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COMPASS and COMPASS-U tokamaks

COMPASS COMPASS-U

Toroidal magnetic field T 1.5 (2.1) 5

Plasma current MA 0.4 2

Major radius m 0.56 0.9

Minor radius m 0.2 0.27

Triangularity 0.4 0.6

Elongation 1.8 1.8

Pulse length s 0.4 2-10

First wall material C W

Plasma shapes fixed* variable

NBI heating power MW 0.6 3-6

ECRH heating power MW 0 1-8



COMPASS Upgrade
Compact flexible device with set of unique parameters 

to support exploitation of ITER and development of DEMO

Focus on two of the EUROfusionRoadmap missions:

ü Plasma regimes of operation 

ü Heat -exhaust systems

ÅHigh magnetic field (5 T) , access to advanced 

confinement modes

ÅHigh power fluxes (~ GW/m2 ), high plasma and 

neutral density in closed divertor

ÅHot first wall (500 °C) , liquid metal technologies
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COMPASS-U mission
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COMPASS-U parameters

Main parameters

Å Toroidal magnetic field B
t
= 5 T

Å Plasma current I
p

= 2 MA

Å Major radius R
g

= 0.9 m

Å Minor radius a = 0.27 m

Å Aspect ratio A = 3.3

Å Triangularity ȃ= 0.3-0.6

Å Elongation ȉ= 1.8

Å Enough space for different divertors

Å Metallic first wall

Å Vacuum vessel operation temperature up to 500 °C

Plasma shapes

Å single null, neg. triangularity with limited parameters (Phase 1 -2)

Å double null (Phase 2 -3)

Å snowflake, negative triangularity (Phase 3 -4)

Plasma heating power

Å Initial phase PNBI = 3 MW, PECRH = 1 MW (P*B/R ~ 25)

Å Later phase up to PNBI = 6 MW, PECRH = 6 MW (P*B/R ~ 80)
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Plasma scenarios - parameters
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Single null
ȉ = 1.8, ȃ= 0.5



Plasma scenarios - shapes
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Negative triangularity
ȉ = 1.4, ȃ= -0.2, I = 1 MA

Lower single null
ȉ = 1.8, ȃ= 0.6

Double null
ȉ = 1.8, ȃ= 0.5

Snowflake
I = 1.5 MA
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Main tokamak systems

ÅPlasma facing components: Inconel, W -coated Inconel, W

ÅVacuum vessel: up to 35 mm thick Inconel 625 (500 °C)

ÅCoils: CuAg0.1 (OF) and CuCr1Zr cooled to 80K

ÅCentral solenoid ( 5 segments) and PF coils (4+4) inside the TF

ÅDismountable TF coils (sliding and bolted joints)

ÅSupport structure: stainless steel AISI 316LN (DIN 1.4429)

ÅCryostat: stainless steel AISI 304L

ÅCryogenic system: LN2 heat exchanger, gaseous He, 80 K

ÅVacuum vessel human access via large midplane ports

Overall dimensions ~6.6x4.8 m, weight ~300 t
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Inner wall limiters
Å Plasma tiles for plasma start-up and termination (~0.4 s)

Å Tungsten tiles forming 8 guard limiters

Å Tungsten-coated Inconel718 with frontside attachment

Heat flux distribution during plasma ramp-down (PFCFlux)
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Plasma Facing Components
Inner wall limiters
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Lower divertor
Å Large Bp => extremely peaked heat fluxes, Ȋq

OMPÒ 1 mm

Å Heat loads to divertor ~70 MW/m 2 (taking into account radiative lossesin front of DIV target

=> heat dissipation required (detachment, strike point sweeping)

=> designed for 20 MW/m 2, 2-3 s

Å Tungsten  tiles bolted from the cassette back side

Å Toroidal bevel of 0.6 °

Heat flux distribution in the divertor (PFCFlux)

Plasma Facing Components
Divertor

ɚq
targetå 6 mm
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Plasma Facing Components
Divertor

A-frame with

spherical bearings

Halo current

flexible strap
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Lower divertor
Å Closed lower cassette divertor concept

Å 24 cassettes : Inconel 718 support, bulk tungsten tiles

Å Supported by 8 A-frames with WS2 coated spherical bearings 

to allow thermal expansion
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W coating

Å W coatings on Inconel 718 have been developed 

within an in -house R&D program with 3 partners

Å 7 ð20 ȋmco atings based on PVD magnetron 

sputtering 

Å No defect (blister/crack/delamination) and good 

adhesion before/after annealing

Å Post-mortem analyses confirm coatings conform to 

initial requirements + good homogeneity

Å W coatings validated by HHF tests in GLADIS (50x 10 
MW/m2 & 100x 30 MW/m2 )

W material testing

Å Testing of W from 9 suppliers worldwide

Å Testing of real size COMPASS-U bulk W sample tiles

Plasma Facing Components
Material testing

500 °C
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Vacuum vessel
PFC interfaces



Vacuum vessel
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ÅMaterial Inconel 625 , 23-35 mm thick walls

ÅTotal weight ~10 t, outer diameter ~3 m (without ports)

ÅHeating of VV up to 500 °C, Inconel 625 pipes welded on 
inside of VV. Gaseous He or CO 2.

