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SPECIAL TOPIC — Plasma disruption

Development of electromagnetic pellet injector for disruption
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Disruption remains to be a serious threat to large tokamaks like the International Thermonuclear Experimental Re-
actor (ITER). The injection speed of disruption mitigation systems (DMS) driven by high pressure gas is limited by the
sound speed of the propellant gas. When extrapolating to ITER-like tokamaks, long overall reaction duration and shallow
penetration depth due to low injection speed make it stricter for plasma control system to predict the impending disruptions.
Some disruptions with a short warning time may be unavoidable. Thus, a fast time response and high injection speed DMS
is essential for large scale devices. The electromagnetic pellet-injection (EMPI) system is a novel massive material injec-
tion system aiming to provide rapid and effective disruption mitigation. Based on the railgun concept, EMPI can accelerate
the payload to over 1000 m/s and shorten the overall reaction time to a few milliseconds. To verify the injection ability
and stability of the EMPI, the prototype injector EMPI-1 has been designed and assembled. The preliminary test has been
carried out using a 5.9 g armature to propel a dummy pellet and the results suggest that the EMPI configuration has a great
potential to be the DMS of the large scale fusion devices.

Keywords: tokamak, disruption mitigation system, electromagnetic pellet-injection (EMPI)

PACS: 52.55.Fa DOI: 10.1088/1674-1056/acc7fb

1. Introduction

Although multiple methods have been taken to control the
burning plasma, disruption still remains inevitable during the
operation of tokamaks. When disruption occurs on large scale
devices, unbearable heat load would deposit on plasma facing
components (PFCs) during thermal quench (TQ). The follow-
ing current quench (CQ) could induce great electromagnetic
(EM) force on metal components. Moreover, in the case of the
International Thermonuclear Experimental Reactor (ITER) up
to 10 MA of runaway electron current generated during the
current decay would deposit on the first wall (FW) and melt the
FW material. Thus, disruptions without any mitigation would
cause great damage and shorten the lifetime of the fusion re-
actors, making it an urgent issue for fusion reactors to mitigate
disruptions.[1,2]

The common method for disruption mitigation is to trig-
ger rapid shutdown by massive material injection.[3] Experi-
ments and simulations both suggest that the disruption effects
can be mitigated if needed quantity of impurity particles can
penetrate into the plasma core and be assimilated. Massive gas
injection (MGI) uses electromagnetic valve to release impurity

gas into the plasma to mitigate the heat load and reduce the EM
force. But the injected gas could not penetrate deeply into the
plasma on large scale device with high performance operation
and the cold front would pre-trigger the TQ, leading to poor
impurity assimilation rate. Instead of gas injection, shattered
pellet injection (SPI) freezes the impurity gas into cryogenic
pellet in the gun barrel and pneumatically accelerates the pel-
let. At the end of the barrel, the pellet would be shattered by
the bent tube and injected into the plasma. Compared to MGI,
shattered pellet can penetrate more deeply and sharply. Most
of the impurity would be assimilated and weaken the con-
ducted heat fluxes.[4–7] However, DMS for high-performance
reactors should be capable of not only delivering impurities
into the plasma, but also reacting in time and finishing the in-
jection before disruption occurs.[8] DMS is triggered by dis-
ruption detection system and the triggering lead time should
cover the overall reaction time of DMS. With the extension of
the triggering lead time, the reliability of the disruption detec-
tion system drops sharply.[9] Both MGI and SPI are gas pro-
pellent systems and the injection speed is limited by the sound
speed of the propellent gas. Meanwhile the pellet flight tube
on ITER-like fusion reactors is much longer than any current
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devices, making the overall reaction time longer than 30 ms.[2]

In this case, the success rate of the disruption detection system
is relatively low. What’s more, in the case of ITER, the dis-
tance from the plasma edge to the magnetic axis is 2 m, and the
estimated TQ duration is 2 ms–3 ms, meaning that the pellet
velocity should be at least 1 km/s, which is far beyond the SPI
velocity. Thus, a fast acting, high velocity and reliable injector
is quite needed for the ITER DMS.

