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Because of the decommission of the Japan Materials Testing Reactor (JMTR), the domestic
neutron irradiation facility, which had played a central role in the development of innovative
nuclear reactors and the development of technologies to further improve the safety, reliability,
and efficiency of light water reactors, was lost. Therefore, it has become difficult to pass on
the operation techniques of the irradiation test reactors and irradiation technologies, and to
train human resources. In order to cope with these issues, we conducted a study on the
implementation of irradiation tests using overseas reactors as neutron irradiation sites as an
alternative method.

Based on the "Arrangement between the National Centre for Nuclear Research and the
Japan Atomic Energy Agency for Cooperation in Research and Development on Testing
Reactor," the feasibility of conducting an irradiation test at the MARIA reactor (30MW) owned
by the National Centre for Nuclear Research (NCBJ) using the temperature control system,
which is one of the JMTR irradiation technologies, was examined. As a result, it was found
that the irradiation test was possible by modifying the ready-made capsule manufactured in
accordance with the design and manufacturing standards of the JMTR. After the modification,
a penetration test, an insulation continuity test, and an operation test in the range of room
temperature to 300°C, which is the operating temperature of the capsule, were conducted and

favorable results were obtained. We have completed the preparations prior to transport to the
MARIA reactor.

Keywords: JMTR, Irradiation Test, Temperature Control System, MARIA Reactor

This work has been performed in Japan Atomic Energy Agency as joint research
“Arrangement between the National Centre for Nuclear Research and the Japan Atomic
Energy Agency for Cooperation in Research and Development on Testing Reactor,” with
National Centre for Nuclear Research.

+ Safety Administration Department, Safety and Nuclear Security Administration Head Office
* 1 National Centre for Nuclear Research

* 2 Nuclear Engineering Co., Ltd.
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STV, £72, JMTR BRI v 7 v, fsh e GRS & OS2 BRI AR 2 g
RBEOEAA OJT % %8 L T JMTR ORI E 7 5 & FE ISR ST E A, BEIRRTE A~
DOBATIZE > TEOHMOMANKEEL 725 & L Hic, BEERRE ORI L - T2 b ok
MRONDOH LR TH D, IHIT, ZNbERENICK X D A OFE RS AR E 725
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LRSI A Al & LT, B4 Table 2.1 1273, 2055, 4R MARIA SFlZoW
Tl AFEEFAET 52K —7 v FENEF W5 % — (National Centre for Nuclear
Research : LN INCBJ| &9 ,) & JAEA L O[T, 201141 A 21 HIZ [HR—F v RENL
JRF- 1A ge v & — & BRI IR B R A & o ] O RRERIF SRR DA ST D 72 8O 0 L [FIRFSE
Bk ) i~ ThH Y, Aeta M 212h7 0 bi#ET 2 FChH L, LR - T,
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Table 2.1 Candidate for test reactor

Name WWR-K LVR-15 OPAL MARIA RSG-GAS BR-2 ATR
Output [MW] 6 10 20 30 30 100 250
Country Kazakhstan Czech Australia Poland Indonesia Belgium USA
Type Pool Tank Pool Pool Pool Tankin pool Tank
Ne“[“n“fm'ﬂ 2‘/"5‘]‘“] 40%107 30%10® 21x 10" 10x 10 23%10% 7.0x 10% 18%10%8
Ne‘“"mﬁ":%ema'} 10x10% 15x 10" 20% 10" 35x10' 25x10" 10%10® 85x10'
Moderator Lightwater Lightwater Lightwater Be, Lightwater Lightwater Be, Light water Lightwater
Coolant Lightwater Lightwater Lightwater Lightwater Lightwater Lightwater Lightwater
Fuel /Material Testing| Fuel /Material Testing| ~ RIProduction  |Fuel/MaterialTesting| Material Testing  |Fuel /Material Testing| Fuel /Material Testing|
Rlproduction Rlproduction Sidoping Rl production Rlproduction Rlproduction Rlproduction
Main purpose Activationanalysis | Activationanalysis Activationanalysis | Activationanalysis Sidoping
Nudear transmutation Sidoping Sidoping
Use of beam Use of beam Use of beam Use of beam Use of beam - -
Vertical: 38 Vertical:6 Vertical:80 Vertical:13 Vertical: 14 Vertical: 79 Vertical:70
Irradiation hole (Corearea: 8) (Corearea: 2) (Corearea: 0) (Corearea: 13) (Corearea: 5) (Corearea: 40) (Corearea: 34)
Horizontal: 8 Horizontal:6 Horizontal: 10 Horizontal:6 Horizontal:6 — —

3. MARIA JF & RV 7o FRETFRBR

3.1 MARIA FOHE 3
MARIA Fi%. NCBJ 23T AT 5 1974 4 12 A IR & 2k L 72 EERBRIE CH 0 | ik

[FfE e O R R ORI O BRETERER, i1 U4 7T 7 ¢ —SOW 5B TIEH & T
W5, BKEZ—RGHM & L7 7 — A BT EndE MR R R 1.0X1018/m2/s | B R0
WK 3.56%1018/m2/s ODRREEIZH LTV 5D, HOEMITEAKE XY U o A RERIT R 2
MLTEY, IETF ¥ RVIZFRDD 6 ROBREHEGIRNPRE S TWD, BT v o 13
VIova7ayrzagte~w b v 7 ACREIN, TVI=UARRIA-TR 7oy 78
KA T EN TS, MEHRKZ B E LEEET ¥ b, GRERFOZDOT By by
AT B 6 EHTOAEFES E— AT v RV B R TV D,

3.2 MARIA fFickiT 52 RINRBRICAVWS ¥ ¥ S
%1 mETIRARZ LT, AREHT IMTR TITo TOWRETRBR OB TR AR T 57200
HDThHD, £O72H, JIMTR IZHT 2 REEM P EA S -ER 0 JMTR AR v 7
TV Z7EH L 72 MARIA fFHBEFRBR 2 #at L 7=,
1T UHIZ JMTR 3 ¥ 7B VSR 0| LSV TERYES L, JMTR ¥ v 72 /L5 i JL%E 5
THAE L TAKE SN-x v 71 ns NCBJ O RUE A 32 2t L7z, %@ﬁﬁ*% NCBJ ©
THARAOIC R IR & DY R S, R—T 2 MBS RIC L 2MRICE VBT 255 2 &
NTET, 2SS E  BUEFAO JMTR ¥ ¥ 72 LV OEEEZED, & v 7L MARIA
SFDA~ORERALE, BN ILREZ G Lo, ZOREER., [URIROE S H AR (Fission Products
s: LT [FP HA] Lw9,) OENEZRET L7200 0EE) 7 A8 FP B AEE (UUF
[FP A AENGEH Lvv9,) ZHREHEUEE U CHEZIRERIE S AT A% EA LoX v 7 /L2
+ 5 LMW L MARIA P ICBIT 2B F v 72 /SGEE L7 U FRRES vy 7R &0 ,),
F72. JMTR & MARIA JF OISR MAC, BB LOFERE IR K O v 72 A0 BRI EE £ TO
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=T NN )T ETERRY T N =T bR 53R AR IHE L THERTE D,
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Do b— & R O ZEHIEE 1 IR BUROIREHIEA & L TRV bR S,

Fig. 4.1 (T/RT L B0, BEFEHING K OIMEITHEMN L7oIETH D . WK OSME ORI
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EHIET D2 EBHED, AEBIEIC L DRESIEZ EZIRERE VD, EICEEOR TR
TMEAT2HMTHEAESND, —FH, b—% ROEER & H IR & — 2 RS &
VN, FREFEUBHEEE ORIV S

:®i5ﬁ20@ﬁ§ﬁﬁ%%ﬁTE& RIEF ¥ TR LT, BT T FP T AJEGEO
TR EEHIE 2170, %Eﬁ(#%%ﬁ)@FPﬁxFﬁﬁmmE@ﬁékmﬁﬁé_&T\m%ﬁ
N EFP T AEFHC RIE TR B ZTMT 5 2 LR HRD,

6700 Unit : mm
{ SoRcable ,  Adapter  _ Micable
! - > :
i - H 1367
| T —
l“ Resin is sensitive to ¥ radiation. ,il' 470
Adapter
(Change in MI cable and soft cable)
= (=== [2
= =]
i Vi i . [
Guide "“L/' Vacuum line Center line of core .~

Irradiation sample

Fig. 4.1 Schematic diagram for calibration capsule of FP-gas pressure gauge



JAEA-Technology 2022-040

Table 4.1 Specification for calibration capsule of FP-gas pressure gauge

Item Details

Differential transformer FP-gas pressure

Irradiation sample gauge : 2units

Temperature ~400 °C
Environment Fast neutron flux 1 x 1016 n/m?2/s
(E>1MeV)
Fluence rate About 1.3 X 1020 n/cm?
Temperature control method Vacuum control, Heater control
Capsule O.D. (Outer tube) @40mm

Capsule length (excluding signal line) | 6700mm

Sheathed thermocouple (Type-K) : 9pcs.
Instrumentation Self-Powered Gamma-ray Detector (SPGD) :
1pcs.

