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EPICS: PORTING iocCORE TO MULTIPLE OPERATING SYSTEMS

M. Kraimer, Advanced Photon Source, Argonne National Laboratory, Argonne, IL USA

Abstract

An important component of EPICS (Experimental
Physics and Industrial Control System) is iocCore, which
is the core software in the IOC (input/output controller)
front-end processors. Currently iocCore requires the
vxWorks operating system. This paper describes the
porting of iocCore to other operating systems.

1 INTRODUCTION

Originally IOC (input/output controller) meant a
VME/VXI-based system that interfaced to various
hardware interfaces. Today it is also used on non-VME
systems as well as software-only systems. It does,
however, still require the vxWorks operating system. The
goal is to remove the dependency on vxWorks.

The IOC software can be divided into the following
categories:
● vxWorks - A proprietary real-time operating system
● iocCore - Core EPICS software, described below
● Hardware support - Support for specific hardware

An EPICS IOC allows extensible record/devicddriver
support, i.e., there is a clear separation between iocCore
and hardware support. Thus iocCore can be used without
hardware support and/or support for non-VME based
hardware. Beginning with the 3.14 releases, iocCore will
be implemented via Operating System Independent (0S1)
libraries.

iocCore includes the following components:
● Database locking, scanning, and processing
. Channel access client and server
● Standard record types and soft device support
. Access security
● Other non-hardware specific components

The port is based on the following assumptions:
● All hardware support will be built separately. Thus it

does not need to be ported.
● iocCore requires a multi threaded environment.

0S1 components are defined such that:
. The vxWorks implementation has minimal overhead

compared to vxWorks specifi$ calls.
. The components can be implemented via a

combination of POSIX. 1, POSIX.4 (POSIX Real
Time), and POSIX Threads (pthreads).

For components that require a different implementation
for different environments, the implementation may be
via header andlor source files as long as user code can
code to the “prototype” header files.

. 2 OVERVIEW OF CHANGES

2.1 Replacements for Existing vxWorks and
EPICS Components

The following 0S1 libraries replace vxWorks libraries.
● osiClock - tickLib, sysLib
● osiFindG1obalSy mbol, registry - symFindByName
● osiInterrupt - intLib
● osiRing - rngLib ~~~.~,~@~

● osiSem - semLib
● osiThread - taskLib JAN?(! 200$
● osiWatchdog - wdLib

~-%?n~d!dEach osiXXX interface defines only the fun t]o
by iocCore rather than all the features of the vxWorks ,”
libraries.

2.2 Regist~

vxWorks provides a function, symFindByName, that is
used to dynamically locate global data and functions.
This facility is unique to vxWorks and is not easily
recreated in other environments. Instead a facility is
provided to register and find pointers to functions and
structures. This leaves the problem of registering
everything currently located via calls to
symFindByName. This is solved via a Perl script that
generates a C function, which registers the record, device,
and driver support. dbLoadDatabase calls this function
after loading the database.

2.3 Build Environment

The build environment is different. The principal
features are:
. Each source directory has a single Makefile. This

builds for both the host and for all IOC targets. ~
● The new configuration files are located in

baselconfigure.
● The existing base/config is still present so that

existing applications
changes.

2.4 task~arams.h

This file, which defines

still build without major

vxWorks-specific options for
iocCore tasks is no longer part o{ iocCore. Instead
osiThread provides generic options.
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USE OF THIN FILMS IN HIGH-TEMPERATURE
SUPERCONDUCTING BEARINGS

John R. Hull and Ahmet Cansiz

Energy Technology Division, Argonne National Laboratory, Argonne, IL 60439 USA

Abstract: In a PIWHTS bearing, locating a thin-film HTS above a bulk HTS was expected to maintain
the large levitation fbrce provided by the bulk with a lower rotational drag provided by the very high
current density of the film. For low drag to be achieved, the thin film must shield the bulk from
inhomogeneous magnetic fields. Measurement of rotational drag of a PM/HTS bearing that used a
combination of bulk and film HTS showed that the thin film is not el%ctive in reducing the rotational
drag. Subsequent experiments, in which an AC coil was placed above the thin-film HTS and the
magnetic field on the other side of the film was measured, showed. that the thin fihn provides good
shielding when the coil axis is perpendicular to the film surface but poor shielding when the coil axis is
parallel to the surhce. This is consistent with the lack of reduction in rotational drag being due to a
horizontal magnetic moment of the permanent magnet. The poor shielding with the coil axis parallel to
the film surface is attributed to the aspect ratio of the film and the three-dimensional nature of the current
flow in the film for this coil orientation.
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INTRODUCTION

