
A general understanding of training quenches in Nb3Sn superconducting coils is that they are predominantly caused by settling of the coil while increasing the 

force in the magnet during current ramp up. In most cases, voltage measurements show precursors that can indicate the magnitude of movement. Three types 

of movement detection methods were combined in recent tests of Nb3Sn model magnets: direct voltage measurements, quench antenna and accelerometers. 

The accelerometer measurements can exclude the electrical origin of the precursors in voltage and quench antenna data, and allow to further investigate the 

frequency and amplitude spectrum of the vibrations. 

Here we describe the test results of the three movement detection methods on state of the art Nb3Sn model magnets and compare the results with those from 

NbTi magnets.
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Two examples of voltage taps. These are copper wires 

soldered on the superconductor. These are however 

very fragile and introduce risks during the manufacturing 

of the magnet.

Above left: voltage tap measurement with high (orange curve) and low (blue 

curve) frequency measurement. With low frequencies it is difficult to 

differentiate between mechanical precursors and flux-jumps.

Above right: quench antenna signature of a precursor (orange curve) 

compared with low frequency voltage tap measurement (blue curve).

High frequency measurement allows us to see precursors, but noise coming 

from the power source needs to be suppressed with low pass filtering.

Voltage taps

Abstract

Examples of the magnets used to 

validate precursor measurements.

Upper image: LHC main dipole 

(NbTi technology), lower left: 11T 

dipole short model,

lower right: Fresca2 short model 

(both Nb3Sn technology) 

Right top: the old quench 

antenna shaft. This can only be 

used in an anticryostat.

Left: the new flexible PCB 

design of the quench antenna. 

This antenna is thin enough to 

placed in the bore along with 

the magnetic measurement 

shaft. It can also be used in 

cryogenic temperatures.

Right bottom: the PCB QA 

inserted into the 11T dipole
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Above: Cross sectional view of different QA 

arrangements. Multiple coils are used in a 

segment and are connected differentially to be 

able to cancel the large common mode 

voltage when ramping the current.

Above: The quench antenna is divided into segments along the 

magnet to help localize quench location.

Arrangement of two prototype versions of the PCB QA. In the first 

model (top) the magnet is divided into equal sections. In the second 

case (bottom) the coils are shorter at the pole turns and longer in the 

straight section. This is to have better spatial resolution at the pole 

turns where quenches are more interesting. On the other hand smaller 

areas mean weaker signals.

Quench antenna
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Example of a precursor. Leftmost 

plot: top: differential voltage tap 

signal, middle: QA signals in the 

vicinity. Bottom: vibration 

measurement. The precursor 

precedes the quench by 3 ms. 

Left plot: zoom on the QA 

signals: the precursor is visible 

but smaller than the disturbance 

signal caused by the quench. 

Vibration amplitude is 2 g peak 

(measured on LHC main dipole).

Above: Precursor vibration that didn’t cause a 

quench. The upper signals are QA and the 

bottom one is a low frequency voltage tap 

measurement (measured on Fresca2). 

Quench precursor

Precursors are not always present before a quench. If there are however, they 

can be picked up by quench antenna coils and accelerometers if they are 

located close enough to the source.

These methods were validated simultaneously during quenches on an LHC 

main dipole, and vibrations were observed on Nb3Sn magnets. Detailed tests on 

the 11T dipole will begin next month.

Comparison of vibration signals coming from two ends of a 

main dipole. The quench happened on the MRB side. The 

MRB accelerometer (bottom) detected it, the CFB side 

accelerometer (mid) didn’t - even though it has higher 

sensitivity. The AE sensor (top) picked up mostly 

environmental vibration.

Effect of position

PCB 351B41

PCB 351B11

Right: Mounting on the rim of the 11T dipole.

Rightmost: Mounting of accelerometers and AE sensor 

on the two ends of a main dipole. Screw adaptors are 

used to ensure good conduction of vibration.

Left: two cryogenic models of accelerometers. 

There is a tradeoff between sensor bandwidth and 

sensitivity.

Right: Acoustic emission sensor (courtesy of M. 

Marchevsky at LBNL). AE sensors have much 

higher bandwidths than accelerometers, and are 

sensitive to surface waves instead of bulk waves.

Vibration measurement

1 2

Signals of hitting the main dipole shell (1) and leads (2) with 

a hammer. AE sensors are better at picking up these 

signals, whereas accelerometers are better in picking up 

quench signals (due to different modes of wave 

propagation). Measured on an LHC main dipole.

Differences between AE

and accelerometer

Conclusion

Quenches in Nb3Sn magnets are usually caused 

by reaching the conductor limit, or mechanical 

movement of the conductor during the training 

process. The movement can generate a small 

amount heat locally that is enough to raise the 

temperature of the conductor beyond 

superconducting limits.

Voltage taps are used for quench detection. However since 

the superconducting cable carries current, and resides in a 

magnetic field, the movement of individual strands creates a 

varying magnetic field, and voltage is induced in it. Therefore 

signals due to vibration will be seen in the voltage tap 

measurements, and it will induce voltage in quench antenna 

coils. The mechanical vibration itself is conducted in the 

structure where it is picked up by accelerometers.
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Left: Quench 

antenna and 

accelerometer 

signature of a 

vibration. There 

is an observable 

phase shift as a 

result of distance 

between the 

antenna sections. 

The 

accelerometer at 

the far end of the 

magnet will also 

see the signal 

with a delay 

(measured on 

11T dipole).
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