Combination temperature control device
Signal processor for differential transformers
Micro ammeter

Gas supply system

Reactor outside equipment

4.1.2 FHUBSS

AIEE TR L 91T, BEF ¥ 7 B/MIERARE ThH 5 FP W R EJFHIM A, EHE DM
PG DNERT STV D, 284 S0 T D FHABRE IR EERE H O o — 2ARBVE X, 1 >~ BRHlE
HoB R G ~fifHigs (Self-Powered Gamma-ray Detector : AT [SPGD] &9 ,)
Thod, FP HAENGFHE2EZO - 2 61X, JIMTR ORN FIZBIT 547 A iHll%
BRI LTHELEZLOTHY, WTFid mb\ﬁﬁf’fﬂfﬁl’l@ﬁﬁﬁ&%ﬁ MErfT oM Th o, LT
(A5 FHAS 2R ORE2E 2 50T,

4.1.2.1 ZB) T RB FP HAEHE

FP # AEJ1EHE, FIT FP WA X 2 REHFEE N DI 2 5HAIT 5 72 OITBFE S 7z b D
Th %, Fig. 4.2 |2 FP A RENFIOME LR 0, FP 7 AE/EHE, Z# F 7 X (Linear
Variable Differential Transformer : LA [LVDT] &9 ,) E&BERANo— X2 X > TR S
T, LVDT o LZiZ&REE (27) Nl->THY, ZoOFEMICIE 2 EEDa AL (1R
AANKR2WAAN) BDEEBENATNDS, B —XFa7 LEfEL Tk, FP 7 2DE
I CTfE L, LVDT NICEBIT 5 27 OfEEZZ(L I 5,

BEOEIZ, FT 1 HRIAANAKDN 2 KAANMIEREZEML, KA MIEEERESE S,
FP HAENOZEAIZ LD, a7 OENET DL, EBHHEICE > TEaA LVOEBEENE(L
T5, a7 OMNEIZFP TADENZ Lo THREDL 2O, FP HAJETFHD 1 IRaA VRO 2 &
A NVDOELEERET DL T, FPHADOEN 5D Z RN T& 5, (Fig. 4.3 5), £/, FP
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HAENFHCRIBOEB) b7 > A MIE SO (4122 B]) 286522 T, ZOBHFAMK
CBEE A T4 2 TRHT 5 2 L BTHETH 5.

Rod inner pressure gauge | Bellows

* : Linear Variable Differential Transformer

Fig. 4.2 Structure of differential transformer FP-gas pressure gauge

7 T 1 T T L] 1 1 T 1 ’_\14 1 T T 1 ] 1 1 T 1
~_
S g | Pressureincrease | Pressuredecrease { & 12 - Pressureincrease‘:‘ Pressure decrease
+ > > Z + >t »
€5 1 =H10F BRT |
] 1300°
S 4 3 8 ; @ :300°C |-
T 2 i
= i > 6 '
=] b= i
c 2 £ 4 1
£ = |
a1 n 2 ]
] o 1
3 0 1] 1
= = :

0 1 23 45 43 210 2 2 4 6 810826 4 20
Value of the pressure controller (MPa) Value of the pressure controller (MPa)

@ Stability: stable from RT to 300°C
@®The measurement errors were *=1.8% of a full scale.

'
—

Fig. 4.3 Differential transformer FP-gas pressure gauge

4.1.2.2 —ABRIBEES

JMTR 2B\ T TR D & 5 172 BB X Ok % Table 4.2 1, AR %Z Fig. 4.4 12
790, JMTR Ti, ZAEXHIOWT, BEEFIZL > T, KA N ALK O W/Re B H2)> 5 i
L7cEB N ORFECHERIREFRHAA R OLOEZRE L, ¥v 7EMCEMLTND, BEF ¥
B O HBRBTIRE 4000CLL FTHH Z Enn, KEREGZHEHA L TRBY, ZThbd 9 AR%%E
LTV,
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Table 4.2 Specifications of thermocouples used in JMTR

Type-K Type-N Type-W/Re
Temperature range ~1000 800~1100 1000~1900
(C)
Sheath O.D. (mm) 0.5. 1.0, 1.6 1.0, 1.5 1.6
SUS304 SUS316 Nb-1%Zr
Sheath material SUS316 Inconel 600 Mo
Inconel 600
Insulator MgO MgO BeO

[J Crommel/Almel

- : Copper/Constantan

I Nicrosil/Nisil

-1 Crommel/Constantan = )
Il Tungsten/Rhenium

2500

2200

s 1800

150

100

500 500

Operating temperature range (°C)

-26 -260

-500

0.25~0.65 1.0~2.0 3.0~3.2

Sheath diameter (mm)

Fig. 4.4 Operating temperature range of thermocouples

4.1.2.3 BCHABT o~

SPGD & 1%, MG HORAEICEE L CTHMER D OBFRMAG 2 0T L LT~ RS TH
%, Fig. 4.5 12" 3 X912, SPGD IZ=3 v &, a7 & #liGs L OFHHFRIZ & - THERL S 41,
ZOREEITEBN MR L O THD 0, Zo7ed, EEEI VU TFTOVA X TRESTSEZ L LD
Xx TENVEORNEMTHLEMT LI ENTE D,

SPGD O#EMEFEDOET L% Fig. 4.6 [T-d, T v Z(Ta 7 b rHELR OEEZN R OWrE
FORKERPTTETBY A ~BPARFT D EMNERNATI v Ea Ly ZRICKRET D,
Z OWUNETRIZT o~ BRERICHHT 5720, = v F Eal s ZETRE LM NEDTE
BACHMT 52 LIk, HovEREZRODZENTES, ERROEEBY, ZOM/NE
TIH o~ RS> TRET L2200, SNTERELELETIEHIITE 2, B, PHETH
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IMAFTT % Z & THRUNERITFEAET 505, %@#’é— IT MDD LT 5 LIEFIC
INEWTZD, SPGD 2 DITIEEN o~ MOBERICHE LIE 250 2 Ltk s,

Emitter Collector Insulator Core wire

W/ AU IR L AN \\\\\‘\\\\\\\\\\\’\\
% T Oen

"“"//Z// e R el V) | Micro ammeter
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ - -

Fig. 4.5 SPGD structure

Incident y-ray Neutron-ray

Emitter
Insulator
Collector
Compton electron or photoelectron -ray
Fig. 4.6 SPGD operating principle
4.2 SRR
BES v 7RV OREREL, BEEHEE N —Z ko TTh b, 2 OIREEHIEITEVE

Mo DIEHMESRL, ;—%T/?& L OEEEOHWER O —F OBEFIZL > TfTbhvd, Z
MO IR AN LB AL E TN 2, FHABESS T OGBS X OVGak @& 2 el L, BRaTsR T
DREX ¥ T EANOH SN AT —F 25T 2 b ORI EETH L, BEFT ¥ 7t
NVAOFESNEE L, OFARNRE R E . FE) T o A MG S, UNEDREE, T ARG
AT BINDIe 0 | IREF v 7V E O A Fig. 4.7 (R, OF LR R A2 E (X B 2SR
HEI 0> 7= 8 O EZEHIHE N He F AL OHIE, b — 2 IREHIE D 7= O OENERHE 5 O BUF K O
b —ZORIEHAEIT S, HAE S 2T 20T FP A AENFHAEBEDOES O He HA%EMIE L,
DREDIENT — 4 %7 — 2 INEH PCIZE#ET 5, SPGD KO FP # R E/# O 1%, #E
et OES) b 7 o A FE BB 2N L CTF — 2 IUEA PC IZEE &, Ry —4# & LTRd
FREIND, T, INLOBEROBIEX, PC ETOT 7Y r—v a UHEMED R TEITTHZ &N
AEETH B,
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s He gas supply line