The use of bulk high-temperature superconductors (HTSS) in levitation applications such as magnetic
bearings has seen considerable development during the past decade [1]. The most common configuration
for a HTS bearing incorporates a rotatable permanent magnet (PM) stably levitated in close proximity to
a stationary bulk HTS of (RE)-Ba-Cu-O. More recently, interest in the use of thin-film HTSS in
superco ducting bearings has increased [2-6]. Although YBCO thin films often have Jc values of >1

9MA/cm at 77 K, the thickness of these films is only =1 pm and they do not provide much levitation
force

The use of high-Jc thin-films in HTS bearings has long been thought to offer the potential for reduced
rotational drag [7,8]. This conjecture is based on the generally accepted hysteretic loss mechanism fm
HTS bearings that is based on the critical-state model. Hysteretic loss is produced whenever there is a
cyclic change in applied magnetic field, and the energy loss per cycle is [9]

Eh = Kpo(AH)3/Jc (1)

‘hereEhisthe9’$stere ic energy loss per unit area per cycle, K is a geometric coefficient of order unity,
PO = 4X x 10 N/A is the magnetic permeability of vacuum, AH = AB/po is the peak-to-peak
amplitude of the varying magnetic field, and Jc is the critical current density in the HTS. When a
levitated PM spins over a HTS, rotational loss occurs because of azimuthal inhomogeneities of the
magnetic field of the PM, which causes a AB at a surface location on the HTS over a complete rotation of
the PM. The amplitude of the AB increases if there is any appreciable whirl amplitude of the PM, in
which case the radial gradient of the magnetic field also contributes to the AB. One may conceptualize
the magnetics of the bearing system as the PM providing a constant magnetic field B that interacts with
the HTS to provide levitation force and a circumferentially vmying magnetic field AB that produces the
rotational loss. In general, the AB associated with inhomogeneity is much less than the constant
magnetic tields B that provide the levitation force.
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A further consequence of the critical-state model, beyond the energy loss described in Eq. (1), is that the
interior of the HTS is shielded from the varying magnetic field, so that the hysteresis losses occur on Iy
on the surface of the HTS. Thus, it was conjectured that if a thin-film HTS were interposed between the
PM and bulk HTS, the levitation force would remain approximately the same and most of the hysteretic
loss would occur in the thin-film HTS. The thin-film HTS would shield the bulk HTS tlom the efkcts
of the applied AB, so that the bulk HTS experiences only a constant applied magnetic field. Because Jc
is so much higher in the thin fihn, the total hysteretic loss (and therefore the rotational drag on the
levitated PM) should be much lower with the HTS film installed.

When the above considerations were tested in rotational drag experiments, we found that the HTS film
was not effective in reducing rotational drag [IO]. We then conducted magnetic shielding tests on the
HTS film to help elucidate its failure to reduce the rotational drag. This article reports the results of the
rotational drag and shielding tests. A theoretical interpretation of the results is also provided.

ROTATIONAL DRAG

Experimental Method. A detailed description of the experimental apparatus for rotational drag
measurements has been described elsewhere [10,11]. In essence, a PM disk rotor was levitated over a
HTS in a vacuum chamber, with an oil-diffusion pump reducing the pressure to <100 yPa. The HTS
was inside a room-pressure cryochamber, through which liquid nitrogen flowed from a gravity feed at =3
IcPa.Rotational loss of an HTS bearing is evidenced by the decay rate of the rotational ftequency f and is
characterized by the coefficient of fiction (COF),

COF = -[2Z~2/(gRD)] ds?’dt

. .
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(2)

where R is the radius of gyration of the rotor, g is the acceleration of gravity, t is time, and RD is the
Jweighte mean radius at which the drag force acts.

The height of the levitated PM was measured with a traveling telescope at intervals throughout the
experiment, and no change in height from the initial levitation value was observed to within 10 pm.
The levitation height in these experiments includes the thickness of the cryochamber (3.5 mm) and the
gap between the PM and the top of the cryochamber. The height was recorded after the system had
cooled, so as to avoid obtiscation by any changes due to thermal contraction.

Three configurations of HTS were used: (a) bulk HTS, (b) thin-fihn HTS, and (c) thin-film HTS over
bulk HTS.

The bulk TS was a melt-textured Y-Ba-Cu-O cylinder with its c-axis aligned along the vertical, Jc =
$!20 kA/cm , critical temperature Tc = 92 K, diameter of 32 mm, and thickness of 22 mm. We chose a

thin-film HTS with a diameter significantly larger than that of the bulk HTS, hoping that the film wou d
$significantly shield the bulk. The disk-shaped thin-film Y-Ba-Cu-O HTS had Jc = 3.7-4.1 MA/cm ,

critical temperature Tc = 89.2-89.6 K, diameter of51 mm, and thickness of 350 nm. The film was
deposited on a La-Al-03 substrate with a thickness of 0.5 mm. When the film was used together with
the bulk, they were coaxial and the film substrate was immediately above the bulk.

