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CONSTRUCTION OF THE JFT-2M TORAMAX (8)
DESIGN, FABRICATION AND TESTING OF NOISE PREVEMTION AND
GROUNDING SYSTEM

L. Oyabu z2nd 8§, Hayashi
Mitsubishi Electric Corporation
1-1-2, Wadasaki~cho, Hyogo-ku, Kobe-city, Japan

Summary

The JAERI JFT-2M TOKAMAK experimental deviee produces
high-[requency noise from heating devices such as ICRH/NBI and
generzts induction noise {rom the torcidal fieldfpoloidal field (TF/
PF) coil power supply and plasma. The coil power supply, control
and instrumentation of the JFT-ZM conrain 2 number of low-voltags
electronie circnits which are exposed to & high-noise envirenment,
Accordingiy, to prevent the possible erroneous ﬁpemtinn of eich
unit resulting frem noise, 2 preliminary test was conducted for the
shielding system, wiring system, filter effects and grounding system.
Design and manufacture of the device were n:_nmplate.:l baécd on the
results of this test and then, veripus tésts using the device were cun;
ducted in cooperation with JAERL

1, ‘|ntroduction

The JFT-2M containg noise=usceptible low-voltage electronic
circuits and detectors, for which the measures described in the
following sections of this paper have been completed,,

(1) Analog computer for plasma feedback control

{2) Digital computer for sefting pre-program of PF coil current
paitern

{3) Gate control circuit of thyristor rectifier for coil current control

{4) Detecting pert for instrumentation signals and magnetic probes,
ete. and gate integration circwit.

{5} Sequences for controlling the entire system

(6) Coil currant detecting unit and conirel circuit

(T} Other instrumentation units

2. Preliminary Test on JFT-2 3.7

Prior to design end manufacturs, to clarify the noise level in the
JFT-2, the following preliminary fest was conducted during the
poried from December 1981 to January 1982 at the conditions of
125 KA in plasma current, 0.8 MW in ICRH output and 1 MW in
MEI cutput: . .

Using the current detecting unit and analog computer of the
JET-ZM the effects of the chielding case, shielding tube, cable electric
wire, wiring system, line filter and grounding sy_ﬂr:m were megsured
with an oscilloscope In the noite environment of JFT-2. The measure-

ment system 15 shown in Fig. 1.
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Fig.-1 Constituton of Noise Test Data Measurement

2.1 Mopige seresning for measurment

Since the environmental noise lavel is very high in the neighbour-
hood of nuclear fusion tests the u.sr:illﬂs:::lnb'e {Sony's Tectra Storage
Oscilloscope 486) must be screaned against noise. If the c-sc:i!iuscu-pg
is used without screening, a noise waveform i superimposed on the
cathode-ray tube image due fo power source noise and propagation
noise. end therefore, the following measures were taken:

{1} The power source of the oscilloscope was isolated from the line
power source with an insulating transformer.

{2) The wiring of probes was entirely shielded with aluminum foil,
and the aluminum foil was connected o the common point of
thel oscillescops,

{3) Clips and measerement terminals were shielded with aluminum
imil.

The datails are shown in Fig. 2.
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Fig. 2 Shielding of Probe’s Clip

After taking rnlﬂasurcs (1) through {3) the m_:-ise voltage became
0 mV. However, the noise voltage became 50 mY following imple-

mentation of measures (1) and (2) and 5 mV following (1} and (3).
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2.2 Shielding casz and line flter

To check the effects of the sh.:idmg czse and line flter, com~ -

parison tests wsing the copper and steel shielding cases were conducted
using e curmant detecting umit and anslog ccmputér 25 the subject.
The external apperance of the shielding case used for the test is shown
in Fig. 3. Table I shows the ease test results when the current detect-
ing unit is the objeet and Table 2 far the znalog meuh.rl In =ither
case, the comparson was made on the assumption that 111:.. naise
ratio s “1" in the case of Ne. 1 in Tebles | znd 2.