B Bepm et PC for combination

———  Signal line temperature control device PC for data collection

= Power line

Combination > Micro ammet
temperature
control device
b A
Signal processor for
differential transformers
Capsule for FP-gas pressure gauge

Thermocouple FP-gas

Ve pressire gauge

control tubes

Fig. 4.7 Overview of outside equipment

4.2.1 PHRAZHEE HI#EEE

OF R IS 4 Fig. 4.8 (TR, AL, EZHREHIE K O e — Z IR EHRIE 217 5 72
DO TH D, ABEEITEZGHIEA L LT, E2HEE & B rTie > ¥ ¥ 7L ND He #
AJEN HREFRE/REZER V7, e —XBEHIEAE L e — X HBERFSGHREZA LTS, F
¥ TRV OEEN N OEONOREFRIIALED Yt X ar br—FIZWViAEND, ZOD
Tt Aar br—FX LAN 7—7 /2> T PC ¥ rlRETH Y . BIEEITEHEHOT 7
r—arEN LI PC EOBED LT v 7 R/VOREHIENAIHETH 5,

Touch panel
display (1}

606

Vacuum
Pump

406

Fig. 4.8 Combination temperature control device
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4.2.2 ZB 7 ARESOESE

28 b T A UG AT, FP W AEJ)E O IVDT ICERZFIM L, 1 K& 2 KEED
BE DS ATRE R RIS T b D0 4.1.2.1 1T~/ K 512 FP A AL RHE LVDT 2 k> THA &5
WF2b0ThD, 28 b7 AEHRBEBROIMIL Fig. 4.9 177, 28 -7 A fE 50
BLECIE, 7 A U AMGURAE M1010 2 AV /e, URAME SAABRET, RO FREaE -
e, BEOHTHEICMA, WEMEZT o /55 L LTOMBH R ARETH 2,

Fig. 4.9 Signal processor for differential transformers (IRIS Corporation Limited M1010)

42.3 WUNEFREH

Fig. 4.10 \ZR 3 HUNEFFHISPGD XV ) Sh 2B ANET 572D H DT 5, SPGD
DEFMENEHT  ~ BOREARFT DM, £ OERMEITE pA~nA F—F—Thd, TOAF—X
—IZxths L7eEdtat & LT 7 A4 U AR5 M1013 2 SPGD FHHIC W o, MEXE e,
1B T4A0DSPGD OEMREERET DI ENTE S, £/2, WELEZBREELZ T Fu /G5 L
LCHMNB T2 2L bARETH D72, PO EEO T — X INEEREZEET L2 LT, v 7
T ATT DT o~ RROBERE L T A THMIT D Z ERAHETH D,

E N

Fig. 4.10 Micro ammeter (IRIS Corporation Limited M1013)

424 HAEY 2T A

Fig. 411 (TR T H AHE T AT 2%, FP HAESFHESOE S 2T 5720, He A%
YHMEBIHET 27200 b D Th D, HAMIE S AT BIT VX NVETE, VT R ORE
X o CTHEp S, EROBRIE He TADR U REEERE L CHWD, TAE T AT 2E2H WD
Z LT, 250 FP HAEFHIR L, HRISULIFIRC He HAZMGT 52 L NAETH D, F
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7o, FRIRED He T ADEINIT VX NVETFHIRRIND T2, EOERFEIES TILT D
BAPAZ1T S5 2 & T, kmrw%mk45NmaifHewX@Fﬁ%ﬁﬁﬁé*&ﬁﬂ*f%éo
JEF178 4.5 MPa i L CTINEL L 5 & LIEEA. VW AGE Y 27 AR E S22/ 0 MES)
L. Rz iriEET 5,

T —
Exhaust Line

signa(ine of Gas Pressure Gauge 2

Gas Control Unit for Gas pressure gauge Gas Control Unit for Gas pressure Qauge
(Front side) (Back side)

Fig. 4.11 Gas supply system
5. BEX ¥ ENLDOYE

JMTR & MARIA i3 #2255 CTHH 2 Lo, JMTR AICEIES N @R ES ¥ 7208,
MARIA J5 O B FL~DLELT AT RED L OWFNERBEIZ TN 2. H 4L 5 M OW TR L 22 T UL b 72
V., MARIA JFOEMIGM R O RS FLOAEERIC R L, BIE S v 72 L OB LER & O 14k
LW - Bl L7z, 20D ORER A B E 2 CTRUEZEET) b IR T BT AIT ~ Ik 2 7, ¥
¥ 7RIS E R s A FE i LTz,

5.1 BWItEARDOMRE

MARIA JFIZEE X v 7BV EZEMT 2720121, BEX v 72V OETEE D MARIA FFA
®%%%(ﬁﬁﬁﬁ)KW&Ehﬁfﬂi&%&wo%HR_%DT%¥7tW®ﬁ%ﬂﬁL%
W5 1 kTeEGH = — F GENGTC (General Gap Temperature Calculation) P& L., #E
X v 710 MARIA FNBRES IS 31T 5 BAOHEAE A2 314 L 7=,

GENGTC (. kEOA—2 U v VESHIEAT (ORNL) TX v 72/ OREFFEPICHE S
N1 RTEG R a— R Thd, Z0a— I, ¥y e LERMEE e RELFEE
TN (LLF RHEET V] EW)H,) Z2FEHAL, BETICBT 2%y 72 VRELHET 55D T
HD, BEX Y 7 ENVOHEETT VE Fig. 5.1 12737, ZOFHREET VX, FP H AL 544
T TOREF ¥ 7 ENVOMEZER LD Thd, ZO L REET 3L, HE
72 EMEHEA OWEEE 52, SOICH iR, BMREREIFNERREO T A — 2 2EHD Y
THZET, BETIC T5#¥7?W@mﬁ%%ET5 ENRTED,

SEOFHE TIL, NCBJ MO iR SV NEREEICET D FMICESE, T ~HEEE 1.4
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Wig & L7z, MARIA JFOmAKGE LV, AMEREOBYRER L 2.4 Wem/K & Lz, F£7z2,
BHAKMEORBIC X 2BEERK IR E S 25HA%., LVBERRE CHLREY v 7/ 2L O/
EPERHEIND D EHRT D720, WEUKFED 12 KO 13 12 Lz Z & bA8E L TR
EEE 1.1 KO0.8Wem2/K & LA BITo72, TNODOFME T TREX Yy 7 ELOe—4 %
S IR IREED S H 7 50 Wiem & TO#HiH T 10 Wiem T 23 2470 ¥ 72V EE 2 #EE L=,

GENGTC LW o7 ®BEF v 7BV OIRE % Table 5.1 1ZR- T, FERDART LI IC, Bz
FEAR 0.8 Wem2K OBREThH->ThH, F¥ FE/MREIIES 2908 CTHY ., REHEETHD
400 CEEBLRWZ ER G0 olz, TILLDORRND, BEF ¥ 7 2/11T MARIA JFFNEREEIC
xf L. BAICEREHRFICAERE L CWW o R A FEii T & 2 2 & s T & 7,

Pressure Control Area

Heat Transfer Coefficient of
Outer Tube Surface
Case 1: 2.4 W/cm?/K
Case2:1.1 W/cm?/K
Case 3 : 0.8 W/cm?/K

ﬁ (He gas or Vacuum) g
¢ = &

@ m o = v
“ @ =8 2
[Calculation Conditions] s 5 8 i3 8|5
4 Heating Rate 5 E % s £3
1.4 W/g 3 > & 2 : i
% 5 2 Pt £
- 8 3 -

4 2 o

5] & g i ] g

He-gas (center)

R 1.050
R 1.500
R 1.900
R 6.150
R 6.250
R 7.250
R 7.450
R16.900 |- >
R17.000
R18.200 >
R18.500
R20.000

Fig. 5.1 Capsule calculation model with GENGTC
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Table 5.1 Calculation result by GENGTC (1/3)
(a) Heat transfer coefficient of outer tube surface : 2.4 W/cm2/K

(Pressure controlled area: He gas atmosphere)

Heater Condition | Power of Heater (W/cm)