The same PM rotor was used in all the tests. The PM rotor is an axially polarized NdFeB disk with
magnetization of YOM =1. 1 T, diameter of 25.4 mm, height of 6.35 mm, and mass of 35.6 gm. The
levitation force provided by the thin-film HTS was too low to levitate this PM. The Invitational fome
was augmented by placing a stationary PM above the rotor in an Evershed configuration to produce an
attractive force between the two PMs [12]. The distance between the two PMs was adjusted to that the
upward force due to magnetic attraction was slightly lower than the gravitational force downward.
Because the additional PM in the Evershed configuration does not move, it does not contribute to
hysteresis loss in the thin-film HTS. The velocities of the experiment are low enough that loss due to
eddy currents induced by relative velocity of the PMs will be negligible compared to the hysteresis loss.
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Fig. 1. COF vs. frequency at 9.4-9.6 mm height
for PM levitated over HTS in various HTS
configurations.
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Fig. 2. COF vs. iiequency at 10.1-10.4 mm
height for PM levitated over HTS in various HTS
configurations.
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Fig. 3. COF vs. frequency at 8.0-8.1 mm height
for PM levitated over HTS in various HTS
configurations.

Results. In Figs. 1-3, the data sets are arranged to show the behavior for each HTS configuration at
approximately the same levitation height. For all the levitation heights, the resonant frequency is
consistently lowest for the bulk alone and highest for the combination of bulk and film. For alI the
levitation heights, both above and below the resonance, the minimum loss occurred when bulk HTS was
used alone, and the loss was maximum when the bulk and film we~ used together. In these regions,
the COF of the bulk and film is approximately equal to the sum of the COFS for the bulk alone and the
film alone.

We assumed that the substrate on which the thin film was deposited was not contributing to the
rotational loss. An experiment was perliormed in which a bare substrate (without an HTS film) was
placed above the bulk HTS. The rotational loss in this experiment was essentially identical to that of
the bulk HTS alone, consistent with our assumption.

SHIELDING

The resuhs of the rotational loss measurements were opposite to our original expectations and motivated
the shielding experiments described in this section. Although the mean magnetic moment of the PM is
in the vertical direction, any inhomogeneity in the PM is likely to have a substantial amount of its
magnetic moment in the horizontal direction, This horizontal moment has been previously ignored in
analyzing HTS bearings.
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Experimental Method. The same HTS thin film used in the experiments described in the previous
section was used as a barrier between two coils. The source coil was wound with 220 turns on a
nonconducting parallelepipeds former that was 10 mm long, 5 mm wide, and 10 mm high. The pickup
coil was wound with 100 turns on a cylindrical former that was 10 mm in diameter and 5 mm high. The
coils were oriented coaxially in the vertical direction and constructed to rotate in a single vertical plane.
The rotation axis of the source coil was 11 mm above the HTS film, and the rotation axis of the pickup
coil was 8.5 mm below the film substrate. The source coil was connected to a function generator that
provided a sinusoidal signal of known voltage and ilequency. The current through the source coil was
measured with a shunt resistor and was found to be proportional to the drive voltage for all of the
frequencies used in the experiment.

The voltage in the pickup coil was measured by a lock-in amplifier that was referenced to the function
generator. Measurements were taken with the HTS film absent and with the HTS film present and
submerged in liquid nitrogen. Frequency f varied from 50 1% to 3.0 kHz, and the drive voltage VO
varied fkom 1.0 V to 5.0 V. At the maximum voltage, the peak amplitude of the current in the source
coil was 170 MA, corresponding to a peak magnetic field amplitude of about 420 NT at the surface of the
HTS film when the axis of the source coil was oriented perpendicular to the film (0s = OO).

Results. Figure 4 shows the voltage on the pickup coil when the film is present divided by the voltage
with the film absent as a fhnction of frequency for different combinations of source and pickup coil angle.
Figure 4 clearly shows that the ratios are independent of ilequency. These results were also independent
of the coil drive voltage.

For a f~ed ftequency and drive voltage, Fig. 5 shows the pickup coil voltage as a t%nction of pickup coil
angle @ for three orientations of the source coil. When the axis of the source coil is perpendicular to the
fihn s& (@s = O), the pickup coil voltage is lowest, indicating that the maximum shielding is
occurring. Figure 4 indicates that only about 2°/0 of the field penetrates in thii orientation. As a function
of@ , the voltage exhibits approximately a cosine dependence, which implies that the magnetic field on

B“thes Ielded side of the fihn is predominantly vertical.