Both the copper and stesl shi 1'.11:[111.5,r na.sl::s WS uﬂ;':l:mra
Therefore, in consideration of future increases in the. pn::".-.rur lv.wel af
naoise sources, of the JFT-2M and the high cost of cl::-p_n-t:]'. the

aluminwm shislding case was adepted.”

impedance of 10-chm on the signaldransmitting side and $0-0hm on
ihe signal-receiving sids, and the cable was 12 meters to measure the
noise level superimpesed cn the cable, The results are shown in

Table 3,

Table 3 Tvpes and Effeats of Cable

-

o, Shielding Case of Cabls Moize Ratio
i. Two-sors twisted cable (G00V heat-resistant 1
vinyl cable; 0.9 mm2 (35/0.18))
2| Coaxial cable (RG-58 AJU) | o3
3. Two-cors shislded cable (EKIV-3T2-D) 0,07

2.4 Connection of shislding

~To check differences :|.1'|. cannection metheds o tﬁ: s?::'eld":ns
copper tube and signal commen point, the compsrative test was
conducted for differsat connsction methods using twe-core 5hje1d¢|:;
wirs as the subject. Each l:cnntctiu'l method and the respective
n-;l isp ratio are shown in Fig. 4, A twelve-meter long cable was used

in each casé. A Ten-ghm resistor on the dat::-u:lr side and a Gfty-ohm

. rasistor on the signal-reception side wers sl‘unldcd with aluminum foil.
Fig. 3 Appearance of Shitiding Caze Mo — :ﬁ
' TLoHEN
o, . : i SO 4 (T Aot |
Table 1 Effects of the shielding case when using the i ;{,‘_“ ’/-' L i se—tlP  TH COUNTE i
) current deteoting unit as the subjects - {}:ﬂ ; e ;',%, réul.
. Nl = e g
. . Lins Filwer
Ne. Specification of - | 74599011 | Noise Ratio ... TSI L e
Shielding Cace 72 [~ s i
DR £ ven Qzézg'.::::::.:::::.::::;_@gs
1. None. Wons 1. R Y T N T
2. | Made from 1.2 mmthick | Provided Q i e
LA o L a4
|_steel sheat 3 “ 0m H"'“"“'_'_'_'_““".fﬁ@‘: LLOFTEY
3. | Madefrom 1.2 mm thick | Provided 0 e el
copper theet ' | .
] = . '- e 4‘ 19‘-- “--"' "‘ rE'Ii I.'.""l- I]ll
4, | Made from 1.6 thick Frovided 0.1 : Bﬂ..q. .................. -
perforated steel sheet _ - "H,H___::." - ! T -
L J— _‘,-'i.;;“' -
R T -
Table 2 Effects of the shiclding case when using the anzlog g {E . - .
computer a5 the sublect to be tested | e
. . s . ] o R A T
MNo. Specification of Shielding Case Moise Ratio ;SRR HIE
1. Mzde frem 1.2 mm thick steel sheet 1 Fig. 4 Effects of each connection me! hod on shielding the coppar
tube and signal common point
2. Made {rom 1.6 mm thick steel shest ) 0.7 "~
3. Mazde from 1.2 mm thick copper sheet _ 0.6 “In Fig. 4, No. 1 is the cass when a copper tube is not used. The

2.3 Cabling
To determine the most noise-resistant cable, 2 comparison test

'w_as conducted for twoecore fwisted wire, coaxizl cable (single core)

and two-core shiclded wire. All the tests were conducted with an

noise ratio in No. 1 was agumed to be 1 In No. 2, the czhle was
inserted into the shiclding copper fube, which is not connected to any
part to keap the petential isolated. In this case, the I.'ll::ii.ivl:.:!'ﬂ.'l!i':l-
becarme 3" indicating-that the shielding effect was worse than that
using no copper tubs. Mo, 3 is the case when the signalreception

tarminal of the copper tube s connected o the common point of the
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oscilloscope.  The shielding effect improved in this case. In No. 4,
both the detecting terminal and signal<eceiption terminal of the
copper tube were connected to the commeon paint. This resuited in
two-point grounding and a shielding effect inferior to that in No. 3.
In Ne. §, the ends of the copper tube were short-circuited directly
to simulate the multi-point gmund[ng;. This previded the best noise
ratio. Since it 5 not practical to apply We. 5, for the actusl
equipment from the standpoint of the building spoce and installation
c05t, it was decided to emploey, No, 3 for the JFT-2M.