Positions 0 10 20 30 40 50

0 | He-gas (Center) 217.0 | 231.9| 246.2| 259.9| 272.7| 285.0
1 | Core of LVDT (In-side) 217.0 | 231.9| 246.2| 259.9| 272.7| 285.0
2 | Core of LVDT (Out-side) 216.9 | 231.8| 246.1| 259.9| 272.7| 285.0
3 | Ring of LVDT (In-side) 209.6 | 224.7| 239.0| 253.1| 265.9| 2782
4 | Ring of LVDT (Out-side) 205.0 | 220.2 | 234.6| 248.6| 261.5| 273.8
5 | Outer tube of LVDT (In-side) | 189.8 | 205.3 | 220.2 | 234.3| 247.4| 260.0

Outer tube of LVDT (Out-

6 | © 187.8 | 203.3| 218.2| 232.3| 2455 2581

side)

Spacer (In-side) 150.1 | 166.2| 181.7| 196.3| 2100 223.0
8 | Spacer (Out-side) 148.5 | 164.4 | 179.7| 194.1| 207.6 | 2204
9 | Reflector Pipe (In-side) 133.1 | 146.1 | 158.8| 171.0| 182.8| 193.9
10 | Reflector Pipe (Out-side) 130.1 | 1425 | 154.6| 1662 | 177.4| 187.9
1 Soigsr tube of Capsule (In-| 0| ool 50| go2| 61.3| 625
12 833” tube of Capsule Out-| o\ /| g1 7| 599 | 24| 527| 531

,12,
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Table 5.1 Calculation result by GENGTC (2/3)

(b) Heat transfer coefficient of outer tube surface : 1.1 W/cm2/K

(Pressure controlled area: He gas atmosphere)

Heater Condition

Power of Heater (W/cm)

Positions 0 10 20 30 40 50

0 | He-gas (Center) 219.1 | 234.4 | 248.7| 262.3 | 275.7| 288.4
1 | Core of LVDT (In-side) 219.1 | 234.4| 248.7| 262.3| 275.7| 288.4
2 | Core of LVDT (Out-side) 219.1 | 234.3| 248.7| 262.2| 275.7| 288.4
3 | Ring of LVDT (In-side) 211.7 | 227.2 | 241.6| 255.4| 268.9| 281.6
4 | Ring of LVDT (Out-side) 207.1 | 222.7| 237.1| 251.0 | 264.5 | 277.2
5 | Outer tube of LVDT (In-side) | 191.9 | 208.1 | 222.8| 236.9 | 250.4 | 263.4
6 Soigg’r tube of LVDT (Out-| 14091 90671 | 2208 | 235.0| 2485 | 2615
7 | Spacer (In-side) 152.2 | 168.9 | 184.5| 199.3| 213.1| 226.6
8 | Spacer (Out-side) 150.7 | 167.2 | 182.6 | 197.1| 210.7 | 224.1
9 | Reflector Pipe (In-side) 135.2 | 148.9 | 162.0| 1742 | 186.2| 197.9
10 | Reflector Pipe (Out-side) 132.2 | 145.3 | 157.7| 169.4 | 180.8 | 191.9
11 Soigzsr tube of Capsule (In| 4o, | goo| 624| 640| 655| 67.0
g | Outer tube of Capsule Out-| o\ 1\ 5 g 555| s562| s69| 577

side)

,13,
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Table 5.1 Calculation result by GENGTC (3/3)

(c) Heat transfer coefficient of outer tube surface : 0.8 W/cm2/K

(Pressure controlled area: He gas atmosphere)

Heater Condition

Power of Heater (W/cm)

Positions 0 10 20 30 40 50

0 | He-gas (Center) 220.9 | 236.2| 250.8| 264.4 | 277.8|290.8
1 | Core of LVDT (In-side) 220.9 | 236.2| 250.8| 264.4| 277.8|290.8
2 | Core of LVDT (Out-side) 220.9 | 236.1| 250.8| 264.3| 277.8|290.8
3 | Ring of LVDT (In-side) 213.5 | 229.0 | 243.7| 257.5| 271.0 | 284.0
4 | Ring of LVDT (Out-side) 208.9 | 224.5| 239.2| 253.1| 266.6|279.6
5 ggg” tube of LVDT (In| g, 01 90909 2249 | 239.0| 252.8 | 265.8
6 g‘&fjr tube of LVDT (Out- | 00 0| 907.9| 222.9| 237.1| 250.9 | 263.9
7 | Spacer (In-side) 154.3 | 171.0 | 186.6 | 201.4| 215.7 | 229.0
8 | Spacer (Out-side) 152.8 | 169.3 | 184.7| 199.2 | 213.4 | 226.5
9 | Reflector Pipe (In-side) 137.3 | 151.0 | 164.1| 176.6 | 188.8 | 200.5
10 | Reflector Pipe (Out-side) 134.3 | 147.4| 159.9 | 171.8| 183.5 | 194.6
11 ggsr tube of Capsule (In| ) 5| gas| g51| e69| 687| 705
19 | Outer tube of Capsule (Out~| oo | 570l 5e9| 590| 602 612

side)

,14,




JAEA-Technology 2022-040

5.2 HRRILARDIRE

MARIA JFORKILTIE, RV VT AT ay s FGm D FET I > THEK DS
TW5, MARIA FICBREX v S V2T 256, MEAKPTCLREREBEROVENH
L3, BEF v L OBERITEE LIS L TMETH Y . MARIA JFICEEAT LI2GE, &M
RO T w L CEBRNRLETH D, 2. BEX ¥ 7 AN DLIFIERE L TOMHEEMN
JMTR £V bRV, F#EE K OFHHBROE I BZEi, £ 1800 mm, #2000 mm A& L

TWB Z ol

B OFBEIZOWT NCBJ & i LTRER. R E LTUTD 2 >O%EERENX v 7L

W2 FE R L7,

O HHRAA—HVOHUT

FRETFLIC 33T 2 8207 A QNS Hil 5 6]~ D BB & 22 7E S
LHTc, BEF ¥ 7LD FEHLO EEIC Fig. 5.2 (IZR-7T X
IR AR—YZH]D (T, 2B, HARA—TF O
%, BEVKOIEER AT v DIz Lz,

© REE KOG OME

RFEE M OFHHIRO R SORR~ORIELE LT, bz
R Uiz, (2 UDICHRO —# 20k L, £ OUIBREICH
HOT X TH LV GRESOY 7 Nr—7 )V E#RE L Caf
HOMEZIT 572, MI =7V Cldel, Y7 "r—7
NCHHI AR SET-OF, V7 Nr—T e T T H R
NV ATy LDEVEICHY . ZONE TIRIRE
FBOT o~ BENMENTZD, VY7 Nr—T NV EfFHTE5 L
HEr L7 b Th D,

&Iz, Fig. 5.3 DX O Ihi#B 2R L, +aREID7
VXU I NT a—T EE LT, ®ES v 720 bR
EECOREMNE ., MEOHEROZOIITEE R TOT
MRLE LD EnE, ZRETOEENL T LR T L

'd

L~

Coolant flow

Upper spacer

MARIA reactor
beryllium block

Capsule for
calibration of FP-gas
pressure gauge

Under spacer

F o FIEFE L, B, EE L7 L% LT o—7 Fig 5.2 Overview of dedicated

TH., BHKITHT S F ¥ 7LV OKBHIIMHETE 5,
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Cutting — Unit : mm
g
-
10M—29J .
(210000

(1208)
§
-
Tou=789 -

Extend(signal line, gas line) and welding flexible tube

Fig. 5.3 Extension of measuring line and installation of flexible tube

5.3 B|EX ¥ IENBEEDORG - BUE

FHROMER T X T NTF 2 —T ~ORF 2 W NCHEH ZAX—F OBRAHFIZonT, Z
DOYEEMZRFT LTz, R, BEX ¥ 7 odEl Fig. 5.4 IR ITEE T 7 —IC &S\ CEiE
L7,

—Ji. 32/ THIBT LBV | MARIA JFIZEERTT 5 F ¥ 72V OMEIL. NCBJ OH
FEHEZTE L2 e b, 207, SRIOEHED K TRICEB W THREZ FEE L, guEL
7238RIE ¥ ¥ 72 NCBI OHIFHEEA TR T 5 2 L AT 2 L E R H 5, NCBJ LA D
FER BB ERMEIZONTHE L7z, TOME, JMTR v 72 /LSRR LYE 5|23 -S5<
A ZE L., ZOMEICAKTIIE, diE LIRBE X v 7101k NCBJ OB 235 2
HEWD TEBGONT,

