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The Control System of JFT-2M Tokamak Auxiliary Subsystem

Fuminori OKANO and Sadaaki SUZUKI

Department of Fusion Facilities
(Tokai Site)
Naka Fusion Research Establishment
Japan Atomic Energy Research Institute
Tokai-mura,Naka-gun,Ibaraki-ken

(Received April 25,2003)

A JFT-2M Tokamak auxiliary subsystem consists of a vacuum pumping
system, a gas injection system, a leak detection system, a water cooling system,
a glow discharge system, a boronization system, and a baking system. Control
system of each part except for the baking system was replaced to new one, which
utilizes a personal computer (PC), from FY 2000 to FY2002. The controllability of
the system and the number of daté, which can be recorded, was remarkably
improved compared to the old system. This system has enough controllability

for various operation condition of JFT-2M, and allows early finding and recovering
| of troubles. The general view of Tokamak auxiliary subsystem and detailed
description of the function of the new control system are given in this report. It
should be noted that this report describes detail of the operational procedure
especially for He glow discharge system and the boron coating system, and thus,
it can be used as an operation instruction.

Keywords:JFT-2M, Tokamak Auxiliary Subsystem, Control System, Vacuum
Pumping System, Gas Injection System, Leak Test System, Glow
Discharge System, Boronization System
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H14.071

[Start . ]
|Confirm P/S - ]

Insert electrode 30 DURICEAL/SOENE LIEL
Connect V/V to ground answerback(20sec)

Disconnect insulation monitor answerback(20sec)
Switch vent line answerback(20sec)VF1,VF3,VF4,VF5

[Set up TMB disposal unit [
[Open MFC B
I
|

 [ROTAP=Y3VORE |

BB SRENTS -0
RO A P-T
. RETRS g

OK:TMB-MFCZB8. PASS : TMB-MFCZRBBIC L3\ answerback(60sec)

|Pumping He/TMB line
(Checking pressure of gas [ine 44 : Br3 & Br4MPressure"0"

Close He MFC by-path valve He/X- XA EERE answerback(20sec)
Close MFC - HeMFCEIER® answerback(60sec)

[Set up gas injection fine |
(Ciose V-1 |

Checking C line

Stop pumping of ges
[Open seal gas - |
[Pumping C line I . I 1 vec-1snE8% answerback(20sec)

[Open gas cylinder(He & He/TME [ 1

Close VC-1 ] VC-1B{E52% answerback(20sec)
Open PV by-path valve PV-4,PV-7EMERE answerback(20seE=omss

[Ready? I i
[Stasrt GBC : I BRERESGER. JO-BREONHT < a

Apply voitage ’ 1 BRDNES answerback(60sec)

Close V-1 - VA-1,VB-1,VC-1,VD-1,VE-1DENERE answerback(30sec)
Inject He gas HeMFCEHMER S answerback(60sec)
Check ignition EWEHRE(REEHover), BINEE overtime(Smin), ENRR : WM ELEBEHREORBoverUIES |

Set discharge parameter YC-18MHFRE answerback(20sec)
|Start Boronization | | BURR ROve, BRERIANSHREGEEE!

[Stop Boronlzation - I
|Stop GDC R - I

BB NSRTS
 TIO- MRS TR

[ Rar148=yav&F —.

Voltage off EBRERERBEHDOFF,EREREL
. O LE 35318 ICHeMFC 2R

Stop MFC

Close PV by-path valve PV-4,PV-7R8
[Pumping He/TMB gas line [ i

Pull out electorode

Switch vent line
Disconnect V/V from ground answerback(20sec)
answerback(20sec)

Connect insulation monitor
Open V-1 . ] E{ER%E answerback(30sec)

[Shut down TMB disposal unit
{Close VC-1

[Check pressure in C line
[Close seal gas

(Close He gas cylinder

|Open He MFC by-path valve
[Pumping He gas line

|Close MFC

[Shut down C/C

[Einish

I 3BURICEIk
answerback{20sec)

[ ] BYER%E answerback(20sec)

o] P e b e b ] 1 —

—51~52—
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u

2002.07.11:Ver.3
2002.05.30:Ver.2
2001.12.13:Ver.1

(Bfg 1 EBEALTRS1VOHES)

1. ROFAE— 3 VDE(E

AR CROT 1 E—Y 3 VOERBIBOP T OV RAETD,
2- %/Lﬁﬁgulm\ )

