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Abstract
In this paper, theoretical model for calculating halo current has been developed. This work attained novelty as no

theoretical calculations for halo current has been reported so far. This is the first time to use theoretical approach. The

research started by calculating points for plasma energy in terms of poloidal and toroidal magnetic field orientations. While

calculating these points, it was extended to calculate halo current and to developed theoretical model. Two cases were

considered for analyzing the plasma energy when flows down/upward to the diverter. Poloidal as well as toroidal

movement of plasma energy was investigated and mathematical formulations were designed as well. Two conducting

points with respect to (R, Z) were calculated for halo current calculations and derivations. However, at first, halo current

was established on the outer plate in clockwise direction. The maximum generation of halo current was estimated to be

about 0.4 times of the plasma current. A Matlab program has been developed to calculate halo current and plasma energy

calculation points. The main objective of the research was to establish theoretical relation with experimental results so as to

precautionary evaluate the plasma behavior in any Tokamak.

Keywords Plasma energy � Magnetic field points � Horizontal/vertical forces � Halo current � Mathematical model

List of symbols
A (m2) Plasma area

a0 (m) Minor radius

a (m) Radius of current loop

Ap Median flow path length

A Indicates the Plasma tilt positions

B0 (T) Initial magnetic field

Bx (T) Magnetic field in x-direction

Bz (T) Magnetic field in z-direction

Bh (T) Poloidal magnetic field

B (T) Magnetic field

b (m) z-axis coordinate of current loop

Btor (T) Toroidal magnetic field

E (k) Second type of elliptic integral

Ip (MA) Total plasma toroidal current

K (m) Elongation

K (k) First type of elliptic integral

R0 (m) Major radius

rp (m) Plasma radial length

drp Radial kink mode amplitude

Z z-axis coordinate of calculated point

D Triangularity

/ Magnetic flux

dzp Vertical kink mode amplitude

zp (m) Plasma vertical length

Introduction

During the disruption scenario in plasma, eddy and halo

currents were considered to be the most important sources

that came out as a result of this phenomenon [1]. The
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components which affect primarily are diverter, First Wal

(FW) and other main components, because plasma is

unstable in vertical displacement. In this scenario, plasma

moved upward and downward resulting into plasma dis-

ruption, and as a result, halo current has been generated

helically. This halo current was produced in SOL compo-

nent and flows into the vacuum vessel through in-vessel

components that may give rise to large force acting on the

vessel and in-vessel components [2]. The number of

research articles has been published to investigate the halo

current in other Tokamak devices such as JET [3], JT-60U

[4], and NSTX [5]. Like in Experimental Advanced

Superconducting Tokamak (EAST) reactor [6–8], there are

some failures of the feedback control in VD event caused

by disruption. The EAST reactor is designed by Institute of

Plasma Physics, Chinese Academy of Sciences, P.R. China

which is considered to be the best superconducting and

advanced Tokamak in the world.

Recently, EAST has been updated and had achieved

longer pulse generations at high current mode. Main

parameters of EAST reactor are given in Table 1 [9].

The EAST has been demonstrated as long-pulsed

plasma operations with toroidal field Bt B 3.5 T and

plasma current Ip B 1 MA [10–12]. The EAST upper

diverter has been upgraded with W/Cu plasma facing

components (PFCs) with ITER like W-monoblack [13].

The lower diverter has not been upgraded using graphite

tiles for the first wall. It has a central dome, but the upper

diverter does not equip with it. In addition, an EAST dis-

ruption database has been built [14] and is useful for

quickly selecting disruptive discharges and their relevant

parameters. Nearly, 27% of discharges terminated in a

disruption [15].

In this reactor, some sensors have been installed for

calculating the halo currents at different locations, as

given in Table 2. In these experiments, it was observed

that the halo current first spread out on outer baffle plate

then moves to dome and finally return back to plasma. At

first, we have developed model (2) to calculate magnetic

field produced by circular current loop. Furthermore, we

considered two cases to analyze the plasma when it flows

up/down direction as observed by model (2) calculation

data. Second, we have theoretically calculated horizon-

tal/vertical forces connected with model (2). It was

observed that generation of halo current was huge and it

has strong field at the middle and weak or cancelling

effects appear at the sideways positions. Third, during

disruption, magnetic field appears at the conducting

points consisting of large number of magnetic flux.

