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Fig. 3. Feather-M2.1-2 poles before applying the polyimide insulation sheet and insertion into its aluminum support cylinder.

Fig. 4. Simplified wiring diagram illustrating the instrumentation used in the Feather-M2.1-2 magnet.

turn-to-turn shorts. In can be seen that the voltage recordings
are similar between Feather-M2.1 and Feather-M2.2 for all
voltages (only amplitude changes) and thus no shorts were
revealed.

III. INSTRUMENTATION AND NOISE LEVELS

Because quench detection and protection was a major
concern, Feather-M2.1-2 features some instrumentation that is
not very common for accelerator magnets. A simplified wiring
diagram providing an overview of the instrumentation on the
coils is shown in Fig. 4. Visible are the two main current
leads A and B, part of the test facility, with the two coils,
Feather-M2.1 and Feather-M2.2 connected via an interlayer
splice. Each of the leads, exiting the coils, has two voltage taps
(for redundancy), forming a twisted pair with the wire of the
opposing lead. Each lead is also equipped with a set of pick-
up coils to measure fast changes of the current distribution
between the tapes inside the cable. A temperature sensor is
mounted both on the lead-end and turn-end of each coil.
Additional temperature sensors are present on the main current
leads and outside of the yoke. Inside the aperture a set of three
Hall probes is present, each of which is backed by a pick-up
coil to ensure proper calibration.

In order to measure only the resistive component of the
voltage over the coils, an inductive backing wire [29] was
inserted inside the central channel of the used Roebel cable
(see Fig. 5). This enamel coated copper wire follows exactly
the same path as the cable and thus picks up the same inductive
voltage. This voltage is then subtracted from the voltage of the
coil. Because in this measurement the coil no longer acts as

pick-up loop it generally has much less noise than normal
voltage tap measurements, which are balanced by taking the
differential signal between two coils. The noise level measured
is about one-third of the noise level of the differential signal
between the two poles of the magnet. Also as intended it
contains a near zero inductive component making data analysis
and EI-curve (electric field against current) fitting much easier,
thereby providing a useful tool for analysis. The used SM18
Digital Multi-Meter (DMM) system [30] is working perfectly
for this objective and is able to record the voltage of each coil
down to a noise level of 2µV at a frequency of about 1Hz.

In addition to the temperature sensors, also optical fibers
with Bragg gratings [31], [32], a relatively new temperature
monitoring technique, were used on the outside of the coil
to map the temperature of important components, such as the
joints and the top of the coil. The temperature as measured by
the optical fibers was in good agreement with the classical tem-
perature sensors, showing that the system is working correctly.
For the next Feather-M2.3-4 coil it is planned to integrate these
fibers inside the G11 insulation sheets to allow monitoring of
local temperature rises during drift (see Section VII).

IV. COOLDOWN, CRITICAL TEMPERATURE AND TRIPLE-R

The RRR (Residual Resistivity Ratio) of the copper stabi-
lizer reflects the purity of the copper and is important input
for numerical models, to study, for example, quenches in HTS
coils. The RRR is defined as the resistance of the copper at
273K divide by the resistance at 10K. To determine the RRR,
the coil is powered during cool-down to a very low current of
6A. By measuring the voltage drop over the coil the resistance
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