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HTS Flux Pumps Dynamo HTS Flux Pumps

Flux pumps are a type of brushless exciter that provide a contactless method of energizing The voltage produced by the flux pump | 0

[Ba+B.]
supercurrents in superconducting coils. Using these devices, traditional non-superconducting Vip can be parametrized by an open cir- I'=1I [1 s 2 {_ | j: _ rj]
metal current leads and their associated heat leaks can be done away with, thereby improv- cuit voltage V.. and an effective internal =R g = Vo |
ing cryogenic efficiency and significantly reducing the cost of systems incorporating supercon- resistance Ry according to Vip = Voo — IRg. " Ry+R,
ducting magnets. Flux pumps also provide a low-power means of stabilizing the current and The current / delivered by the flux pump T o s Voe
field of high-temperature superconductor (HTS) coils, which decay slowly due to finite re- connected to a coil of inductance L by ; “’YX 'V| . R,
sistances of normal-conducting joints and the inductance of the coil. contact resistance R, is shown in Fig. 6 '*--Fl-u-x-p-u-n;];-"

The device considered in this work is a superconducting dynamo consisting of a circular ar- and leads to the short circuit current, /.
ray of magnets mounted on a rotor that passes the magnets across an HTS superconducting These parameters allow the perfor- Fig. 6. HTS flux pump circuit model, consisting of an open cir-
stator wire. During operation in the superconducting state, a time-averaged dc voltage is pro- mance of a flux pump to be predicted for cuit voltage V. and internal resistance R, connected to a coi
_ _ . _ _ _ _ o . of inductance L via joints with combined resistance R..
duced which can be used to energize the field in a connected superconducting coil. The pa- any given HTS coil implementation.
rameter investigated here is the width of the iron stator yoke ring on which the HTS wire is The coil current is plotted as a function of the output voltage Vi in Fig. 8. The device param-
mounted. eters /., Vo, and Rd are given by the /- & V-axis intercepts and the gradient respectively. The

values are plotted as functions of Arin Fig. 9. The frequency dependence in V.. and Ryis
. attributed to eddy currents induced in the iron yoke and/or in the stabilising layers of the HTS

stator.
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Fig. 1. Cutaway view of the exter- Fig. 2. Section showing the mag- Fig. 3. Schematic showing the ar- Fig. 7. Coil current vs the flux pump running time for Fig. 8. Current vs dc output voltage for different op-
nal-rotor dynamo-type HTS flux netic circuit formed between the rangement of the iron stator yoke different stator ring widths Ar and flux gaps d. The erating frequencies f and stator ring widths Ar. The
pump, the liquid nitrogen cryostat rotor and stator. rotor magnets and 12 mm wide operating frequency fis 224 Hz. flux gap dis 7.5 mm.
bath and HTS coil. HTS stator wire.
The overall design of the flux pump features a cylindrical ring-shaped iron stator yoke im- Discussion

mersed in a liquid nitrogen bath (see Fig. 1). Three yokes with ring widths Ar of 25 mm, 12.5
mm and 6.25 mm were trialled in this study, corresponding to full, half and quarter lengths of
the rotor magnets respectively (see Fig. 2 and Fig. 3). A 12 mm wide Superpower 2G HTS
coated conductor stator wire (SCS12050) is wrapped around the yoke and soldered to an HTS
double pancake coil, forming a closed circuit (see Fig. 2). An iron rotor, holding an array of
nine N42 (6.35 x 12.5 x 25 mm) Nd-Fe-B magnets is located outside of the cryostat opposite
the stator. The magnets are arranged with their magnetization vectors pointing though the

Fig. 9(b), (c) and (d) show the device parameters are relatively insensitive to the size of the
stator yoke ring width. The largest changes from the four-fold increase in Ar are 25 -30 % in-
creases in Ry and V,. at the closest flux gap of 7.5 mm. An explanation for this insensitivity is
that the total magnetic flux increases only slightly with ring width (see Fig. 9. (a)). From a
practical standpoint this implies that thinner stator rings, advantageous in terms of weight,
thermal mass, and iron-losses, can be employed with little impact on electrical performance.

flux gap d (and cryostat wall) towards the stator. Rotation is achieved with a servo motor. Linear relationships are found between the device pa-
100, - rameters and the calculated perpendicular field at the
o ' - centre of the stator wire, as shown in Fig. 10. The linear
° E auj ' . . .
Magnet Fields £ W — 2 um || | fits to Rq and V. extrapolate to a threshold field between
2. 0.075 and 0.12 T which has been interpreted as the field
The magnetic field at the stator wire was simulated using Opera finite element analysis soft- o S . . . . at which flux fully penetrates the HTS stator. The slopes
ware for the different stator yoke ring widths Ar and flux gaps d with the magnet centred .;.15.5 it of the fits to Ry and V,. decrease with decreasing ring
above the wire. The perpendicular field component B, over the wire area is plotted in Fig. 4 for ;—ng e remm width in a similar manner such that the resulting /.. val-
a flux gap of 5 mm. B, along orthogonal line cuts passing > | + v || | ues nearly occur on a common line.
lengthwise and widthwise through the middle of the wire ¥l e R .
are shown in Fig. 5(a) and (b) respectively. s N 0157 (a) -
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