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Classical inductive sensors were usedmaggnetic diagnostics (MDs) in the most of
tokamak machine. The integrator was requiredriter to obtain the Wae of magnetic field
from induced voltage in the sensors. Thusrédsearch and the development of the integrator
have been carried out for the accurate measemenof the magnetic field in several tokamaks
[1-3]. Especially, for the long pulse operatiohlonger than 1000 s geired in the future
device, the development of thaagrator for the improvement @b drift characteristics has
been progressed.

An analogue integrator has been develdjpedhe field measurement by using inductive
MD sensors during a plasma discharge vaitbulse length of up to 300 s in the KSTAR
machine [4,5]. The details dhe KSTAR MDs were described in Ref. [6,7]. The value of
magnetic flux® picked up by each MD seor during a plasma disarge was estimated from
a calculation by using some parameters proptmetie KSTAR operation. The values of the
parameters were following;;B 1.0 T and J= 100 kA, and B= 0.02 T at a sensor position.
Also, both values of the vessel and tizdo current were assumed as 10 %,,cdirhd the value
of an error field related to thedked mode was assumed as 3 % 0flBie estimated values of
® are given in Table 1, together wih effective area S or a sensitivitydf each sensor. The
design requirement of the integor was determined by considering the estimated values; the
integrator has an RC time of 1ms, and tHedperational range of the integrator is*\¥/b,
and the drift is less than @b during the integration time of 60 s.

Table 1. Estimated value of the magnetix fibtained from the KSTAR MD sensors.

Sensor S d Sensor Kk ()
[m?] | [mWb] [A'uVs] | [mMWDb]
Flux loop* 1.079 22 Rowgoski call 0.10 10

Magnetic field probe(B | 0.059 1.2 Halo current monitorf 0.04 0.4
Magnetic field probe(B | 0.093 1.9 | Vessel current monitpr  0.025 0.25
Saddle loop* 0.128 2.6
Locked mode coill 0.46 0.28
Diamagnetic loop** 0.161 0.81

*: The smallest value is prested. **: The differential fwbetween an inner and outer loops
is presented.
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The integrator, which automatically compensatelrift, can be cordlled by a PC through

the RS-232 interface. Ehdrift is compensated by the ABr€gister-DAC in the integrator

(see Fig. 1), which is improved from the tedatidata in the drifneasurement by using a

previous integrator. In additiothe digital integratedata can be obtained from the integrator,

which will be used for a real-time monitoringtbe integrated signal. Details of the integrator
were described in Ref. [4, 5]. The prototyjp¢egrator was fabricatl as a modular type

contained four independentarimels and a calibration tife ADC-register-DAC component

in the integrator was carrienut in order to minimise thdrift. The clbration was done

according to the procedure as follvat first, the adjustment tfe baseline level and the gain

in the ADC part, and then the adjustmenthef offset and amplitude in the ADC-DAC part,
and finally, the offset adjustment of the integrator.
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Fig. 1. Electronic circuit diagram of ¢hanalog integratofor the KSTAR MDs.

Figure 2 shows the integrating dwff each channel in the integor. The drift is less than 1

x 10° Wb during an integration time of 100 s.el'mput of each channel was shorted to the

signal ground in the measurement to investigatdtiftecharacteristics ahe integrator itself.

Fig. 2. Integrating drift othe integrator itself.
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An input of each channel is not connected to
the magnetic sensor and is shorted to the
signal ground of the circuit (“F”in Fig. 1).
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Two different Rogowski coils were connectexdlthe integrator by using a 100 m long
paired signal line (Belden, mod@841) that will be used fahe signal line of the KSTAR
MDs. Its nominal conductor DC resistance is al®Othm for the length of 100 m. At first, the
drifts from integrator were investigatedtime case of zero input sigadrom the coils (see
Fig.3). The effective area of each coil was9B83° n? and 0.118 rh The integrating drift is

less than 8 10> Wb during the integratin time of about 104 s. Thiift was larger than 10
times that of the integrator itself.
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Fig. 3. Integrating drift othe integrator connectingith two different coils.

For the performance test of the integratahie magnetic flux measurement, a pulse current
of 200 A was applied to a caldeiring a time of up to 85 s. €htwo coils fully encircled the
current carrying cable in order to measure flax. The applied cuent was monitored by a
current sensor (Sypris, model RS - 1000 Ayure 4 shows typical fluxes measured by the
two coils connectingpo the integrator.
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Fig. 4. Typical fluxes obtaineddm the two coils in the cent measurements, together

with the applied current measured by a commercial sensor.
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The fluxes measured by two coils are 0:610° and 5.8x 10°> Wb, and the ratios of the
integrating drift as a baselitevel to the magnetic flux i@ach flux measurement are 27 % and
4 %, respectively. Figure Jiaws a typical flux obtained from coil during the integration
time of 524 s. The drift is 0.2010° Wb, which is 44 % of the magnetic flux (0.6.0° Wb)

within a 120 s. But the bag®e level increases up to 0.56L0° Wb within a full time.
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In the performance test tfe integrator using the ADCgister-DAC component for the
compensation of an integratingfdrit was found thathe drift was less #n the value required
in the design of the integrator, and it was expe¢hat the ratio of the drift to the magnetic
flux became less than few % by using a coil veittarger effective a&a from the comparison
between the measurements by two differentscdil addition, it was observed that the drift
was less than 5 10° Wb during an integration time of tp524s. Thus, it is estimated that the
integrator can be used inethong pulse operation of the KSRAIn the future. In order to
achieve the purpose, there are some techrisaes as future works such as minimizing the
noise picked up in the measured signal, reducing the effect of the environmental conditions on
the drift, and reducing the efft of the resistance of tiensor on the integrated value.
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