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Mechanical and Thermal Characteristics of

JT-60 Tokamak Machine Demonstrated in its Power Tests

Hideyuki TAKATSU, Masahiro YAMAMOTO, Minoru OHKUBO, Kozo KAWASAKT,
Toshiro ANDO, Masatsugu SHIMIZU, Tohru SHIMIZU*, Keizoh NAKAQ*,
Yasuhiro HARA**, Yasunori SERIZAWA*#** and Mitsuru OHTA

Department of JT-60 Facility
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{( Received August 7, 1585 )

JT-60 power tests were carried out from Dec. 10, 1984 to Feb. 20,

1985 to demonstrate, in advance of actual plasma operation, satisfactory

performance of tokamak machine, power suppliers and control system in

combination. The tests began with low power test of individual coil

systems and progressed to full power tests.

Power tests were successfully concluded with the following

conclusicns.

(1

(2)

(3

(4)
(3

All of the coil systems were raised up to full power operation in
combinatien and system performance was verified including thermal
and structural integrity of tokamak machine.

Measured strain and deflection showed good agreements with those
predicted in the design, which was an evidence that electromagnetic
loads were supported adequately as expected in the design.
Vibration of lateral port was found to be large up to 30 m/s2 and
caused excessive vibration of gate-valves.

A few limitations to machine operation were made clear quantatively.
It was found that the existing detectors were insufficient to
monitor the machine integrity and a few kinds of detectors were

necessary to be installed.

Keywords : JT-60 Tokamak Machine, Power Test, Toroidal Field Coil,

Poioidal Field Coil, Vacuum Vessel, Mechanical Support
Structure, Electromagnetic Force, Strain, Displacement,

Vibration, Temperature Rise
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Table 1 Major specifications of JT-60 tokamak machine

Parameter Design wvalue
Major radius 3.0 m
Minor radius 0,95 m
Plasma current : 2,7 Ma
Toroidal field at plasma axis 4.5 T
Plasma current duration 10 sec
Repetition time 10 min

Additional heating power

Neutral beam injection 20 MW
Radio frequency heating 10 MW
Total number of full power operation 5% 10"

Total turns and current of poloidal field coils

Ohmic heating cecil 60/91.7 kA
Vertical field coil 64/57.5 kA
Horizontal field coil 12/20.0 kA
Quadrupole field coil 36/25.0 kA
Magnetic limiter coil 16/94.0 kA
Time constant of plasma disruption 1 msec
Farthquake proof 2 m/sec?
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Table 2 Summary of power test (F-series) titles

Test No. Test Title
r-1 TF coils continuous excitaticn I (by utility netwerk)
F-2 TF coils continucus excitation I (bv M-G)
F-3 TF cocils pulsed sxcication I (by utility network)
F-4 TF coils pulsed excitation I (by M-G)
F-3 TF coils pulsed excitation II (by utility network & M-G)
F-6 PF (F) coils excitation I (low current pulse disch. cleaning-TDC)
F-7 TF (F) coils excitation II (short pulse disch. cleaning-SPDC)
F-8 PF (V) coils excitation
F-9 PF (H} coils excitation
F-10 PF £Q) coils excitaticon
F-11 PF (M) coils excitation I
F-12 PF (M) coils excitation IL
F~13 Simultaneous excitation of TF & PF (¥, V, H, @ & M) coils
F-14 PF (F) coils pulsed excitation I (VCB one-stage break)
F-15 Simultaneous excitation of TF & PF (F) coils
F-16 Simultaneous excitation of TF & PF (F & V) coils
F-17 gimultaneous excitation of TF & P¥ (F, V & H) coils
F-18 Simultanecus excitation of TF & PF (F, V, H & Q) coils
F-16 Simultaneous excitation of TF & PF (F, V, H, Q & M) coils
F-20 Fast movable limiter driving test I
F-21 High temperature operation test I
F-22 High temperature operation test I
F-23 High temperature operation test I
F-24 Fast movable limiter driving test II
F-25 Surface conditioning monitor driving system I
F~26 Surface conditioning monitor driving system IL
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Fig. 14 Time history of typical vacuum vessel bellows temperature

during intermittemt TDC operation. Locatien of thermocouples

is indicated in the figure.
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Fig. 18 Typical time behavior of coil currents (top left-toroidal field
coil, middle left-ohmic heating coil, bottom left—vertical
field coil) and strains (top right-toroidal field coil casing,
second right-spacer, third right—poloidal field coil support,
hottom right-upper and lower support streutures) during full

operation.
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Fig. 19 Comparison between designed deflection of upper support
structure and that measured by transit. Abscissa represents

electromagnetic force parameter f defined by Eq. (2).
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Fig. 20 Comparison between designed strain of star~shaped truss and

measured one.
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Fig. 21 Comparison between designed strain of upper support structure

and measured one.
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Fig. 22 Comparison between designed deflection of upper support
structure and measured one at limit switch location shown

in the figure.
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Fig. 23 Relation between acceleration and displacement of lateral

port gate-valve named P14S1U and electromagnetic force

parameter f.

