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Development of an Instrumented Aluminum Outer-Tube Capsule, (2)

- Thermal-cycle test on the Aluminum-Stainless Steel transition joint -

Isao TANAKA, Haruhiko ITO, Yoshio ADYAMA*®
and Keiji FUTAMATSU*
Division of JMTR Project, Oarai, JAERI

(Received October 29, 1976)

Mechanical properties of aluminum-stainless steel friction-welded
transition joints were investigated to realize an instrumented aluminum
outer-tube capusle. Dimensional change, helium leak, tensile strength,
burst strength and microstructure have been studied comparatively between
the transition-joint tube subjected to 50 thermal cycles and that without
heating. In the thermal-cycle tests, a temperature gradient due to about
10 w/g of gamma heat generation was simulated by an electric heater pin
placed in the tube. There were observed no significant differences between
the two tubes.

The instrumented aluminum outer-tube capsule may thus be employed

usefully for irradiation in JMIR.

* Japan Oxygen Co., Ltd.
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1~ 9 DHREBEF~TICFig, TIORTLSIC, ALHOAETHEKICET 2ACEEOARLIRE
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N—R PRBOKFER, TEOEESDTEH b,
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FidFig, 18 RT LI IALBOETWIRTHCERL -T2, T, REBRIOES, B 1 7 0E
BBI3TT » Tl HEA X d Table THARLA LA THICENETH » oo BIRBIIFig, 19
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S s oMt ehEhFig, 20~Fig, 231CR 1. BAES L CEAEORENBIIAEGI 9
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REAH A7 AENAROGNIC OV T HERENEBRE T~ TOHFHR, 32~37 =l
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frititnofce LPL, CHZERSHEOENTHATRFOEEDTOMMICIELENSIT,
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TVEDBKED, BRATENABREOHEMM, EREICEH~NT, Mg RAEKE, >2F0k
S EMNEZSNTE, THLLEAEORTNORESHOMTR, sntholEt, 55
W UBDBE LT, 3~4ADMTHRE, DL >OHRICHEALTIT-7cbDTH LS, HARBTAE
WA AN EOERAT, BEsNtE &0, SABHHOMKR, 550 C» WELEERED S,
HELRNDZOEAAEREEE NICFEELAZEEL NG, WTFNICLTE, £—2iHH400
W, BHKEE2 2C, £ LTARKEES cmsee T, BY M4 7 vRRBROREANICET 284R
ERANZC LMD .

WA, BY S VRO L e, AHAKRENL0C~2 2COBMTERNS »748, Fig, 274
DIRSIIE LD, CORBEOKEROEITR, REANECSA LBV ELERETE I



JAERI—M 6799

g 2 BYAUAEBAE

L s A 7R E

Fig, 5y 4 7 VvElRE#E TR L. ARDESHABCRBVLANENT 7 ¥ ARl & EH
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Table 1 Chemical compositon and mechanical properties of used

materials
Material Chemical composition (%} Mechanical properties
. . Tensile strength [ Elengation
A1100-0 Al Si Fe Cu Mn Mg in Ti (kg/m?) %)
(99.007A1) 99 15] 0.13 [0.53 [0.11 | 0.02 | 0.0210.02 |0.02 10.0 41.0
SUS 304 c i Mn P g Ni cr Fe Tens%le/stgength Elonf:ation
(Stainless kg/mm?) @
steel) | 0.06| 0.54 |0.84 [0.034 | 0.024 | 8,60 18.50 | Val. 59 68

Table 2 Conditions of thermal cycling test

Items Condition
Power of heater 400 W
Temperature difference induced at 20 de
stainless steel SUS-304 wall &
Temperature difference induced at 3.0 deg

Al100-0 wall

Heating time

about 10 min.

Cooling time (room temperature)

about

5 min.

1 cycle time

about 20 min.

Temperature of cooling water

12

v 20 °C

Velocity of cooling water

5.0 cm/sec

Length of spacer contacted with

SUS 304 wall 10 mm
Length of spacer contacted with 7 mm
Al1100-0 wall

Number of heat cycle - 50




JAERI—M 6799

Table 3 Dimensional measurement results of A1100~0-— SUS-304
friction welded transition joint tubes before and
after thermal cycling test

