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Development of a miniature oscilloscope and current
probe for measurement of Arc current on-board
HORYU-3 in Low Earth Orbit
H.Fukuda, T.Shimizu, K.Toyoda, M.Cho
Laboratory of Spacecraft Environment Interaction Engineering
Kyushu Institute of Technology
Kitakyushu, Japan
HORYU-3 is 3U cube-satellite and is currently under
development at Kyushu Institute of Technology as a student
project. The main mission of this satellite is measurement of arc
current. For this mission, a small on-board oscilloscope and onboard current probe has been designed and developed. This
paper introduces the design principle and the test results of
prototype.
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I.

BACK GROUND

Recent satellites with technological missions or many missions
have increased the demand for on-board electricity. To account
for this demand the satellite bus voltage must increase. Similar
to ground-based systems, when operating high voltage solar
arrays it is especially advantageous to decrease transmission
loss and improve efficiency. In the 1990s, spacecraft bus
voltages doubled from 50V to 100V. At the time, however,
many arcing incidents occurred on spacecraft solar arrays. The
frequency of arcing depends on the interaction between ambient
plasma and high-energy electrons and the spacecraft. The scale
of arcing is directly proportional to the spacecraft generation
voltage. Therefore, arcing on spacecraft that generate high
voltage is likely to damage the solar array. In 2003, the
Japanese satellite “ADEOS- Ⅱ ” lost 80% of its power
generation capability due to an arcing event and was driven into
an operative stop. Fig.1 shows the correlation between bus
voltage and power consumption. As shown in the figure, the
largest generation voltage in space is 160V by the International
Space Station (ISS). For next-generation space systems, larger
power spacecraft are necessary. However, the 160V power
generation of the ISS is a set value that reduces the likelihood of
arcing. We must consider interaction with the space plasma
when generating high voltage.
These next-generation space systems are usually tested in Low
Earth Orbit (LEO) where launch cost is relatively low.
Therefore, it is necessary to understand plasma and interference
of the high voltage system in LEO, and to solve associated
problems.

Fig.1 Relationship between satellite bus voltage and power

II.

PAST STUDIES

For solving the above problems, we are studying the arc
phenomenon and arc mitigation technology through groundbased tests at Kyutech. However, several experiments were
also carried out in space on-orbit. In May 2011, PASCAL
(Primary Arc effects Solar Cell At LEO), which was carried in
MISSE-8 (Materials International Space Station Experiment8), was launched by STS-134. The concept of PASCAL is to
downsize the ground based experiment system, and it was
developed for experiments in real space. PASCAL carried out
an arcing test on orbit to observe degradation phenomenon of
solar arrays caused by arcing. PASCAL also tried to measure
arcing current. Fig.2 shows experimental results. In this
experiment, PASCAL could not measure a full waveform of
arc current.
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surface is ionized by the enhanced electric field emission, and
the arcing likelihood between surfaces at different potentials is
increased (Fig.4).

Fig.2 Test result of PASCAL

III.

PURPOSE

It is necessary to investigate arcing phenomenon in space to
push forward expansion of future space development and
space utilization. HORYU-3 is a 3U cubesat currently under
development by a satellite project team in Kyutech. HORYU3 will attempt to measure arcing current on-orbit. Therefore,
we have developed a miniature oscilloscope of high sampling
rate and a current probe.
IV.