20th eigenmode of 60°-sectorial rigid ring with natural
frequency of 46.3 Hz, which was obtained in eigenvalue analysis
of vacuum vessel and typically corresponds to motion of rigid

ring under saddle-like electromagnetic force.
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Fig. 27 Relation between acceleration of vacuum vessel support arms

and electromagnetic force parameter f.
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30 Comparison between measured toroidal acceleration

Fig.,

Comparison between measured radial acceleration
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Fig.

of vacuum vessel support column and designed

of vacuum vessel support column and designed one,
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Fig, 31 Comparison between measured vertical acceleration of vacuum

vessel support column and designed one.
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Fig. 33 Relation between toroidal acceleration of upper support

structure and electromagnetic force parameter f.
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Fig. 34 Time behavior of strain of spacer during plasma discharge.
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Fig. 37 Relation between displacement of upper sub-magnetic limiter

coil (MA) feeder and electromagnetic force parameter fM.
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Fig. 38 Relation between displacement of main-magnetic limiter coil

(MB) feeder and electromagnetic force parameter fM'
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coil (MC) feeder and electromagnetic force parameter fM'
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' T S e {(bv ucility network)
D1RONQE ) e o L .
TunTUoD tc verifv integrity of tokamax macnine & power supplies

i
'

o~ L

CONTZNTS

e (1) pressure, Ilow rate & temperature
|
L

(a)

confirmation of power

supplies conditions

~
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g

| A R i - o e
i § + listed in "TEST ITEMS"
” | (6)’
{b) i :
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NO F-2 TEST TF coils continuous excitation IT
' TITLE (by M-G)
Y
PURPOSE to verify integrity of tokamak machine & power supplies
during TF coils continuecus excitation by M-G
TEST ITEMS (1) ceoil current & voltage
(2) coil coolant outlet temperature
{3) stress & deflection of mechanical supports
pPp
(4) DC feeder circumferential temperature
(5) signals of electromagnetic sensors
{(6) magnetic field
TEST CONTENTS
PROCEDURE
’T (b)
(a) (1) pressure, flow rate & temperature
confirmation of power of TF coils coolant
supplies conditions ()
(1)
(b) ¢ listed in "TEST ITEMS"
6
confirmation of coclant (6
conditions (7) visual confirmation of machine
integrity
(c) I
TF coils continuous
excitation
(~5, 10& 25 7% rated)
COMMENTS (1) vacuum vessel at R.T. & in vacuum
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NG £_3 TEST TF coils pulsed excitatiecn 1
' N TITLE (by utility network)
PURPCSE to verify integrity of tokamak machine & power supplies

during TF coils pulsed excitation by utility network

TEST ITEMS (1) coil current & veltage

(2) coil coolant outlet temperature

(3) stress & deflection of mechanical supports
(4) DC feeder circumferential temperature

(3) signals of electromagnetic sSensors

(6) magnetic field

(7) equivalent excitation period

TEST CONTENTS
PRCCEDURE

(a) FE (b)

[ confirmation of power
supplies conditions (1) pressure, flow rate & temperature

{(b) - i | of TF coils coolant
confirmation of coelant

conditions (c) ~ (£)

(e) |

TF coils pulsed excitation (1)1
(network 1 bank) § | listed in "TEST ITEMS"

(7

(8) visual confirmation of machine

3
(d’E TF coils pulsed excitation

|  (network 2 bank)

{ integrity

(e) TF coils pulsed excitation
(network 3 bank)

(f)l TF coils pulsed excitation
{network 4 bank)

COMMENTS (1) vacuum vessel at R.T. & in wvacuum

(2) excitation pattern shown in Fig. 1
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NO. F-4

TEST
TITLE

TF coils pulsed excitation Il
(by M-G)

PURPOSE

to verify integrity of tokamak machine & power supplies

during TF coils pulsed excitation by M-C

TEST ITEMS

(1)
(2)
(3)
(4)
(5)
(63
(7)

coil current & voltage

coil coolant outlet temperature

stress & deflection of mechanical supports
DC feeder circumferential temperature
signals of electromagnetic sensors
magnetic field

egquivalent excitation period

TEST
PROCEDURE

(a)

T

supplies conditions

confirmation cf power

(k)

confirmation of coolant

conditions

1

(c)

(6 steps
to 54 %

pulsed excitation

from L4
rated

‘)

3

CONTENTS

(b)
{1) pressure, flow rate & temperature

of TF coils coolant

(c)

(1)
§ } listed in "TEST ITEMS"
(7)