1) %Hﬁﬂ PC @@J{’Eﬁiﬁ (%Jfﬁu%) .............................. check

2) DRARKBIERBEOER GIEFIZE) oo AN ]

3) RREARDMEBIERES BIEE) - EFE A
4) IRIZHEEEESDERIER (KEERE) ---ovvvoevveveee check

5) ARZRFBEIETBOMERD (KREEEE) ~--veereeeeenes BB

6) MBHEHBS VTF AL CREER) - check

7) /mﬁw}ﬁ%%ﬁﬁmu (B%EJ:‘:%W) ........................ check

8) Im,#jr}ﬁ*%&zﬁﬁ LTETESR (PREBIETA) «oovvvvreeeenn EHREH

(answer back:3min)

— 6VENT ST oD

. REEBEORE) |
%ﬁﬂﬂlaﬁ FREEBDRENRFEY _27PILSR

1. £/N)UL 7 close"tER

. V3"open”

PRV1 582, PG2 % 0.1MPa [C327%E

V2"open”

. FM1 Z— FJ)U#FEEE(30L/min)

15 P/ =

. PRV1 Z5@% (@) L PG2 & 0Pa [C387E
V3“close”

. V1*open”

10. EJR(ELB1)on

11. BEEHRDY R ui‘ switon"Z &R

<9 MFC full open(500sccmni>

kDQO\J_an:h(_JJN

10. He/TVB S+ /}Jm

1) HZFARBIEEBDOHS SN TR EEER (BfHE)
2) IG1 OBZEETR (BIHHIZE) e IG1 Pa
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3) VE1, VH3,VH4,VI3 VA6 close (HIHZE) - check
4) VA1 close (K%%ﬁg) .................................... check
5) TMB RN DTTH close TR (KERHRE) - check

6) TMB/UU_?F OEEUIU (X%%ﬁ%) _WE__M_@ :5521—_—__

7) YUVF—FvERY S0 VD open (IG1 DEZEERER)
OPEN AU oot IG1

Pa

VCC3 e 1G1

Pa

Pa

Pa

Pa

8) IG1 H'1 Pa U R, VElopen (HIEHIZ) ... check

9) VE1, VH3,VH4,VI3, VA6 open (HIHIZ) ... check

(£ 2 TRAOFIR &NEEENR)

ZEE B
He/TMB ﬁZE?\ﬁ’f VR CEE (RIEE) ... IG1

Pa

<_12.PV/\1 /Y25 opep>
<I3,HeMFC/ /{25 doge—>
MFCOICT 5 >
15, H2S 1 Y OLIH

VA6,VD7,VH8,VD3close (HIfHZ) ..o check

rg 16.V-1close >
17. C RIRTER/ RS+ VHERELE

1) CRFHRS 7 VEZERR Gz
IG-CT et

Pa

PG-CM e,

Pa

PG-5R " e

Pa

2) ARSAVDERIZIE VA3, VI3close (HIHIZE) ... check

18. Y—)LHRDEA
1) Y—-JVBAERTIANIYNRDTTH close FEER(KEEEE) check

2) MYNRDHREER (>0.5Mpa) (KEEBRE) - check
3) 7JJRER#SR (~0.02Mpa ; BEIED) (KERE) check
4) I—=)VHZDIEF open (KEERE) ---ooovvvvveeeee check
5) TMP DEFRZACTETD (HUTHIER) -ooovvvevrverevrereeenns check
<._19. VC-1 open
20. JJADFIE (HedHe/TMB) .
1) He&He/TMB MFC OE@UIL‘:\ ................................. CheCk
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2) He MIUNBIEF close TSR (KEERZE) -vvvvoveveees check
3) He /RN open —REETESR (KERE|RE) o ED MPa
4) He RYNBIEFTHE ~0.01MPa (KRREE) ED MPa
5) 1G-1 OEZEETER (RIEHIZE) e IG1 Pa
6) He/TMB JBIES close TR (K%%%%) --------------- check
7) He/TMB /RN open —REWER (ARRE) - ED MPa
8) He/TMB MY NBERRE ~~'—IHKE-0.02MPa  FENDH MPa
9) 1G-1 @E%J‘E‘ﬁ@;u (ﬁi”?ﬁﬂ%) ........................... IG1 Pa
10) He/TMB RYAD/ VLTV 0w H—AUTO -+ check
11) YUV —FvER Y hEEclose (KEREEE) - check
12) YUY —F v ERy FEERER (KERE) - ED MPa

<_21.VC-1 open, PV by-path gpes»
22 -Eﬁﬁ 5t 1

CCFToRRT CEaRlED BROIS-—MRELEEEE. 1. ROFr¥
—Y3VDER] TTRD.