Specimen | Al1100-0 or Before thermal cycling After therﬁggﬂcycling

No. SUS-304 test (average) test (average)

iD oD Thickness ID oD Thickness

(mm) (mm) (rom) (mam) (mm) (mm)
1 A1100-0 33.97 | 39.99 3.01 33.98 | 39.99 2.99
SUS-304 37.00 | 39.99 1.49 36.99 | 39.99 1.50
2 A1100-0 34.02 | 40.00 2.99 34.01 ; 40.01 3.00
SUS-304 37.02 | 39.98 1.48 46.99 | 40.00 1.49
3 A1100-0 ?3.99 39.99 3.00 33.99 ¢ 39.96 3.02
SUS-304 37.01 ;| 39.98 1.48 36.97 | 39.98 1.51
4 A1100-0 34.01 | 39.91 2.95 34.01 | 39.91 2.95
SUS-304 36.97 | 39.92 1.47 37.01 | 3¢.91 1.45
5 A1100-0 33.96 | 40.00 3.02 33.98 | 39.99 3.01
SUS-304 36.96 | 39.99 1.51 36.98 | 39.98 1.50
6 Al1100-0 33.98 | 40.00 3.01 33.98 | 40.00 3.01
SUS-304 36.97 | 39.99 1.51 36.98 | 40.01 1.52
7 A1100-0 33.96 | 39.98 3.01 33.97 | 39.98 3.01
SUS-304 36.97 | 39.97 1.50 36.97 | 39.97 1.50
P A1100-0 33.97 | 40.00 3.01 33.97 | 40.00 3.02
SUS-304 36.96 | 39.99 1.51 36.97 | 39.99 1.51
9 A1100-0 33.97 | 39.97 3.00 33.95 | 39.96 3.01
SUS-304 36.94 | 39.96 1.51 36.95 | 39.97 1.51
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Table 4 Helium leak test results of A1100-0 — SUS-304
friction welded transition joint tube before
and after thermal cycling test

Leakage (atm cc/sec)
Specimen No. ‘ i
Before thermal After thermal

cycling test cycling test

1 <1.43%x10™9 <2.63x10~10
2 " i Tt
3 " "
4 | " 1]
5 " n
6 n n
7 1" m
8 - 11} f
9 ' n L1}

Table 5 Tensile test results of Al100-0 parent metal and
A1100-0 — 8§US=-304 friction welded transition joints

Specimen . Tensile strength | Elongation Fractured Thermal cycling
No. Material (kg/rm?) (¢3] ‘ Position test
1 A1100-0 parent 10.8 41.0 ———— e
metal )
36 - A1100-0 - SUS-304 11.3 — A1100 parent metal
transition joint - -
37 rod " —_ " Yot subjected
40 T —_— 1"
' Al1100 parent metal
4 Al1100-0 - SUS-?O& 10.3 _— at chuck
transition jeint a
5 tube 9.7 ) —_— " Subjected
6 9.5 — "
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Table 8 The results of temperature distribution measurement on

A1100~0 —SUS-304 friction welded transition joint

tubes at pre-thermal cycling test

(1)| Interval of Temperature (°C)
Measuring| thermocouples |Power of heater 9 5 5 5
position (mm) (W) 1( ) 2 (2) 3( ) 4 (2

1~ 2%, 35mm | 930 ~ 940 84.1 | 81.8 | 74.7 | 59.2
770 ~ 780 77.1 |'74.6 | 68.3 | 55.5
3.7m 1 2% 3 1.0 mm 530 & 540 76.6 | 75.4 | 68.3 | 57.3
300 & 320 61.9 | 60.7 | 57.2 | 49.3
304 0.6 mm 130 ~ 150 47.9 | 47.0 | 45.5 | 39.0

1~ 22)p, 7mm 900 ~ 930 97.1 | 83.0 | 74.7 -

770 ~ 780 88.4 | 77.5 | 70.2 -

40w |13 1.3mm 525 ~ 530 79.8 | 68.8 | 63.0 -
27 3 0.6mm 330 350 63.5 | 55.1 | 51.7 -

(2) 900 ~ 930 90.6 78.9 - -

40mm |1~ 2  1.6m 770 ~ 780 78.5 | 68.8 - -
525 530 73.2 | 64.0 - -

330 ~ 350 60.7 | 54.6 - -

1+ 2@ 1 1mm 900 ~ 930 101.3 | 98.5 | 97.9 -

770 ~ 780 99.6 | 98.6 | 97.2 -

4.3 mm |1~ 3 1.2mm 525 ~ 530 83.9 | 82.5 | 76.2 -
27 3 0.1mm 330 ~ 350 68.3 | 66.9 | 61.6 -
() 930 ~ 960 90.6 | 68.0 | 63.0 | 33.9