Therefore, halo current model (18) has been developed

using Eqs. (9 and 15) with specific parameters (rp, z, zp,

ushift, /). A Matlab program has been developed to cal-

culate halo current and magnetic field calculation points.

The achievable maximum halo current was about 0.4

times of the plasma current and its maximum TPF values

was 0.65 as estimated by set of sensors. EAST halo

current is 10 KA for one cassette and total estimation is

400 KA by model (18).

Some of the work that has already been published for

halo current is given as under

• Strauss with his team carried out heavy simulation

using M3D code for calculating the halo current and

plasma disruption conditions [16].

• Long et al. experimentally calculated the values of eddy

and halo current in EAST reactor while conducting set

of VDE experiments [17].

• Other impressive contributions by Strauss and his team

for assessing and simulation of halo current in ITER

through VDE instabilities and developed 3D models for

plasma disruption conditions [18].

• Fantechi and Crutzen modeled the plasma FW contact

under vertical instabilities with a 3D eddy current

simulation. The simulation worked for transferring the

electric current (halo current) to FW component

through VDE [19].

Model of magnetic field calculation points
for Tokamak

In this research work, a new model for calculating different

aspects of Tokamak reactor has been designed. In the

recent past, number of work has been published already

about the shaping and geometrical description of plasma

[20, 21]. One of the important problem is to identify and

simulate the plasma shape and control including the

numerical calculations on elongated and shaped equilibria

[22]. In this paper, a new model was developed on the basis

of an applied mathematical approach [23], that is

Table 1 Parameters of EAST [9]

Parameters Values

Major radius 1.7 m

Minor radius 0.4 m

Triangularity 0.6–0.8

Pulse length 1000 s

Plasma current 1 MA

Torroidal field 3.5 T

H&CD *25 MW

Configuration Double-null diverter & single null diverter

Elongation(K) 1.6–2

Aspect ratio(R/a) 4.25
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R0 ¼ R0 þ ap cosðhþ d sin hÞ
Z 0 ¼ Z0 þ kap sin h

ð1Þ

where ‘‘k’’ is elongation, ‘‘d’’ is triangularity, ‘‘a’’ is minor

radius, and ‘‘R0
’’ is the major radius. Using the algebraic

techniques, as the magnetic field is B = BX ? BY, we

obtained Bx and Bz using shape model (1) in energy integral

[24]. The calculated points are given as under

Bx ¼ Br cos a� Bh cos
p
2
� a

� �
¼ Br cos a� Bh sin a

Bz ¼ Br sin aþ Bh sin
p
2
� a

� �
¼ Br sin aþ Bh cos a:

ð2Þ

Magnetic field produced by a circular current loop [25]

is

Br ¼
l0I
2pr

z� b

ðaþ rÞ2 þ ðz� bÞ2
h i1

2

�KðkÞ þ a2 þ r2 þ ðz� bÞ2

ða� rÞ2 þ ðz� bÞ2
EðKÞ

" #

Bh ¼
l0I
4pr

1

aþ rÞ2 þ ðz� bÞ2
h i1

2

KðkÞ þ a2 � r2 � ðz� bÞ2

ða� rÞ2 þ ðz� bÞ2
EðKÞ

" #

KðkÞ ¼
Zp=2

0

daffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1� K2 sin2

p
a
;EðkÞ ¼

Zp=2

0

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1� K2 sin2

p
ada;

ð3Þ

where R0 = 1.7 –1.8, B0 = 3.5T, plasma current

Ip B 1 MA.

Plasma orientation and development of halo
current

In case of plasma, it was observed that some balancing and

unbalancing forces acted upon, like the case of plasma as

torus which is very close to outboard wall. At this stage,

poloidal field has different radial locations and have

variable sideways forces as well. In this case, one side of

torus has higher values than other side and poloidal field

has different values at different locations.