(ROF - E— 3 VBEA)

23. J0O—INEEB
JO0-MEICKDOROTF A E—Y 3 VD8 |

T35 ROT AP 53 |
(He JO—-ICC3VYFTr Y3 UJ%,. He/TMB EEB AT B)
FMEREREICE DUV T He & He/TMB D' —EBEHERB UBSHDAE B,

30. He JO—W&E&E
(ROF -3 VEIC He JO—KEETD)
X/ TYvwvS—closek - AREBRETERDIBRD!
He/TMB D7tiz?) close IC7X > T\ B/EsH. BEERDHZ N 10 D THED LA
HdE— EF‘D’&@%U&D‘B He IYFATN D,
< 3 2Enbuf?1t — f”jf —
—33. He -MFC close(O;:g@ EDN0IZ=LED answer back 8 TH'S 2min %
IC close,
& _34. PV by-pathclose _—> He, He/TMB D PV
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(#& T 1&{F)

35. He/TMB H235 Vit
1) He/TMB IR NRDBER—REOEHER (KRER) .
2) He/TMB close ﬁﬁﬁ (X%%ﬁé) ...........................
3) He/TMB MFC OBt (HITHZE) v
4) Brd ﬁEu'u ......................................................
5)VE1,VH4,VH3,VI3 close (HIHIZE) --vreeeeennn
6) VA3 open (%Mlﬂ]g) ..........................................
7) IG1 FE5RMDLE  VElopen (HUHEIZR) ----ooovvveeeerennnns
8) 1G1 @%ng_jjﬁ'@;ﬁ (%Jﬁﬂ%) ...........................
9) IG-1 ME J*ﬁ@mu

0BT _5-ER >
~/YLT V1 open>
41 fREEBOELE
L. RERBOELEBEEYZaPILSEH,
1. &JR(ELB1)OFF
. V1 “close”
. V3 “open”
PRV1 Z5BE L. PG2 & 0.1MPa IC555%E.
FM1 Z— RILAEFREE(30L/min)
15 9fE/IN—
. PRV1 Z3/E (@) L. PG2 % OMPa [CE&7E,
. V3 “close”
. V2 “close”
10. &/NU 7" close "t

<. 42.VC-1 close
43. C RMEZERR

IG-CT (<E-6Pa) e
PG-CM  (<E-2P@)  wrroeereeremreenacnnn.
PG-5R (<E-1Pa)  corevvrvremrmmreen,
44. I—)LH2DELE | ’
1) IRYNDITAERSR (>0.5MPa) (KEERE) -
2) Y—ILHZABDEEF close (KEERE) -----veee

. He T//\TGJFi cloe

check

check

check

Br4 Torr

check

check

check

IG1 Pa

1G-1 Pa
Pa
Pa
Pa

ED MPa

check
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48. He 517 VDR
1) VE1 close (HlI#HIZ=)
2) VA3 close (HlIfHIZ)
3) VI3 open (HIHZE)

4) RP1 #2&). VR1 open (HIfEE)
5) IG1<5Pa VR1 close,RP1 off,VE1 open (fHIfHIZ)
6) VH3,VH4,VA3,VA6 open (HIfHI=E)
7) vD7,VH8,VD3 open (HIHZE)

C' 49, He&He/TMB MFC close >
50. C/C Rk

1) VCC!,VCC2,VCC3,BER close (KEER) -

2) Eﬁﬁﬁ ...................................................

3) VA1 open .............................................