WiEIZH7= 0 . JMTR v 72 /VERAEILNE 92D\ /= Table 5.2 (T~ A % 550 L 7=,
BACRAE BRI LB MR 2 i L. ARIOERRUATREICH D FP WAL TG~ DR EDH
HE R N DRI DWW TR L 7=,
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Calibration capsule of FP-
gas pressure gauge

——b| Cutting l

| SPGD

Interim
inspection

| Type-K thermocouple

Reconnect

|—t( Adapter cutting

| FP-gas pressure gauge

|—t( Adapter cutting )7

| Adapter

Material Parts
inspection inspection

| Upper spacer

Material
inspectio

Under spacer
(Ring spacer including)

Material
inspection

| Flexible tube

Material

= Parts
Production inspectior

2 Parts
Production

spection

5 Parts
- inspection

Final
inspection

Operation
check test

Fig. 5.4 Process flow of capsule modification for calibration of FP gas pressure gauge
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5.3.1 FHAIROME

FP % ZJE )3k, SPGD K OBEM OB EMET 2 1ch- v, FHROEE, o —
WTho ML 7y —7 MBORS KOV 7 b =T MBORS ERE LTz, Wi, RS LERE
RO ML r —7 B E 0 7 X 72 28R Uiz, O, HLSBUELET X 72 L RES
DV T N r—T VR 2 LT, MARIA fA ORI LB R & £ THHIR AR L
77

RF, TH T ZIERIERITRICB O TR 2 M L, MBI OMAR, SMBLR OV R )
W2 &R LT,

ME%OFHFRIL, TREME L LT Table 5.2 (2R3 ~HEfaA . EamEE & O EPTH &
(SPGD Bi<.) %Fhi L7z, &MAHEE % Table 5.3 XUt Table 5.4 (234, MAEDHEE, R
L7 3R ORI F TS I B NMELS | ZOR I OMEEE MR T2 2 L 2R L, F-. 48
BAEIZB VDT O EROH HELITREOHBRTE 2 BEITRO LN AN, Uk &
e, BEF Y SEARPHREORTE#ME L TVWD 2 L 2R L,

Table 5.3 Interim inspection (continuity and insulation resistance measurements) results

No.1
FP-gas pressure gauge | FP-gas pressure gauge
Ttem gas p gaug gas p gaug SPGD
No.1 No.2
Primary side : 17256 | Primary side : 17048 Cathode : 18072
Length (mm) . .
Secondary side : 17027 | Secondary side : 16988 Anode : 18072
Conduction ) ) ) )
) Primary side : 11.51 | Primary side : 10.81
resistance ) . -
@ Secondary side : 11.36 | Secondary side : 10.45
Insulation resistance . . . )
M) Primary side : 50000 | Primary side : 50000 Cathode : 20000

Secondary side : 30000 | Secondary side : 50000 Anode  : 20000

Core wire - Coating

— : Not subject to inspection

,19,
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Table 5.4 Interim inspection (continuity and insulation resistance measurements) results

No.2
Item TC-1 TC-2 TC-3 TC-4 TC-5
Length 18020 18038 18054 18033 18065
(mm)
Conduction (Q) 312.7 316.0 314.4 318.2 309.1
Insulation
_ 20 20 20 20 20
resistance over over over over over
(MQ)
Total
Ttem TC-6 TC-7 TC-8 TC-9 length
of capsule
Length 18026 18062 17987 18018 22735
(mm) (reference)
Conduction (Q) 315.6 314.9 316.9 249.6
Insulation
, 20 20 20 20
resistance over over over over
(MQ)

5.3.2 BHAX—JDRIE

RRBZEHOER A= L LT, EHAR=Y RO FHASN—FE2R-E LTz, EHAR—H
KON A= O % Fig. 5.5 1277, FHAX—HI4KRKOERH Y . Z O HRSTFLE
&l L CREX v RO KT 5 BB A KESE D, o, BHMICKT 5 L%
ZEIE L, MEICZEE Ny F) 230, AUy hoBMMEEZZEEEHZ & T, ME
ANR—HRHAKOIENZRE LWL HIc L, EAS—HIHEREROE L THY, /Ny F
DHFPRICER T 5T D, EEAR—YZ8EX v 7'/ EEICERY 7, FTEA—H% &4t
\ZEE X ¥ BV OGN T DR ERESTE D,

BUE L 72 B A —H DA T E % Fig. 5.6 1T, FEA_X—V OB FE% Fig. 5.7 1277,
FAR—H ORYEIZH WA, MEHRE 2 9266 L, MARITA 4R 235 lREZ ik CH H Z &
AR U, SUER IR & L COHEREZ TV BRSNS TREEEZMRE L D Z L,
HMBURA 1 CHERE EREREN RN LS A2 MR Lz,

FHAERE O P RA%, Fig. 5.6 (), Fig. 5.7 OIZRT L I EEAAS—H, FEEAS—H %
BEX Y SEVICERE L,
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(b) Upper spacer

Unit : mm

Fig. 5.5 Upper, lower spacers schematic drawing

(b) After welding

Fig. 5.6 Fabricated upper spacer

_21_
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(b) After welding
Fig. 5.7 Fabricated under spacer

53.3 ZULX VI NF a—T DSt

AUETHEALZ7 LY TNV F 2—T7% Fig. 5.8 1R T, 7L F LI NF 2—7 1M T
B, A—NRITOREEL SR U THEHRE L OB MRAE A Fi Lz, FHUBROME R OFHH
A=Y OUEER, 7vF T NTF a2 -5 ZE L, BEX Y A LE#ELL, T LF
VINTF a—TRBHRORES ¥ TRV OANERE Fig. 5.9 [IR”" T, 7 LXTTINNT o —TIREER
2, B e U OOMBR A, ~HEMRA R OV EEMRE 2 FM L7z, SMRADOK R % Table 5.5 |2
R, AR, HERELOCEBMREOHKRLY, 7L T VT a—T ROAN—VE5T
BEF v YL EEONBURE NIES | TOHEROEBENMAEET R T 5 2 L 2R LT,
£, BBRERELERL, AX—F R OT LI T NF 2 — 7 OEEEFTOMR 2 Lz
fEA. Fig. 5.10 O X 5 IZOVHEINEDO R RITHERE S h -7, Table 5.6 XU Table 5.7 IZ FP
A AESF &N SPGD GHUKR Z & Te) OE@ME & OFERIRITIE OFE R4 73, FHFROE
WHE K OFERRIRPTE Tk, 7 VX v T AF o —TIRER L IEBAAKEU ETH D 2 L %

L7,

MEMRE TIX, 7 bF T TAF a—TZ25TF ¥ 7 EAWNEIC 0.156 MPa ODEFRHT A ZAEL
BIE X v 7RV DM Z R L7z, £ OFES THEMR AR LA BT £ To 30 /rMicks T,
BRI ADRRIMER SN2 oT2, o, 7VX VT NTF a—T 2 ELREX ¥ 7 BIVICEEE
DRI NPT LD BUEHRDORIE X v 7 /VOMEMEICREN N2 & 2 LT,
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=]

18060

17800

Annnn

Fig. 5.8 Flexible tube schematic diagram

Fig. 5.9 Capsule after flexible tube welding
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Fig. 5.10 Penetrant test (Capsule - flexible tube)

Table 5.6 Final inspection (continuity and insulation resistance measurements) results No.1

Item

FP-gas pressure gauge

FP-gas pressure gauge

SPGD
No.1 No.2
) Primary side : 11.7 Primary side : 11.0
Conduction () . , —
Secondary side : 11.6 Secondary side : 10.7
Core . : . :
. Primary side : 10000 over | Primary side : 10000 over
Insulation wire - . . 10000 over
] ] Secondary side : 10000 over | Secondary side : 10000 over
resistance | Coating
MQ) Core
) 10000 over 10000 over —
wire

— : Not subject to inspection

Table 5.7 Final inspection (continuity and insulation resistance measurements) results No.2

Item TC-1 TC-2 TC-3 TC-4 TC-5
Conduction (Q) 311.8 315.3 314.0 317.7 308.7
Insulation
. 20 20 20 20 20
resistance over over over over over
(MQ)
Item TC-6 TC-7 TC-8 TC-9
Conduction (Q) 315.0 314.4 316.4 249.0
Insulation
' 20 20 20 20
resistance over over over over
MQ)
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6. EhERERAR