(8) visual confirmation of machine

integrity

COMMENTS

(1) vacuum vessel at R.T. & in vacuum

(2) excitation pattefn shown in Fig. 2
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NO F_S TEST' TF coils pulsed excitation II1
! TITLE (by utility network & M- G)
PURPOSE to verify integrity of tokamak machine & power supplies
during TF coils pulsed excitation by utility network
and M-G
TEST ITEMS (1) coil current & voltage
(2) coil coolant outlet temperature
(3) stress & deflection of mechanical supports
(4) DC feeder circumferential temperature
(5) signals of electromagnetic sensors
(6) magnetic field
(7) equivalent excitation period
TEST CONTENTS
PROCEDURE
(f
(a) : . = m
confirmation of power (b)
supplies conditions
T (1) pressure, flow rate & temperature
(&) confirmation of coclant of TF coils coplant
conditions
© } ()~ ()
pulsed excitation 1
(network 1 bank & M-G (,) listed in ™ "
30 % rated) 1 isted in "TEST ITEMS
i (7)
(d) pulsed excitation (8) visual confirmation of machine
{network 2 banks & M-G . .
60 % rated) integrity
(e) .
pulsed excitation
(network 3 banks & M-G
66 ~78 % rated)
)
(£) pulsed excitation
{network 4 banks & M-G
80 ~ 100 % rated)
%)
COMMENTS (1) vacuum vessel at R.T. & in vacuum

(2) excitation pattern shown in Fig. 3
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NO F-§ TEST PF (F) coils pulsed excitation I
' TITLE (low current pulse discharge cleaning)
PURPOSE to verify integrity of tokamak machine & power supplies

during PF (F} co

ils pulsed excitation

TEST

ITEMS (1) coil current &

(2) coil coclant o
(3) temperature ri
{(4) one-turn curre
(5) stress & defle
(6) induced curren
(7) signals of ele
(8) magnetic field

voltage

utlet temperature

se of vacuum vessel bellows

nt & voltage of vacuum vessel
ction of vacuum vessel supports
t & voltage of T,V,H,Q & M coils
ctromagnetic sensors

TEST

PROCEDURE

»

|

(2

confirmation cf power

supplies conditions

(b)

h

confirmaticon of F coils

coolant conditions

CONTENTS

(b)
(1) pressure, flow rate & temperature

of F coils coolant

(¢)
(1) confirm no coolant in vacuum

vessel cooling channel

(d)
(1

(c)

confirmation of wvacuum

vessel coolant conditions

§ } listed in "TEST ITEMS"
(8)

(9) visual confirmation of machine

(d)
L?ulsed excitation l

:

integrity

COMMENTS (1) vacuum vessel

{2) excitation pat

at R.T. & in vacuum

tern shown in Fig. 4
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NC.

F-7

TEST PF (F) codils pulsed excitation II
TITLE (short pulse discharge cleaning)

PURPOSE

to verify integrity of tokamak machine & power supplies

during PF (F) coils pulsed excitation

TEST ITEMS

(1) coil current & voltage

(2) coil coolant outlet temperature

(3) temperature rise of vacuum vessel bellows

(4) one-turn current & voltage of wvacuum vessel

(5) stress & deflection of vacuum vessel & coil supports
(6) induced current & voltage of T, V, i, Q &M coils
(7) signals of electromagnetic sensors

(8) magnetic field

(9) vacuum vessel temperature distribution

TEST CONTENTS
PROCEDURE
(a) ? (b)
confirmation of power
supplies conditions {1) pressure, flow rate & temperature
of ¥ coils coolant
confirmation of F coils
coolant conditions (1) confirm no coeclant in vacuum
vessel cooling channel
() (c)
confirmation of vacuum i
. (1
vessel coclant conditions ( } listed in "TEST ITEMS"
. (9)
(d) sulsed excitation (10) visual confirmation of machine
(6 steps from 3 % to) lntegrity
30 % rated
g)
COMMENTS (1) vacuum vessel at R.T. & in vacuum

(2) excitation pattern shown in Fig. 5
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JAERI-M 85-136

No. | F-8

TEST

TITLE PF (V) coils excitation

PURPOSE

to verify integrity of tokamak machine & power supplies

during PF (V) coils excitation

TEST ITEMS | (1) coil current & voltage
(2} coil coclant cutlet temperature
(3) stress & deflection of coil & vacuum vessel mechanical
supports
{4) magnetic field.
{5) induced current & voltage of T, F, H, Q & M coils
{6) signals of clectromagnetic sensors
TEST CONTENTS
PROCEDURE
(@) f (5)
confirmation of power
supplies conditions (1) pressure, flow rate & temperature
of V coils coolant
(b} -
confirmation of V codils (c)~ (d)
coolant conditions (1)
§ }'listed in "TEST ITEMS"
(c) (6)

V coils excitation
(7 steps from 10 % to
70 % rated) integrity

{7) visual confirmation of machine

(d)

V coils excitation
(6 steps from 70 7 to
100 % rated)

!

