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ABSTRACT 

A comparison has been made between the characteristics of disruptions 

with limiter and divertor configurations in PDX. A large data base on 

disruptions has been collected over four years of machine operation, and a 

total of 15,000 discharges are contained in the data file. It was found that 

divertor discharges have less disruptions during ramp up and flattop of the 

plasma current. However, for divertor discharges a large number of fast, low 

current disruptions take place during the current ramp down. These 

disruptions are probably caused by the deformation of the plasma shape. 
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I. INTRODUCTION 

The objective of this report is to study the characteristics of 

disruptions with limiter and divertor configurations in PDX. Disruption 

characteristics are of interest because of the large forces produced by the 

disruption. This information is critical to the design of vacuum vessels and 

poloidal field systems for future machines. Some of the problems caused by 

the plasma current decay could be (a) tilting forces on the toroidal field 

coils, Cb) over-voltage in the poloidal coils, (c) torques on structures 

inside the vacuum vessel, and (d) arcing problems due to the large voltages 

induced by the current jump at a disruption. 

In this report we will not make a distinction between neutral-beam-

heated and ohmie-heated disruptions. The shape of diverted discharges is 

similar to circular discharges. On PDX, a large data base on disruption 

characteristics has been collected over 4 years of machine operation. A total 

of 15,000 discharges are contained in the data file. 

For this study, we will consider discharges from the years 1982 to 7983, 

(#46291 to #63395). This range of shot numbers corresponds to 3542 limiter 

discharges and 3451 diverted discharges. The year 1982 corresponds mainly to 

the beta push in the limiter and divertor discharges, and in 1.933 to the H-

mode itudy in the diverted discharges. The limiter discharges included the 

inner armor limiter, rail lisniter, and scoop limiter. 

II. EXPERIMENTAL PROCEDURE 

For each discharge, 23 parameters are recorded. For example, R,A,Sj, 

gas species, configuration {limiter, divertor), Bg+ t^/2, loop voltage, n*e, 

I_ before, during, and after disruption, and the current decay rate AI/AT, 

etc. This data can then be displayed in different forms, i.e., histograms or 
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2D and 3D plots [1,2]. For the purpose of the data base, a disruption is 
defined as a sharp rise in the plasma current, followed by a decrease in 
current. This means that both major and minor disruptions are detected. 
Disruptions are detected during a discharge by using the plasma current, I , 
as a monitor. The I D current is measured with a Rogowski coil. The signal is 
corrected for coil can eddy current. The time constant of the coil can is L/R 
- 1.5 ms. The discharge is divided into 100 ms portions, and an increase of 
I_ followed by a decrease in I is searched for in that segment. When a 
disruption is detected, the time in milliseconds and the current in kiloamps 
before, during, and after the event are stored in the data file. The 
following gives a brief outline of the procedure. 

Three times and three currents are recorded for each disruption (see 
Fig. 1). The first ( I D 1 I T 1) is at the start of the disruption just before 
the plasma current jump. The second time d p 2 ' T 2 ' * 9 a t t h e P e a l t o f t n e 

plasma current jump. The final time recorded is at the end of the current 
decrease (IQ^/TT)' Each discharge may have many disruptions. 

A simple Fortran routine is used to evaluate tj/Cl, which is defined as 
-(I 3 - I p2)/' T3 - T 2 ) . The data acquisition system samples at 10 kHz. Other 
quantities recorded are: 

Rise time * T 2 - T i 
Fall time = T,- T, 
Percentage current jump » 100 x (I 2 - Ip-| )/I„i 
Delta I p - I p l - I p 3 

Lowest current * I , 
Then, the maximum derivative between T. and T, as well as a similar minimum 
derivative are calculated by a scientific software package (IMSI, routine). 
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With the analysis program, four different decay rates after the 

disruption can be studied: the current decay after the first disruption, the 

average Al/AT for a series of disruptions, the highest AI/AT during a series 

of disruptions, or all of the decay rates after the disruptions during a 

discharge [21. 

III. GENERAL CHARACTERISTICS 

Figures 2(a) and 2(b) show the plasma current as a function of the time 

in the discharge at which the disruption occurred: (a) is for limiter 

discharges and (b) is for the divertor discharges. The data shown in Fig. 2 

are for the highest AI/&T (kA/ms) during a discharge. The outstanding 

difference between the figures is the large number of disruptions which occur 

after 800 ms, with low plasma current in the divertor discharges. From Figs. 

2(c) and 2(d), it is observed that some of the late disruptions in the 

divertor configuration can have fast decay rates, i.e., high AI/AT (kA/ms). 

