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Introduction 

The results presented in this paper are based on the analysis of the database on the 

Globus-M spherical tokamak (R = 0.36 m, a = 0.24 m, toroidal magnetic field BT = 0.5 T) [1]. 

The main elements of the stainless-steel vacuum vessel are the 216-mm-diameter ~1-m-high 

inner cylinder with a wall thickness of 2 mm, the 3-mm-thick upper and lower domes, and the 

~0.5-m-high outer ring with a diameter (without ports) of 1288 mm and wall thickness of 14 

mm. The toroidal resistance of the vessel is about 100 μΩ. The toroidal current flowing 

through the plasma and vessel is measured with two Rogowski coils. The coil installed 

outside the vessel measures the total current through the plasma and vessel, while second coil 

isplaced inside the vessel and measures only the plasma current. The difference between the 

signals from these coils gives the magnitude of the toroidal current flowing through the 

vacuum vessel. The geometrical parameters of the plasma required to calculate the ratio 

tCQ/(SL) were taken from the magnetic equilibrium reconstruction on the base of magnetic 

measurements. Here tCQ is the linear current quench time defined in accordance with the 

International Disruption Database (IDDB) [2]: tCQ = (t20 − t80)/0.6, where t80 and t20 are the 

times at which the plasma current decreases to 80 and 20% of its initial magnitude before the 

disruption. S, L – the plasma cross sectional area and dimensionless plasma inductance 

before the disruption, L =[ln(8R/aκ1/2) – 1.75]. 

Current Quench 

 To analyze the plasma current quench, we chose deuterium and hydrogen plasma 

discharges in which current disruption occurred as a single event with the maximum current 

quench rate [3]. Such disruptions are most dangerous for the vacuum vessel. Before the 

disruption, the plasma parameters were as follows: the vertical elongation κ ~ 1.6–2, the 

aspect ratio R/a ~ 1.6–2, and the plasma current Ip ~ 20–230 kA. The time evolution of the 

plasma current during a disruption is shown in Fig. 1a. It is seen from Fig. 1b that, upon the 

disruption of the 190-kA plasma current, a toroidal current of up to Ivessel ≈ 80 kA arises in the 

tokamak vessel. The current quench is preceded by thermal quench. An indicator of thermal 
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quench is the sharp drop in the intensity of SXR emission from the plasma core (see Fig. 1c). 

In most cases, the typical time delay between the 

drop in the SXR intensity and the decay of the 

current lies in the range of 100– 300 μs. 

 Figure 2 shows the normalized current 

quench time as a function of the plasma current 

before the disruption. The minimum normalized 

tCQ/S in the Globus-M tokamak is shorter by a factor 

of 2.2 than the critical value adopted for ITER tCQ/S ≥ 

1.67 ms/m2. The additional normalization of tCQ/S by 

the dimensionless inductance L (see Fig. 2b) 

approaches the Globus-M data to the data obtained 

for conventional tokamaks, which lie in the range of 

1.7–10 ms/m2. However, there is a positive trend 

toward the growth of the normalized disruption time with increasing current density. This 

increase is favorable for reducing loads on the vessel wall during a disruption. 

A similar trend is observed in the NSTX spherical tokamak [4] but is absent in the IDDB 

database [2] for conventional tokamaks. 

 
   a      b 
Fig.2. (a) tCQ/S, vs. current density Ip/S and (b) ratio tCQ/S normalized to the dimensionless plasma inductance L 
vs. Ip/S for hydrogen (squares) and deuterium (circles) plasmas. The solid and dashed lines show the linear fits 
of experimental data for hydrogen and deuterium plasmas, respectively. The horizontal dash-dotted lines show 

the lower boundary of experimental data 
 

It is also seen from Fig.2 that the tCQ/S time are practically independent of the ion mass. 

 In the stage of current quench, the toroidal current Ivessel is induced in the tokamak 

vessel. The dependence of the maximum value of Ivessel on Ip before the disruption is shown in 

Fig. 3a.  
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Fig. 1. Time evolution of the (a) plasma 
current, (b) toroidal current induced in 

the vessel, (c) SXR intensity 
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Electromagnetic Loads on the Vessel 

during the Plasma Current Quench 

 To determine the maximum 

electromagnetic loads acting on the vacuum 

vessel, we have analyzed the plasma current 

quench in a discharge which was accompanied 

by the fast downward displacement of the 

plasma column [5]. These processes resulted 

in the induction of considerable toroidal 

currents in the vessel wall, which, interacting 

with the poloidal magnetic field, created the 

electromagnetic loads. To calculate the distribution of toroidal currents induced in the vessel 

wall during the plasma current quench, a mathematical model of the wall was developed. The 

wall is modeled by 64 axisymmetric rings closed along the torus. Each ring has a certain 

electric resistance The voltages induced during the plasma current quench were measured 

with a set of loops located on the vessel wall and closed along the torus. In total, 21 loops 

were used. Each loop was associated with a group of the neighboring wall elements. Fig. 4a 

schematically shows the contour of the vessel wall, in which the poloidal length is indicated 

in relative units (the length l divided by the total length of the perimeter). 

 
a     b 

Fig.4. Contour of the vessel wall (a) and distribution of the maximal axisymmetric induced currents(b). The 

dots correspond to the vessel elements used in the mathematical model. 

It is seen from Fig.4b that the maximum currents are induced in the outer ring of the vessel 

and in the lower dome. Fig. 5a shows the poloidal distribution of the normal pressure Pn 

acting on the vessel wall, calculated as a product of the current induced in the wall and the 

poloidal magnetic field tangential to the wall surface. The pressure applied to the wall is 
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Fig. 3. Maximum current induced in the vessel 
during a disruption vs. plasma current before 

the disruption for hydrogen (squares) and 
deuterium (circles) plasmas. 
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shown in Fig. 5b by the arrows. The directions of the arrows correspond to the directions of 

the pressure, and their lengths are proportional to the pressure magnitude. 

 
b     b 

Fig. 5. (a) Poloidal distribution of the normal pressure on the Globus-M vessel wall and (b) diagram of the 
normal pressure The dots in Fig.5a (a) correspond to the vessel elements in the mathematical model, and the 

circles in Fig.5 (b) indicate the positions of the magnetic loops. 
 

The maximum local pressure of about 17 kPa is reached at the very bottom of the dome. The 

reason for such a complicated distribution of the electromagnetic loads on the lower dome is 

the strong inhomogeneity of the poloidal magnetic field in this region. The peak value of 

electromagnetic pressure is about 17% of the atmospheric pressure but this pressure is 

directed oppositely over a short vessel section. The shape of the vessel domes is near 

momentless. During the plasma disruption, a bending moment arises in the momentless 

dome. The obtained results were used for simulation of electromagnetic loads in in the 

upgraded Globus-M2 tokamak [6], where the plasma current and the toroidal magnetic field 

are planned to be increased to Ip ≈ 500 kA and 1 T, respectively in the same vacuum vessel. 

Under these conditions the maximum local outward-directed pressure reaches the value of 

≈60 kPa and a bending moment should be taken into account in the vessel stress analysis. 
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