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Development of an Electrical Connector for Liquid Sodium Environment

— Final Report—

Hajime Kataoka* , Koichi Noguchi*
Hiroshi Takatsudo®, Shun-ichi Miyakawa*

Abstract

The INstrumented irradiation Test Assembly (INTA) has been used to conduct precision on-line
instrumented irradiation tests in the experimental fast reactor JOYO. In INTA, direct instrumentation
wiring between the irradiation test section in the core and the upper structure section in the rotating
plug makes INTA structurally complex and expensive. Instead of direct wiring, if an electrical
connector capable of withstanding a heated liquid sodium environment could be used between the
irradiation test section and the upper structure section, the upper mechanism of INTA could be reused
and testing costs would be drastically reduced. Moreover, the reactor load factor would be improved
because of reduced handiing time for INTA. In an attempt to gain this advantage, research and
development of an electric connector in a sodium environment was carried out from 1988 to 1996 at
PNC.

As no previous R&D had been conducted in this area, this development activity was conducted in a
boot strap manner. The first test was carried out for a small model fabricaﬁon, the second was for a
water partial model, and the third was for a sodium partial model. Based on those tests, a prototype
design specification of the connector was determined. In the sodium partial model test, the resiliance
of the electrical connector insulation to the sodium environment was investigated. However, severe
cracking in the ceramic insulator caused by the high temperature sodium environment was discovered
at the junction of ceramic insulator and metallic electrode. This was recognized to be a critical
problem because the boundary on the structure could not be secured. To address the problem,
additional sodinm partial tests were performed for various material combinations of ceramic insulators,
metallic electrodes, brazing materials and metallization materials. However for insulator cracking, the
results of the tests were unsatisfactory. ‘

After all although the newest technology of main ceramics manufacturers were incorporated, a
special junction technique between ceramics and metal constituting a precise connector in sodium could
not established. Therefore, it was decided that the development of the connector in sodium should
cease at PNC in 1997.

* Irradiation Section, O-arai Engineering Center, PNC.
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BETHD, ZOMIRAEICK> THRENB . TNLUBRARERICL> TRE
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= 2 =300 |60~ 80 {60~ 80 |50~ 70 |40 ~ 60 |30~ 50
17Ava 2 =100 |{EWE 100 |#9 95 % 90 # 80 #5 70
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<REE> |
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(CBIERTE < . A AYRE 10 ~ 15 0 fmin CROH EICHE LI | U D ASRETEE,
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KD 0 COMMASKE 4.6mmHg &IFEFMEICRD I EN5, 200 ~ 300 COEET
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- AERMEOENLOIZEELEAL. SEORWN 95 % 999 ¥DHOTH
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T,

() B{LiER ‘

. BEER. ABIBWTETEALLEDONS N, WMITRE, B, &
HOTRTOART. FMITABKANETELBRSIY, BOINAESIv Y
ATHBEEAD. LML, BEERIIRBER L SR EOBREHKITREND
0. FRUDARIRY 5 THES CILEENS 5.

(B) AERI
c AR, FRUDLACBELESHELTLEN, FHRAZOKEEETEA

- 21 -



PNC TN9410 98 — 076

BIBoliERERBH T,

47 €73 v I AN O BERBR
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BE®Zosztrok.
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BEEIIv I AOBEBEREREICSORZE, ECOBEEREOANRDLLAEL, T
DEFREL Ni OUMBEEOY VRER > TAELBREBEAIED, A¥514 X
BREIIv I ADERNINGKERICR> L LHETI O,

7. 3SKRBEIF1TS
3REEYA T TR, SSITTFROILENMZ 5hiz.
1) ECOEIIvIAELETHIEHBICCHEH (AWMOE) 2617, ovHEA=IH
AR ED. oUuiiToiRhEENT S,
* ) }:ZﬁxﬁﬁzDﬁﬁwiﬁﬁﬁﬁ?ﬂmi5KMEtmaTu6:
E. BRERAVMATHHEN. AKRANOIRHEHH
BI5h5,

@ NiOUHEB VY VRERRESBBRBEORZNED, E<BIZEERABHTL
EZohsENS, ECOOUBEDOERMENSIL TSI EICED, oUHo
BEHST.

@Y T77M4VIZONTIE, EHEZ NS Mo ICEZX B,

8. 3KRREFT T TORERKR

TIWIFIAT, BEERIAITED, ANVTLV—ITFAMNORKR. KB ICHE
NED LN, TNEN. Mo-Mn. Ni-Ti A¥ 51 AERHBEL TWiz, &/, 0
BEEE TIRRAEMISH U THERBZN EAHBAL I,

9. 4KRREI17
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SREAFOR/REZITT. UTOEERTDONE,
EXEEI3v I RL00VMIHEERZA D F——IMhS5NY bo—IVZE L. K
NEXRIEBIEMT 5,

T/

Z

™D
7))
-

N, A,

%
%

T4

1 2F =Tk EoORMBICEBEH%E XY 51 XBCBBIZZIT 5, Chick
L. Ny b=l T BHEESOYNRATAY 51 B BFI T B0, X
5 514 ZEABHDRNC W EVSFIENB B, EEL. OTRINRREESI v I
DEOHKE, B EBZENTERNEVNIRELH S,

LA, CoTHAY 51 XEREES T ELLD. A5 51 XNREE< L5
ESENLIk, £, AY 54 XREE. Ni Ay FBES Ni OOHTEbONS .
FRUDAEOEEOBMIZETSNB OO LE AL,

ZDAKRBEY A TORBAICONWTIR. BIFic O RTEk,

<HARHEEE >

TV YI7714Y | @erEsk
\ ALOs 995%  |ALO: BEE&R | SN
Hh V3% BE (kg/mm?) 33 70 60
Y >/ % (kg/mm?) 37,000 48,000 30,000
iZRERE (X 10%/7C) 79 4.5 32
JE #5758 B (kg/mm?) 240 300 390
Eyh—AWX 1,800 2,300 -




PNC TN9410 98 — 076

KOVAR | BEUTF> | =%7 Ni 07 #f
| (Fe-Ni-Co) Mo Nb  |B3-Si5-Ni(Fel)
5 | 8R4 B (kg/mm?) 50 ~ 52 70~100 | 40~60 | 130~ 150
Y > 7% (kg/mm?) 14,000 33,000 11,000 30,000
EZRAE(X 10%/7C) 57~62 5.7 8.0 13
EBRIEHI( Q cm) 48 5.8 14.5 -
Evh—AES - 100 - 600
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