Plots of AI/AT (kA/ms) versus plcsma current are shown in Figs. 2(e) and 

2(f) far circular and divertor plasmas, respectively. It is found that a 

linear type dependence of Ai/AT versus I p could describe a large percentage of 

the data. The relationship for circular discharges is AI/AT (kA/ms) = 

I (kA)/20; however, some disruptions have AI/AT (kA/ms) = I (kA)/7.5, 

especially at a higher current. They correspond to inner wall limiter 

discharges [1J. For divertor discharges, the situation is somewhat 

different. The linear dependence still exists, but there is a large scatter 

of data. However, two classes of disruptions can he identified. For high 

currents, a scaling like AI/AT (kA/ms) = I (kA)/40 fits well and at low 

currents, a scaling of Al/AT (kA/ms) = I (kA)/2.5 is more appropriate. There 

is, however, a large scatter of data between these two limits. Nevertheless, 
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divertor discharges at low current can disrupt fast, i.e., fll/AT (KA/ms) = I 

(kA)/2.5. This class of disruption is missing in the limiter discharges. 

The 8g + 1-^/2 signal versus "time of disruption" is shown in Figs. 3(a) 

and 3<b), The lew current divertor disruptions that occur late in the 

discharge (i.e., after 800 ms) are characterized by high S e + Q--/2, with 

values up to 5 in some cases because a is kept fixed. However, there is an 

uncertainty in this value of Sg + 1-/2 due to eddy currents. 

Histograms of the loop voltage before the first disruption of each shot 

are shown for divertor and limiter configurations in Figs. 3(c) and 3(d). The 

loop voltage is on the average lower for the divertor configuration. A more 

striking difference between the two figures is the large number of disruptions 

with negative loop voltage at the time of the disruption for the divertor 

configuration. These disruptions with negative loop voltage, occur toward the 

end of the discharge when the plasma current is being ramped down by imposing 

a negative voltage on the plasma. These negative loop voltage disruptions 

occur when the plasma current is low as shown in Figs. 3(e) and (f) where the 

circular and divertor disruptions are compared. 

If a plot is made of fli/AT versus current for divertor disruptions with 

negative loop voltage (Pig. 4a), there appear to be two different decay times, 

one with Ip/40 kA/ms and the other with 1/2.5 kA/ms• A detailed study of 

these two groups of late disruptions in divertor discharges will be discussed 

later. 

During the transport phase of a major disruption (see Pig. 4b for 

disruption phases), the plasma current increases rapidly. This increase in 

current is measured as a percentage of the total current, and the results are 

shown in Figs. 5(a> and 5(b) for circular and divertor discharges, 

respectively. Prom the histograms it is observed that the mean percentage 
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current jump is 12% for the circular configuration and only 8* for the 

divertor discharges. However, with the divertor configuration, there are 

quite a lot of disruptions with current jumps above 20%. These high 

percentage currant jump discharges happen mainly at disruptions with AI/AT = 

1/2.5 kA/ms, which occur toward the end of the discharge. 

Histograms of negative voltage spikes at the disruption are shown in 

Figs. 5(c) and 5(d) for circular and divertor discharges, r«ipectively. The 

peak of the distribution is centered at -40 volts and the distribution has a 

long tail for the divertor configuration. The circular plasmas have a peak in 

the distribution at about -15 volts. In the case of divertor discharges, 

there are some disruptions with negative voltage spikes as high as 1 kev. 

When a plot of the negative voltage spike versus current for circular 

plasmas is made, it is clear that there may be some correlation between 

amplitude of negative voltage spike and I , i.e., v
S D i v e < 0.75 I [see 

Fig. 5(e)]. For divertor plasmas, the situation is somewhat different, 

especially since large negative voltage spikes are observed at low plasma 

current (see Figure 5(f)]. These low current disruptions are the special case 

of disruptions which occur late in the discharge. 

For limiter discharges the negative voltage spikes lie between 0 to 

-150 V for a percentage current jump between 5 to 18%. For the diverted 

discharges the spread of values is larger with negative voltage spikes up to 

-400 V and percentage current jumps up to 40%. We have s^en in Fig. 3(d) that 

diverted discharges have more disruptions with negative loop voltage than 

limiter discharges and that these disruptions can be divided mainly into two 

categories. The first one is with low current I <110 k& and &1/&T = 1/2.5 

and the second one with Ar/iT » Io/40 kA/ms, in the next section we will look 

more closely at the characteristics of these disruptions. 
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17. COMPARISON OF TWO CLASSES OF DISRUPTIOMS FOR DIVERTED DISCHARGES WITH 

NEGATIVE LOOP VOLTAGE 

These disruptions happen at the end of the diverted discharge when the 

current is ramped down and the loop voltage is driven negative [see Figs. 