(W

COMMENTS

(1) vacuum vessel at R.T. & in vacuum

(2) excitation pattern shown in Fig. 6
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JAERI-M 85-136

- TEST PF (B) coils excitation
Voo | F-9 ] TTTE
PURPOSE to verify integrity of fokamakkmachine & power supplies

during PF (H) ceils excitatlon

TEST ITEMS | (1) coil current & voltage

{2) coil coolant ocutlet temperature

(3) stress & deflection of coil & vacuum vessel mechanical
supports

{(4) magnetic field

(5) induced current & voltage of T, F, V, Q & M coils

(6) signals of electromagnetic sensors

TEST CONTENTS
PROCEDURE
i>
(a) (b)
confirmation of power (1) pressure, flow rate & temperature
supplies conditions of H coils coolant
(b) (c)
confirmatien of H coils (1)1
. § listed in "TEST ITEMS"
coolant conditions (6)j
(7) wvisual confirmation of machine
(c) . o
H coils ewxcitation integrity
(10 seps from 10 % to
100 % rated)
COMMENTS {1) vacuum vessel at R.T. & in vacuum

(2) excitation pattern shown in Fig. 7
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JAERI-M B5-136

NO .

TEST
F-10 ) "FITLE

PF (Q) coils excitation

PURPOSE

to verify integrity of tokamak machine & power supplies

during PF (Q) coils excitation

TEST ITEMS | (1) coil current & voltage

(2) coil coolant outlet temperature

(3) stress & deflection of coil & wvacuum vessel mechanical

supports

(4) magnetic field
(5) induced current & voltage of T, F, V, H & M coils
(6) signals of electromagnetic sSensors

TEST CONTENTS
PROCEDURE '
{(a) i) (b)
confirmation of power (1) pressure, flow rate & temperature
supplies conditions
of Q coils coolant
(®) R . (0) ~ (@
confirmation of Q coils
coolant conditions (1)
§ }listed in "TEST ITEMS"
(6)
(e . . . :
Q coils excitation (7) visual confirmation of machine
(8 steps from 10 % to integrity
80 % rated)
(d)
Q coils excitation
(4 steps from 80 % to
100 T rated)
- é)
COMMENTS (1) vacuum vessel at R.T. & in vacuum

{(2) excitatiom pattefn shown in Fig. 8
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JAERI-M 85-136

No, F-11 .TE%%i_E PF (M) coils excitation T
PURPOSE to verify integrity of tokamak machine & power supplies

during PF (M) coils excitation

TEST ITEMS (1) coil current & voltage

(2) coil coolant outlet temperature

(3) stress & deflection of coil & vacuum vessel mechanical
suppoerts

(4) magnetic field |

(5) induced current & voltage of T, F, V, H & Q coils

(6) signals of electromagnetic sensors

TEST CONTENTS
PROCEDURE

-
)
(a)

(1) pressure, flow rate & temperature

confirmation of power

. I of M coils coolant
supplies conditions

(c)
(b) ¢ (1
confirmation of M coils § }'listed in "TEST ITEMS"
coolant conditions (6
(7) visual confirmation of machine
l integrity

(e)

M coils excitation

(10 steps from 10 % to
100 % rated)

S

COMMENTS (1) vacuum vessel ath.T. & in vacuum

(2) excitation pattern shown in Fig. 9
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JAERI-M 85-136

No, | F-12 ‘T%%¥LE PF (M) coils excitation II
PURPOSE to verify integrity of tokamak machine & power supplies

during FPF (MT) coils excitation

% M. denotes main magnetic limiter coil.

1

TEST ITEMS (1) coil current & voltage

(2) coil coolant outlet temperature

(3) stress & deflection of coil & vacuum vessel mechanical
supports

(4) magnetic field

(5) induced current & voltage of T, F, V, B & Q coils

(6) signals of electromagnetic sensors

TEST CONTENTS
PROCEDURE

i
(a)

confirmation of power

(b)

supplies conditicns (1) pressure, flow rate & temperature
of Ml coils coolant
(b)
confirmation of My coils (c)
coolant conditions (1)
§ } listed in "TEST ITEMS"
(6)
(c) ) . . .
M. coils excitation (7) visual confirmation of machine
(7 steps from 10 % to integrity
70 % rated)
(d)
M, coils excitation
(6 steps from 70 % to
100 % rated)

:

COMMENTS (1) vacuum vessel at‘R.T. & in vacuum

(2) excitation pattern shown in Fig. 9




JAERI-M 85-136

NO .