In 1983, railguns were nominated by Hawk as fusion fuel
pellet injector[10] for their potential advantage in high injec-
tion speed of over 10 km/s. Comparing to pneumatic injec-
tor, a railgun injector could accelerate the payload to a guar-
anteed high speed without putting much pressure on the gas
system. Moreover, the pellet acceleration duration for a rail-
gun injector could be less than 4 ms comparing to over 10 ms
via pneumatic injector.[11] Thus, if a railgun system is used in
DMS instead of pneumatic injector, the injection speed and the
overall response time could be greatly improved. Similar fuel-
ing injector like compact torus injection system has also been
applied in fusion devices,[12] showing that an electromagnetic
device is feasible in the application of fusion devices. R. Ra-
man had also given a more detailed discussion towards the ad-
vantage of a railgun system.[13–15] With the promised advan-
tages mentioned above and less impurities produced, a railgun
injector is quite suitable for DMS.

To achieve higher injection speed and be capable of meet-
ing the short warning time for DMS, electromagnetic particle
injector (EPI) concept is carried out. Based on the electro-
magnetic railgun theory, EPI could propellent a 12 g pellet
to 1 km–2 km in 2 ms in theory. Significant progress has
been made further the concept to prototype test and success-
fully separating the payload ball from sabot at the speed of
200 m/s.[13–15] However, there are still a set of difficulties be-
fore a railgun system could be tested on a tokamak. A rail-
gun injector is mainly composed of power storage capacitors,
bus bars, rails and armature. Acting as the energy converter,
armature needs to carry the payload (impurity pellet) to over
1 km/s and release the payload before being collected. So, how
to safely block and collect the armature without any possible
damage needs more exploration. How to reliably separate the
payload from the armature at a high velocity and ensure a sta-
ble trajectory should be considered. During the injection, up
to 100 kA current would flow through the rails and armature,
generating a quantity of unwanted impurities. Therefore, the
elimination of the unwanted impurities should also be consid-
ered.

To solve the difficulties mentioned above and explore
a high-speed massive material injection system for ITER-
like fusion reactors, an electromagnetic pellet-injection system
(EMPI) configuration is proposed. The novel configuration
takes the advantage of reverse electromagnetic force by in-

troducing deceleration gun barrel into typical railgun system.
The configuration enables the in-bore release of the payload
and controllable armature deceleration. To verify the effects of
the configuration, an EMPI prototype platform has been estab-
lished and preliminary tests have also been carried out includ-
ing armature acceleration tests, armature deceleration tests and
armature and payload separation tests. The details will be de-
scribed below.

2. EMPI configuration for massive material in-
jection
Basically, EMPI configuration is formed by reverse con-

catenating two railguns. Figure 1 shows the schematic dia-
gram of EMPI configuration. Apart from a conventional rail-
gun system, another pulse power supply is applied at the muz-
zle of the railgun to form a deceleration railgun barrel. The
power supply for deceleration would be triggered right after
the acceleration process and generate a decelerating 𝐽 ×𝐵

force on the armature reverse to the flight direction. The de-
celerating force then drags the armature to a relatively low
velocity before flying out of the barrel. Equipped with the
deceleration railgun barrel, the deceleration process could be
controllable by adjusting the current flow thus taking control
of the armature muzzle speed. Another advantage lies in the
separation between the armature and the payload. As the elec-
tromagnetic force acts on the armature, the payload is only
fixed by the friction force which can be neglected compared to
the electromagnetic force. Hence the payload would divorce
from the armature and rely on its own inertia without drop-
ping much velocity. As the separation would take place in the
barrel and the armature trajectory is restricted by the rails, the
payload trajectory would also be restricted during the separa-
tion. With the restriction mentioned above, the payload would
be released and fly through the tube without much deviation.

To be deployed near the tokamak, the launching and
breaking process will be impacted by the magnetic field
around the tokamak. The strong stray field would interact with
the armature current and generate an additional force on the ar-
mature. According to the direction of the additional force, the
impact can be divided into three cases. The first case is that the
additional force is opposite to the launching or breaking force,
which leads to a reduction in launch efficiency and shortens
the lifetime of the rail electrodes. In the second case, the addi-
tional force is biased towards one side of the rails, leading to an
asymmetrical armature-rail contact. The contact force on one
side of the contact surface is offset by additional force, result-
ing in contact transition and destabilizing the launching and
the breaking. The first two cases can be avoided by deploying
the EMPI some distance away from the tokamak and adding
an electromagnetic shielding. Correspondingly, the overall re-
sponse time would slightly increase. The third case is that the
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additional force is in the same direction with the launching
or breaking force. By adjusting the direction of the rail cur-
rent flow, the magnetic field between the rails can superimpose
on the ambient magnetic fields. With the enhancement of the
magnetic fields, the injection efficiency can raise greatly, and
the needed current flow could also be reduced. In addition, the
EMPI can be deployed near the vacuum vessel thus shortening
the overall reaction time. The deployment concept of a railgun
system was also discussed in the Raman’s work.[15]

To verify the EMPI configuration, numerical calculations
are performed based on

𝐹 =
1
2
𝐿′I2, (1)

where 𝐹 is the electromagnetic force acting on the armature,
𝐿′ is the inductance gradient of the rails, and I is the current
flow in the circuit.

