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AMS-100 A Magnetic Spectrometer – Successor of AMS-02

Image from: https://ams02.space/
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AMS-100
at Lagrange Point 2

A set of ultra-thin solenoids provides 0.5 T magnetic field.

Main solenoid is instrumented on the inside with a silicon

tracker, a time-of-flight and calorimeter system.

A compensation coil required to remove the magnetic

dipole moment of the experiment.

Superconducting coils are operated in the 50 to 55 K

temperature range.



The Expedition to Lagrange Point 2
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Starship’s 8 m diameter payload dynamic envelope 

Vehicle and Launch:

o Target launch year: ~2040.

o Operational for 10+ years.

o Total estimated mass of AMS-100: 40 Tons

• ~5 Tons for the magnet system,

• ~20 Tons of detector equipment,

• ~15Tons of auxiliary equipment and cabling.

o Designed to be launched with SpaceX’s 
Starship rocket.



The Expedition to Lagrange Point 2
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Magnet thermo-electromagnetic requirements:

• Central axial field of 0.5 T

• Minimum external dipole moment

• Passive radiative cooling

• Large thermo-electromagnetic stability

• Reasonable charging time

• Ensure quench protection

Mechanical requirements:

• Withstand thermo-elastic Loads

• Withstand Lorentz forces

• Ensure micro-meteoroid protection

• Withstand dynamic loads during space transportation

Particle Physics requirements:

• Maximum particle permeability of main solenoid
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Requirements for the AMS-100 Magnet System



Dangers of Space: Micrometeorite Impact
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Magnet survives and operates after 

minor degradation -> No Insulation 

HTS 
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Detector equipment is off during magnet ramp.
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Cryogenic requirements fulfilled by 

passive radiative cooling with sunshield.

Thermal Design Study



The AMS-100 Solenoids: Summary

25.09.2024

Main Solenoid CompensationSolenoid Combined

Coil radius 2.00 m 3.94 m

Coil length 5.81 m 1.51 m

Central AxialB Field 0.64 T - 0.14 T 0.5 T

Operating Current 4529 A 4529 A 4529 A

Tapes 5 to 8 layersof 12 mm wideFujikuraFESC (**)

Stabilizer material Al-6061 or Al-6063

Conductor Thickness x Width 2.64 mm x 14.3 mm

Turns per Layer 401 (inner layer)
400 (outer layer)

104 (inner layer)
103 (outer layer)

ConductorLength 10 km 5 km 15 km

Total tape length ~70 km ~35 km 105 km

Inductance 1.34 H 0.55 H 1.33 H

Peak B Field onConductor 1.08T 1.01T 1.04 T

Coldmass* 1446 kg 738 kg 2184 kg

Stored Energy 13.8 MJ 5.6 MJ 13.7 MJ

Energy Density* 9.5 kJ/kg 7.6 kJ/kg 6.3 kJ/kg

* Mass of the cable+ adjacentAl layers. **Numberof tapesdependingon localB field and field angle.
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Main solenoid and compensation coil comprise two 

layers of partially insulated of Al-alloy stabilized HTS 

conductor.

Axial resistance controlled by spot welds between turns.

Kapton insulation between layers.

Coil pack needs to provide part of the mechanical 

strength.

2x 10 mm Al-alloy honeycomb structure for additional 

mechanical strength.

Spot Welds: Top View

Material Radiation Length X0*

Aluminium 0.065

Hastelloy 0.021

Solder 0.021

Other 0.019

TOTAL 0.126
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* Relative radiation length (material thickness / radiation length),

Cross section averaged as homogeneous layers

Particle

27.5 mm

AMS-100 Magnet Layout
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Magnetic Field and Stability

Design B-field of 0.5 T in the center, ~1 T on the conductor at 

the edge of the solenoid.

Operating temperature range of 50 to 55 K:

• ΔT of ~5 K @ 55 K

• Operated at <1nV/cm to limit dissipation during operation.

• Conductor tapering to reduce X0 and reduce cost.

• Magnet characteristic time in the order of 10-20 hours.

