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The  ICMAE (Instalación  para  la  Calibración  de  sensores  Magnéticos  para
Aplicaciones  Espaciales)  project  aims  at  developing  a  facility  for  the
calibration of magnetometers for space and geophysical applications, the
magnetic characterization of small satellite engineering model components,
and  the  simulation  of  the  low-orbit  magnetic  environment  for  small
satellites. In this work, we present its objectives and the type of services it
will be able to provide once installed.
The  main  component  of  the  facility  is  a  three-dimensional  array  of
rectangular  Helmholtz  rectangular  coils  (Helmholtz  cage)  capable  of
generating a 1% homogeneous three-dimensional  magnetic field within a
volume comparable with that of a small satellite (typically 3 cubesat units).
Each pair of Helmholtz coils will be fed by controlled DC voltage sources in
order to provide stable fields of the order of the terrestrial magnetic field.
Once  in  place,  the  cage  will  be  calibrated  with  a  high  precision,  3-axis
absolute magnetometer. In particular, the linear response and alignment of
the  coils  will  be  addressed  during  this  procedure.  Once  the  calibration
curves are obtained, the cage will be directly controlled from the magnetic
field values instead of the voltage. The calibration curves will be updated
regularly  for  best  results.  The  spatial  distribution  of  magnetic  fields
generated by the Helmholtz cage will be also studied numerically in order to
study the homogeneity of the field inside the volume of interest. This will be
carried out using a finite element code that will integrate Maxwell equations
in  three  dimensions  in  the  low  frequency  approximation,  where  the
displacement current can be neglected. 
The calibrated cage will  be used in combination with a calibrated, 3-axis
reference magnetometer to calibrate AMR (anisotropic magnetoresistance)
and fluxgate magnetometers for space applications (unmounted from the
satellite). The calibration will consist in the cage generating equally-spaced
magnetic fields which will be measured by the reference magnetometer and
the  magnetometer  to  be  calibrated.  A  linear  fit  will  be  applied  to  the
readings  of  the  reference  magnetometer,  and  the  magnetometer  to  be
calibrated for each sensor axis in order to obtain the scale factor and the
offset of the sensor under test. A Zero-Gauss chamber will also be used in
this process.
The  facility  will  also  be  able  to  characterize  the  magnetic  residuals  of
satellite  components  using  different  spatial  arrays  of  calibrated
magnetometers.  The  residual  magnetic  dipole  of  the  sample  can  be
obtained using nonlinear least square techniques. 
As an  additional  service,  the facility  will  be able  to  simulate  the Earth's
magnetic  field  along  a  low  or  geosynchronous  orbit.  The  International



Geomagnetic Reference Field Model (IGRF) will provide the Earth's magnetic
field along the satellite orbit. Then, these field values will be reproduced by
the Helmholtz cage inside of which an engineering model of the satellite,
plus  several  calibrated  magnetometers  will  be  placed.  The  resulting
measurements  as  a  function  of  time  will  be  then  analyzed  for  attitude
control purposes (e.g. study of magnetic torques).
In summary, the ICMAE facility to be installed at IAFE, will be set to provide
services of  magnetic  sensor  calibration and magnetic  characterization  of
satellite  components  to  the  academic  community  (mainly  through  the
Sistema  Nacional  de  Magnetometría),  but  also  to  other  space  sector
institutions  as  it  will  be  able  to  simulate  the  terrestrial  magnetic  field
environment for small satellites in low orbits.