With given current waveforms (typical waveforms gener-
ated by the three 27 mF capacitors with a charging voltage of
1000 V–7500 V when connecting with a similar railgun cir-
cuit load), velocities and displacements of the armature and

the payload are calculated. In the calculation, accelerating rail
electrodes and decelerating rail electrodes are isolated from
each other and each of the lengths is 1.5 m. The inductance
gradient of the rails is 0.4 µH/m according to electromagnetic
field simulation of single-rail prototype model. The mass of
the armature is 5.9 g and the mass of the payload is 100 mg in
the case of carbon pellet injection for J-TEXT tokamak. The
calculation results are shown in Fig. 2. According to Fig. 2(a),
a velocity of over 1000 m/s can be reached accelerated by the
current with a peak value of 194 kA in merely 2.4 ms. Decel-
erated by a same current with a proper time delay, the muzzle
velocity can drop to 300 m/s. A lower muzzle velocity could
also be achieved by shortening the time delay or increasing
the charging voltage of the deceleration power source. The
displacement of the payload in 10 ms is about 10 m. With a
flight tube length of 6.3 m for ITER,[2] the EMPI configuration
can meet the overall reaction time demand. To experimentally
verify the configuration, a prototype has also been constructed
and the test results are described in Section 3.
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Fig. 1. EMPI configuration.
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Fig. 2. Traces from calculation results: (a) calculated armature velocity (blue line) and pellet 8 velocity (red dash line), (b) acceleration rail
current (black line) and deceleration rail current (red 9 dash line), (c) displacement of the armature (blue line) and the payload (red dash),
(d) armature 10 current flow, all as a function of time.

3. Prototype of EMPI for J-TEXT

Motivated by the numerical analysis, a prototype injector

of EMPI configuration is designed and constructed. Figure 3

illustrates the prototype of EMPI and Fig. 4 shows the EMPI
prototype test platform. To realize the remote control and
data acquisition of the launching process, an armature load-
ing system and a data acquisition and trigger timing system
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have been established. The armature loader is mounted at the
end of the acceleration barrel. As the prototype is tested un-
der the atmospheric environment, the loader is hydraulically
powered, and a putter is installed in the head of the hydraulic
press. When loading, the putter will be driven by the hydraulic
press to thrust the armature through the preloading bore into
the launching position. Figure 5 shows the C-type armature

tested during the experiment. The head of the putter is spe-
cially designed to fit the throat of the armature. The preloading
bore is a designed slope slightly lower than the slope angle of
the armature tail. With the application of the putter head and
the preloading bore, the armature would maintain a symmetri-
cal posture while loading, and the asymmetrical launch can be
greatly avoided compared to manual load.

Armature loader
Busbar BusbarAcceleration & deceleration barrel

Rogowski coil Rogowski 

coil

B-dot probe

Fast 
frame 
camera

B-dot probe

Pre trig. Pre trig.

High-voltage 
probe

Data 
acquisition 

system

Capacitor bank Capacitor bank

Fig. 3. Schematic of the prototype EMPI, including the auxiliary component and diagnostics.

Fig. 4. EMPI prototype test platform.

Payload

Leading C-type armature

Fig. 5. C-type armature with payload and leading.

The prototype is a single-rail railgun and the main pa-
rameters of the EMPI prototype test platform are shown in Ta-
ble 1. The caliber of the prototype is 14 mm× 12 mm. Bus-
bar at each end of the gun barrel is connected to three 27 mF,
7.5 kV capacitors through coaxial-cables. All the capacitors
are switched by silicon controlled rectifier (SCR) and a laser

trigger system is applied to take control of the trigger tim-
ing. Each rail is composed of an inner rail and an outer rail
as shown in Fig. 6. The outer rail is compressed with the bus
bar and the inner rail is directly contact with the armature. By
dividing each rail into two layers, only the inner rail would be
ablated while the outer rail would be intact. Eighteen B-dot
probes are installed at one side of the barrel to obtain the ar-
mature displacement. B-dot probe is a small conductive loop,
which produces an output voltage proportional to the time rate
of change of the magnetic flux linking the loop. The loop is
placed between the rails and parallels to the current flow of
the armature and the magnetic flux linking the loop is only
generated by the armature current. In this configuration, the
zero-crossing point is usually taken to be the time when the
armature is right under the position of the probe. A fast frame
camera is also placed at the muzzle to record the motion of the
payload and the armature.