6(a), !b)). The first disruption in a discharge with high AI/AT = 1/2.5 

kA/ms happens lates; in time, Pig.6(a), than the first disruption in a 

discharge with low A I/AT = Ip/40 kA/ms [see Fig. 6(b)). The current for 

disruptions with AI/AT = I-/2.S kfl/ms, ranges between 0 and 110 kA [see Fig. 

6(c)] and for AI/AT = I_/40 kA/ms between 60 and 400 kA [see Fig. 6(d)]. 
IT 

However, the low current disruptions have a high AI/AT =• 1/2.5 kA/ms and the 

high current disruptions have a low AI/AT = Io/40 kA/ms [see Figs. 

6(e),(f)]. The low current disruptions have a higher q. than the hiqh current 

disruptions. The 6g + A-/2 is also much higher for the low current 

disruptions than for those with high current. Tha histograms of percent 

current jump do not show a peal: for disruptions with low current but show a 

wider spread compared to disruptions with higher current which have a peak 

around 8% [see Figs. 7(a),<b)]. Finally, one of the most obvious differences 

between these two kinds of disruptions is the decay time. The low current 

disruptions decay in a few nsecs compared to a much longer time for the high 

current discharges [see Figs. 7(c),(d)]. 

V. DIVERTOR DISRUPTIONS WITH POSITIVE LOOP VOLTAGE 

Divertor disruptions with positive loop voltage show no clear dependence 

of AI/AT with plasma current [Fig. 8(a)]. However, it appears that the low 

AI/AT kA/ms disruptions have a small current decay, i.e., AI <140 kA, which 

suggests that these discharges did not have a major disruption. Nevertheless, 
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the disruptions with A I/AT > 18 kA/ms appear to be disruptions which had a 

high current decay £1 > 200 kA and thus were East major disruptions £Fig, 

8(b)]. 

VI. DISCUSSION 

Disruptions were studied in both limiter and divertor discharges. The 

limiter discharges included inner wall, rail, and scoop limiters. comparison 

between limiter and divertor discharges has shown that divertor discharges 

ha»e more disruptions with high &I/AT and large negative voltage spikes, and 

have lower loop voltages than limiter disruptions. The main difference 

between divertor and limiter operation is the higher number of disruptions for 

divertor discharges during the ramp down of the plasma current [3). If we 

neglect the disruptions during ramp down, we can say that divertor operation 

looks similar to limiter discharges except that the number of disruptions is 

much lower with divertor operation Esee Figs. 3tc),(d}]. TWO classes of 

disruptions have been observed for divertor discharges during current ramp 

down. The first type includes a wide range of plasma currents and is 

characterized by a small AI/AT » I
D / 4 0 kA/ms^ This class of alow disruption 

does not present any risk for the life of a tokamak. The second class of 

disruption which happens at the end of a discharge when the current is less 

than 110 kA and which is characterized by AI/AT = 1/2.5 kA/ms could cause 

problems for the tokamak because A I/AT is relatively high. These high q 

discharges have also high flg + fci/2, and are directly caused by the divertor 

operation. Equilibria calculations were run for one of those high AI/AT 

disruptions at tnree different tines (see Fig. 9). The first one was run at 

peak current 600 ms, the second one was run at 900 ms, and the last one at 930 

ms or 1 ms before disruption. We see clearly that the discharge shrinks with 
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rime. This could be the cause of the disruption, but we cannot exclude the 

interaction of the separatrix with the armor plate or a combination of both 

phenomena to produce the fast disruption. The lack of information at the end 

of the discharge makes further study difficult. Note the strong divertor 

field toward the end of the discharge. 

VII. CONCLUSION 

From the analysis of disruptions in PDX it i3 found that it is easier to 

avoid disruptions during ramp up and Slattop of the plasma current in divertor 

configurations. However, disruptions during the current ramp down may present 

a problem for a bigger machine. These disruptions are probably caused by the 

deformation of plasma shape. However, the interaction of the separatrix with 

the inner wall or the armor plate on the inner wall during current ramp down 

or a combination of both phenomena may also be causing the disruptions. A 

possible solution to avoid those disruptions with &I/&T = 1/2.5 kA/ms is to 

ramp down the divertor's coil current at the same speed as the plasma current. 
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-FIGURE CAPTIOUS 

Fig. 1 Schematic of tins evolution of pl'asma current during a disruption. 

Fig. 2a Plot of plasma current versus the time of disruption for the highest 

AI/AT in a discharge for liraiter discharges. 