TEST

F-13 | TI7LE

Simultaneous excitation of TF & PF
(F, V, H, Q & M) coils

PURPOSE

to verify integrity of tokamak machine & power supplies

during simultaneous excitation of TF & PF (F, V, H, Q & M)

coils

TEST ITEMS | (1)

coil current & voltage
{2) coil coeclant cutlet temperature

(3) stress & deflection of coil mechanical supports
(4) stress & deflection of vacuum vessel supports
(5) magnetic field

(6) one-turn current & voltage of vacuum vessel

(7) DC feeder circumferential temperature

(8) vacuum vessel coolant outlet temperature

(9) vacuum vessel temperature distribution

TEST
PRO

CEDURE (f

(a)

confirmation of power

supplies conditions
¥

(b)

confirmation of TF & PF
coils & vacuum vessel

coolants

¥

(c)

continuous excitation
(TF 25 7 rated)
v

(d)

10 % rated
¥
continucous excitation
(TF 25 % rated)
V,H

(e)

10 % rated
¥
continuous excitation
25 7 rated)

(TF
V,H,Q 10 % rated
%

(£)

continuous excitation
25 % rated)

(TF
v,H,Q,M 10 % rated
o

CONTENTS

(b)

(1) pressure, flow rate & temperature
of TF & PF coils & vacuum

vessel coolant

(c)~(g)

(1)
§ } listed in "TEST ITEMS"

(9)
(10) visual confirmation of machine

integrity

(g)

continuous excitation
(TF 25 % rated)
v,H,Q,M 10 % rated

& F coils pulsed excitation

COMMENTS

(1) vacuum vessel at R.T. & in vacuum
(2) excitation period of 0.5~1.0 hr for (c)~ (g)

(3) F coils excitation pattern shown in Fig. 4




JAERI-M 85-136

NO F_14 TEST PF (F) coils pulsed excitation TI
' - TITLE (VCB one-stage break)
PURPOSE to verify integrity of tokamak machine & power supplies
PP

during PF (F) coils pulsed excitation (VCB cmne-stage

break)

TEST ITEMS | (1) coil current & voltage

{(2) coil coolant outlet temperature

(3) temperature distribution of vacuum

(4) ome-turn current & voltage of vacuum vessel

(5) stress & deflection of vacuum vessel & coil suppoerts
{6) induced current & voltage of T, V, H, Q & M coils
(7) signals of electromagnetic sensors

(8) magnetic field

TEST CONTENTS
PROCEDURE
(a) i>
confirmation of power
supplies conditions
{b)
(b) (1) pressure, flow rate & temperature
confirmation of F coils .
of F coils & vacuum vessel
and wvacuum vessel)
(coolant coclants
c)~(d
© (e) ~(d)
excitation (1)1
( 6 steps from 20 % to) § listed in "TEST ITEMS"
70 % rated (8) -
(9) visual confirmation of machine
(D) , . integrity
exciltation
(6 steps from 70 % to)
100 % rated
COMMENTS {1) vacuum vessel at R.T. & in vacuum

(2) excitation pattern shown in Fig. 10
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JAERI-M 85-136

NO . F-15 TEST Simultaneous excitation of TF & PF
TITLE (F) coils
PURPOSE to verify inteprity of tckamak machine & power supplies

during simultaneous excitation of TF & PF (F) coils

TEST ITEMS | (1) coil current & voltage

(?) coil coolant outlet temperature

{(3) stress & deflection of coil mechanical supports
(4) stress & deflection of vacuum vessel supports
(5) magnetic field

(6) one-turn current & voltage of vacuum vessal

(7) signals of electromagnetic Sensors

(8) induced current & voltage of V, H, Q & M coils

TEST CONTENTS
PROCEDURE
¥
(a) confirmation of power
supplies conditions
(b) . (b)
confirmation of TF & PF (1) pressure, flow rate & temperature
(F) coils coolants _
of TF & F coils coolants
(e) excitation
(TF 26 % rated ) (er~(£)
F 10~50 7 rated (1)
(@) ¥ § }listed in "TEST ITEMS"
excitation (8)
(TF 50 % rated ) ) . . )
F . 30~70 % rated (9) visual confirmation of machine
(e) - integrity
excitation
(TF 76 ¥ rated )
¥ 50~100 % rated
¥
(£) excitation
(TF 100 ¥ rated )
F 75~100 % rated
COMMENTS (1) vacuum vessel at R.T. & in vacuum

(2) excitation pattern shown in Fig. 11
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JAERI-M B85-136

NO

TEST
1 P16 1 TITLE

Simultaneous excitation of TF & PF

(F & V) coils

PURPOSE

to verify integrity of tokamak machine & power supplies

during simultaneous excitation of TF & PF (F & V) coils

TEST ITEMS (1) coil current & voltage

(2} coil coolant cutlet temperature

(3) stress & deflection of coil mechanical supports
(4) stress & deflection of vacuum vessel supports

(5) magnetic field

(6) one-turn current & voltage of vacuum vessel
(7) signals of electromagnetic sensors

