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1. Superconducting magnets system;

2. In-vessel coils system;

3. superconducting magnet PSs;

4. In-vessel coil PSs;

5. TF PS; 

6. TF FDUs;

7. CS PSs;

8. PF PSs;

9. NA PSs;

10. VS PSs;

11. DIV PSs;

12. EDS;

13. ECH&CD.
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Superconducting magnets system

4ALIMENTAZIONI ELETTRICHE DI DTT - Palermo – 15/12/2022



In-vessel coils system
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The control of the plasma and power exhaust requires high-performance PSs for all 

the in-vessel coils. In DTT, there are 3 types of in-vessel coils:

1. Vertical Stabilization (VS) coils (ICA)

2. Divertor (DIV) coils (ICA)

3. Not-Axialsymmetric (NA) coils (ICN, saddle)



DTT superconducting magnet PSs
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• A 44-kA 24-pulse AC/DC converter supplying the 18 toroidal field (TF)

superconducting coils, protected by a bypass crowbar;

• Three fast discharge units (FDUs) to protect the TF coils in case of faults as

quenches in the superconductors;

• Six PSs for the six superconducting modules of the central solenoid (CS), based on

energy-conservation topologies to reduce the impact on the external grid;

• Six switching network units (SNUs), for both CS breakdown overvoltage and

discharge protection;

• Six PSs for the poloidal field (PF) superconducting coils, partially based on energy

storage, able to generate the breakdown voltage without a SNU;

• Six FDUs for the PF coils;
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DTT In-vessel coil PSs
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• Two PSs feeding the two vertical stabilization (VS) in-vessel copper coils;

• An additional branch including a PS or a large inductor to imbalance the VS coils for

radial control and for protection in case of disruption;

• Three or four PSs for the four copper coils placed close to the divertor (DIV) in order

to shape the field and plasma configurations in that zone;

• An additional inductive branch to protect the DIV coils in case of disruption;

• A system supplying 27 non-axisymmetric (NA) in-vessel copper coils for error field

correction (EFC) and edge-localized mode (ELM) control.
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DTT superconducting magnet PSs
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Coil group TF CS PF1/6 PF2/5 PF3/4

Coil material Nb3Sn Nb3Sn Nb3Sn NbTi NbTi

Load inductance (mH)
48 for 1 coil

2200 for 18 coils
75 454 298 690

Quadrants in output 2 4 4 4 2

Regulation I or V I or V I or V I or V I or V

Current (kA) 44 ±32 ±28.5 ±22.7 27.9

Voltage (kV) ±0.1 ±1 ±2 ±3 ±3

Peak power to the load (MVA) 4.4 32 57 68 84

Peak power from the grid (MVA) 4.4 2.4 2 2 2

Maximum duration of operation (s) Steady-state 200 s 200 s 200 s 200 s

Reference waveform Constant current Scenarios Scenarios Scenarios Scenarios

Average current accuracy (%) ±1 ±1 ±1 ±1 ±1

Current ripple (%) 0.1 0.1 0.1 0.1 0.1

Breakdown voltage (kV) Not requested 3 2 3 3

Energy stored in the coil (MJ)
46 for 1 coil

2050 for 18 coils
37 184 77 269

Discharge time constant τ (s) 6 4 5 5 5

Maximum FDU (discharge) voltage (kV) 5.5 3 3 3 3

Topology Thyristor bridge IGBT-based IGBT-based IGBT-based IGBT-based



DTT In-vessel coil PSs
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Coil group VS DIV NA

Coil material Cu Cu Cu

Number of independent load coils 2 3/4 27

Load inductance (mH) 6.7 0.7÷1.7 5

Additional branch inductance (mH) 20 1.32 Not present

Quadrants in output 4 4 4

Regulation I or V I or V I or V

Current (kA) ±4.4 (+3 imbalance) ±5 ±2.5

Voltage (V) ±3900 (+1100 imbalance) ±500 ±400

Peak power to the load (MVA) 4.4 32 57

Peak power from the grid (kVA) 200 400 3000

Maximum duration of operation (s) 100 100 100

Reference waveform Triangular Constant DC + sinusoidal

Bandwidth of current at -1 dB 40 Hz 4 Hz 7 Hz

Average current accuracy (%) ±0.5 ±0.5 ±0.5

Current ripple (%) 0.1 0.1 1

Topology IGBT-based Thyristor/IGBT-based IGBT-based



DTT TF PS system
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• The TFCPS is a 2-quadrants 24-pulses AC/DC converter thyristor based converter with an

output DC current up to 44 kA.