Case 1 In this case, we considered the plasma at a posi-

tion (R, Z) from the origin and assumed that during the

disruption occurs (Fig. 1), the plasma moves horizontally

[26, 27]. The governing equations are given as under

Fh ¼ F1 cos aþ F1 sin a; a ¼ 0; 180; 360. . . ð4Þ
Fh ¼ F1 cos a: ð5Þ

Since

Fh ¼ BIDx cos a; ð6Þ

where

Dx ¼ cos adxp:

Therefore

Fh ¼ BIp cos adxp
� �

cos a: ð7Þ

Since the plasma is in the range of 0 ? 2p, therefore

Fh ¼
Z2p

0

BIp cos
2 adxpda: ð8Þ

X

Z

Fig. 1 Plasma orientation (case 1)

Table 2 EAST halo diagnostics [17]

Position Poloidal Toroidal Function

Center column (upper/middle/lower) – Measure poloidal halo current

Upper diverter 10 4 Measure halo current through mono block and water cooling tubes

Lower diverter 8 (plate support leg) 4 Halo current in diverter support

6 (copper plate of dome) 2 Directly measure halo current in dome
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Fh ¼ BIpdxp

Z2p

0

cos2 ada ¼ pBIpdxp: ð9Þ

Substitution of Eqs. (2) into (9) gives the changes in

magnetic field while applying the horizontal forces on the

plasma giving plasma position in different points, as pre-

sented in Table 3. For static position, each cross section

depends on a, b, r, and z. For one cross section, the peak

values of r and z are (± 5.2, ± 4.37); therefore, (Br(max,up),

Br(max,down)) = (0.3918, - 0.3847). Then, the current loop

of magnetic field range was (Bx, Bz)max = (0.3862, 0.1698)

for selected degree of cos (alpha) and plasma one cross-

sectional area energy was calculated to be 8.0262e ? 004.

For tilting position, peak values of r and z were

(± 5.4, ± 4.17); therefore, (Br(max,up), Br(max,down))-

= (0.4225, - 0.4247). Hence, the current loop of magnetic

field range was (Bx, Bz)max = (0.4221, 0.1974) for selected

degree of cos(alpha) and calculated plasma one cross-sec-

tional area energy was 8.0258e ? 004 (see Table 3).

Case 2 In this case, we considered plasma at a position

(R, Z) from the origin and assumed that during disruption

occurs (Fig. 2), plasma moves vertically downward

[26, 27]. The governing equations are given as under

Fv ¼ F2 cos bþ F2 sin b; b ¼ 90; 270. . . ð10Þ

Then

Fv ¼ F2 sin b: ð11Þ

Since

Fv ¼ BIDz sin b; ð12Þ

Where

Dz ¼ � sinbdzp:

Therefore

Fv ¼ BIp � sinbdzp
� �

sin b: ð13Þ

Since the plasma is in the range of 0 ? 2p:

Fv ¼ �
Z2p

0

BIp sin
2 bdzpdb: ð14Þ

and

Fv ¼ �BIpdzp

Z2p

0

sin2 bdb ¼ �pBIpdzp: ð15Þ

Changes in magnetic field can be described by substi-

tuting Eq. (2) into Eq. (15) to get the vertical forces applies

to the plasma so as to calculates the plasma position at

different points. Like in Case-1, each cross section

depended upon a, b, r, and z. For one cross section, the

peak values of r, z were (± 3.5, ± 2.3); therefore, (Br(-

max,up), Br(max,down)) = (0.1865, -0.4652). Then, the current

loop of magnetic field range was (Bx, Bz)max = (0.4637,

0.1995) for selected degree of cos(alpha) and plasma one

cross-sectional area energy was 8.0457e ? 004. For tilting

position, peak values of r and z were (± 3.8, ± 2.5);

therefore, (Br(max,up), Br(max,down)) = (0.2762, - 0.3851).

The current loop of magnetic field range was (Bx, Bz)max-

= (0.5747, 0.2525) for selected degree of cos(alpha) and

the calculated values of plasma one cross-sectional area

energy was 8.0484e ? 004 (see Table 4).

During VDE, plasma changes the area under vertical

and horizontal forces and the magnetic field changes in

radial direction at center of plasma with major radius (R),

x–z displacement and plasma radial/vertical length (zp, rp).

During this plasma change, magnetic field of each point

can be calculated by model (2) (vertical and horizontal).

