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The Comparison of Active and Passive
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Abstract—The Samsung superconductor test facility (SSTF) at
SAIT (Samsung Advanced Institute of Technology, Taejon, Korea)
is to be equipped with a 740 mm inner diameter superconducting
split magnet (MC), which provides the background field 0 = 8 T
with ramp rate up to 3 T/s at 250 mm gap between the magnet
halves. A smaller superconducting split magnet (BC) with the di-
ameter 400 mm will be installed coaxially inside of MC to produce
an additional fast variation of magnetic field with ramp rate up to
20 T/s and amplitude 1 T. In order to reduce the coupling be-
tween MC and BC magnets and to avoid the MC disturbance by
the fast changing stray field from BC a cancellation coil (CC) is
to be provided. The comparison of an active superconducting CC
charged in series with BC and a passive cryoresistive, LHe cooled
CC (PCC) of which the current is induced during the fast BC dis-
charge only has been made. The advantages of the PCC concept are
discussed. The amount of LHe evaporated by PCC (charged for a
short time) is estimated to be 3 to 5 liter/pulse. Recovering time for
PCC is 5 to 10 min.

Index Terms—Active cancellation coils, passive cancellation
coils, SSTF.

I. INTRODUCTION

T HE FIRST goal of Samsung Superconductor Test Facility
(SSTF) [1] is to test short samples of the cable in conduit

conductor (CICC) for the Korea Superconducting Tokamak Ad-
vanced Research (KSTAR) magnets with fast varying electro-
magnetic disturbances. The CICC short samples will be tested
using the background 8 T magnet [2] at the ramp rate up to 3 T/s.
The stability of CICC toward larger (up to 20 T/s) ramp rates is
planned to be tested using split blip coils (BC) placed in the
bore of the main background coil (MC). The ramping of the BC
should induce almost zero voltage (and current) in the MC. To
avoid the inductive influence of the BC on the MC, the former
is planned to be connected in series with a pair of cancellation
coils (CC). The CC is to compensate about 1.1 kV inductive
voltage in the MC induced by a fast discharge of the BC [3].
The direction of the CC axial magnetic field is opposite to that
of the BC.
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Fig. 1. Optimized magnet system geometry (1: MC, 2: PCC, 3: BC).

II. A CTIVE CANCELLATION COILS

The concept of active superconducting cancellation coils was
adopted at an early project stage. One of the advantages of this
approach is an almost perfect compensation of the inductive in-
fluence of the BC fast discharge upon the MC voltages and cur-
rents. However, as the detailed consideration shows, the active
CC concept results in the following serious drawbacks.

• The chosen BC CC (BCC) system results in large
seen by the MC conductor, placed in the max field

region. These values exceed the specified MC charging
rate (2.67 T/s) and hence can result in the MC quench
during BC discharge.

• Very large axial forces (up to 900 kN), directed from the
midplane of the system, are typical for BCC. These forces
are of pulsed nature and, therefore, are especially undesir-
able.

• The CC connected in series with BC (but in the reverse
direction) decreases the central magnetic field generated
by BC. For example, the 1 T central field amplitude needs
7 kA in BC CC and 5.64 kA in BC only without CC. To
compensate this effect, it is necessary to increase the BC
operating current, thus decreasing the current and temper-
ature margins and increasing the mechanical stresses.

The above drawbacks of CC lead us in search of more suitable
solution to reduce the BC field change effect on the MC. One of
them, a passive shielding is discussed later.
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III. PASSIVE CANCELLATION COILS (PCC)

A. Principle of Operation

In order to obtain the most suitable system geometry both
from electromagnetic performance and from the design stand-
points, various PCC winding configurations were considered.
The final optimized PCC geometry with one and a half PCC
winding for each half of the SSTF magnet system [2] with a
central gap 250 mm is shown in Fig. 1. The PCC is placed be-
tween the BC and the MC. The equivalent circuit of MC, BC
and PCC is displayed in Fig. 2 (positions of breakers PB 1, 2,
and 3 are given in Table I).

The behaviors of the voltages and currents in the circuit
shown in Fig. 2 are described by a set of differential equations
with the following initial conditions at : kA,

kA, kA and , where the
subscript 1, 2 and 3 denotes the MC, the PCC and the BC,
respectively. In the isothermal case, the resistance of the PCC
circuit, m constant.

The operating scenario is shown in Fig. 3. It includes the fol-
lowing stages:

i) : Charging of the MC starts. The BC is previously
charged to 1 T central field (5.64 kA).

ii) : The MC field is kept constant during approximately
100 ms, while the discharge of the BC starts with slightly
larger than 20 T/s initial ramp rate. The current induced
in the PCC increases from approx.1 kA to 3.8 kA in
approximately 55 ms.

iii) : The time constant of the PCC circuit is increased by
increasing the dump resistance from 1 mto 14 m and
the PCC current starts to decrease.

iv) : The recharging of the MC from 8 T to 8 T starts.
To reduce the currents in the BC and the PCC, the resis-
tance of the latter is increased up to 35 m.

v) : The MC starts to discharge from8 T to 0 T. The
currents in the BC and the PCC are relatively low (less
than 0.5 kA and 1 kA, respectively).

