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The tokamak disruption is a dramatic event in which the plasma confinement is suddenly 

destroyed. Detailed experimental studies of disruptions have been made in many machines. 

During a disruption, the plasma current and plasma thermal energy content collapse in an 

uncontrollable way, thereby applying mechanical forces and heat loads onto the vacuum 

vessel components. For that reason, the disruptions in a tokamak must be characterized and 

the physical processes leading to and occurring at the disruption understood. 

The HL-2A tokamak (with major radius of R = 1.65m and minor radius of a = 0.4m) is 

operated in the following parameters: plasma current IP = 100~400kA, toroidal field BT = 

1~2.7T, discharge duration t = 1~3s, line-average plasma density ne = 0.6~6×10
19

m
-3

, and 

electron temperature Te = 600~1200eV. 

After statistic of two hundreds discharges for hard disruption, the relation between 

current decay time and proportion are given in Fig.1. The current decay time derived from 

100%-10% current magnitude in HL-2A, current magnitudes are measured relative to the 

initial before disruption plasma current. It is imply that the current quench time for ninety-five 

percent of the hard disruption is not more than 10ms and for half of the hard disruption is 

between 4ms and 5ms. 

    Fig.2 shows the results of analysis of current quench data, in which the current quench 

time tdura divided by the plasma cross-section area and S is plotted as a function of the before 

disruption current density jpo=Ipo/S. Here, Ipo is the pre-disruption plasma current, S=ra
2
 is the 

before disruption plasma cross-section area, and the current quench time tdura represents the 

‘90% linear decay’ time (the time require for a 90% drop in the plasma current). The data 

given in Fig.2 imply that the normalized quench time is essentially independent of device 

configuration (limiter or divertor), toroidal magnetic field strength and before disruption 

plasma current density.  
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A lower bound on the normalized quench time can be obtained by a model 
[2]

 for the 

current quench phase in which the current quench time tcq=Leff/Rp can be rewritten in terms of 

the normalized quench time as  

t L / 2 ヾ Rc q 0e f f=
S さ p

                 (1) 

where Leff is the effective plasma inductance, Rp is plasma resistance, R0 is the major radius, 

and resistance rate さ = R S/2ヾRp p 0
. For fast current quench phase, the current decay rate is 

mainly determined by the plasma inductive energy internal to the vacuum vessel. Therefore, 

the effective plasma inductance Leff can be rewritten by formula (2) 

                 L = 1.2µ R l /2
0 0eff i

                 (2) 

where li=0.7 plus 20% flux between plasma boundary and first wall. Assuming power balance 

between joule heating from the decaying plasma current and impurity radiation loss, the 

average plasma resistivity can be given by formula (3) 

                 n 2eさ = ( ) f L (T )p z z e
jp

                (3) 

where ne, fz, Lz are respectively the average electron density, impurity fraction, the impurity 

radiation rate assuming coronal equilibrium. So the normalized current quench time can be 

determined by plasma current density jP and the average electron temperature Te. Fig.2 gives 

the normalized current quench time for electron temperature Te=6ev. If the impurity flux is 

insufficient to cool the whole plasma in the current quench phase, the average temperature 

corresponding to the quench time is higher and it can reach to 10~20ev. 

   In current quench phase, the current decay results in loop voltage rising. The large loop 

voltage is the main reason for the runaway electron generation. So the relation between the 

current average decay rate –dIp/dt (dIp/dt=(Ipo- Ip1)/(t0-t1), Ipo is the plasma current at the 

beginning of the disruption. Ip1 is 10% of the plasma current at the beginning of the disruption 

) and maximal loop voltage vl (Fig.6) during current quench phase need to be investigated. 

Assuming that loop voltage in current quench phase is only caused by poloidal magnetic flux 

variation generated by the current decay, it can be presented in formula (4). Assuming that the 

magnetic field surround by voltage loop is generated by cylindrical plasma, the poloidal  
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magnetic field can be given by formula (5). 

                  d ね
V = -

d t
                       (4) 

µ I RR p0lね = B * d S = d Rp 0 (R - R )
0

Ð Ð
iiif f

        (5) 

µ I RdI d IR pp p0lV = - dR = -c
0d t (R - R ) d t

0

Ð      (6) 

where c is a constant, Ip is the plasma current, R is the major radius, R0 is the distance 

between magnetic axis and equipment center, Rl is the distance between voltage loop and the 

equipment center. The result in formula (6) implies the loop voltage is proportion to the 

current decay rate. Statistics of the experiment data are consistent with simulation result, seen 

in Fig.3. 

MHD instability seen as a precursor before a disruption trends to be caused by a locked 

m=2 mode. In HL-2A, about 85% of the shots accompanied by a locked mode are hard 

disruption. In about 50% of the hard disruption, a locked mode was recognized to be a 

precursor event 
[1]

. Fig.4 shows the time interval between the occurrence of a lock mode and 

the occurrence of hard disruption. About 50% of the shots (Fig.4), the time interval is less 

than 10ms. For most of the other shots, the time interval is between 20ms and 50ms. For the 

disruption in which the time interval is between 20ms and 50ms, we have enough time to 

avoid it or mitigate it by estimating the MHD perturbation signals.  

In two years experiment, about 20% of the disruptions are secondary disruption. It is 

important to investigate the secondary disruption for avoiding and mitigating major disruption. 

To investigate the secondary disruption, the time interval between occurrence of the minor 

disruption and occurrence of the hard disruption is counted, see in Fig.5. It is indicate that for 

85% of the secondary disruption the time interval is between 20ms and 90ms.It is possible to 

be avoided and softened for major disruption in these secondary disruptions by identifying the 

minor disruption signals. 
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Fig.1 Histogram of current quench time obtained 

from 100-10% current thresholds in HL-2A 
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Fig.2 Time average current quench times divided by 

plasma cross-section area versus plasma current 

density before disruption 
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Fig.3 The current average decay rates versus

the maximal loop voltage during disruption.

The triangle symbol stands for the experimental

data and the line stands for the simulative

results 
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Fig.4 The relation between time interval and number

of disruption 
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Fig.5 The relation between time interval and disruption proportion 
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