1~ 2°70.8m 760 ~ 790 83.2 | 71.9 | 59.2 | 32.0

- 520 & 540 71.1 | 61.1 | 49.8 | 29.3

4.5mm | 2% 3 1.2m 300 ~ 330 61.6 | 54.6 | 46.3 | 29.0
3a 1.0mm 130 ~ 150 47.4 | 41.9 | 38.6 | 25.5

(2) 930 ~ 940 102.8 | 91.0 - |53.6

1~2 0.9m 770 ~ 780 93.5 | 83.3 - 149.3

5.2mm | 2% 1.2m 530 ~ 540 79.6 | 71.4 - | 43.9
- Lom 300 ~ 320 64.5 | 58.2 - | 38.0

: 130 ~ 150 45.1 | 41.5 - | 30.0

(2) 930 ~ 940 72.4 | 64.0 | 58.2 | 43.5
1~ 20 70.5m | 795 780 66.4 | 59.9 | 56.0 | 38.0
6.8 mm ~'3  0.5mm 530 ~ 540 53.2 | 47.6 | 44.0 | 37.0
3 n . 300 ~ 320 21.5 | 38.0 | 36.0 | 28.0
- 130 150 31.5 | 29.7 | 27.5 | 23.0

2) 900 ~ 930 87.0 | 71.4 - -

8.0m |1~ 2  1.4mm 770 ~ 780 79.8 | 68.8 - -
525 530 71.4 | 63.0 - -

330 A 350 60.2 | 54.6 - -

Annotation
(1 distance from friction welded position (on SUS-304 side)
(2) number of thermocouple
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No.l No.2 No.3

Fig.2 Photograph of A1100-0-5US-304 friction welded -
transition joint tubes
{No.1,No.2 and No.3 specimens)’

No.29 Ko .30 No.31 No.32

Fig.3 Photograph of A1100-0-SUS-304 friction welded
transition joint rods
(No.29,No.30,No.31 and No.32 specimens)
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A
f

thermocouple

blow-pipe

drain pipe

T
l

MW bl 00~ 0] ©

N
®

ceramics

heater

spacer

specimen

stainless steel tube

water tank

stop-valve

sub - water tank

temperature controller and
recorder

magnet swifch

thermal cycling time controlier

—

switch

No

description

Fig. 5 Apparatus for thermal cycling test

_‘22__
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measured position measured position
AlCO-0 friction weided _SUS 304 <
© » / T\
A AAA N S S— S o
= @ e
= ® L
’ A A A —
40 10 70
120

Fig.6 Dimensional measurement positions of A1100-0—SUS-304
friction welded transition joint tube

"No.l No.2 No.2

Fig.7 Photograph of Al100-0—5US-304 friction welded
transition joint tube subjected to thermal
cycling test

(No.1l,No.2 and No.3 specimens)
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A !
— f§7£?§ ) . gﬁ
. < N|
Vo | - Al
425 60 20R  { 42.5)
o ) 145 '

Fig.8 Specimen of A1100-0 for tensile test

suUs 304 friction welded A1100-0
A /
Ny A
.
e - 1%
]
26 | 26 /5
95 _ . 55
|

‘_,,,. 150

Fig.9 Specimen of A1100-0—SUS-304 friction welded
transition joint rod for tensile test

spacer {Fe)
/ aiigo-¢  friction weided SUS-304 . spacer (Fe)

[T

349

\\\

; 30 ' i0 R
! 40 (o)™ -
120 ]

Fig.10 Specimen of A1100-0-SUS-304 friction welded
transition joint tube for temsile test



JAERT—M 6799

Fig.1l1 Photograph of tensile tested Al1100-0

Fig.12 Photograph of tensile tested Al100-0—-5US5-304
friction welded transition joint rods
(No.36,No.37 and No.40 specimens)

No.4

No.5

No.6

Fig.1l3 Photograph of tensile tested Al1100-0-SUS-304
friction welded transition joint tubes
(No.4,No.5 and No.6 specimens)
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No.2?

