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from the generator (a part of the SI 1253 gain-phase
analyzer), is applied to the KEPCO power amplifier. The
amplification rate of this circuit is controlled by a special
configuration key or by applying specific resistance to the
amplifier input.

Introduction
The use of superconducting magnets allows to build
large energy particle accelerators with a good magnetic
field power and running cost ratio. One of those is the
Large Hadron Collider (LHC) at CERN (fr. Conseil
Européen pour la Recherche Nucléaire), Geneva which is
working since 2008. Superconducting magnets will also be
used in the FAIR (Facility for Antiproton and Ion
Research) project. This new facility will be build in GSI
Helmholtz Centre for Heavy Ion Research GmbH,
Darmstadt, Germany.
Superconductive magnets are characterized by
minute resistance at relatively huge inductivity (from mH
up to H). Standard measurement methods cannot be used
to test them at cold condition [1].
Based on CERN experience, the authors have
constructed a dedicated measurement system intended for
the measurement of the parameters of the tested magnet
[2]. Those parameters can be measured using DC and AC
mode (at different frequencies). The main hardware parts
are a gain-phase analyzer and a power amplifier. Authors
proposed a method to recalculate the equivalent parameters
(RLC) of the magnet. The system is controlled by special
software written in National Instruments LabVIEW.

Fig. 1. The diagrams for the testing of the frequency function of
the: a – coil impedance; b – coil-to-ground impedance

If there is a need for the measurement system to be
placed at long distance from the tested magnet and long
connectors have to be applied, then, to ensure the precision
of the signal applied to Zref and tested magnet, the
connectors have to be conFig.d using the 4-wire
schematics (using the SENSING terminal of the amplifier),
shown at Fig. 2.
The amplified signal is applied to the, serially
connected, reference impedance (resistance) Zref and the
tested magnet. The voltage drop at the reference
impedance and at the tested magnet coil (or between the
coil and ground) is tested by the two channels of the
SI 1253 analyzer. Orthogonal components of voltage drops
are measured. The PC stores both of the measurements at
the same time.

System structure
The measurement system for the testing of the
superconducting magnet parameters is build using the
SI 1253 Gain-Phase Analyzer, and an KEPCO model
BOP 100-4M-4886 power supply / amplifier.
The base task of the system is testing the frequency
function of the magnet coil impedance (and its
components), and testing the resultant coil-to-ground
impedance. The diagrams that allow for the realization of
those functions are shown at Fig. 1.
A PC, the main control device of the measurement
system, is enforcing a signal from the generator. The signal
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Fig. 2. The schematics for the 4-wire connection, using the
“SENSING” terminals

The system uses the GPIB interface for
communication. There is a dedicated communication card
in the PC that acts as the main interface controller. The
authors have constructed special drivers for the National
Instruments LabVIEW system to be used with the SI 1253
model analyzer and the KEPCO amplifier.
Taking into account the limited resolution of the
analyzer, a proper relation between the tested magnet and
reference impedance must be maintained. As the tested
magnet is characterized by large inductivity its impedance
largely depends on frequency, and is rising rapidly along
with it. The larger impedance means a smaller current
flowing through the tested magnet and the reference
impedance, which means a small voltage drop at the
reference impedance, as the Zref impedance isn’t as largely
dependent on frequency. In some cases, the voltage drop at
Zref can be many times smaller than the smallest voltage
measurable by the analyzer, and that will cause the voltage
measurements to have small resolution. The impedance is
calculated taking into account both the tested magnet and
reference impedance voltage drops (as a relation between
those two), so the small resolution error can have a huge
impact on the exactness of the measurements results.

Fig. 3. The Configuration tab

The Measurement tab is used to perform the test, save
its results to a file or to load a prior test file (Fig. 4). After
a completed test, the data from the analyzer is shown in a
table on the right side of the tab.

Software

Fig. 4. The Measurement tab

The software of the system was made with the
National Instruments LabVIEW system [3]. After starting
the program, the user is presented with a set of seven tabs:
Configuration (for configuring the measurement system),
Connecting (showing the required system connections),
Setup (for configuring the test parameters), Measurement
(for starting the measurement, saving the results and
loading prior results), Results of calculations (for making
RLC parameters calculations and viewing their results),
Generate AC/DC (for configuring the generator to supply a
constant AC or DC signal) and About (with some
information about the authors). The main configuration
options (the RLC parameters of the reference impedance,
the amplification rate, the model of the magnet used in
calculations and the voltage supplied by the system) are
shown constantly at the left side of the program window.
The Configuration tab is shown at Fig. 3. It is used to
set the basic information about the tested magnet and
system configuration, and also the model of the magnet
impedance used in later calculations.