BEX ¥ 7L OUGEICET A EEBRED KL, FP ¥ AENHOBEEMERE A E L
B EMERRBRZ EhE L=, ZoRBr ik, OFE - (I PUIE,. @FP 7 AL EHEERER., ©
PF AR EE R LS E B EMER O 3 THHIZ O W CHER 21T - 7=,

6.1 HiE - MEREHRHE

6.1.1 EH@ - EFIEFHIED B

BEIE S ¢ 7 L AZEfT S AT 2 GRS S IS B STV D EHIIBRITIR TR B D T < i
R REZIT D LI THNEFIC /A X %225, /A RZRBT H-DIid 07
3l - AR E TH D, 5 ETRLZEY . FHUBROMEZ FEM L, LS Tk z1T
S TWb 72, MARIA JF~OERTC, FHKROEE - FIETUENMERTH D 2 L AR
D= ORERE FhE LT,

6.1.2 E@E - ERETRIEDFiE

Fig. 6.1 (2”3 3BRIARICTHIE 217V, FHURR O RMEMER 21T - 7, HBHE TIZT V¥
NIV TF A =B e IV CEIER A R L RS O B 0N a0 2 L R LT, MR E T
BB IRPIEH 2 W TR Z S ICED DN BIEZHIIN L, #adyiiE 2 JE Lz,

PC for data collection
fm— He gas supply line P
®®E®®  He gas exhaust line ;—
—— Signal line .
———  Power line -

W

Micro ammeter

Signal processor for
differential transformers

Capsule for FP-gas pressure gauge

= ple FP-gas

Vacuum
Control Tubes

pressure gauge

Exhaust system

Fig. 6.1 Operation check test system
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6.1.3 HiF - MEEIEHIHIE O R

AR R 2 Table 6.1 _mﬁ“ 5.3 Fi DA R & OHRIZ LV | FHUR O MRS OSGEIC
RS, PR ORI L 2B ez T 5 2L FHl #?03% - AR PUE O 442t %ﬁ)n‘&ﬁ

IhTnsnZ e %Eﬁﬁ?\& L7,

Table 6.1 Continuity and insulation resistance measurements

o Insulation
Item Continuity resistance
Q Q
TC-1 313.7 2.1X 1011
TC-2 315.7 1.4 X101
TC-3 316.0 1.5X 101
TC-4 320.0 1.5X 101
Thermocouple TC-5 309.2 1.5x 101
TC-6 317.4 1.0Xx101
TC-7 314.9 1.8 X101
TC-8 317.2 1.8 101
TC-9 249.7 1.4x10u1
Heator HTR-1 28.9 7.0X1010
HTR-2 28.8 1.2X10u
CP(A1-B1) 12.1 4.7X 1010
FP gas pressure gauge 1 CS1(C1-E1) 11.9 3.5X1010
CC2(D1-E1) 11.9 5.2 1010
CP(A2-B2) 11.5 5.6 1010
FP gas pressure gauge 2 CS1(C2-E2) 11.1 3.1X1010
CcC2(D2-E2) 11.1 4.5X1010
SPGD 1-1 - 1.4X1014
1-2 - 1.4X1014

6.2 FP HRETIFEMERER

6.2.1 FP HREFEEHROEH

FP 7 AJEIiHT 4.1.2.1 IR TEETH H, FP T AENFHHNEHOE R~ — XX ATEE ¢
b, He WAL > TRMENMESND ENu—X)Nal@) L, BEHEIZIS U ZEBEEZH T 5,
X v T EMZEERT LT FP ARG AR 256, FP U A EFHIME ) L TRERE
BCRBREIT O D, REIIACEICE LIDREEL 225, 2078, AERTOISENIEFICH IS
LINEENR DY . EEERR A FEhE L7,
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6.2.2 FP U R EAFHEMEMBEOFIE

Fig. 6.1 (- 3UBRIARIC CEMEMER 217, SHISR T 42 IR L b D& L7z, FP
HAENFHD 1 kaA V~EREZEINL, He FATIHETSZ LIk THAHIEND 2%k=aA
NEEEZMET D, TAMIGL AT 22 L, 2 550 FP U AEEFHIR LT He 7 A% 0 MPa
7225 4.5 MPa £ T 0.5 MPa 27 — ¥ ZHfG L7, Z OB, &HEJ1EEO M EEITE 5O
ZHWTEHAI L7z (Table 6.2 2M), £72. AJ1He WAENLFHAILI-H1EEL Y . RERE
& OFBRAE R A i LTz,

Table 6.2 Test conditions for operation check test system

Temperature Gas Input pressure (MPa [gaugel)
0.0+0.1
0.5+0.1
1.0+£0.1
1.5+0.1
2.0+0.1
2.5+0.1
3.0+0.1
3.5+0.1
4.0+0.1
4.5+0.1

R.T. He

6.2.2.1 EE - EEREO%ER
AREBR T DM R OF ORENEHF SN TWAL Z 2R L, £, S EIcasE
R (B, BN NN L R LT,

O WBExy 7B 1B
© G 1A

LVDT 15 5 4L PR

SPD 15 5 /LERf%

T — 2 IUE - Fisk - R PC

TF A JE T I AR
® E\ERr—7 v VN
@ He AR i BN
® He AL XL —H ]
® He AT A A7 L X4 D1
@ FP AAJETIFTH 7 L X4 c1K
® FP HAJEIFHERr—7 v (1 &AM 1R
@ FP HAJEHEER A —7 v Q%M : ELE2) 2K

,28,
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F—ZINEH PC 01
@ F—Xuah— i1

o op

6.2.2.2 BlE - BRRERO (CEEM)
I A7 22OV T Fig. 6.2 12, #HABRIZ W T Fig. 6.3 12739, FitOFIEEZZE L, %
=TV K OB % AR S 8 LT,

O &\ —7 (AC100V) %3EE T D,
@ He NARLRIZLXa L —F 5T 5,
@ VX2l —HOREHERICHe TATA VAT VIR VT NTF a—T 28T 5,
@ He WAZA M7 VXE% T AR~ ERT 5,
® FP ARAENFH 7 V&8 % 0 AHEE~E T 5,
® FP HAESFHME S —7 v (1 kM) % LVDT 15 5-ABER 8T 5.
@ FP AAENFHER 7 —7 v (2 %M : E1) % LVDT {5 5B g T Bfe 9~ 5.
® FP HAENFHETr—7 v (2 %M : E2) % LVDT {5 S LERSHIZBERE T 5.,
= (as line .
_____ Signal line o neg [Measuring board] ------------
<Capsule> |

i FP gas pressure
gauns E I = LVDT
] M signal processor

- Data
Lkl  Acquisition
device

FP gas pressure
gauge #2

v

4
I Commercial
gas pressure =
: gauge

(5MPa)

! ) 4
1
1} Data collection,
rdi d
: Safety valve Vent valve ”‘??,p.;":g‘
1
L

Fig. 6.2 Measurement system of irradiation capsule (Gas system)
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SPD signal
processor

LVDT signal
- processor

Data collection,
recording and
display PC

Gas line
switching valves

Fig. 6.3 Measuring board

6.2.2.3 EE - EHRERO (Fx 7 E/H)

TROFIMEIZHEN, &7 —T VK OELAE % AR 86 L7z,
O FPHRAIENFATZ VX EE X v 7B~ ERT D,
@ FP HAENFHERr—7 v (1M % s~k %,

6.2.2.4 LVDT {552 2%
TRLOFMEIZHEV Y, LVDT {3 BABRER DO 158 E 21T > 72,
%ﬁ&—fw%nyty%’%ﬁﬁéo
AC100V EJ#E% [ON] |
LVDT1§77&£E!E%%POWER 2 A y?"%ﬁ [ON] 2§ 5,
AicaE [1kHz) (ICRET 5,
1EEE=FRROEAAL v T % [E1A] ITRET D,
2EEE=FRTYEAAL v F % [E2A] IZRET D,
A AA v F % [20 mV] um?ﬁ?‘é
i/ ON R & > % [ON]
BITERR EX A T VT {}Mﬁ’% [100 mA] TR ET 5,

CHCESNCNONCNCNCNGC)

I

6.2.2.5 T—Xuf—0OiLE), RE

[ 5 EE T

O V7 MNEBRIIEMRENT 74V hOREL oo T D, [7 7 ANV T — 2 i it
LD Bl EORBRT — % i iAiie 2 & TLREOT — & LIWEFHELMFRHT Z N T
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@ AT %CHZ#ERT S (Fig. 6.4 M),

@ Vo7V TEH, RERYERET D, 22

IR E-FREEHBEIT-F(1/4): VAT L - 2021 0601_104217_407.udkt
i 1-whoREE&FeuTOBRE

swEen | B smw. |Benw. | B smo

W SH.2W max20.0W USB ID=3FFo

CHER(S)

ChE [abvs  [steme [none  CHES! [NRTHoskaE|
(1]TH-CHOT:Channelol 210V OFF  OfF

{1)TH-CHozChannelo2 ERLEL OFF OFF (B O
(1)TH-CHOZ:Channelo3 210V OFF OFF AAL AR Ew =
(1]TH-CHO4Channelo4 ERELAL OFF OFF

(1)TH-CHO5:Channelos =10V OFF OFF FEilEE [ 7L —2F)
(1]TH-CHO&:Channelos ERLEL OFF OFF e

(1)TH-CHO7:Channelo? =10V OFF OFF R ILFHEREH) OFF =
{1)TH-CHOB:Channelos mRLEL OFF OFF

< >

T REEE AR TR
HUTUSTHETE ¢ 100ms ~ th, EEEEE : 100ms~ 1h

FoorlERBED)..