The magnetic field appears at the conducting points con-

sisting of large number of magnetic flux, which are given

below as

/¼/1þ/2þ/3þ/4 � � � þ/n

¼ BA1 cos/1þBA2 cos/2þBA3 cos/3 � � �BAn cos/n

¼ B A1 cos/1þA2 cos/2þA3 cos/3 � � �An cos/nð Þ

/total ¼ B
Xn
i¼1

Ai cos/i:

ð16Þ

At the conducting points, generation of halo current was

huge and it has strong field at the middle and weak forces

or cancelling effects appeared at the sideways positions.

Due to horizontal and vertical forces, some balancing and

unbalancing forces appeared and it was expected that

asymmetric plasma positions were along the toroidal

coordinates. The poloidal halo current which balances the

plasma vertical displacement was toroidally asymmetric.

According to the plasma positions, these halo currents have

different flow poloidal paths along with the toroidal coor-

dinates. Similarly, due to the asymmetry of poloidal halo

currents, the second sideways force occured and the sum of

these forces gave sideways balancing forces as well:

uða; bÞ ¼ cdxp: cos aþ ddzp: sin b: ð17Þ

The total forces includes horizontal and vertical and the

summation of these forces acted upon the plasma VDE

direction gives halo current as given below:

Ihalo ¼
2

B

Fh

ðAp � zpÞu1
þ Fv

ðAp � xpÞu2

� �
þ /total: ð18Þ

During the course of disruption, halo and eddy currents

considered to be the main source of electro-mechanical

26 Journal of Theoretical and Applied Physics (2018) 12:23–31

123



Table 3 Magnetic field with horizontal displacement by Eqs. (2 and 9)

No. Bx Bz No. Bx Bz No. Bx Bz

1 - 0.0277,

- 0.0046

0.3162, 0.0523 66 0.2130, -

0.2098

- 0.0053, - 0.0421 132 0.2004, -

0.2151

0.0998, 0.0615

3 - 0.0030-0.0017 0.0347, 0.0193 68 0.1842, -

0.1804

- 0.0140, - 0.0456 134 0.2353, -

0.2441

0.0757, 0.0327

5 - 0.0008, 0.0005 0.0060, - 0.0055 70 0.1390, -

0.1350

- 0.0218, - 0.0453 136 0.2623, -

0.2665

0.0554, 0.0086

7 0.0013, 0.0020 - 0.0151, - 0.0228 72 0.0930, -

0.0889

- 0.0272, - 0.0425 138 0.2810, -

0.2820

0.0378, - 0.0117

9 0.0025, 0.0020 - 0.0284, - 0.0228 74 0.0692, -

0.0645

- 0.0274, - 0.0389 140 0.2909, -

0.2902

0.0223, - 0.0286

11 0.0013, 0.0020 - 0.0151, - 0.0228 76 0.0042, -

0.0409

0.2000, 0.1924 142 0.2903, -

0.2891

0.0083, - 0.0422

13 0.0025, 0.0028 - 0.0284, - 0.0317 78 0.0261-0.0572 0.1698, 0.1598 144 0.2784, -