Fig.3 Charging mechanism in LEO

CHARGING AND ARCING IN LEO
Fig.4

The HORYU-3 mission payload is targeted for LEO. The
charging and arcing mechanism in LEO is described as
follows and shown in Fig.3. The plasma density in LEO is 109
to 1012 m-3. Interaction between the high-voltage solar array
and the ionospheric plasma leads to charging. The spacecraft
collects electrons and ions from the ambient plasma. The
satellite collects electrons on locations of the satellite higher in
electric potential than the plasma electric potential and collects
ions on the locations of lower electric potential. The mobility
of electrons is higher than that of ions. Because the electric
potential of the spacecraft is decided such that ion current
equals electron current, the area that collects ions is bigger
than the area that collects electrons. As a result, the spacecraft
potential becomes highly negative and the value is typically
close to the solar array generation voltage. When the potential
of the spacecraft becomes around -200V, the risk of arcing
increases. This value is a threshold under which arcing is less
likely to occur. When a solar array has more negative potential
than the plasma potential, positive ions flow into the bare
conductor parts exposed to ambient plasma. The positive ions
collide with the coverglass of solar arrays and this leads to
solar array surfaces that are positively charged compare with
spacecraft potential. The coverglass is charged until it almost
reaches the plasma potential. Therefore, a potential difference
equivalent to the generation voltage occurs between a
spacecraft body and the surface of the coverglass. In a solar
array, there are many triple junctions where an insulator and
metal and vacuum overlap. An electric field concentrates in
this area and electric field electron emission occurs, and the
electric field is enhanced. Neutral gas released from the

Arc mechanism

V.

HORYU-3

HORYU-3 is a 3U cubesat currently under development by a
satellite project team in Kyutech. HORYU-3 will attempt to
measure arcing current on-orbit. Fig.5 shows the HORYU-3
CAD model. We built the arcing experiment system using the
300V system that accomplished “the world’s first 300V
generation in-space” on HORYU-2, which was launched in
2012. We use “Sphelar array” of spherical solar cells to
generate more than 300V on a nano-satellite. Table 1 shows the
specifications of Sphelar array. Sphelar arrays are connected in
series to generate as much high voltage as possible, and operate
with opening voltage. When operating at full-scale this paddle
system can generate 420V. We cover the triple junctions with
RTV adhesive so that arcing does not occur on the Sphelar array.

Fig.5 HORYU-3 (After deployment)
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bias voltage was Vb=-350V and the capacitance was
Cext=0.94µF. We can see from this figure that both waveforms
are very similar.

Table 1 Specification of Sphelar array
Open circuit
voltage ［V］

7.27

Short circuit
voltage ［mA］

2.3

Power［mW］

13.5

VI.

ON BOARD OSCILLOSCOPE (OBO)

We developed a miniature oscilloscope (namely On Board
Oscilloscope: OBO) in Kyutech. Fig.6 shows the system block
diagram of OBO.
OBO is mainly comprised of high-speed A/D converter
(ADC), asynchronous FIFO memory (FIFO), trigger circuit,
and multiplexer. The system can acquire the waveform with
sampling frequency of maximum 40MHz. Generally, we
examine the waveform with sampling frequency of 20MHz by
the ground based test. Therefore, this value is regarded as
meeting specifications. The reference voltage of the ADC is
set to 4.096V by a highly precise reference IC. In other words,
this system can acquire voltage waveforms between 0 and
4.096V.
The system sequence is shown below.
1) At the starting time and after the waveform acquisition,
the FIFO is reset and adjusts the position of the trigger. Prior
counting of FIFO causes the trigger to adjust position.
2) Waiting trigger
A write clock maintains the same time as the read clock of
FIFO by control of the multiplexer. In this way, the stored
data in FIFO memory is written at the same time as read.
Therefore FIFO never becomes full and keeps a certain
amount of data. The certain amount of data always remains on
the FIFO.
3) Triggered and capturing waveform
Comparators always compare a given value with the input
signal. When comparators detect input of more (or less) than a
given value, the multiplexer inputs are changed and take data
from the ADC until FIFO becomes full. The data before and
after the trigger are saved in FIFO.
4) Forward data to the FRAM via MPU
Once the FIFO memory is filled up, the stored data is
transferred to the FRAM through the micro-controller.