ÅPFC heated mainly by radiation

Å8 flexible Inconel 625 supports

Von Mises stress in the vacuum vessel and PSP.
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Vacuum vessel
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Von Mises stress in the vacuum vessel and PSP.
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ÅThermal insulation by 20 mm Multi Layer Insulation (MLI)

ÅIn-house high temperature disruption -proof MLI development

ÅTesting of Ag and Au coating => decision to polish only



Vacuum Vessel
Manufacturing status

ÅManufacturer: Dal Ben S.p.A., Italy

ÅContract signed in November 2024

ÅPreliminary manufacturing documentation approved in August 2025

ÅMaterial procurement ongoing, welding samples are being prepared

ÅManufacturing to be finished in December 2026
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CS1U+L

CS2U

CS3+4U

CS3+4L

CS2L

Poloidal field coils

name, 

qty.

Current 

range 

[kA]

Conductor

w x h

[mm]

D [m] turns winding 

length

[m]

cooling 

segments

2 x CS s ± 50 24 x 21 0.8 29 78 1

3 x CS d ± 50 24 x 21 0.8 61 164 2

2x PF1a ± 25 15 x 15 1.2 32 120 2

2x PF1b ± 25 15 x 15 1.3 32 137 2

2x PF2 ± 25 15 x 15 1.5 32 155 2

2x PF3 ± 25 15 x 15 2.1 36 233 3

2x PF4 ± 30 17 x 20 2.9 40 360 5
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Å5 Central solenoid coils

Å5+5 Poloidal field coils

ÅMaterial CuAg0.1 (OF) , half or full hard hollow 
conductor

ÅInsulation: E glass tape + Kapton, epoxy, VPI

ÅCooled down to 80 K by gaseous He

ÅUp to 50 kA current
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Contract signed in 11/2025 with Revol TT Consulting (Slovakia)



Central solenoid
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Central solenoid design status
Å3 co -wound double segments + 2 single segments

ÅCoaxial feeders

ÅCS compression system (~ 4 MN)

Åsuperbolts + 2x80 lamellae made of EN AW 2195 aluminum alloy

Ålow loss of preload during cool -down

ÅTesting of aluminum lamellae in progress



Central solenoid
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Central solenoid design status
Å3 co -wound double segments + 2 single segments

ÅCoaxial feeders

ÅCS compression system (~ 4 MN)

Åsuperbolts + 2x80 lamellae made of EN AW 2195 aluminum alloy

Ålow loss of preload during cool -down

ÅTesting of aluminum lamellae in progress



Toroidal field coils
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2
.6

 m

3.6 m

ÅTF core + 16 upper limbs connected via bolted and sliding joints, 200 kA current

ÅMaterial full hard CuAg0.1 (OF) or CuCrZr, 16 bundles, 7 turns each

ÅInsulation: E glass + epoxy resin, Vacuum Pressure Impregnation

ÅCooled down to 80 K , gaseous He, Cu cooling pipes soldered to machined grooves

ÅRadial pre -load to provide additional TF core compression and prevent shearing
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Cooling pipes
(core + lower limb, inlets)

Sliding
joint

Upper 
limb

Cooling pipes
(upper limb,
Inlets & outlets)

Bolted
joint

Core

Lower limb

Cooling pipes
(core + lower 
limb, outlets)



Toroidal field coils
Joints and testing

Sliding joint

Midplane bolted joint

Cooling pipes

Testing samples of sliding contact
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Toroidal field coils sliding joints
ÅSliding joint based on Alcator C-mod and MAST experience

ÅCu felt used for good electrical contact

ÅVacuum and cryo compatible el. conductive grease 

needed to prevent cold -welding

ÅTesting under vacuum, cryogenic temperatures and high 

current:  7 kA/cm2 tested



Toroidal field coils
Joints and testing

Sliding joint

Midplane bolted joint

Cooling pipes

Silverplated Cu felt
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Original After 12 000 cycles

Toroidal field coils sliding joints
ÅSliding joint based on Alcator C-mod and MAST experience

ÅCu felt used for good electrical contact

ÅVacuum and cryo compatible el. conductive grease 

needed to prevent cold -welding

ÅTesting under vacuum, cryogenic temperatures and high 

current:  7 kA/cm2 tested