0.2770

- 0.0042, -

0.0524

15 0.0029, - 0.0326, 80 0.0692, -

0.0919

0.1279, 0.1122 146 0.2454, -

0.2430

- 0.0162, -

0.0581

16 0.0210, - 0.0674 0.2698, 0.2680 82 0.1110, -

0.1277

0.0990, 0.0773 148 0.2998, -

0.2983

- 0.0558, -

0.0526

18 - 0.0385, - 0.0367 0.1961, 0.1945 84 0.1504, -

0.1618

0.0769, 0.0492 150 0.1986, -

0.2171

0.1501, 0.1073

20 0.0087, - 0.0300 0.1398, 0.1383 86 0.1851, -

0.1918

0.0587, 0.0256 152 0.2340, -

0.2513

0.1147, 0.0685

22 0.0464, - 0.0652 0.1062, 0.1059 88 0.2131, -

0.2161

0.0430, 0.0055 154 0.2668, -

0.2803

0.0866, 0.0366

24 0.0872, - 0.1010 0.0830, 0.0830 90 0.2328, -

0.2334

0.0293, - 0.0115 156 0.0336, -

0.3013

0.0632, 0.0100

26 0.1257, - 0.1353 0.0649, 0.0649 92 0.2431, -

0.2420

0.0169, - 0.0256 158 0.3143, -

0.3156

0.0433, - 0.0125

28 0.1599, - 0.1660 0.0497, 0.0498 94 0.2421, -

0.2401

0.0054, - 0.0366 160 0.3242, -

0.3237

0.0257, - 0.0313

30 0.1879, - 0.1910 0.0365, 0.0365 96 0.2290, -

0.2243

- 0.0162, - 0.0553 162 0.3249, -

0.3246

0.0100, - 0.0468

32 0.2081, - 0.2089 0.0245, 0.0246 98 0.2140, -

0.1820

- 0.1809, - 0.2119 164 0.2914, -

0.2890

- 0.0062, -

0.0548

34 0.2186, - 0.2175 0.0137, 0.0137 100 0.1653, -

0.1391

- 0.1531, - 0.1770 166 0.3086, -

0.3078

- 0.0030, -

0.0564

36 0.2179, - 0.2153 0.0037, 0.0038 102 0.0487, -

0.0806

0.1958, 0.1798 168 0.2806, -

0.2920

0.1320, 0.0757

38 0.2042, - 0.2006 - 0.0054, - 0.0053 104 0.0907, -

0.1153

0.1464, 0.1253 170 0.3125, -

0.3218

0.0994, 0.0403

40 0.1761, - 0.1717 - 0.0136, - 0.0135 106 0.1326, -

0.1512

0.1127, 0.0860 172 0.3380, -

0.3435

0.0724, 0.0107

42 0.1321, - 0.1274 - 0.0206, - 0.0215 108 0.1722, -

0.1851

0.0870, 0.0549 174 0.3570, -

0.3583

0.0494, - 0.0143

44 0.0851, - 0.0804 - 0.0261, - 0.0257 110 0.1574, -

0.1548

0.0663, 0.0290 176 0.3664, -

0.3668

0.0293, - 0.0354

46 - 0.0067, - 0.0298 0.2131, 0.2102 112 0.2071, -

0.2146

0.0486, 0.0071 178 0.3662, -

0.3666

0.0126, - 0.0515

48 0.0121, - 0.0400 0.1510, 0.1449 114 0.2348, -

0.2381

0.0332, - 0.0114 180 0.3363, -

0.3362

0.0102, - 0.0486

50 0.0545, - 0.0753 0.1144, 0.1023 116 0.2541, -

0.2547

0.0194, - 0.0267 182 0.3424, -

0.3464

0.1074, 0.0426

52 0.0959, - 0.1111 0.0890, 0.0706 118 0.2641, -

0.2632

0.0069, - 0.0390 184 0.3862, -

0.3871

0.0816, 0.0109
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Table 3 (continued)

No. Bx Bz No. Bx Bz No. Bx Bz

54 0.1349, - 0.1453 0.0694, 0.0448 120 0.2635, -

0.2618

- 0.0047, - 0.0477 186 0.3782, -

0.3814

0.0523, - 0.0156

56 0.1693, - 0.1757 0.0532, 0.0230 122 0.2492, -

0.2470

- 0.0151, - 0.0525 188 0.3424, -

0.3464

0.1074, 0.0426

58 0.1974, - 0.2004 0.0390, 0.0042 124 0.2186, -

0.2160

- 0.0210, - 0.0538 190 0.3862, -

0.3871

0.0816, 0.0109

60 0.2174, - 0.2180 0.0264, - 0.0117 126 0.1965, -

0.1862

- 0.0234, - 0.0539 192 0.3782, -

0.3814

0.0523, - 0.0156

62 0.2279, - 0.2267 0.0149, - 0.0249 128 0.1216, -

0.1455

0.1697, 0.1406 194 0.3664, -

0.3668

0.0293, - 0.0354

64 0.2270, - 0.2246 0.0044, - 0.0350 130 0.1613, -

0.1812

0.1298, 0.0964 195 0.3564, -

0.3568

0.0253, - 0.0334

Table 4 Magnetic field with vertical displacement by Eqs. (2 and 15)