TEST
PROCEDURE
(a) confirmation of power
supplies conditions
(&) [ confirmation of TF & PF |
(F&V) coils ccolants
(e excitation
" TF 50 % rated
( Fa* 50 % rated ]
Vv 10~100 % rated
|
(d) excitation ]
TF 76 7% rated
( Fa 75 % rated
v 50~75 % rated
(e) - - :
excltation
TF 100 % rated
{ FB _ 100 % rated
v 75~100 % rated
L

L/

% Suffixes A & B correspond to

excitation patterns in Fig

.12

CONTENTS

(b)

(1) pressure, flow rate & temperature

of TF, F & V coils coolant

(c)~(e)
(1)
{ t listed in "TEST ITEMS"
(73

(8) visual confirmation of machine

integrity

COMMENTS

(1) vacuum vessel at R.T. & in vacuum

(2) excitation pattern shown in Fig. 12
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JAERI-M 85-136

NO F-17 TEST Simul taneous excitation of TF & PF
" TITLE (F, V & H) coils
PURPOSE to verify integrity_of tokamak machine & power supplies
during simultaneous excitation of TF & PF (F, V & H) coils
TEST ITEMS (1) coil current & voltage
(2) coil coolant outlet temperature
(3) stress & deflection of coil mechanical supports
(4) stress & deflection cof vacuum vessel supports
(5) magnetic field .
(6) oune-turn current & voltage of vacuum vessel
(7) signals of electromagnetic sensors
TEST CONTENTS
PROCEDURE
™
(a) _ I
confirmation of power
supplies conditions
£ (b)
b p -
(b) confirmation of TF & PF (1) pressure, flow rate & temperature
(F,V&H) coil coolants .
l of TF, F, V & H coils coolants
. ¥ —
(e) excitation
" TF 76 % rated () ~(e)
( Fa,V 75 % rated ] (1)
H(+) 10~100 % rated ¢ ¢ listed in "TEST ITEMS"
(7)
(d) excitation 8 . 1 . . ¢ bi
( TF,FB,V 100 % rated) (8) visual confirmation of machine
H(+) ?SWIOO Z " integrity
)
(e) excitation
<TF,FB,V 100 % rated)
H{-) 75~100 %2 "
Y
S
COMMENTS (1) vacuum vessel at R.T. & in vacuum

(2) excitation pattern shown in Fig. 13
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JAERI-M B85-136

NO . i:—lg -TEST Simultaneous excitation of TF & PF
TITLE (F, V, H & Q) coils
PURPOSE to verify integrity of tokamak machine & power supplies
during simuiltaneous excitation of TF & PF (F, Vv, B & Q)
coils
TEST ITEMS | (1) coil current & voltage
(2) coil coolant outiet temperature
(3) stress & deflection of coil mechanical supports
(4) stress & deflection of vacuum vessel supports
(5) magnetic field
(6) one-turn current & voltage of vacuum vessel
{(7) signals of electromagnetic sensors
TEST CONTENTS
PROCEDURE
(a) confirmation of power
supplies conditions (b)
(b) confirmation of TF & PF (1) pressure, flow rate & temperature
(F,V,H&Q) coils coolant of TF, F, V, H & Q coils coolants
(c) - :
excitation (c)~ (£)
TF 76 % rated
(FA,V,H 75 % rated (J (L)
Qa 10~100% rate § listed in "TEST ITEMS"
(d) excitation ) . . .
(TF,FB,V,H L00% rated) (8) visual confirmation of machine
Qs 75~100% " integrity
(e) excitation
(TF 5 7 rated)
Fc,v,H,QA 100 2 "
C
v
(f) excitation
(TF,FB,V,H 100 % rated)
Qp 70~100% "
O
COMMENTS (1) vacuum vessel at R.T. & in vacuum

(2) excitation pattern shown in Fig. 14
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JAERI-M B85-136

N TEST Simultanecus excitation of TF & PF
0.1 F-19 TITLE (F, V, H, Q & M) coils
PURPQOSE to verify integrity of tokamak machine & power supplies
during simultaneous excitation of TF & FF (F, V, H, Q & M)
coils
TEST ITEMS | (1) coil current & voltage
(2) coil coolant outlet temperature
(3) stress & deflection of coil mechanical supports
(4) stress & deflection of vacuum vessel supports
(5) magnetic field
(6) one-turn current & voltage of vacuum vessel
(7) signals of electromagnetic sensors
TEST CONTENTS
PROCEDURE
T
(a) confirmation of power
supplies conditions
(b) — (b)
confirmation of TF & PF (1) pressure, flow rate & temperature
(F,V,H,Q0&M) coils coolant ' ‘
of TF, F, V, H, Q@ & M ceils
(e) excitation coolant
(TF 76 % rated (Cil)
Fa,V,H,Qa 75 % " ) . , "
MA 10"‘100% t § listed in ”TEST ITEMS
1 (7)
(d) excitation (8) visual confirmation of machine

Mp

(TF,FB,H,Q 100% rated)
A"

787 " integrity

75~100% "

.