B. PCC Conductor

The PCC conductor must have a low resistance to keep the
heat generation low. However, the superconducting conductor in
the given case is not the best choice for the following reasons: a)
The total circuit resistance involved in the operating scenario is
rather high, when compared to the resistance of the PCC itself.
b) The conductor must operate in the mode of fast increase of
the induced currents and any occasional quench will spoil the
PCC operation.

Therefore, it is more reliable in this case to rely on the pure
normal conductors with large . The estimations show that
the resistance of such normal conductor is comparable to the re-
sistance of all other necessarily normal parts of the circuits (even
if taking into account the worst case of an adiabatic heating of
the PCC conductor in the process of shielding).

The PCC is wound onto G-10 bobbins and placed into the
cryostat containing the BC. The PCC is cooled with pool-boiling
of LHe. The space limitation and the thermal requirement result
in the copper conductor reinforced with NbTi with dimension of
17 mm 6 mm. Some properties of the conductor are: Cu/NbTi

Fig. 2. Electrical circuits of MC, BC, and PCC (PB: power breaker).

TABLE I
POSITIONS OFBREAKERS

Fig. 3. Operating scenario (not to scale).

ratio is 11 : 1, , the total volume of copper is about
1 10 m , and the insulation thickness is 1 mm. The NbTi
reinforcement practically does not increase the total resistance
even when being normal state.

C. Results

In Fig. 4, the fields generated by pulsed coils during their dis-
charge processes are shown. It is seen that the field change pat-
terns in the time interval of interest (up to 50 ms) are essentially
the same for all cases, BC CC, BC only, and BC PCC. It
is worth while to note that the field change rate of BCPCC
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can be controlled by varying the BC dump resistance value, to
some degree.

In Fig. 5 the BC currents versus time are shown. Note that
BCC needs much larger charging current (7 kA) compared to
BC only or BC PCC options. The curve for BC PCC
was calculated for m value. It is evident that, by
changing in the interval between 0.1 and 0.15, we can get
any curve between the curves for BC only and for BC

PCC shown in Fig. 5. This additional degree of freedom can
be helpful during the tests of short samples or TF coils.

In Fig. 6 the inductive increase of the MC current is compared
for the cases of BC only and BC PCC assuming no control
from the MC power supply. It is seen that, in the latter case, the
current increase is much less and slow, so the requirements to
the MC power supply control system are much easier.

The above results were calculated for the isothermal case,
when temperature (and, hence, the resistance of the PCC con-
ductor) is constant during BC discharge process. Actually, there
is some heating of the PCC conductor mainly due to its Joule
heating (according to the calculations, the eddy currents heating
is negligible small compared to the Joule heating and may not
be taken into account). The worst adiabatic case corresponds to
the total absence of heat transfer. This adiabatic case was cal-
culated numerically using the same set of equations, but taking
into account the adiabatic heating of the PCC conductor after
each step ( 1 K), driven by its heat capacity and resis-
tivity. The results of calculations show that i) the maximum PCC
adiabatic temperature during BC discharging process is below
28 K; ii) the currents in the adiabatic case and in isothermal case
for the BC are practically coincide, while, for the PCC, they are
slightly different (only after , see Fig. 3).

Fig. 7 illustrates the field change rates in the most presum-
ably dangerous region of the MC during the BC discharge. One
can see from the figure that, during the MC standby,compo-
nents values practically do not exceed 1 T/s. It is also seen that,
even with only two dump resistors in the PCC circuit, the PCC
system is flexible and can fit the MC field change to the var-
ious complicated scenarios as was analyzed in this paper. The
flexibility is due to the possibility to change the values of dump
resistances and the moments of their on/off switching.

Other advantage of the BC PCC concept is that the forces
acting between the halves of the system are much less than those
of the BC CC case. For the case of BCCC, the maximum
forces are of order of 1000 kN (repulsive ones in the case of

T and attractive ones in the case of T).
For the case of BC only, the maximum force is attractive both
for T (approximately 50 kN for T and
14 kN for T). The maximum forces for BC PCC
remain the same. So, the forces are several dozens time smaller
than those for BC CC. It is also important to note that they
are essentially attractive. The maximum repulsive force does not
exceed 4 kN.

IV. CONCLUSION

The PCC geometry has been optimized and a proper con-
ductor has been designed. The analysis regarding extra fields,
field ramps and currents induced by the BC–PCC in the MC

Fig. 4. Pulsed central field (in arbitrary units) versus time.

Fig. 5. BC current versus time.

Fig. 6. MC inductive current increase (�I = I � I ) for cases BC+ PCC
and BC only.

Fig. 7. Field change rate components versus time betweent and t (see
Fig. 3) in the most dangerous point (R = 382 mm,Z = 285 mm) of MC.
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has been performed. It is shown that the PCC approach has sev-
eral important advantages over the BCC approach. It is espe-
cially true to the attractive forces between two halves of the PC
system. It is shown that the PCC has the merits as follows:

• The PCC reduces acting on the MC from the BC, about
three times better while the active CC even increases it,
giving the MC the danger of quench.

• The compactness of the PCC allows the placement in
the gap between the MC and the BC, where it acts more
effectively.

• The PCC allows the structure to avoid the strong forces
acting between the active CC and the BC.

• The PCC allows the BC to operate at considerably lower
currents.

• The PCC allows the flexibility in ramp rate and conve-
nience for experiments by changing the resistances in the
PCC circuit.

It is shown that the proposed BCPCC system is preferable
to the previously proposed BC CC system.
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