51. RO/ P—Y 3 VRT

check

check

check

check

check

check

check

check

check

check
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i3 i ¥ s Yy FPo|L L U A T
B w7 o7 A N ¥ |t | ¥ & G
BAFRE |7 V ¥ ¥ X IR | eV 10: X v M
W R |E Vo mol FFREEL | v il I
b By v ¥ cd 10| ~ 27 b h
“E£Em Bl v 7 v | md 1 eV=160218 X101 w | 75 & da
vtk mlAFIVTY | ow 1 166054310 ke S I B
07 & v oF ¢
e 103 2 Y m
3 BERFOBHE L OSHEM BN 10°5 | =4zm u
. sum [MOSIEAL R4 SIERKICEEHI LUl I n
= & RF | nrpRE MRS T B BAL wel vooa P
3 3 |~ v v | s % £ 107" =4 h £
—18
v Za-b¥Y | N | mkg¥ S A o'l 7 b a
E Hh, & B {/VAH V| pa N/m? o8 - b b "
IANVF-—HEHEB |V 2 - W 7 N'm N — % bar (i)
I®, WHEH|7 v r|w s 5 Iy Gal 1. R1-5 & [EREMR] %55, - B
BEXE ,BW| 7 —1orv|c A's ¥ a2 oy - Ci EEER 1985ETITIC L B, 727201, 1ev
B, BE, BEH (K NV M| V| WA [ N 2 R BELU1 u DEIZCODATAD 19864E 3%
# B % EB|777F|F |V 5 F| rad fHIZ & 2 726
fyfy*fyi“ 2 ;/i ‘; Z;f; 2 L1 rem 2. RLVBE, S b, TN, ATY
o
; - VAFAEORERDTT
B ®lw = — | Wb | vs 1 A=0.1nm=10""m ’1 %:ﬁinr 2B HE DR ZOT
B O®R & E|7 A 7| T | Wom 1 b=100fm’=10"*m? S TRAR LI,
s s s - . i, TN
A vy rsrrvalavy 3.1 WhA 1 bar=0.1MPa=10°Pa 3. barix, JIS _D'ff.ﬁi ENzEDLTH
VT ARE [V IRE] T a2 BRI R2OA T T —ILHEEATY
- . 1 Gal=1cm/s’=10"m/s
% Rpvom A m ) ed 1 Ci=3.7X10“B Be
1=3.
il Elrv 72 2| K Im/m? | R 58X 10_42/1( 4. ECHHEBEELIES T bar, bamB &
B & BN v B s e o O THEDBAL) mmbg& 3 2 D% 7 7Y
% N M E|7 LV 4| Gy | ke rad=1cGy=10""Gy —EART VB,
BB % B|Y-ANME| osv kg 1rem=1c¢Sv=10"%Sv
] B ®
77| N(=10°dyn) kgf 1bf FE|{ MPa(=10bar) kgf/cm? atm mmHg(Torr) | 1bf/in’(psi)
1 0.101972 0.224809 1 10.1972 9.86923 7.50062X 10° 145.038
9.80665 1 220462 7 0.0980665 1 0.967841 735.559 142033
444822 0453592 1 0.101325 1.03323 1 760 14,6959
¥ E 1Pa-s(N-s/m?)=10P (F 7 X)(g/(cm-s)) 133322X10™ | 135951X107° | 1.31579X107 1 193368 X107
RSB 1m/s=10°St(X } — 2 R)(cm’/s) 6.89476X107 | 7.03070X107 | 6.80460X107" 517149 1
—;— J(=10" erg) kgf-m kW-h cal(RB &) Btu ft-1bf eV 1 cal= 4,186057 (B &)
Q; . 1 0.101972 277778X107 0.238889 9.47813X10™ 0.737562 6.24150X 10" = 4.184] (ZfLz:)
] 9.80665 1 2.72407X107 2.34270 9.29487X 107 7.23301 6.12082X 10" = 4.1855] (15C)
g 3.6X10° 3.67098 X 10° 1 8.59999 X 10° 3412.13 2.65522X10° | 2.24694X10% =4.1868] (HIEBERE)
N 4.18605 0426858 1.16279X107 1 3.96759X 10" 3.08747 261212X10°  prms | pS(LET)
B 1055.06 107.536 2.93072X10™* 252,042 1 778.172 6.58515X 102 = 75 kgf-m/s
3 A >< -7 . . -3 . X 18
135582 0.138255 3.76616X 10 0.323890 1.28506 X 10 1 8.46233X10 - 735.499W
L60218X107° | 1.63377X107%° | 4.45050X107%* | 3.82743X10™® | 151857X1072 | 1.18171X107" 1
i d Bq Ci % Gy rad i1 Crkg R i Sv rem
5 i 4t =
4 1 2.70270X 10 " 1 100 i 1 3876 = 1 100
" 10 = B '
3.7X10 1 0.01 1 2.58%X107* 1 0.01, 1

(864E12 26 HERTE)
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