Fig. 2b Plot of plasma current versus the time of disruption for the highest 

A I/AT in a discharge for divertor discharges. 

Fig. 2c Plot of A I/AT versus the time of disruption for the highest AI/AT ir. 

a discharge for limiter discharges. 

Fig. 2d Plot of AI/AT versus the time of disruption for the highest AI/AT in 

a discharge for divertor discharges. 

Fig. 2e Plot of AI/AT versus plasma current for the highest AI/AT in a 

discharge for limiter discharges. 

Fig. 2f Plot of AI/AT versus plasma current for the highest AI/AT in a 

discharge for divertor discharges. 

Fig. 3a Plot of Bg + 4i/2 versus time of disruption for the highest AI/AT in 

a discharge for limiter discharges. 

Fig. 3b Plot of Sg J- ii/2 versun time of disruption for the highest AI/AT in 

a discharge for divertor discharges. 
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Fig. 3c Histogram of loop voltage for the first disruption in a discharge 

for limiter discharges. 

Fig. 3d Histogram of loop voltage for the first disruption in a discharge 

for divertor discharges. 

Fig. 3e Plot of loop voltage versus plasma current for the first disruption 

in a discharge for liraiter discharges. 

Pig. 3f Plot of loop voltage versus plasma current for the first disruption 

in a discharge for di.vertor discharges. 

Fig. 4a Plot of Ai/flT versus plastsa current for the first disruption in a 

discharge with negative loop voltage for divertor discharges. 

Fig. 4b Disruption phases during a typical major disruption. 

Pig. 5a Histogram of percentage of current jumps for all disruptions in a 

discharge for liraiter discharges. 

Pig. 5b Histogram of percentage of current jumps for all disruptions in a 

discharge for divertor discharges. 

Fig. 5e Histogram of negative voltage spikes for all disruptions in a 

discharge for limiter discharges. 
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Fig. 5d Histogram of negative voltage spikes for all disruptions in a 

discharge for divertor discharges. 

Fig. 5e Plot of negative voltage spike versus plasma current for all 

disruptions in a discharge for limiter discharges. 

Fig. 5f Plot of negative voltage spike versus plasma current for all 

disruptions in a discharge for divertor discharges. 

Fig. 6a Histogram of the time of disruption for the first disruption in a 

discharge for divertor discharges, with negative loop voltage, the 

plasma current < 11) kR and Al/AT > 5 JcA/ms. 

Fig. 6b Histogram of the time of disruption for the first disruption in a 

discharge for divertor discharges, with negative loop voltage, I > 

60 kA and 4 I/AT < 15 kA/ms. 

Fig. 6c Histogram of plasma current for the first disruption in a discharge 

for divertor discharges with negative loop voltage I < 110 kA and 

4I/AT > 5 kA/ms, 

Fig. 6d Histogram of plasma current for the first diaruption in a discharge 

for divertor discharges with negative loop voltage, I > 60 kA and 

AJ/AT < 15 kA/ms. 

Fig. 6e Histogram of A I/AT for the first disruption in a discharge for 

divertor discharges with negative loop voltage I <110 kA and AI/AT 

> 5 kA/ms. 
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Fig. 6f Histogram of A I/AT for the first disruption in a discharge for 

divertor discharges with negative loop voltage I > 60 kA and AI/AT 

< 15 kA/ms. 

Fig. 7a Histogram of percentage of current jump for the first disruption in 

a discharge for divertor discharges, with negative loop voltage, I 

< 110 kA and A I/AT > 5 kA/ms. 

Fig. 7b Histogram of percentage of current jump for the first disruption in 

a discharge for divertor discharges with negative loop voltage, I 

>60 kA/ms and Al/AT < 15 kA/ra3. 

Fig. 7c Histogram of plasma current decay time for the first disruption in a 

discharge for diverfcor discharges with negative loop voltage I < 

110 kA and A I/AT > 5 kA/ms. 

Fig. 7d Histogram of plasma current decay time for the first disruption in a 

discharge for divertor discharges with negative loop voltages, I 

>60 kA/ms and AI / A T < 15 kA/ms. 

Fig. 8a Plot of AI/AT versus plasma current for the first disruption in a 

discharge for divertor discharges with positive loop voltage. 

Fig. 8b Histogram of plasma current decay for the first disruption in a 

discharge for divertor discharges with positive loop voltage. 
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Fig. 9 Flux plot contours during ramp down of plasma current. Disruption 

occurred at 931 ms with a plaana current of 55 kA. we see the x 

point of the separatrix moving down and up T respectively. 

(A) T = 600 ms, (B) T = 900 ms, and (C) T = 930 ms. 
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