No.3

Photograph of burst tested A1100-0—SUS-304 friction
welded transition joint tubes subjected to thermal

cycling test (No.1,No.2 and No.3 specimens)

Fig.15

arrows show burst positions

Fig.16 Photograph of burst tested A1100-0—SUS-304 friction
welded transition joint tubes subjected to thermal

cycling test (No.16,No.17 and No.18 specimens)

5US5-304
A1100-0

Fig.1l7 Photograph of crack in burst tested A1100-0-SUS-204
friction welded transition joint tube subjected to
thermal cycling test

(No.1l specimen)
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Fig.19 Photograph of burst tested A1100-0—SUS-304 friction
welded transition joint tubes from ref. 4)




Fig.20
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Micrographs of A1100-0-SUS-304 friction welded
transition joint rods (not etched 280 3.37)
(No.30 and No.32 specimens)
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No.8

No.9

Fig.21 Micrographs of A1100-0-SUS-304 friction welded
; transition joint tubes subjected to thermal

: cycling test (not etched 280 3.37)

(No.7,H0.8 and No.9 specimens)




Fig.22
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No.2

No.3

Micrographs of A1100-0-SUS-304 friction welded
transition joint tubes subjected to thermal
cycling and burst test (not etched 280

"3.37)

(No,l,No,Z.and No.3 specimens)
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No .19

Fig.23 Micrographs of Al1100-0--5US-304 friction welded
transition joint tubes subjected to burst

i test (not etched 280 3.37)

{No.16,No.17 and No.l9 specimens)
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o 0 Y n ~ ® O
o o o] - - - T N
0.0
S
Lo ®)
1
2.0 C
3.0 )
&)
: Al
@ |
5.0
[P
5.8 % (2)
g2 E :
: 5
AT a2 \-D:
7.5
go |
9.0 Go)_\e)
3
@ |
Yz (cm)

Grid

ling

e Block boundory or external boundary
C—=> Denote a coolont flowing in the indicated direction

s (cm)

Region No.

Material

remarks

DOV IPOEO® O

Inconsl (heater)

Inconel (heater)

Inconei (heater)

Cu (thermal bond)

Cu (thermal bond)
A{100-0 (transition joint)
SUS-304 (transion joint)
SUS - 304 (transion joint )
N, qos

No gas

external boundary

external boundary

external boundary

external boundary

heqt

rate

400 watt/cm®

normal fiow coolant block

} adiabatic boundaries

Fig. 25 TAC2D thermal model of A1100-0-SUS-304 friction welded

transition joint tube of thermal cycling test
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[

[

{mesh point)

1 2 3 4 5 & 7 8 G 10 11 {mesh point)
0.0 0.25 0,726 1.076 1.35 1.60 1.75 1.825 1.90 1.975 2.00 ¢ [em]
0.0 | O 0 0 0 0 0 0 0 0 0 0
0.5 0 372 372 228 228 122 22 22 22 22 21
1.5 0 372 1 372 227 227 121 22 22 22 22 21
2.0 ' 0 | 372 372 | 226 224 | 120 gj22 22 22 22 | 21
3.5 0 371 371 220 220 118 23 23 23 23 21
4.5 0 371 371 214 214 117 26 26 26 26 21
5.4 0 371 371 207 207 119 32 32 31 31 21
6.0 0 371 371 202 201 200 41 40 40 39 21
6.35 0 371 370 201 & 200 198 44 43 42 42 21
6£.55| 0 | 371 370 | 200 200 | 198 5 52 47 A 40 21
6.65 0 371 370 | 200 199 198 60 53 47 42 21
6.75 0 371 370 200 199 198 63 56 50 43 21
6.95 0 371 370 200 199 198 68 &0 53 46 21
7.30, 0 | 370 370 ] 200 200 | 198 |69 61 52 _ 46 | 21
7.75 0 370 370 ZQZ 202 157 81 41 26 26 21
8.50 | 0 | 370 370 | 205 204 | 15310 78 36 | 228 22 | 21
9.50 Q 370 3 370 206 206 154 78 36 22 22 21
0.0 0 0 0 G 0 0 0 ¢ 0 0 0
Zicm]
Code name ‘ : TAC-2D
Inlet coolant temperature: 22 °C
Heater power 1 400 W
Region No. Material
1 Inconel (heater)
2 Inconel (heater)
3 Inconel (heater}
4 Cu (thermal bond)
5 Cu (thermal bond)
6 A1100-0 (transition joint)
7 5US-304 (transition joint}
8 SUS-304 (transition joint)
9 N, gas
10 ] N» gas

Fig. 26 Temperature distribution in AT100-0 — SUS-304 friction
' welded transition joint tube by heat transfer computer

~code TACZD

B T
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O colculated results

water femperature=22°C
X calculated results

water temperature=10TC

Y experimental results .
water temperature=22C

—_ 40 —

[}

) [

S

O R

§ o

5 - \

£ / v

v
. 3 R
E 5 Vo \V4
' £

2

O [ L | i 1 | L ] |

distance from friction welded position (SUS-304 side) (mm)

. ; Fig. 27 Temperature difference between inner and outer surface
- of the tube wall (on SUS-304 side) vs. distance from

the joint face