• The FDUs are the quench protection system designed for the safe and the fast dissipation of

magnetic energy stored in the TF superconducting magnets. The protection is implemented by

connecting a dump/discharge resistor in series to each TFC sector through a redundant by-

pass switch, in this case completely static IGCTs based.
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Parameter Value

Base PS

Operations Steady State

Rated output voltage ± 100 V

Rated DC output current 42.5 kA + 3.5% (44 kA)

Current/voltage accuracy ≤ 1 %

Current ripple ≤ 0.1 %

Insulating voltage to ground 7.2 kV

Crowbar

Type Unidirectional

I2t 7.23 GA2s

Number of operations without maintenance 2000

Insulating voltage to ground 7.2 kV

Rated DC output current 42.5 kA + 3.5% (44 kA)

Parameter Value

Type Unidirectional

Operating current 42.5 kA 

Total energy for one FDU 0.7 GJ

Specific energy through 7.23 GA2s

Insulating voltage to ground 7.2 kV

FDU Parameters

TF PS Parameters



DTT TF PS system

11ALIMENTAZIONI ELETTRICHE DI DTT - Palermo – 15/12/2022



DTT TF FDUs
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In DTT FDUs standard resistors were replaced by properly designed Silicon Carbide

varistors achieving an almost linear and faster discharge instead of an exponential

current discharge (implemented in ITER and JT-60SA). Also, standard resistors would

produce a voltage across the switches ≥ 6.5 kV and would force to use two ICGTs in

series.
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DTT TF FDUs
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The adopted technical solution allows a relevant reduction of the voltage stresses on

components and reduced discharge time in a reliable way, with less volume occupation.
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DTT TF PS system
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DTT CS PS system
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The DTT CS is divided in three symmetric couples of “upper” (U) and “lower” (L)

modules (CS3U, CS2U, CS1U, CS1L, CS2L, and CS3L), with one independent PS

each.

As the supercapacitor-based DC-link reduces the input power demand, a single

transformer can provide sufficient power for all the six circuits. In order to not increase

the CS PS output voltage, the SNUs are introduced to generate an overvoltage of about

2-3 kV at the plasma breakdown.

The SNUs support each CS circuit since the CS breakdown voltage is higher than the

PS voltage.
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DTT CS PS system
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DTT PF PS system
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The six PF coils (PF1 to PF6) are feed by independent PSs. The six PF power supplies

can be grouped in three different set based on the electrical characteristics derived by

the DTT plasma scenarios.

A supercapacitor-based energy storage solution is employed also for the PF PSs. In this

case, the ratings were selected sufficiently high to produce the breakdown voltage

without a SNU.

ALIMENTAZIONI ELETTRICHE DI DTT - Palermo – 15/12/2022



DTT NA PSs
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• These will be financed by PNRR (Call for Tender to be launched in January 2023)

• Number of coils is defined to 3×9=9×3=27 coils

• Requirements in terms of EF and ELM defined

• Many activities on disruptions (last design choices to be defined)
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Z[m]



DTT NA PSs
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General electrical scheme is similar to that implemented for 

JT-60SA EFCC.
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DTT NA PSs
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DTT NA PSs
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DTT VS PS system
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More complicated design:

• Assuming 20 turns, each VS load L=6.7 mH

• Fast control, but on two different phenomena: parameters under definitions

• Main problem is disruption protection

• Maximum induced currents in conductors: ≈7 kA

• Maximum induced currents on the imbalance branch: ≈5 kA 

• Assuming Ioperative≈6 kA, the worst case in the circuit is ≈13 kA
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DTT VS PS system
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DTT VS PS system
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DTT VS PS system
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DTT VS PS system
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DTT DIV PS system
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• Disruption is again the main problem

• Maximum induced currents is ≈12 kA

• Ioperative≈5 kA → Worst case ≈17 kA

• Additional inductances (slowing effect tolerated?):

• La1 on DIV1: 2 mH

• La2 on DIV2: 0!

• La3 on DIV3: 1 mH

• Under analysis possibility to slightly increase the inductance on DIV2 

and DIV3 to reduce the peak current
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DTT DIV PS system
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DTT DIV PS system
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DTT EDS
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DTT EDS
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DTT EDS
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DTT EDS
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DTT ECH&CD
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DTT ECRH
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OCEM



DTT NBI
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Ing. Pietro Zito 

Tel.:   (+39)0917824135

e-mail: pietro.zito@enea.it
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