(e) excitation
(iF’FB{H’QA 100 % rated)

Mp

78 % "
70~1007 "

|

&

COMMENTS

(1) vacuum vessel at R.T. & in vacuum

(2) excitation pattern shown in Fig. 15
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JAERI-M 85-1386

NO.

TEST
F=20 1 "T1TLe

Fast movable limiter driving test 1

PURPOSE

to verify driving characteristics of fast movable limiter

under the influence of magnetic field at room temperature

operation mode

TEST ITEMS (1) driving characteristics of fast movable limiter
(2) vacuum properties of vacuum vessel
(3) vibration charaqteristics of vacuum vessel & mechanical
support structures
TEST CONTENTS
PROCEDURE
Qf
(a)
confirmation of power
supplies conditlons
(b)
(b) confirmation of coil (1) pressure, flow rate & temperature
coolant of coil coolant
(c) : A -
confirmation of oil pressure (c)~{(f)
system conditions
1 (L)
(d) driving of fast movable § } listed in "TEST ITEMS
limiter under (3
TF,F,V,H & Q 50% rated
(e) driving of fast movable
limiter under
TF,F,V,H & Q 75% rated
(£ driving of fast movable
limiter under
TF,F,V,H & Q 100% rated
O
COMMENTS (1) vacuum vessel in vacuum & at R.T.

(2) coil excitation péttern shown in Fig. 14




JAERI-M 85-136

NG, F-21 T%%%ﬁ_E High temperature operation test 1
PURPOSE to confirm integrity of tokamak machine & power supplies

during TF & PF (F) coils excitation at high temperature

operation mede

TEST ITEMS | (1) stress & deflection of vacuum vessel supports

{2) temperature distribution of vacuum vessel
(3) vacuum vessel coolant outlet temperature
(4) coils coolants outlet temperature
(5) signals of electromagnetic sensors

(6) magnetic field

TEST CONTENTS
PROCEDURE
(a) Q‘[/
confirmation of power
supplies conditions
- (b)
(b) (1) pressure, flow rate & temperature
confirmation of TF & PF .
(F) coils coolants of TF & PF (F) coils coolants
(c)
(c) :
confirmation of vacuum (1) Ny gas inlet & outlet pressures
vessel coolants (2) inlet flow rates of vacuum vessel
& magnetic limiter cooling systems
(d)
coil excitation (3) outlet temperature of N, gas
(TF 25% rated continuous) ()
F Fig. 4
- (1)
é} § listed in "TEST ITEMS"
(6)
COMMENTS (1) vacuum vessel at high temperature & in vacuum

(2) F coil excitation pattern shown in Fig. 4




JAERI-M 85-136

NG, F-27 T%%%&.E' High temperature operation test TI
PURPOSE to confirm integrity of tokamak machine & power sﬁpplies

during TF & PF (F,V,H & Q) coils excitation at high

temperature operation mode

TEST ITEMS | (1) stress & deflection of vacuum vessel supports

(2) temperature distributicn of vacuum vessel

(3) vacuum vessel cooclant outlet temperature
(4) coils coolants outlet temperature
(5) signals of electromagnetic Senscrs
(6) magnetic field

TEST CONTENTS
PROCEDURE ;E
(2) " confirmation of power
supplies conditions
1
®) confirmation of TF & PF (b%l) ressure, flow rate & temperature
(F,V,B&Q) coils coclants P ’ P
Y A g
(c) confirmation of vacuum of TF & PF (F, ¥V, H & Q) coils
vessel coolants coolants
(d) - —
coil excitatiom (c)
TF 26 % rated ) : .
<F,V,H,Q 10~50 % rated (1) N, gas inlet & outlet pressures
(e) . —— (2) inlet flow rates of vacuum vessel
coll excitation
(TF 50 % rated ) & magnetic limiter cocling systems
(£) F,V,H,0Q 3%~70 % rated, (3) outlet temperature of N gas
coil excitation (d) ~ (g)
(TF 76 % rated ) g
F,v,H,Q0 70~100 % rated (1)
{g) - —t § }listed in "TEST ITEMS"
coll excitation (6)
(TF,7,V,H,Q 100 % rated)
U
COMMENTS (1) vacuum vessel at high temperature & Iin vacuum

(2) coil excitation pattern shown in Fig. 14




JAERI-M 85-136

NO, F-23 .T%%%i“E High temperature operation test III
PURPOSE to confirm integrity of tokamak machine & power supplies

during TF & PF (F, V, H, Q & M) coils excitation at high

temperature operation mode

TEST ITEMS (1) stress & deflection of vacuum vessel supports

(2) temperature distribution of vacuum vessel
(3) vacuum vessel coeclant cutlet temperature
(4) coils coclants outlet temperature
{5) signals of electromagnetic sensors

