


perturbation. The 10 MW linear amplifiers used in these experiments have a bandwidth greater 

than 25 kHz and can deliver k600 Amperes through each of the g-turn saddle coils. The phase 

and amplitude information from the rotating 2/l island structure in the plasma is obtained from 

a set of sin20 and cos28 Rogowski coils which are physically remote (as shown in Fig I) from 

the saddle coil response fields and have very low direct pick-up. 
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Figure I. Schematic of the HBT-EP control coil configuration showing ten 26� wide conducting wall segments 
with 6 O wide m=2 saddle coils located at 4 of the IO� wide gaps in the conducting wall segments. A sin20 an.d 
cos28 Rogowski coil quadrature detector is located to be physically remote from the saddle coils. 

III. CONTROL OF 2/l MAGNETIC ISLANDS 

By applying a rotating external 2/l field which is maintained in a stabilizing phase 

relation with the mode, we have used a closed loop system to carry out active feedback 

suppression of the 2/l island amplitude. The quadrature detection scheme measures a sin26 

and cos28 signal as a phase and amplitude reference for closed loop active feedback. These 

sin28 and cos28 signals are digitized at a 100 kHz rate and processed by a digital signal 

processor to generate a phase shifted waveform that drives the high power amplifiers and 

applies a 2/l rotating applied field with a predetermined phase shift with respect to the rotating 

islands. The feedback control algorithm implements a simple rotation matrix which maintains a 

constant phase angle, 6, between the detected mode phase and applied external rotating field. 

We can model7 the expected equilibrium response of the 2/l islands assuming that 

LIZ wall >> 1 we solve the following coupled non-linear equations for the expected mode 

amplitude and frequency as a function of phase angle and closed loop system gain, G . 
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where, g1, ,OZ, b 03; hl, and h2 are constants. With W,,[ defined as the saturated island width. b 

= (W/W,& ; and Q = &cc)~, where cl>0 is the natural island rotation frequency. This model 

indicates reduced amplitude (stabilizing) for 6 = 0� and larger amplitude for 6 = 180�. 

Closed loop experiments were carried out for 6 = 0� and 180� on a single discharge 

with the stabilizing phase angle applied for 1 msec followed by the destabilizing phase angle 

applied for the following 1 msec. These results are shown in Fig. 2 showing the time history 

of 6, the amplitude of the sine and cosine phase of the 2/l islands, and the frequency of the 



island rotation. During the 1 msec application of the stabilizing phase angle, the frequency is 

observed to rise from about 7 kHz to 10 kHz with a relatively constant amplitude. After the 

transition to the destabilizing phase angle, the mode amplitude is observed to grow larger and 

the frequency of the mode is observed to decline from 10 kHz to 7 kHz in agreement with the 

expectations of the equilibrium model of Eqs. (1) and (2). If the data is averaged over 0.1 

msec intervals and plotted against the predictions of the model, we find reasonably good 

agreement as also shown in Fig. 2. 

A similar experiment was carried out for phase angles 6 = 270� and 90� where we 

expect a frequency decrease and frequency increase. The results are shown in Fig. 3. During 

the initial application of the frequency decrease phase angle, we see the frequency maintained at 

about 7 kHz. After the transition to the frequency increase phase angle, the island rotation 

frequency is observed to increase to about 9 kHz over 1 msec. These results are also plotted 

� averaged over 0.1 msec intervals against the model predictions showing good agreement. 
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Figure 2. Application of stabilizing (0�) phase and Figure 3. Application of frequency downshift (270�) 

destabilizing (180�) phase each for I msec phase and frequency upshift (90 �) phase compared 

compared with the results of the model equations. with the results of the model equations. 

IV. CONTROL OF THE RESISTIVE WALL MODE 
Several schemes have been proposed for control of the slower growing RWM using 

active feedback control by external coils in conjunction with a passive resistive wall stabilizer. 

For the �smart shell� originally proposed by Bishops a network of flux sensor loops is 

mounted on the surface of the resistive stabilizing wall, with an array of current-carrying 

response coils located near the wall powered by an amplifier system. The flux sensor loops 

sense the radial magnetic field, Br, soaking through the resistive wall and feedback control is 

used to apply a correction field which maintains very closely a net zero B, through the resistive 

wall simulating the stabilizing response of a perfectly conducting wall. 
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Figure 4. Computed growth rate of 3/l kink in for HBT-EP as wall conditions and mode �drive�, s, are varied. 

To provide a general tool for the analysis of such active control schemes, we have 

developed a 3D active mode control model code based on the SPARK finite element 

electromagnetic code. This has been used to model the control geometry of HBT-EP as shown 

in Fig. 4, where s is the instability �strength� which is related to PN and varies between 0 and 

about 1. For the open square symbol curve at s 2 0.1 in Fig. 4, the large change in growth rate 

is seen marking the transition from the RWM branch to the ideal mode branch of the dispersion 

relation with the thick aluminum wall of HBT very close to the plasma. This corresponds to a 

PN of about 3. For the curve marked by crosses, this maps the dispersion relation when the 

thick aluminum wall is withdrawn to 20% of the minor radius of the plasma and the plasma is 

observed to become ideally unstable at pi - 1.9. The curve marked with an open diamond 

shows the effect on stability from an ideal smart shell using 60 discrete coils behind a very 

resistive stainless steel wall (2,,11 _ < 300 psec). The transition from growth rates of 1 sed to 

lo4 set- 1 (i.e. stable to unstable) occur for a larger value of s, and hence we expect to achieve a 

higher value of beta above the no-wall beta limit when this system is installed on HBT-EP. 
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