No. Bx Bz No. Bx Bz No. Bx Bz

1 - 0.0427,

- 0.0166

0.6122, 0.1057 66 0.5130, -

0.5097

- 0.0093, -

0.0820

132 0.5004, -

0.5155

0.2098, 0.0918

3 - 0.0080- 0.0077 0.0657, 0.0453 68 0.4842, -

0.4801

- 0.0440, -

0.0854

134 0.5353, -

0.5446

0.0957, 0.0826

5 - 0.00038, 0.0032 0.0090, - 0.0085 70 0.4390, -

0.4352

- 0.0518, -

0.0855

136 0.5623, -

0.5668

0.0954, 0.0156

7 0.0053, 0.0050 - 0.0421, -

0.0418

72 0.2030, -

0.1085

- 0.0572, -

0.0826

138 0.5810, -

0.5819

0.0878, - 0.0412

9 0.0095, 0.0050 - 0.0484, -

0.0418

74 0.0992, -

0.0942

- 0.0574, -

0.0782

140 0.5909, -

0.5900

0.0523, - 0.0585

11 0.0093, 0.0070 - 0.0481, -

0.0418

76 0.0092, -

0.0809

0.5600, 0.4928 142 0.5903, -

0.5890

0.0153, - 0.0829

13 0.0085, 0.0078 - 0.0544, -

0.0507

78 0.0561- 0.0872 0.4698, 0.4595 144 0.5784, -

0.5770

- 0.0142, -

0.0828

15 0.0079, - 0.0656, 80 0.0992, -

0.2019

0.4279, 0.4124 146 0.5454, -

0.5431

- 0.0462, -

0.0885

16 0.0560, - 0.0954 0.5298, 0.5280 82 0.4110, -

0.4275

0.2090, 0.0972 148 0.5998, -

0.5988

- 0.0858, -

0.0821

18 - 0.0855, -

0.0627

0.4961, 0.4345 84 0.4504, -

0.4618

0.0969, 0.0892 150 0.4986, -

0.5179

0.4501, 0.4072

20 0.0157, - 0.0740 0.4398, 0.4383 86 0.4851, -

0.4918

0.0887, 0.0556 152 0.5340, -

0.5513

0.4147, 0.0989

22 0.0824, - 0.0962 0.4062, 0.4059 88 0.5131, -

0.5162

0.0830, 0.0098 154 0.5668, -

0.5803

0.1066, 0.0665

24 0.1072, - 0.4010 0.1030, 0.1030 90 0.5328, -

0.5334

0.0693, - 0.0415 156 0.0636, -

0.6018

0.0932, 0.0400

26 0.3257, - 0.4353 0.0949, 0.0949 92 0.5431, -

0.5420

0.0469, - 0.0559 158 0.6143, -

0.6156

0.0833, - 0.0426

28 0.3599, - 0.4660 0.0897, 0.0898 94 0.5421, -

0.5400

0.0094, - 0.0766 160 0.6242, -

0.6237

0.0557, - 0.0613

30 0.4879, - 0.4910 0.0765, 0.0765 96 0.5290, -

0.5243

- 0.0462, -

0.0853

162 0.6249, -

0.6245

0.0400, - 0.0765

32 0.4081, - 0.5089 0.0545, 0.0546 98 0.5140, -

0.5820

- 0.4809, -

0.5115

164 0.5914, -

0.5890

- 0.0132, -

0.0848

34 0.5186, - 0.5175 0.0437, 0.0437 100 0.4653, -

0.5391

- 0.4531, -

0.4770

166 0.6086, -

0.6078

- 0.0090, -

0.0864
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loads that appeared. Consequently, halo current fraction

and toroidal peaking factor (TPF) in vessel components

depend upon the halo current density. In MHD simulation

problems, plasma model comprises of three regions,

namely, core, halo, and resistive wall region integrating

plasma to external vacuum magnetic field. In EAST reac-

tor, plasma was inherently unstable against vertical dis-

placement and during upward and downward movement

creates disruption along with large halo current generation.