WA, AU AL-SIIDSEE

BEEU)

< E3IE) I AN > I

£70 |

sl |

Fig. 6.4 Input channel selection

WeiR9 % (Fig. 6.5 2R),

. TPC HEMRTF I

MBAA->TWDHZ &%

JRIE-FIREEHEEEMT- 24 : #3727 - 20210601_H1(T50)_H2(50)_CH1({T50) 3080
DEEHOEE

© HUTULTREES)

& EEEE0

#yFITREM 100ms -

(100ms ~ 1h) 10Hz

HU ) f0000 32
RERED £0000 E[i

( 600 ~ 2500000) 0H 0185f21404300.000000%)
PCEFFIPA A KudtIr4 L) #9937.5kByte
CFA-FRET#A A Alrdt T2 4 #)537kByte

¥ PCEEIRF(A)
[ FEasFED

EERFZED)...
ExcelimiE SR, .

TR .

[ REEMICEccel T - FERE T (0]

[T FFTFEi8F)

AHEU)

< =3(B) | RAIN) > |

210 |

st |

Fig. 6.5 Setting sampling period and data save period
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[FREEICHOWT]
O T IHWRIEEZRIRT S (Fig. 6.6 &),

)

Az |

(1)TH-CHOS:Channel05

|
ALy IV [ [ re—
(EREFEE  mrdsede | Emsaeso

(1) TH-CHOT:Channeld7

w®rLYy M

SEE(V) FRALE [Div]

3

E#(H) |1°-°°°

3

[ =] re e

]
SR YST0

IS

EEAICERIK)

£ERZON/OFF(Q)

HEEACENSP)

AnLysORLEERCERS |

URSE &1 ER5EIC).

ok | Feutn | FERGA

Fig. 6.7 Setting display range of waveform
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ETEM - 2021_0601_102740 476(1) o
B Bz | =z@ |
- ER—E
M Adbyy  [Calen Il Es e
(1) TH-CHO1:Channelo1
[ (1) TH-CHO3:Channelo3 rEEETEE  &rAsEEe | eEETEEG)
(1) TH-CHO%:Channel0s
[l (1)TH-CHO7:Channelo? E=5lbyy M SE2V) EFLE D]
W CALC-01:Calc - -
e 000 H 1 eyl
w0 [°® o [©
EEALERIK
SRLYYIELN T —
HEEACENSP
< EFFON/OFF(Q) | AL SnEL R CERS) |
RS AT (C). ok | Fer | Ema |
Fig. 6.6 Selection of waveform to display
N A i E =1 .
BRoORHHEZRET S (Fig. 6.7 M),
FEH - 2021_0601_104217_407.udt(1) X
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[ BEfRAFR DN T]
O WEIABREREIDN DT =2 O ABRAF 7 + V& RFEAZEIRY 5 (Fig. 6.8 21H),

BEREEE - 2021_0601_102740_476 X
v PCTEENRTFE 2(A)
1#IFHE D LH(E)
|G Users¥irrd 1¥Desk top¥2007 135 M-29 IFPHRIE. S88(R)..
DA JLELF) TRTEREENT)
[auta [T g |
|
& @ I I r
8 g |
[~ R LACER R S 30
—

[ AFTEERES BE

| NR-g00¥ [DATA

|A

5
=

FEREESOT S a0 |

oK | Fevel |

Fig. 6.8 Auto save setting

(AR BE IOV T

O [FrRl=EAERERE]l 2 EIRT 5,
@ MREERET D & TER L CH OATMEISH T S EFEMRBEE 2 RRT 5 2 LRTE 5,

FEITUAIER Loy TE 0y, Cale2 = A*(Calel) + B¥Y O XS IZHEZMAGDOED Z
& T, FP A AL D EL, E2 WO W AENNTHR LIclkRaR R+ 252 L6 T& 5 (Fig.

9 &),

BN ER4E - 2020600_H(Ts0)_Ha(500_CH1(T50)$080udt *
CRLCT | GALG? | GALGE | GALGE | GALGS | GALGS | GALGT | GALGE |
AEESE LI TR i =]
SEEEREEN B ERE-FM
[l ] | = h-X + =] B-Y+G
waaa 0w | =]
wEeE 0 Feawm [ =]
mghcic) [0
®TLAT
g [0 Fmgo 000
[ ox | #ven |
T T——vw 2 d————————————————— 7 ——————————|

Fig. 6.9 Setting calculation waveform
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[7 =% DRfFIZONT]
O© [Excel #5%/CSVI>[CSV IR{E]I 0 7 7 A V&R AFT 2 (Fig. 6.10 /),

[ Csvi - 2021_0601_102740_478(1) *
BTSSR ‘ 2021_0601_102740_476 j o B
L EFEE &

BEEFI—HIIEREEYREA.

>
TP ANEN: &=
TOEET:  [EEcy = xen
(RFEER
& EWE C BEFTE c
I 5 - SERC)
d e r r r
! v |
¥ 7S m
¥ BRI 0

Fig. 6.10 Data storage

6.2.2.6 X AJEAFIEHE OB ERER
TREDFINAIZHE, FP HAESFF T A v ~He T A% £ | 7SV 7 OEME R OELE IZTRILE D
R N2 & 2R LTz, BET 20712201 T Fig. 6.11 127”7,
He AN ~_otez [B] 235,
Vent 28 [[] THDZ L &R L, WERE [H] 1235,
He-Inlet % [BH] 1235,
FP-GAS 1 % [BH] 129 %,
FP-GAS 2 % [BH] 127 %,
7 AJEHIBEAEN T He T ADINDBIEAE L TORWD, BEEHREIT ),
R E (] 1272,
Vent # [BA] (2§ 5,
T VEIERRN [0 MPa] 12725 £ THIET 5,
Vent % [FA] 129 %,

® 0 ®Oee®o 6
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Fig. 6.11 Gas line switching valves

6.2.2.7 EWMERERRBR
TROTFIEIZHE, FP H AL G OB ERERBR A 1T o 72,

@® [0MPa] Ko LVDT i/ E1, E2 Zit#k9 5,

@ FTUXNENFEHR LN OBIEREZT. [0.5 MPa] &< LVDT 17 E1, E2 %3t
§kL. [4.5MPa] £CHET S,

@ WERE [M] 1275,

@ TFTYHNVENFEMER LN D Vent #5015, [0.5MPa] 3°2B&E L, BEEREO LVDT H /)
El, E2 #5875,

® [0MPa] Ko LVDT i/ E1, E2 Z7t#k9 5,

® Vent % [FA] 1295

6.2.2.8 1EI{E¥
TROFMAUTE, HEIFDOIFIEZIT D,
He R~ [F] 1295
LS K O Vent 2 [BA] 1255
LSO 2 WEI10Y [0 MPa) (2725 F CTHREFT 5,
BERZ (] 127 2%,
T AESHEE D V74 TE (] 1215,
LVDT 15 5B OB IMERE E X A 7 v % [0 mA] 1295,
71 ON K% > % [OFF] 1279 %,

0O 06006
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LS EMED AC100 V EBIR A T3 %,
Q@ KRS —TNEEY N,