For performing the calculations and to view their
results the user has to use the “Results of calculations” tab
(Fig. 5).

Fig. 5. The Results of calculations tab
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The results of RLC parameters calculation, using the
conFig.d magnet model, are presented on the left. Those
are: the resistance R, inductance L, capacitance C and also
resonance frequency frez and the Q-factor. On the right side,
there is a table showing the calculated, taking into account
the data from the analyzer and the reference impedance,
module and phase of the impedance and the frequency of
the measurement signal. Also there is the module and
phase calculated for the RLC model, using the prior
calculated model parameters. After clicking the
Show graph button, a new window will open showing
those results as a graph.
The frequency function of the tested magnet module
and phase is calculated using the measurement data. Next
the equivalent RLC parameters are calculated.
After k measurements with different frequencies, we
get the frequency function of the tested magnet voltage
U1i and the reference impedance voltage U2i relation
(I = 1…k)

U1i
= ai + j ⋅ bi .
U 2i

the square root approximation was selected to be used for
calculating the model parameters.
Using the first equation of (5) we get
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The capacitance C is calculated using the second
equation of (5)
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A similar method is used to calculate the RLC
parameters of the parallel model of the magnet.

(2)

Example test results
The discussed system is used at the GSI Helmholtz
Centre for Heavy Ion Research for testing superconducting
magnets. Fig. 6 shows a magnet at warm condition being
tested. The measurement instruments are visible on the
right.
For the presented magnet, the measured voltage
relation, given by the equation (1), is shown in Table 1.

(3)

Assuming the serial-parallel model of the
superconducting magnet coil (serial RL parallel with C),
the admittance of the model is given as

Ymi =

L2
= Ai −1 .
R

Using square root regression for k sets of (xi, Ai) we
calculate the m and n coefficients of the polynomial
y = mx+n. Using those we get the resistance R and
inductance L of the model

From the equation (2) we can get the real Ai and
imaginative Bi component of the admittance of the tested
magnet at k measurement frequencies

Ymi =

(6)

Substituting xi = ωi2 we get

This relation is equal to the relation of the impedance
of the tested magnet Zmi and the reference impedance
Z r = ar + j ⋅ br at i frequency

U1i Z mi
.
=
U 2i
Zr

L2
= Ai −1 .
R

(4)

From the equations (3) and (4) we get two equations
with three unknown factors (RLC)
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R
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 R + (ωi L )

Theoretically, the measurement can be made using
only two frequencies ωi, and the model parameters will be
calculable. Taking into account the limited resolution of
the measurement device, measurement noise, the exactness
of the used reference impedance and the relation of the
resistance R and the inductive ωL and capacitive 1/( ωC),
reactance, the calculation using only choosen frequencies
wouldn’t be exact enough. Taking that into consideration,

Fig. 6. A superconducting magnet being tested at GSI, Darmstadt

Using this measurement data and the shown
algorithm, equivalent RLC parameters of the model were
calculated: R = 0.509 Ω, L = 2.04 mH, C = 2.70 μF,
frez = 2.14 kHz, Q = 54.0.
41

Table 1. Example test results of a superconducting magnet
f [Hz]
1.0000
1.6680
2.7830
4.6400
7.7400
12.9200
21.5400
35.9400
59.9000
100.0000

a
0.101700
0.101700
0.101710
0.101710
0.101730
0.101750
0.101840
0.102070
0.102700
0.104370

There is a good correspondence between the modules
and a small error with the phase, which is sufficient to
verify that the RLC calculations using the shown method
were correct.

b
0.002576
0.004289
0.007147
0.011916
0.019864
0.033152
0.055254
0.092184
0.153580
0.256230

Conclusions
The constructed measurement system is used to test
the coils of the superconducting magnets at GSI Helmholtz
Centre for Heavy Ion Research, Darmstadt, Germany.
First tests gave good results. The system is meant to
be used for the measurement of the magnet frequency
characteristics and other parameters during pre-series and
series production of the superconducting magnets. This
system will also be used during the procedure of
equilibration of the quench detection bridge.
The authors see a need to upgrade the system in the
area of calculating the RLC parameters of the equivalent
model for larger range of frequency (up to 20 kHz).
Different reference impedances for different measurement
types have to be built and tested. Additional models of the
measured objects can also be implemented.

To verify the results, a graph of the frequency
function of the module and phase of the tested magnet,
calculated using the measurement data in table 1 and
equation (2), and its approximation, the frequency function
of the module and phase of the RLC model with the prior
calculated parameters, was constructed (Fig. 7).
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