2.5 Line filtar and wiring route

To check the shislding effect for each losation on the line
filter and wiring route, the comparative test was conducted using the
current detecior contained in the shielding for each wirdng route
between cquipment when the line filter s connected and not con-
nected. Equipment configuration and noizs raifo for each case iz

shown in Fig 5. 1.2 mm thick copper sheets were used far the shield-

ing tases.
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Fig. 5 Elfects for each Location on Line Filter and Wiring Route

In Neo. 1, both the line filter and shielding case were not used,
and the noise ratio was assumed to be “1”. In No. 2, only the line
filter was used. In Ne. 3 enly the shiclding case was used. MNo. 4 is
the ideal wiring sst-up in which both line Alter znd the shizlding case
were used, No, § thru No. 7 thow unsaﬂsfa;:mry examples of wiring.
In Ne. 5, the input cable and- the output cable of the line filter ara
parailel with each other in the shielding case. This results in noise
reception. In No. 6, the cable, having passed through the line filter,
forms 2 loop outside +the shielding cate. Thie results in noise r:l-
ception. In Moo 7, the input wire and the output wire of the lins
(ilter were parallel with each other outside the shielding case. This

results in nolse reception, From these results, it was decided to
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employ No. 4 for the JFT-2M.

2.6 Results
-Thﬂ aforementioned results ars summarized as follows; .

(1Y Two-core shielded cable provided better noifte-resistance than
two-core twisted cable and coaxizl cable (single core).

(2) Eithera copper or iron shielding case was effective,

{3) When the two-core shiclded wire I ingerted info a shielding
copper tube, If the copper tube is not connected to the commoen
point of the oscilloscope, it is liable to receive more noise than
an exposed two-core shiclded wire. Connecting the signal-
reception side of the shielding copper tube to the commoen
point is effective,

{4) Connection of & lne fiter is effective.

{5) The most effective results are achived when the subject
squipment is put into the shielding case, the line flter is in-
stalled directly onto the shielding case, the input cable of the
line f{liter is arranged outside the shizlding case and the output
cable is arranged inside the shielding case,

(6) The Input and output cables of the line filter must not be pasal-

lel with each other.

- {7y The cutput czble of the line flter must not be outside the

shielding case.

3. Design and Manufacture for Neise Prevantian

On the batis of the results of the preliminary test for the JFT-2,
this ecquipment (JFT-2M} has been provided with noise-preventing
measures for it5 shielding structure, copper shest sections, wiring
and copper tube shielding, and detzils of which are follows:

Fig. & shows the external appearance of the plasma control
panel. Fig. 7 shows the zluminu:::a shielded case of the plasma control
panel and the wiring dizgram for grounding. Fig. & shows the plasma
monitoring system, the grounding of measuring signals and the shield-
ing structure.

p———mp
Lt /

HEL

Fig. 7

Aluminum shielding case

for plasma control panel znd
schematic disgram for grounding wire

External appearance af
plasma control pansl



As shown in Fig. 8, the AC power source is input into the panel
through the insulating transformer and the line filter, and the wiring
carrying the measuring signal is fed through shielded copper tubing
in each control panel. Signals to or from other equipment are trans-
mitted or reczived through optical fiber cable to insurs complate
insulation from the other grounding and to prevent leakage of the

grounding current from the high veltage system into this gounding

SYSTE.
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Fig. 8 Grounding system for plasma monitoring and measuring
signals and shieiding structurs

The analeg computer and the digital computer shown in Fig. 7 are
housed in an aluminum shielding case, Common signal common
points are brought together in the shielding case and grounded to the
copper sheet. The copper sheet is placed under the control panel as
shown in Figs. 7 and 8 to shield high-frequency noise from [ICRH.
Fig. 9 shows how of the plasma contrel panel is mounted on the
copper shest. The bottom surface of the panel and base stand and
the base stand and copper sheet are bolted together while keeping
plane contact. To keep the potential constant between thess parts
and to prl:;."-.tnl the copper sheet [rom making an unsatisfactory
connection with other grounding poles through structures, the copper
sheet is placed on a rubber sheet on 2 concrete slab. The base stand
and the concrete slab are bolted together through insulating washers
to insure complete insulation. By taking these measures, the ground-
ing point of the plasma monitering & measuring equipment is com-

pletely isclated from other grounding systems.
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Fig. # Mounting of plasma control panel on copper sheet

To minimize the influence of noise between czbles, the cable

trays are divided as follows:

(1)} High-voltage <able tray (3.3 XV high-voltage cable, TE/FF
power supply cable, etc.)