Table 1. C-type armature with payload and leading.

Parameter

Rail material copper
Rail length (m) 3
Caliber (mm) 14×12

Accelerating bank capacitance (mF) 27×3
Decelerating bank capacitance (mF) 27×3

Accelerating bank voltage (kV) 0.2–7.5
Decelerating bank voltage (kV) 0.2–7.5

Armature mass (g) 5.9
Armature material aluminum
Payload mass (mg) 100

During the first stage of the bench test, the rails for ac-
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celeration and deceleration are isolated by a pair of 200 mm
long blocks. Each rail is 1.5 m in length with an electrode gap
separation of 14 mm. However, severe muzzle arc is induced
as the residual energy is still considerable when the armature
is flying out of the acceleration barrel. The induced muzzle
arc can influence the launching stability and aggravate the ab-
lation of the armature and rails. The ablated armature could
not keep in well contact with rails, leading to transition inside
the bore. A great deal of ablated material is generated due
to transition. Part of the ablated material would deposit onto
the surface of the rail, causing an uneven contact surface for
the subsequent launching. Other ablated material would trans-
port with payload and armature through the bore and shunt the
armature current, causing a failed deceleration. Finally, the
ablated material would jet out of the muzzle and turn into un-
desirable impurity for tokamak application.

Isolators 
Outer rail

Inner rail

 Busbar

Fig. 6. The exploded view of prototype EMPI.

Thus, isolation blocks are removed, and two pairs of rails
are bonded together into a long pair of rails called sharing rail.

An arc suppression system is also designed and mounted onto
the muzzle to consume the residual energy. By using sharing
rails, acceleration muzzle is eliminated and there is no critical
separation between acceleration rail electrodes and decelera-
tion electrodes. The current path for acceleration still remains
during the deceleration process until the armature flying off
the muzzle, then the current would flow through the arc sup-
pression system and the residual energy would be consumed
by arc suppression resistance.

Because of the remaining acceleration circuit during the
deceleration stage, the deceleration of the armature is also in-
fluenced by the acceleration current flow. Figure 7 illustrates
two connection modes for deceleration capacitor bank when
sharing rails are applied. 𝐽acc, 𝐽dec, and 𝐽arm indicate the ac-
celeration current, deceleration current and the current flow
through the armature, respectively. 𝐵acc and 𝐵dec indicate the
magnetic field generated by the rail current.

Figure 7(a) illustrates a current enhanced connection
mode. The same polarity terminals of both acceleration ca-
pacitors and deceleration capacitors are connected to the same
rail. As shown in the Fig. 7(a), the armature current 𝐽arm =

𝐽acc +𝐽dec indicates that the armature current is enhanced by
the acceleration current. However, 𝐽acc and 𝐽dec flowing in
the rails are contrary to each other, thus the induced 𝐵dec is
weakened by 𝐵acc. Figure 7(b) illustrates a magnetic field en-
hanced connection mode. Two opposite polarity terminals are
connected to each end of the rail. The magnetic fields induced
by the rail current 𝐽acc and 𝐽dec enhance each other whereas
the armature current 𝐽arm = 𝐽dec −𝐽acc is weakened. Both
connection modes have been experimentally tested and will
be discussed in Section 4.

Capacitors Capacitors

SCR SCR

Capacitors Capacitors

SCR SCR

+

-

-

+

+

-

+

-

(b)

(a)

Bacc

Bacc

Bdec

Bdec

F/J Τ B

F/J Τ B
Jacc Jdec

Jacc Jdec

Jarm

Jarm

Fig. 7. (a) Illustrates the armature current enhanced circuit for sharing rails after deceleration capacitors are triggered. (b) Illustrates the magnetic
field enhanced circuit for sharing rails after deceleration capacitors are triggered.

