .

1) Qer and Qeal are quoted from JMTR Datal66(1973. Dec. J—unclasified—

These value are the maximum during the Reactor Cycle and involve

61W,cm of gamma heat rate

2) Qois' the maximum value during the Reactor Cycle calculated from
one—dimensional cylindrical heat transfer code GENGTC.

This value does not involue the gamma heat.
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Wk SUSHHNWLh T EABEBHEHAE* +» 7 e+ OAFCALE RV AFIKERTL ,
AP OBIT SUS L ALOEAMTF %, 4 7 Ho—HICERT 52 HEEBIRL 2.
BREELIBEFER ILZSUS L AORFRD T , SFM , B8N BE , TE4EES% (
BFEC—2BBLONTRIO—E )EN, 2 A ERCEBEEBZECIAHFEH A BERE
et 7 Ak FTE L, E 5L, IMTRTOFHNBREFHASOMWTH 0B/, b 7
Tan{fThoko BHWELT
() SUS— AL DERAWTFOODL , BEF Cc—sBER L0, A EC , 4R
FLLTOHARER TR 2, BERE , BREB IZHFL , 5k, I8, HAgH
WIFERER LEOMBRZ ,BELAFBHHEIDIRE W, ZEL4HAAFEOWER SUSH
B, T, MOEECIZIOLEbALBELIDL 4, ACHRRCEBEMEED LN Ze TH
L LWMEEM KL ¥ 7 e AN S TOBTLLCHAERTE L 0EHEL b b,

(2 SUSHEBmBRR*» 7 e 2 CNTALAGTH , BHAT, LA BEEEEEO
BWBHNAEETH L, ZELA T+ 72T ~500W, co 0 BERBHETH T, B8
BEETEE ~3000 , REXBDLEEEHTME ~1500COBHEBER T Hio THLICALAN
HHOBESTHEIZ~600L ,BSHAKEEI 0 20C LT HLEEETE ks T HLOKR
226 , BWR,PWR,ATREOFTFHNORE , hAKBET s #REH 2 T4 —L B2
FHBERBRY , ALASF 272t L TEHER2LEBLBL LT % 2k,

@B ALHE+» Tl , SUSHE* Tt LT, FRAUHFRALOREE, B
BBEOREHREEMLE toZ4l , BB Ty L VARl CEBHBETESL.

EHET LI S,

T, 5BOoRBEELT

(1) SUS—AfESTomENfficEL , iy, G8 ,8yv1 sr%odBeTaLd, 35
CERZESHOFELEGLHELAL LIS,
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