{2} Control low-voltage cable tray (AC 100/200V, t[-tl:t:l:u:::.a.g:::rilz
valve, relay contact signel cable, ete.) -

(3) Instrumentation cable tray C(Analog signal, thermo-couple,

magnetic prabe and thynstar gate pulse signal cable, ete.)

For transmissions through the aptical fiber cable, the analog link
{FFL-I001A; Voltage level; =2V ta +2V, Band; DC-300 kxHz (-6 dB);
Non-linearity: 219, below of F.5.) i used for cofl cerrent standard
signals, plasma measuring signals and magnetic probe signals. The
digital link (OPM-T/RS510A; Band: DC-1mb/8) is used for coll current
start signals, Pre-program waveform stirt signels and other timing

signals.

4. Design and Instailation of Grounding System i 3, &

The vacuum vessel, iron core, the supports and the lower parts
of the supports are all insulated from each other, Al measuring
instruments and auxiliary systems mounted .on the vacuum vesse|
are instlated from the vacuum vessel and grounded independently.
The objective of the insulation is to keep the potential of each
equipment comstant and the prevent electric discharges batween
equipment, and to ensure the safery of personnel. The vacuum
vessel and the support are divided taﬁidﬂly into two sections. The
four divided semitori are insulated from each other and grounded
to the grounding pole of the main devies af the equipment through
the 10 m-ohm grounding resistor. This prevents toroidal loop current
and possible voltage rise due to grounding resistance. As this ground-
ing resistor is connected In parallel with the plasma, it has z suf-

ficiently large value campared with the plasma resistance,



Since the grounding pnlc.' protects every part from noise and
sirge generated from the plasme, coil magnetic field and heating

unit, it ig divided inta five grounding poles and exch item af

equipment is connected to the most s'uiL'abEr.'. g:munlding poie. -Fig. 10
is a block chart of the equipment connected to cach grounding pole
of JFT-2M. _

(1} Mazin device grounding pale: This is the grounding poie for the
main device, TEF/PF power suppiies znd other peripheral
eguipment.

(2) Ceontral signzt grounding pole: This is the grounding pole for

the electronic control device of the PE powar sij:pply and op-

eration control ecguipment. - .

{3} Plasme nmnimriﬁg & measuring signal én;unding pole: This is

the grounding pole for the E.'I'."E]:'DE a.ru:l digital computers for

plasma measuring signals and plasma control. The copper sheet
at the lower par qE‘ the control panel s connected to this
srounding pole.

(%) MBIl grounding pols

(5% ICRH grounding pole
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-Fig. 10 Equipment cannected to each grounding pole of JET-2M
and block chart of equipment

.« B, JFT-2M Moiss Test
© The JFI-IZM, after being completed in Aprl 1983, achived
ma:-:.mUm plasma currant of 300 kA, NEI output of 2 MW znd ICRH
output of 38 MHz 0.8 MW at the test by JAERI L2 In this noise
environment, the JFT-2M's plasma contrel system for the znaleg

and digital -:c-nipuw:rs, the messuring systems for the plasma measur-
ing u-nit and the gate integrator, and the thyristor control system for
ihe poleidal coil power supply have been cperating normally and the
sffectiveness of the noise-preventing measures have been proved,

The difference in potential between the main device grounding
pole and the plasma m-:_mitq-ﬁng & measuring signal grounding pole
Wis 4_ ¥pp. The grounding cument to the main devies grounding
pole was approximately 6A and that to the control signal grounding
pole and the pl.lasn_-m; manitoring & measuring signal grovnding pole
was 0.24 to 0L.0A. This shows that the difference was toa small to
adversely effect the aperation. r

The auther wouid like to acknowledge the cloze coopersticn

received from JAERI in conducting this experiment which provided

- us with uwsefu] suggestions for the desipn and manufacture of the

07

JFT-2M.
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