When the source coil is horizontal (cPS= 900), the pickup voltage is approximately a sine Iimction of
@p, indicating that the field on the shielded side is predominantly horizontal. The maximum pickup
voltage (at @p = 90°) is about four times higher in this case than the maximum (at @p = O) for 0s = O,
despite the somewhat lower magnetic field at the film surface. This result confirms our hypothesis that
the film does not shield horizontal magnetic moments very well, When the source coil is oriented at
45°, the results are a linear mixture of the two extreme cases.

O.ot’’’’’’’’’’’’’’’’’’’’ ””io 1000 2000 3000 4000 5000
Frequency of Source (Hz)

Fig. 4. Pickup coil ratio of voltage with film
present divided by voltage without film fw
different combinations of source coil angle CDS
and pickup coil angle Op.
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Fig. 5. Pickup coil voltage as a function of
pickup coil angle @p for different source coil
angles 0s. Data from f= 3 kHz, and VO = 1.0
v.
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The case of a thin disk in a uniform applied magnetic field has undergone considerable analysis [13-15],
but the configuration of our experiment is considerably more complicated and seemingly not yet
susceptible to elementary analysis. We have shown previously that if drag of magnetic flux through the
film were the dominant loss mechanism, the loss in the film should be much higher [12]. We have also
shown that the Jc and thickness of the film is sufficient to shield out the expected magnetic field from a
vertically oriented magnetic dipole [12]. This result is consistent with the results of the experiments
described in this section.

Based on the properties of the PM used in the experiments and assuming Eq. (1) is applicable, one
would expect the COF to be lower by at least a fiwtor of 25 with the film, compared to the case of the
bulk HTS alone. Because the COF is not lower for the film, plus the COF when bulk and film are used
together are essentially the sum of the COFS when they are used separately, we believed that there is
probably a nearly complete lack of shielding of the bulk HTS by the film. This hypothesis is verified by
the results of the shielding experiments.

Amoerim current shell

EEr
HTS film

(a)

Am~erian current shell

6PM
●M

Shielding current
/

(b)

Shielding current

(c)

Fig. 6. Schematic of hypothesized current flow in HTS film. (a) Vertical cross section, where
magnetization of PM is perpendicular to surface of film. (b) Vertical cross section, where magnetization cf
PM is in plane of film and current flows through film thickness. (c) Top view, where magnetization of
PM is in plane of film and current flows in plane of film.

These results lead us to consider the three-dimensional nature of the currents in the film. The currents
under consideration are those caused by the PM inhomogeneity and are in general different ti-om the
currents associated with the levitation. The main possibilities are shown in Fig. 6. If a magnetic dipole
were oriented perpendicular to the film surface, as indicated in Fig. 6(a), currents need run only in the
plane of the film and mainly in the region immediately below the perimeter of the PM, and we should be
able to shield the field out of the film interior and below the film, which is consistent with the
experimental results. However, if the dipole moment is oriented parallel to the film surface, as indicated
in Figs. 6(b) and 6(c), then there are two major possible current flows. To shield the applied field in this
orientation, currents at the surface of the film must flow in the same direction as the fictitious Amperitm
currents in the bottom arc of the PM, as indicated in Figs. 6(b) and 6(c). Because current is conserved in

these systems, the currents must return within the system, either by flowing through the thickness of the
film and passing along the bottom half in the opposite direction, as shown in Fig. 6(b), or in the plane of
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the film around the perimeter of the inhomogeneity, as shown in Fig. 6(c). In either case, the extended
awa over which the current must flow (compared to that shown in Fig. 6(a)), is probably suftlcient to
account for the additional loss in the film in the rotational drag experiments. The current flow shown in
Fig. 6(b) is likely to provide ahnost no shielding, and one would expect the ratios shown in Fig. 4 to be
higher. This leaves the most likely alternative for the current flow as that shown in Fig. 6(c). Such a
current distribution would provide some shielding under the center of the film but would provide
additional field under the perimeter of the film. While thk seems the most likely explanation at present,
final resolution of the detailed current distribution awaits firther experimentation.

CONCLUS1ONS

We measured rotational drag of a PIWHTS bearing that used either an HTS thin-film, bulk HTS, or
combination of film over the bulk. In all cases the rotational drag was velocity independent, consistent
with a hysteretic ener~ loss. The rotational drag contributed by the film was much higher than
expected. We then measured the shielding properties of the HTS film for difkrent angles of an AC
excitation coil. The results showed that the film shields well when the magnetic moment of the coil is
perpendicular to the film surface, but it does not shield well when the moment is parallel to the plane of
the film. All of the results are consistent with the inhomogeneity of the PM magnetic field having a
substantial horizontal component. For horizontal components, the low aspect ratio of the film geomeoy
results in current flow extending over a much larger surface area than is required by a bulk HTS, and the
expected losses and poor shielding in this case are consistent with the experimental results.
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