(6) magnetic field

TEST CONTENTS
PROCEDURE ?
(a) confirmation of power
supplies conditions
(b) confirmation of TF & PF (b)
(F,V,H,Q & M) coils coolant (1) pressure, flow rate & temperature
(c) confirmation of vacuum of TF & PF (F, V, H, Q & M) coils
vessel coolants coolants
1
(d) coil excitation (e
(TF,F,V,H,Q 30 % rateé) (1) N, gas inlet & outlet pressures
M fO‘?O % {2} inlet flow rates of vacuum vessel
(e) - - - . . ,
coil excitation & magnetic limiter cooling svstems
TF 76 % rated
(F,V,H,Q 75 ¥ i ) {3} outlet temperature cof N, gas
M 50~100% " (dy ~ (f)
() — o b (1)
coil excitation 14 .
S " "
TF,F,H,Q 100 % rated (Z)J listed in "TEST ITEMS
( v 78 % " )
M 100 % "
1
COMMENTS (1) vacuum vessel at high temperature & in vacuum

(3) coil excitation pattern shown in Fig. 15




JAERI-M 85-136

No., | F-24 T%?%%_E Fast movable limiter driving test II
PURPOSE ' to verify driving characteristics of fast movable limiter

under the influence of magnetic field at high temperature

operation mode

TEST FTEMS (1) driving characteristics of fast movable limiter

(2) vacuum properties of vacuum vessel

(3) vibration characteristics of vacuum vessel & mechanical

support structures

TEST
PROCEDURE

(a) Cf

confirmation of power
supplies conditions

(b)

confirmation of coils &
vacuum vessel coolants

CONTENTS

{c} = L

confirmation of oil
pressure system conditions

[
v
driving of fast movable
limiter under
TF,F,V,H & Q 50 % rated |
L
driving of fast movable
limiter under
TF,F,V,H & Q 75 % rated
i
(£) driving of fast movable
limiter under
TF,F,V,H & Q 100 % rated

(d)

(e)

i
.

(b)

(1) pressure, flow rate & temperature
of coils & vacuum vessel
coolants

{c)

(1) pressure & temperature of oil
pressure system of fast movable
limiter

(d) ~(£)

(1)
§ ¢ listed in "TEST ITEMS"
(3)

COMMENTS (1) vacuum vessel in vacuum & at high temperature

(2) coil excitation pattern shown in Fig. 14




JAERI-M 85-136

No, | F-25 TEST Surface conditioning monitor driving test [
TITLE
PURPOSE to verify driving characteristics of surface conditioning
monitor under the influence of magnetic field at room
temperature operation mode
TEST ITEMS (1) driving characteristics of fast movable limiter
(2) vacuum properties of vacuum vessel
TEST CONTENTS
PROCEDURE |
i
(a)

confirmation of power
supplies conditions

|

(b) (confirmation of coils }

coolants

(c)

confirmation of vacuum
pumping systems of surface
conditioning monitor

(e)

!

ldriving of surface

conditioning menitor under
TF, F & V 50 % rated

(£)

l

driving of surface
conditioning monitor under
T, F &V 75 % rated

l

(g)

driving eof surface
conditioning moniter under
TF & F 100 % rated

5

(b)

(1) pressure, flow rate & temperature

of coils coolants
(c)

(1) operation of vacuum pumping
system of surface conditioning
monitor

(d) ~(£)

(1)
§ listed in "TEST ITEMS"
(2)

CoM

MENTS

(1) vacuum vessel in vacuum & at R.T.

(2) coil excitation pattern shown in Fig. 12




JAERI-M 85-136

NO, F-26 TEST Surface conditioning moniteor driving test II
R I TITLE
PURPCSE to verify driving characteristics of surface conditioning
monitor under the influence of magnetic field at high
temperature operation mode
TEST TTEMS (1) driving characteristics fast movable limiter
(2) vacuum properties of vacuum vessel
TEST CONTENTS
PROCEDURE
(a) confirmation of power
supplies fonditions (b)
¥
(b) confirmation of coils & (1) pressure, flow rate & temperature
vacuum vessel coolants .
[ of coils & vacuum vessel
v
(e) confirmation of wvacuum coolants
pumping systems of surface
conditioning monitor (c)
{d) iriving of.iurface (1) operation of vacuum pumping
conditicning monitor under system of surface conditioning
TF, F & VL 50 % rated monitor
(e} —
driving of surface 4
I ) (d)~ (£}
conditioning monitor under
TF, F & V 75 % rated (1)
(£) 1 ! }listed in "TEST ITEMS"
[ driving of surface i (2)
conditioning menitor under
TF, F & Vv 100 % rated ]
CCMMENTS (1) vacuum vessel in vacuum & at R.T.

{2) coil excitation péttern shown in Fig. l&
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Fig. A-16 Model for stress analysis of toroidal field coil considering

gap between conductor and casing.
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