Margin and stability is important:

• cooling power is very limited,

• high energy density,

• no intervention possible.
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Main solenoid center – 6 tapes

Main solenoid extremity – 8 tapes

More tapes near the 

magnet extremities
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The instrumented volume is located in the central

region with high B field homogeneity and low X_0

Instrumented Volume

Instrumented Volume



Soldering SnPb at 190°C in oven with spring-loaded soldering jig

Al-alloy stabilized HTS conductor

13Single piece of aluminium alloy profile and terminals of 480 mm in length.

• Short length samples of Al-alloy stablized ReBCO conductor produced.

• Symmetric design with lid reduces bending strain in ReBCO tapes.

• Samples contain 1 to 8 ReBCO tapes soldered in an Al-alloy U-profile.

• Production in a special soldering rig, not for large scale production.

• First samples use 4 mm wide tapes, samples with 12 mm wide tape in preparation.

• Required length: ~15 km -> Continuous manufacturing process required.

1 mm EN-AW-6061 lid

1 mm EN-AW-6061 U-profile

15 µm solder

65 µm HTS tape

50 µm Hastelloy

5 µm Copper

14.3 mm

2.64 mm



Solenoid with same design principle to demonstrate the 
technological feasibility of the AMS-100 solenoids

Scale 1:10 version of the AMS-100 main solenoid
Same conductor geometry, containing only 2 HTS tapes

Operation at T < 77 K allows higher currents 
Ą simulate mechanical loads on the AMS-100 solenoids 
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Parameter Value

Nom. Radius 0.2 m

Nom. Length 0.6 m

Number of turns 42 / 41

HTS Tapes in conductor 2 x 12 mm Fujikura FESC-SCH12

Total tape length ~ 200 m

Conductor mass 10.5 kg

Operational current @ 77 K ~1000 A

Central axial B field @1000 A ~0.15 T

Radiation length X_0 10.1 %

B field @ 1 kA

Coil Cross Section

17.3 mm
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Demonstrator Coil in Scale 1:10

Potential even smaller HTS coils envisioned for demonstration in 

space in a CubeSat (units of 10x10x10 cm).

3x2x2 CubeSat (12U, 20x20x30 cm) 
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• The critical current of an N-layer cable calculated using data from the Wimbush HTS database.

• Self field effects are taken into account.

The produced cable 

prototypes match the expected 

performance well

Conductor Ὅc depending on the number of HTS tapes

• The black line shows the 

theoretical limit Ic for Fujikura tapes

with an individual Ic(77K, SF) of

210 A, (65µm thick, 4 mm wide) 

• The red dots show the measured Ic
of prototype cables, corrected for 

solder thickness, tape Ic and 

temperature

• Performance of the latest iteration

of cables are well matched with the 

expected results.



Bent Conductor Ic Measurements

• Bending needed for respooling, as well as the demonstrator
coil and a possible cubesat experiment. 

• Bent conductor Ic measurements performed to verify
conductor survival at small bending radii.

• Test performed in LN2 at self-field.

• Two cable prototypes made using SuperPower SCS4030AP

• 3 layers of HTS tape

• 8 layers of HTS tape

3 layer cable, electric field over central 2 cm
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Slight degradation observed at bending radii < ~100 mm. 

However, not critical for demonstration in a CubeSat.



End-flanges, Ribs and Stringers
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End-Flanges (grey): Mechanical 

support of the magnet during 

manufacturing,  launch and 

operation. 

Circular, allows quench-back.

Ribs (yellow): Mechanical 

support of the magnet during 

operation and quench events. 

Circular, allows quench-back.

Stringers (blue): Mechanical 

support during launch.



Abaqus Axisymmetric FE model of coil structure (symmetry at x-z plane)

Fine mesh around HTS stacks: single HTS tapes and solder modeled

Temperature Dependent CTE and Stiffness

Loads:

1. Cooldown 293 K -> 55 K

2. Lorentz Forces calculated from COMSOL B field @ 4529 A

1. Compensation Coil off

2. Compensation Coil on

25.09.2024 D. Pridöhl 18

Main Solenoid FE Analysis - Model



Using a detailed cable FE model as well as the 
axisymmetric coil model, a mechanical 
simulation of the different stages in the AMS-
100 conductor is performed 

We evaluate the strain in the HTS layers of the 
inner central turn, as well as the aluminium
alloy van mises Stress

25.09.2024 D. Pridöhl 19

HTS strain and aluminium stress are 

well below the limits

r

z

Mechanical Loads over Cable’s Lifetime



Thermal-ElectroMagnetic Quench Model
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First: Quench behavior of the NI AMS-100 main solenoid

• Quench behavior of the AMS-100 main solenoid is studied for 

several quench scenarios.