6.2.3 FP U AEJIFHEMERERDORER

FP 7 AES

FEAS LT, JEA

FE&ET, SNBHO I Link, FP #AEAFHE

KK DEBREORE LT3, MARIA JFICE1T 5 BREFERICR U CREN WL & 28 L
720
0.200
= )
<+ 0.150 } X
E_ [ g °
B g | > i g ® @ M anufacturing RT
(=} ° 2
S § 3 2 . ® M anufacturing 100°C
En 0.050 § b © g M anufacturing 200°C
& oioo §° § . © Manufacturing 300°C
g % § § v % Before transportation RT
2 .0.050 } ® [ : -
2 ?ﬁ % < Before transportation 100°C
=l b4 » -
b : Before transportation 200°C
B -0.100 | § 5. P
| g X Before transportation 300°C
_0.150 . 1 Il 'l 1 1 'l 'l L 1 'l L L L 'l L L L L L .
00 1.0 20 30 40 50 40 30 20 1.0 0.0
Pressure (MPa)
(a) FP-gas pressure gauge No.1
0.200
< 0.150 X
- | d g ®
E“ 0.100 é b4 . & ¥ ® Manufacturing RT
= " - T 9 e
= s>'<.a f $ ; @ Manufacturing 100°C
o x
§n 0.050 = ﬁ L . g M anufacturing 200°C
¥ v X
£ 0000 | $ T8 © Manufacturing 300°C
W b — v
] » % ® v » Before transportation RT
Z; R T . % » Before transportation 100°C
Ez.? _0.100 F ; v . i Before transportation 200°C
] (B
% % | XBefore transportation 300°C
_0150 - | I TR T - I TN T | I [ T T | L1 9
00 1.0 20 30 40 50 40 30 20 1.0 00
Pressure (MPa)

FHoOEERRRBR O R4 Fig. 6.12 1Z~53, FP HAES

(b) FP-gas pressure gauge No.2

Fig. 6.12 Operation check test results for FP-gas pressure gauge
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6.2.4 FP URENFHIXT 2 HMENR ERIBIEEOER ) 1 XOEEHR & xHilik

FP 5 AENEOEEMHR CTIE. BIEOLE LT Xy S ANTOEES FH X -BoF—
2R T OMNEND D, £ 2T, 4.2.1 HIZTHR_ZOFHANRESIEEEAHEH L T, ¥ 7k
JLNEFOIREE R 50 °C. 100 CIZEIHT 2 2 8% —> DF —Z ZHE LT, ZORs. PEFRE
HIMEHAEE 35T DB ) A XD FP A AENFIOWNE BICEHET H2BR VMR Sl AHT
X, /A ZEEBRBORIEIZ DN TIRRD,

Fig. 6.13 & O" Fig. 6.14 (Z0F AR LG AL E 4 @ 3 2 Aitg o FP 4 AL GO ) EEE
Y,

56

55 [

Output voltage [V]

54 bbb

Fig. 6.13 Output voltage of FP gas pressure gauge

5.6

5.5

Output voltage [V]

5.4 PR W W T RN T SN S T E—1 L L L
0 10 20 30
Time [s]

Fig. 6.14 Noise from combined temperature controllers

OF AR EE I E 2 BT 5 2 ik Y, FP HAENRIOMAELEIC ) A AREE LT
HZENIND, ZOER) A XITEAEE 50Hz Tho7=Z Lnh, BREKRD /A X ThHDH L
BExbid,

OF AR ISR D OBRE ) A AOBEBE~OKEKEE LT, LLFD 2 505K a2i# Uiz,

(1) FP HAEIFHOH 1 HT — A ~DHfi

(2) F¥ 7 RNHHBOT VI BA NV L DEM— R

X (2) DOERLL—IL FORET-% Fig. 6.15 12537,
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Fig. 6.15 Electromagnetic shielding of measurement lines

IO ORRZ Ccte, OFHANRERELEE 4 KB L C FP U A LRt EEZ2 5 L
7o T ORER A Fig. 6.16 (R8T,

56

s L

° L

(=]

3

5 o
= L

(=8

£ L

O

54 > '
0 10 20 30
Time [s]

Fig. 6.16 Output voltage after electromagnetic noise suppression measures

Fig. 6.14 2NER: / A Ao H ) EE. Fig. 6.16 x50 HEETH 5, Fig. 6.14 &
te#E L C Fig. 6.16 TIXHAELEOEEBIEZ K /5 1SN, Yoz &b, S/ A A&
BxR (1) KO (2) IHE#TH D,

FROXIE (1) KO (2) OIENC, FP A AENFHIE N TWD e —F DEX A2 T RT D

ZETEM A RERTHZENARETHD, BHEEE A VITEET D EREDERIND

XL, IR X oA VTEET D LGOI L o THE SV, BN T RiX
tmw‘iéo FDH, b —FEWFHEEXICTHI LT, FP HREFHIERE T HER A X
BT D2 LN TE T,

HEFEHE LT, B0 FP AL EH OB WERERERER A FEhi L 72 KUEFIEAT RS 35R BH #6 1
LITRRDBREICBNTIE, FP T RAENGFHIEHE T DEM /) A XIERD BT —20KRED
Wip D, TORD, KETRLUICEK A AXBR CRBROENDEF LN D L IZR L2028
MARIA JF1Z CTRERZAT O BRIIFREORGRE FEIT O NERH 5.,
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6.3 PFAZIREERIEEBEERER
6.3.1 DFAZNRERIEEESERERE O BH

OF FA R IR AR S X RURE O A W AZRR T Te T AJ@ DT ) (FEZE[E) % s 2 BLZ2 1R 5 il 6 7
X&, BRe—2 O ZMET 5 e —ZIRERE TR 2 O TH v 71 /L OFEHE EE 2 il 3
%, BEZERFERIE S ROREIT, MBESEE CIRWEEREEHEN EnD Z s ThDd, -, &
— ZIREEHIE T O R IL, BN E S IREDOHIEEEN SN & ThbH, MARIA FIZET 5
BEX ¥ 7L ORFRBRICB N TAREEIZ, 202 2OflEAFXE0HT2 2 L1k, 3k
REZSREICHIET 52 N TED, EFICENET 2 2 L 2R 272 DICAREE Z iz
EX ¥ e ORI A I LT,

6.3.2 G AR I BB EHR O Fik

©  GF AT L T A 1 & A plb 25 O i
O R IR E TR A 8 | IR BE TR S i (BRR) . AL — & X7 — 3 3 . (Operator Station:
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Temperature control equipment

Power supply o Power : (100V/200V)
He gas line

Gas supply —==
Vacuum exhaust supply

Vacuum pump T
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Irradiation capsule

Vacuum exhaust line

Fig. 6.17 Combination temperature control device and components
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R & DR

GFRRGE IS E 2 B 1T D EHE R O e — 2 BIRAJIEF 4100 V/50 Hz & O 200 V/50
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INPUT
pLaw 1P2W 230V
weE ’
16AT (224F |
T .
M4 Terminal bleck
23w ¥
|
U]
INPUT

Py JPAW 400V

WE N
LT R

M4 Terminal bleck

W

OUTRUT
1P2W 100V
2KYA
100V
M4 Terminal black
' 100V
| €
. A
QUTPUT
IR A 20DV
10, 4k¥A

M6 Terminal block

s |0 I v
T [ u

| E

. h .

Fig. 6.18 Transformer wiring diagram
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200V input for heater

100V input for
instrumentation

Fig. 6.19 Connection point
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OF PR BE i B L S e 9 2 & v 77 VELZE IS 1 3SME 5 mmx g 4 mm THY SV
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Z B U CRLE R+ % Re3/8 * ¥ K UM Rel/d ¥ THefie 3 %,

B2l AR LU He a8 OB 2 LIF Fig. 6.20 (277,

Fig. 6.20 Vacuum line and He gas line
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@ REEHIE FBVERT K O e — Z SRR
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| D

31 Heater output 2 Thermocouple input

#%3 Thermocouple input for
temperature compensation

Fig. 6.21 Terminals and Connections
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JHEB DTN BT 2720 DESF (0~1MPa)
* He ~» % — (40A sch20s)

- FE (250
CASE L~ X =TT 72007 L (i B R LSRS Ao SP o 7T 2]
- Bl

@D EZEHEREEHIZOWT

BHZREX v 72V OREHIEF ISR D T Ay v ) (BZEGHIEETET]) X 0.5~50
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= 4 Gas pressure fluctuation test

4 E Temperature measurement value

O = < >
Temperature fluctuation test
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Fig. 8.1 Plan for irradiation test using MARIA
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