4. Preliminary results of EMPI prototype test
In order to test the launching performance, to verify the

usability of the EMPI configuration in payload releasing and
armature deceleration, a series of platform tests have been car-
ried out including armature acceleration, armature decelera-
tion and armature and payload separation. A typical test result
acquired by the diagnostic system during armature accelera-
tion tests is shown in Fig. 8 including (a) accelerating cur-

rent waveform measured by Rogowski coil, (b) muzzle voltage
measured by voltage divider, (c) armature position detected
by B-dot probes and (d) muzzle velocity calculated from the
position data. Basic launching parameters together with the
contact condition can be obtained via the diagnostic system.
Based on the data detected by B-dot probes, muzzle velocities
are calculated and summarized in Fig. 9, abscissa axis repre-
sents the peak value of the acceleration current. A wide range

075205-5



Chin. Phys. B 32, 075205 (2023)

of muzzle velocity from 572 m/s to over 1200 m/s is obtained
by adjusting the charged voltage of the capacitor bank. The re-
sults indicate that the muzzle velocity is positively correlated
with the peak value of the current. The fluctuation of the muz-
zle velocity is mainly induced by the flatness of the rail surface

after a number of shots. As the peak value of the current is lin-
ear to the voltage value of the capacitor bank. The muzzle
velocity could be controlled by adjusting the charged voltage
of the capacitor bank if the flatness of the rail surface could be
guaranteed.
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As an electromagnetic propulsion system, the fast time
response ability is the one of the key advantages over other
high-pressure gas propulsion systems. The summaries of ac-
celeration duration are shown in Fig. 10(a). With the increase
of muzzle velocity from 572 m/s to 1210 m/s, the accelera-
tion duration decreases from 3.56 ms to 2.239 ms. Assum-
ing that the flight tube of ITER and J-TEXT is 6.3 m and
3 m, respectively.[2] Based on the test results, the overall re-
sponse time is calculated and summarized in Fig. 10(b). As
for J-TEXT, an injection speed of over 572 m/s can lower the
overall response time to 9 ms, approaching the response speed
of J-TEXT MGI. In contrast, the overall response time of J-

TEXT SPI is over 25 ms due to long tube away from the torus.
Disruption mitigation experiments cooperating with disrup-
tion detection system could be possible if EMPI is applied on
J-TEXT. As for the scale of ITER, with a maximum test speed
of over 1200 m/s, the overall reaction time could be less than
10 ms. Meanwhile, the test results have shown a high consis-
tency relationship between acceleration duration and muzzle
velocity. Thus, by controlling the muzzle velocity, the overall
response time can be guaranteed. It is necessary to note that
the extrapolation from J-TEXT to ITER does not take the mass
of the impurity pellet into account. As the required mass of the
impurity is of the same order with the armature applied in the
experiments. By increasing the injection current accordingly,
the corresponding speed can also be achieved in the case of
ITER.

The intention of the EMPI configuration is not only to
achieve a high speed, fast response injection, but also to realize
the reliable separation of the payload from the armature and
then decelerating the high-speed armature to a relatively low
speed before flying out of the muzzle and collecting. Thus, the
armature deceleration tests are carried out and Fig. 11 shows a
typical test results in comparison to the numerical calculation
result. Figure 11(b) shows that the test result is roughly consis-
tent with the calculated results during the acceleration process
and the deceleration process under the applied current flow
shown in Fig. 11(a). With a decelerating current of 112 kA
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which is slightly lower than the accelerating current, the ve-
locity of the armature drops from 731 m/s to around 100 m/s.
Over 98% kinetic energy of the armature is consumed during
the deceleration process. With a velocity of around 100 m/s,
the armature can be easily landed without much threat to the
chamber.
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Fig. 10. (a) The acceleration duration of the corresponding velocity.
(b) Overall reaction duration presuming the flight tube length is 6.3 m
for ITER and 3 m for J-TEXT.
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line) and experimental velocity (red dot) under the current shown in
panel (a).

It is necessary to note that the test result as shown in
Fig. 11 was obtained with magnetic field enhanced connec-
tion mode rather than current enhanced connection mode. Fig-
ure 12 illustrates that the acceleration current decline rate
drops after the trigger of deceleration capacitors in magnetic
field enhanced connection mode. The decline rate of the de-
celeration current drops as well compared to the current en-
hanced connection mode. The prolonged rail current further
decelerates the armature to a lower velocity. Repetitive tests
are consistent with the result shown in Fig. 12. One of the
possible explanations is that the linkage of the magnetic field
increases the equivalent inductance of the circuit thus increas-
ing the inductance gradient of the rail. In terms of the arma-
ture current changing, the current enhanced connection mode

increases the armature current flow which would aggravate the
ablation of the contact surface or even induce transition while
the magnetic field enhanced connection mode reduces the ar-
mature current flow and results in an opposite effect. If an
EMPI is installed near the device, the magnetic enhanced con-
nection mode has the potential to take advantage of the biased
magnetic field during both acceleration and deceleration pro-
cesses. Thus, the magnetic enhanced mode seems to be more
suitable for EMPI.
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Fig. 12. (a) Comparation of armature velocity under current enhanced
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Flight distance 0.14 m

