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Stacks of superconducting tapes can be used as trapped-flux magnets and applied in a fully supercon-
ducting motor. In such application, they can be subjected to an angled magnetising field. In this work,
the results of the numerical analysis of the stacks with different sizes, magnetised by angled magnetic
fields, are presented. The numerical model applied bases on H-formulation. The optimum number of
tapes in which the magnetisation per tape is the highest is sought. The dependence is obtained and
presented for 40 mm wide tapes, similar in size to the ones applied in a future motor. It was shown
that the optimal number of tapes increases with the strength of the magnetising field and decreases
with its deviation from the direction normal to the stack.
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1. Introduction

Stacked superconducting tapes can trap mag-
netic flux as high as 17.7 T [1]. Such tapes are
cheap, simple and stable both thermally and me-
chanically [2]. Trapped-flux magnets made of su-
perconducting tapes will be used in a rotor of a
fully superconducting synchronous airliner motor
demonstrator [3], constructed under the ASuMED
project. The application of superconductors in an
aircraft motor is expected to lead to an increase of
mass power density.

The stacks in the motor used for the ASuMED
project will have complex shapes due to the need
to decrease demagnetisation [4–6] and they will be
affected by angled fields. In this paper, we inves-
tigate the effect of the number of tapes on mag-
netisation per single tape. The optimum number of
tapes that allows for the maximum magnetisation
is determined for a range of angles and magnetis-
ing fluxes with different strengths. The existence of
such an optimum is hinted by previous experimental
and numerical investigations [7].

2. Methods

A numerical model is developed in Comsol Mul-
tiphysics and uses 2D geometry presented in Fig. 1.
The regions of the model are a stack, magnetis-
ing coils and an environment (modelled as air).
The coils are moved around the stack by a certain

angle α. In the model description, we use H-formu-
lation where stacks are modelled as anistotropic, ho-
mogeneous blocks [8, 9]. The problem comes down
to solve:
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where H is the local strength of the magnetic field,
E is the electric field, J is the current density and t
is the time. The z-component of the electric field is
denoted as Ez (out of model plane), Jc is the crit-
ical current, n is taken as 31 and E0 is assumed as
100 µV m−1 [10]. Calculation of the critical cur-
rent density is performed with the use of (4) and
(5) from [11]. In turn, Jc0 and B0 are found us-
ing experimental data from [12]. Coefficients α, β
and γ are 1, 0.67 and 2.77, respectively. In order
to consider anisotropy of the tape, a directional pa-
rameter ε is introduced, hence
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Fig. 1. Geometry of the model.

where B is the local strength of magnetic induction.
The analysed angles’ range is between 0◦ and 90◦

and the number of tapes in the stack is between
1 and 25. The considered applied magnetic induc-
tions Bap at the centre of the electromagnet (with-
out the stack) equal 3.4, 1.7 and 0.85 T.

3. Results and discussion

Figure 2 shows the magnetic flux trapped per sin-
gle tape as the function of angle α of magnetising
flux and its strength. Trapped flux generally de-
creases with α and only in some cases it remains
constant within a certain range. This corresponds
to the situation in which the stack remains fully
magnetised despite the changing angle. In fact,
when the number of tapes is larger, the trapped
flux decreases faster with the increase of the angle.
This is due to the fact that a part of the volume of
the stack is not explored, if the magnetising flux is
smaller than the penetration flux.

With the sufficiently high magnetising flux allow-
ing full magnetisation, the trapped flux per tape in-
creases with the tapes’ number. This is probably re-
lated to the fact that although the tapes are placed
internally, they are partially shielded and experi-
ence lower magnetic flux. Therefore, their critical
current density is higher, allowing to trap a stronger
flux. However in reality, this effect can be mitigated
by the heat generation and the increase of temper-
ature in the centre of the stack.

Figure 3 shows the estimated optimal num-
ber of tapes in the stack which allows to obtain
the maximum magnetisation per tape. Importantly,
the number of tapes decreases with the increase of
α and increases with the increase of Bap. In all Bap

cases, the optimum number of tapes obtained with
α = 90◦ is 1. With such a value of the angle of
the magnetising field, almost no flux is trapped,
though. Our results also suggest that there exists
the maximum number of tapes for which a further
increase of Bap will not cause a further improvement
of magnetisation per tape.

The maximum magnetisation per tape does not
necessarily mean that the total trapped magnetic
flux is the highest. In many cases, the entirely
trapped flux will increase with the number of tapes.

Fig. 2. Magnetic flux trapped per unit length of
the stack for a single tape and for different values
of Bap: (a) 3.4 T, (b) 1.7 T, (c) 0.85 T.

Fig. 3. Estimated optimal number of tapes with
different Bap.

Optimal magnetisation per tape, however, gives
the highest ratio between the weight of the stack
and the trapped field, the value crucial for aviation,
marine and wind turbine applications. It marks
the maximum number of tapes when the magneti-
sation is full for a given field.
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4. Conclusions

The obtained numerical results confirm the ex-
istence of an optimal size of the stack, which —
for the given combination of the angle and strength
of the magnetising flux — yields the maximum
magnetisation per tape. This value increases with
the strength of the magnetising flux and decreases
with its angle. When the optimal number of tapes
is applied, the magnetisation is full and neither
the magnetising field, nor the volume of the stack
is wasted. The presented results are important
in the context of the application of the stacks
in the transport and energy industry as they al-
low for the minimisation of weight/flux ratio of
the trapped-field magnets.
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