Fig.7 BBM of OBO system

Fig8 Experiment system

Fig.9 Test result

Fig.7 shows the BBM based on the system described above.
First, we checked for confirmation that this system worked as
an oscilloscope. We acquired the waveform using a reference
oscilloscope and OBO. The input signal produced was from a
function generator. Fig.8 shows the experimental system.
Fig.9 shows the test result. The function generator supplied
100kHz sine signal. The red line is OBO, and the blue line is
the reference oscilloscope. By comparing the two waveforms
we have confirmed that OBO works as an oscilloscope.
Next, we acquired the arc current waveform. Fig.10 shows
the experimental system. We measured the arc current using
an AC probe. Fig.11 shows the test result. For this test, the

Fig.10 Experiment system
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acquisition of arc current becomes impossible when the core
causes magnetic saturation. The threshold of the output
voltage to cause magnetic saturation depends on turns and
load resistance. It is thought that the magnetic saturation may
be avoided by holding down the output voltage to around 1V.

Fig.11 Test result

VII.

Fig.12 Current trans
Table 2 Specifications of the core
Material
N30
Size
6.30×3.80×2.50(mm)
AL Value
1090nH±25%
µi
4300

ON BOARD CURRENT PROVE (OCP)

We developed a current probe (namely On board Current
Probe: OCP) for nano-satellite.
OCP uses a current trans configuration (Fig.12) using
mutual induction. The ratio of primary winding of the N1 turn
and secondary winding of the N2 turn (N1：N2) becomes the
transformation ratio. (1) shows the relationship between input
current and output voltage.

Table 3 Test conditions
Plasma density
9.1×1011[m-3]
Electron temperature
1.9[eV]

(1)

Table4 Test conditions
Vb
-350V
Cext
0.94µF
N1:N2
2:20
R
1Ω

The magnetic induction increases in proportion to the output
voltage. If the load resistance or input current is big, the
output voltage becomes big. As a result, when magnetic
induction is in the saturated domain, output properties
decrease. Table 2 shows the specifications of the core.
The experiment system is the same as Fig.10. We measured
the arc current by an AC probe and OCP. Table 3 shows the
test conditions of plasma density and electron temperature.
Because it was known that magnetic saturation would occur
if the output voltage was big, we changed the value of the turn
number and the load resistance and tested it. Fig.13 shows the
test result and Table 4 shows the test conditions. We can see
from the figure above that this condition cannot acquire the
waveform at the output voltage beyond around 1.3V. It is
thought that the core caused magnetic saturation because
output voltage is big. Fig.15 shows a different test result
and Table 5 shows the associated test conditions. In the
figure above, the output voltage is about 1V. It is thought that
the core does not cause magnetic saturation in this case,
because OCP can follow the ACP waveform.

Fig.13 Test result

Fig.17 shows another test result and Table 6 shows the
test conditions. In the figure above, this condition cannot
acquire the waveform at the output voltage beyond around
2.0V. It seems excessively amplified. We also performed fast
Fourier transform by each wave pattern data and evaluated
frequency properties. Fig.14, 16, 18 shows signal strength in
each frequency included in the electric discharge wave pattern.
In Fig.14, a remarkable difference is seen from 100kHz or less.
However in Fig. 16 and 18, there is a little difference to
around 70kHz and is relatively piled up. In case of conditions
table 5, we can acquire the low frequency.
According to the above results, output properties decrease
remarkably when the core causes magnetic saturation. The

Fig.14 Test result
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Table 5 Test conditions
Vb
-350V
Cext
0.94µF
N1:N2
1:20
R
1Ω

Fig.18 Test result

VIII. CONCLUSION
In this paper, we discussed the following two topics. First, the
result of ground-based arcing tests at Kyutech using BBM of
OBO. Second, design and testing of a prototype current probe.
Now, the OCP system correctly detects a sine wave of large
current. As for the detection of arcing current, a demerit is that
the evaluation of frequency properties is hard to make when
repeatability is low. We will evaluate frequency properties of
OCP. In addition, the system showed in this paper is not only
for HORYU-3 but also for HORYU-4. The system of the
nano-satellite HORYU-4 will be presented in another paper at
this conference.

Fig.15 Test result
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Fig.16 Test result
Table 6 Test condition
Vb
-350V
Cext
0.94µF
N1:N2
1:10
R
1Ω

[3]
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Fig.17 Test result
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