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Abstract. The article shows the results of calculations necessary for
testing to approve the space qualified electric field probe used in outer
space. A special electric field probe calibration setup was developed and
manufactured, which allows testing a space qualified electric field probe in
the entire measurement range (from ± 0.1 to ± 200 kV/m) under low (-80
°C) and high (+72 °C) temperatures and at reduced pressure of 1.3 · 10-3 Pa
(10-5 torr). Metrological tests of the probes batch, calibrated by the space
qualified electric field probe calibrator, performed at the verification
equipment under normal conditions, showed that the maximum error of the
electric field probe does not exceed 15% in the entire measurements range
which will increase the accuracy of determining the satellite surface
charging parameters and help in designing modern spacecrafts.

1 Introduction
Charging the satellite surface due to low-energy particles flows has been studied since
the early 1970s [1] and up to the present [2-4]. This phenomenon plays an important role
for satellites located in highly elliptical and polar orbits, where the intersection with the
Earth's radiation belts is regular [5]. The spacecraft passing through the magnetosphere
with a high concentration of charged particles leads to the charge accumulation on the
dielectric surfaces and induce surface electrostatic discharges, which have a destabilizing
effect on the onboard equipment. Therefore, it is important to monitor the charge levels on
the spacecraft surfaces.
Also, this problem is actual for small spacecrafts [6, 7], in particular, of the CubeSat
type [8], since a significant part of such satellites locate in solar-synchronous and polar
orbits, with a frequent crossing of the Earth's radiation belts. Today the massive use of
nanosatellites for educational purposes stimulates the development of scientific programs
using small spacecrafts, and a lot of commercial programs have been launched in this
connection. In these conditions, the spacecraft resource becomes important, and this means
that destabilizing factors and, in particular, the spacecraft surface charging should be
controlled.
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The desire to expand the functionality of small spacecrafts stimulates the use of
different jet propulsion devices. When accelerated charged particles are the basis of such an
engine [9, 10], charge accumulation can take place and, if it is not compensated under
control, the engine thrust goes to zero. Thus, monitoring the spacecraft charge level is also
very important in this case.
Controlled charging of dielectric surfaces is also needed in laboratory studies of the
materials charging by plasma direct impact [11, 12], as well as in microcircuits and
materials radiation tests [13, 14].
Novosibirsk State University has developed several generations of diagnostic equipment
[for example, 15, 16], covering the above-mentioned issues of surface charging control. To
measure the spacecraft surface charge, the space qualified electric field probe is used [17,
18]. Probe’s technical specifications: dimensions, mass, power consumption and
temperature range, Figure 1, allow applying it in CubeSat satellites.

Fig. 1. Electric field probe (left) and surface charge control equipment (right).

A thorough study of surface charging processes requires to use measuring instruments
with approved metrological characteristics. However, the existing secondary standards (for
example, the verification equipment for measuring the electric field intensity P1-23 [19]) do
not allow testing electric field probes in conditions close to the operation modes on the
spacecraft. Due to the fact that the probe is designed taking into account operation in outer
space, its operability, including metrological characteristics, should be approved throughout
the temperature range and under reduced pressure. However, today it is possible to
determine its metrological characteristics only in normal climatic conditions, since the
Federal Information Fund for Ensuring the Uniformity of Measurements lacks the
measuring standards necessary to determine the probe metrological characteristics under
conditions identical to its operating conditions.
This article is devoted to the metrological certification of the standard, which will be
used to approve the space qualified electric field probes in conditions close to the outer
space environment.

2 Calibrator description
In order to solve this problem, the KDEP-200 electric field probe calibration setup was
designed as a flat capacitor, which was adapted to be installed in a thermal chamber or
thermovacuum chamber to test electric filed probes in the entire temperature range (from
-80 to +100 °C) and at reduced pressure from 1.3 · 10-4 to 1.3 · 10-2 Pa (from 10-6 to
10-4 torr). The general view of the calibrator is shown in Fig. 2.
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Fig. 2. KDEP-200 electric field probe calibrator (left); General view of KDEP-200 (right).

Based on the results of the finite elements method, it was found that the field strength in
the probe measurement area differs from the field strength in the flat capacitor by no more
than 0.16% (see Figure 3).

Fig. 3. Distribution of the Z-component of the electric field strength along the coordinate X (left) and
the coordinate Y (right).

The final error of the calibrator is also affected by the capacitor thermal linear
expansion, change in the dielectric permittivity of the medium under various conditions of
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use, and metrological characteristics of additional measuring instruments (high voltage
divider, voltmeter, slide caliper). The resulting relative extended measurement uncertainty
at KDEP-200 with a confidence probability P = 95% does not exceed 5%, which
corresponds to the maximum permissible standard accuracy intended for probes calibration
having an accuracy of 15%. Based on the results of the KDEP-200 certification performed
in 2017, the relative extended uncertainty of measurements on the standard was 2.28%.
In order to compare the KDEP-200 calibrator with the secondary standard, similar to the
state primary standard of the electric field strength unit, the first calibration of the qualified
electric field probes batch was performed at KDEP-200. The tests of this batch under
normal conditions at the P1-23 reference equipment showed that the maximum deviation of
the field strength measured by the probe does not exceed 15% of the P1-23 readings (Figure
4), which meets the requirements for the electric field probes. Further tests in the entire
temperature range, including tests under reduced pressure, and determination of the electric
field probes metrological characteristics can also be performed.

Fig. 4. Deviation of the calibrated by KDEP-200 electric field probe’s readings from the P1-23
readings.

3 Conclusion
Thus, the developed KDEP-200 calibration setup meets the metrological requirements for
standards and will be applied to calibrate the space qualified electric field probes. This will
increase the accuracy of determining the spacecraft’s surface charging parameters and can
be used to improve charging models in modern spacecraft’s design, including small
CubeSat satellites. This achievement will allow controlling the charging destabilizing effect
on onboard equipment, optimizing the operation of small engines based on accelerated
charged particles, and providing reliable determining the material static characteristic in
laboratory studies using plasma methods and radioactive tests.
This work was supported by the Ministry of Education and Science of the Russian Federation: Project
No. 14.575.21.0154, Project Identification No. RFMEFI57517X0154.
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