Time interval 0.15 ms

Calculated velocity 933 m/s

Payload

Ablated materials

Soft recovery box

Frame 33  Frame rate: 80000

Frame 45  Frame rate: 80000

Fig. 13. Separated payload flying out of the muzzle.

To test the separation of the payload from the armature,
a dummy pellet made of carbon was inserted into the guide
block which was attached to the armature, as shown in Fig. 5.
The mass of the pellet was 100 mg according to the DMS re-
quirement for J-TEXT. The separation tests were carried out
successfully and the maximum muzzle velocity of the payload
exceeded 900 m/s while the minimum muzzle velocity was
294 m/s. Figure 13 shows the payload flying out of the muzzle
ahead of other impurities and the decelerated armature. Most
of the separation tests were carried out successfully except a
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few pellets which were fractured before flying out of the muz-
zle because of the excessive assembling stress. Further opti-
mization and test would be carried out to realize a precise con-
trol of the pellet speed and assure the separation of the entire
pellet.

The experimental results show that EMPI has the ability
to launch pellet at high speed in a short reaction time. And the
armature can be recovered in a short distance. However, tran-
sition and muzzle arc still exist in the prototype tests. Plasma
arc will not only affect the launch efficiency, but also enhance
the rail ablation, reduce the lifetime of the rails, and produce
a certain amount of metal impurities. To deal with this prob-
lem, X-type armature[16] was designed. In the experiment, X-
type armature showed a high deceleration efficiency and main-
tained a good contact state in the deceleration process, which
effectively suppressed the transition. In addition to the mod-
ifications of the armature, the use of tungsten, chromium and
other ablative metal coating on the surface of the rail will also
be conducive to the suppression of the arc in bore. Meanwhile,
an enhanced rail configuration will be designed and tested on
the EMPI-2. With a lower armature current, the ablation of the
rails and armature would be greatly weakened, thus suppress-
ing the arc in bore. For muzzle arc, a combined active–passive
arc suppression system is also being designed and tested. It
is expected that the implementation of the above scheme will
greatly reduce the impact of arc on launch and make EMPI
feasible to be used in disruption mitigation of tokamak.

5. Conclusion and perspectives
An EMPI configuration has been proposed as a massive

material injector for DMS to realize fast response, high ve-
locity and high reliable pellet injection for disruption mitiga-
tion. The prototype shows good performance in pellet launch-
ing, armature decelerating and pellet releasing. A maximum
armature velocity of 1210 m/s has been achieved during the
bench test. An overall response time of less than 10 ms
could be achieved for J-TEXT with a minimum velocity of
572 m/s. Pellet in-bore release test has also been carried out
successfully and a maximum pellet velocity of 900 m/s has
been achieved while the armature is decelerated to less than
200 m/s. The trajectory of the pellet after separation is also
traced along the injection axis.

The test results are encouraging, and the EMPI configu-
ration has been primarily verified. However, some improve-
ments are needed before being applied to tokamak devices.
Despite the use of solid armature as propeller, rail erosion still

remains. A certain amount of impurity would be generated
when the condition of the contact surface grows worse. To
deal with the problems and carry on the test in vacuum envi-
ronment, design and construction of EMPI-2 are on the sched-
ule. It is expected that with the improvement, EMPI-2 would
be able to be equipped on the J-TEXT tokamak and perform
disruption mitigation experiments.

Acknowledgments
The authors are very grateful for the help of the J-TEXT

team. Project supported by the National Magnetic Confine-
ment Fusion Energy Research and Development Program of
China (Grant No. 2019YFE03010004) and the National Nat-
ural Science Foundation of China (Grant Nos. 12175078,
11905077, and 51821005).

References
[1] Lehnen M, Aleynikova K, Aleynikov P B, Campbell D J, Drewelow P,

Eidietis N W, Gasparyan Y, Granetz R S, Gribov Y, Hartmann N, Holl-
mann E M, Izzo V A, Jachmich S, Kim S H, Kočan M, Koslowski H R,
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