• Quasi 3D thermal, electrical and magnetic nodal-network 

model is built using python.

• Results from this model are analyzed in ANSYS/Abacus to 

evaluate the resulting mechanical response.

• Model studies the effect of slow thermal runaway and 

consequently a fast quench as function of a small defect.

• Not enough resolution at the moment for sudden and very 

local defects (due for e.g. micrometeorite impact).

• Other structural elements, such as end-flanges and ribs, are 

included only in the 2D simulations.

• 3D Simulations performed using a previous design iteration 

with a single layer solenoid.Turns divided in to line elements

Thermally and electrically connected:

Axial and azimuthal direction

Axial

Azimuthal



Thermal-ElectroMagnetic Quench Model
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First: Quench behavior of the NI AMS-100 main solenoid

• Quench behavior of the AMS-100 main solenoid is studied for 

several quench scenarios.

• Quasi 3D thermal, electrical and magnetic nodal-network 

model is built using python.

• Results from this model are analyzed in ANSYS/Abacus to 

evaluate the resulting mechanical response.

• Model studies the effect of slow thermal runaway and 

consequently a fast quench as function of a small defect.

• Not enough resolution at the moment for very local defects 

(due for e.g. micrometeorite impact).

• 3D Simulations performed using a previous design iteration 

with a single layer solenoid.

• Other structural elements, such as end-flanges and ribs, are 

included only in the 2D simulations.
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Thermal-ElectroMagnetic Quench Model

2D Protection simulation using NICQS (No Insulation Coil Quench Simulator)

• NZP is driven by inductive components, fast inductive quench propagation of ~1 m/s.

• Current is pushed to adjacent turns, these turns reach Ic and consequently quench themselves.

• High currents of > 2.5 x Iop reached for a short period of time.

• Local Lorentz force doubled during a quench.

• Mechanical ripple follows the front of the NZ.

• A quench starting in the center gives the lowest hot-spot temperature.

• A quench starting in an extremity gives the highest hot-spot temperature on the other extremity 

(all current/energy is pushed towards the other extremity).
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Thermal-ElectroMagnetic Quench Model

Main solenoid, 

layers 1 + 2

Ribs

End flanges

• Quench back in the structural components of the magnet.

• End flanges and ribs dissipate part of the stored energy.

• Main and Comp coils are powered in opposite polarity, thus a quench in the main solenoid causes 

the comp coil to discharge partly, but not quench.

• Comp coils allows faster discharge of the main solenoid, beneficial for protection.

• Peak temperatures order of ~ 100 K in 2D, ~200-250 K in 3D in case of an unprotected quench, 

although behaviorally both 2D and 3D show very similar results. 
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What is next?

Modeling: 

• 3D modeling of the combined main solenoid, 

compensation coil and structural components.

• Study the effect of various quench protection 

scenarios.

• Coupling of the TEM-results with a mechanical 

model.

• Further optimization of the conductor layout.

Conductor Development:

• Al-alloy stabilized HTS conductors with 12 mm 

wide tape.

• Additional bending tests.

• Long length manufacturing and spot welding.

• Demonstration coil.

• CubeSat demonstration coil + flux pump.



Conclusions

• AMS-100 magnet system faces many design challenges due to its

ü ultra-thin 0.5 T HTS magnet system,

ü large stored energy of 14 MJ,

ü limited cooling via external radiators,

ü requirement to fit the magnet and its compensation coil(s) inside a rocket, 

ü requirement to survive high-vibration launch conditions,

ü requirement to operate stably in space with limited cooling,

ü requirement to survive a quench in either the main or compensation coil.

• Modelling effort is ongoing to predict the magnet operational and quench behavior.

• Testing of materials and conductor preparation procedures is ongoing. 

• 1:10 demonstration coil is envisioned.

• Several further magnet design iterations are anticipated.