In this case, when the plasma flows into the vacuum vessel

through in-vessel components, halo current produced large

values of J 9 B forces acting on the vessel through in-

vessel components. The production and movement of halo

current is such that it first appeared on the outer plate in

clockwise direction and maximum generation of halo cur-

rent was estimated to be about 0.4 times of the plasma

current. Figure 3 shows the evolution of halo current and

filament. EAST halo current is 10 KA for one cassette and

total 400KA recorded by model (18). In EAST, Rogowski

coils have been designed for both the upper and lower

diverters to measure the disruption of halo currents. EAST

upper diverter was upgraded with a new tungsten diverter

consisting of 80 cassettes in the toroidal direction. Four

upper diverter, cassettes have been instrumented with a set

Table 4 continued

No. Bx Bz No. Bx Bz No. Bx Bz

36 0.5179, - 0.5153 0.0087, 0.0079 102 0.0987, -

0.1000

0.4958, 0.4798 168 0.5806, -

0.5920

0.4320, 0.0958

38 0.5042, - 0.5006 - 0.0114, -

0.0103

104 0.2007, -

0.4153

0.4464, 0.4253 170 0.6125, -

0.6219

0.2094, 0.0803

40 0.4761, - 0.4717 - 0.0516, -

0.0435

106 0.4326, -

0.4512

0.4127, 0.1061 172 0.6380, -

0.6435

0.0924, 0.0407

42 0.4321, - 0.4274 - 0.0516, -

0.0515

108 0.4722, -

0.4851

0.1070, 0.0849 174 0.6570, -

0.6583

0.0894, - 0.0445

44 0.1051, - 0.1004 - 0.0561, -

0.0557

110 0.4574, -

0.4542

0.0963, 0.0595 176 0.6664, -

0.6666

0.0593, - 0.0654

46 - 0.0127, -

0.0598

0.5131, 0.5102 112 0.5071, -

0.5146

0.0886, 0.0121 178 0.6662, -

0.6666

0.0426, - 0.0818

48 0.0421, - 0.0800 0.4510, 0.4449 114 0.5348, -

0.5385

0.0632, - 0.0415 180 0.6363, -

0.6362

0.0402, - 0.0886

50 0.0855, - 0.0953 0.4144, 0.4023 116 0.5541, -

0.5547

0.0494, - 0.0567 182 0.6424, -

0.6465

0.4074, 0.0825

52 0.1059, - 0.4111 0.1090, 0.0906 118 0.5641, -

0.5632

0.0109, - 0.0690 184 0.6862, -

0.6871

0.1016, 0.0409

54 0.4549, - 0.4453 0.0994, 0.0848 120 0.5635, -

0.5618

- 0.0117, -

0.0878

186 0.6782, -

0.6816

0.0823, - 0.0457

56 0.4893, - 0.4757 0.0852, 0.0730 122 0.5492, -

0.5470

- 0.0451, -

0.0825

188 0.6424, -

0.6464

0.4074, 0.0826

58 0.4574, - 0.5104 0.0720, 0.0653 124 0.5186, -

0.5160

- 0.0510, -

0.0838

190 0.6862, -

0.6871

0.1016, 0.0400

60 0.5674, - 0.5380 0.0614, - 0.0547 126 0.4965, -

0.4862

- 0.0534, -

0.0839

192 0.6782, -

0.6814

0.0823, - 0.0456

62 0.5479, - 0.5567 0.0429, - 0.0409 128 0.4216, -

0.4455

0.4697, 0.4406 194 0.6664, -

0.6668

0.0593, - 0.0653

64 0.5370, - 0.5546 0.0083, - 0.0590 130 0.4613, -

0.4812

0.4298, 0.2064 195 0.6564, -

0.6568

0.0553, - 0.0665

X

Z

Fig. 2 Plasma orientation (case 2)
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of 10 small-cross sections. Rogowski coils to determine

where the halo currents enter and exit the diverter, and how

much current flows through the water cooling tubes. In this

paper, we have successfully performed theoretical inves-

tigation between halo current-plasma deformation/

displacement and theoretical calculation of total halo cur-

rents as well.

Fig. 3 Evolution of halo current and filament
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Conclusion

The developed theoretical model calculates plasma cross

sections by Bx and Bz magnetic field points and displace-

ment subjected to the start of VDE and magnetic field flux

variations. The developed two conducting points give an

indication to halo current percentages as well. This model

can calculate theoretically halo current during the disrup-

tion phases in a very short time. Furthermore, mathematical

techniques have been developed successfully which shows

the relation between halo currents and plasma displace-

ment/deformation in EAST Tokamak. Computational pro-

gram has been developed to calculate total halo current and

magnetic field calculation points. Theoretical investigation

of each cassette has been calculated by model. This model

can be subjected to experimental data for other Tokamak

devices as well.
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