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In this work, a setup including a passive gas breakdown mitigation technique for

satellite slip ring assemblies (SRAs) is introduced and tested. The setup features a

central conducting ring, separated from two external conducting limiting discs (LDs)

by insulating rings. The characteristic breakdown curves are measured as a function

of the surrounding pressure by biasing the central ring and setting the LDs at a

variable voltage. The minimum breakdown voltage is increased from ∼ 420 V to

∼ 860 V by biasing the LDs at one half of the voltage applied to the central ring.

This solution is further applied on a test-SRA that includes the main features of a

standard cylindrical SRA: a stack of conducting rings on which conducting brushes

slip to ensure the electrical contact between moving components. The minimum of

the breakdown curve is raised from ∼ 400 V for the grounded limiting discs to ∼ 600 V

for the passively-biased limiting discs. This result confirms the possibility to improve

SRA protection for the entire pressure range encountered by a satellite during its

operational life, from atmospheric pressure to in-orbit high-vacuum, meeting the

requirements for the next generation of satellites.
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I. INTRODUCTION

The development of high-voltage (HV) bus systems for satellites in the 300−600 V range

is currently ongoing to meet the requirements of new generation high-power thrusters.1

The risk of electrical breakdown2–5 for solar panels6 and for slip ring assemblies (SRAs)

is a crucial aspect of the feasibility assessment. The SRA is the component of the power

transmission line that allows the power transfer between the rotating solar panels and the

Power Control Unit of the satellite. The complexity of a standard SRA design with a

stack of gold-plated brushes slipping on gold-plated rings makes gas breakdown mitigation

a challenging problem. The voltage differences between conducting rings, brushes, and

the housing may lead to electrical breakdown and possible failure. Therefore, electrical

breakdown must be avoided from atmospheric pressure in the case where HV is switched-on

during launch, to the high-vacuum in the operational orbit. This is due to the pressure

uncertainty during the de-pressurization phase of the satellite and to the local fluctuations

of pressure that could occur during the satellite life because of degassing, the impact of

micro-meteoroids or the thruster gas back-flow.

First studies to more effectively inhibit breakdowns in SRA were undertaken in previous

works,7 clarifying with a physics-oriented approach the role of the direct-current (DC) gas

breakdown mechanisms underlying the breakdown curve of a standard SRA.8 The safe zone

of operation of a SRA was improved in terms of pressure by implementing grounded limiting

discs (LDs) with extended diameter, which act as partial Faraday screens. This design was

proven to be effective on the low pressure branch of the breakdown curve, without affecting

its voltage minimum. To meet the target voltage of 600 V under investigation by the space

community, an improved configuration is herein presented. The potential of the LDs is

optimized at half the value of the HV ring by using a voltage divider of two equal resistances.

The relative bias between the HV-ring and the LDs is shown to be the key parameter that

determines the breakdown at high pressures. This allows to raise the minimum of the

breakdown curve from ∼ 400 V up to ∼ 600 V in a newly developed test-SRA.

In Sec. II, we introduce the experimental set-up, including the passively-biased LDs

solution with the basic assembly and the test-SRA. In Sec. III and IV, the experimental

measurements of breakdown curves with the mitigation technique are shown, respectively,

for the basic assembly and for the test-SRA. The conclusions are discussed in Sec. V.
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II. PASSIVELY-BIASED LIMITING DISCS: BASIC ASSEMBLY AND

TEST-SRA

To increase the minimum breakdown voltage of a cylindrical SRA at high pressures,

the circuit depicted in Fig. 1 is connected to the setup shown inside the dashed contour,

which has been previously discussed in [8] with grounded LDs. This basic assembly is

FIG. 1. Schematic design of the basic assembly with the passively-biased LDs configuration.

composed of a central HV-ring of 38 mm diameter separated by two insulating rings from

two conducting LDs of 58 mm diameter, as indicated in Fig. 1. The bias of the two LDs

(VLD) is proportional to the central ring voltage (VHV) according to the voltage divider

composed of two resistances R1 and R2. Since the physical parameter that determines the

breakdown on short paths between the HV-ring and the LDs is their relative voltage (VHV

- VLD), the measured breakdown curves are identified with the parameter η such that:

η =
R2

R1 +R2

=
VLD
VHV

⇒ VLD = ηVHV . (1)

The values of the resistances must be chosen to find a tradeoff between two effects. The

ratio R1/R2 must be high enough to provide a sufficient voltage difference between VHV

and VLD to maintain the Faraday screen effect, hampering the HV-ring breakdown at low

pressures on long paths towards the grounded enclosure. A value of R1/R2 � 1 (η ' 0)

tends to the grounded LDs solution. At the same time, R1/R2 must result in a shift to

higher values of both VHV and VLD with respect to the surrounding grounded enclosure
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before the breakdown of the HV ring occurs. R1/R2 � 1 (η ' 1) leads to VLD ' VHV,

therefore losing the Faraday screen effect and also making the breakdown between the LDs

and the grounded enclosure the dominant process. The resistances R1 and R2 must be low

enough to allow currents larger than the background Townsend currents to avoid affecting

the LDs potential, but high enough to keep these currents below the current limit threshold

of breakdown detection. This leads to the selection of resistances of few tens of MΩ as

discussed in Sec. III, where measurements of breakdown curves with the passively-biased

configuration are presented.

To reproduce the complex structure of a satellite SRA, the test-SRA shown in Fig. 2 is

developed. It is composed of a conducting housing and a central conducting cylindrical axis

on which 36 gold-plated rings of 2 mm thickness are inserted. Similarly to the basic assembly,

these rings are designed to be used in groups of three, arranged along the stack with a central

HV-ring of 32 mm enclosed between two LDs whose diameter progressively increases from

34 mm to 56 mm. This allows to test the grounded or passively biased configurations for

different size of LDs. Consecutive conducting rings are separated by 1 mm thick insulating

rings. Gold-plated brushes mounted on the insulating board on top of the housing slip on

the corresponding rings, providing electrical continuity. The brushes are covered with a

film of insulator (Kapton), with the exception of the tip in contact with the ring. This is

necessary to avoid the breakdown with the rest of the assembly, since the brushes extend

beyond the volume screened by the LDs. The printed-circuit board in Fig. 2 (c) allows to

independently control the potential of each ring. Breakdown measurements of the test-SRA

are presented in Sec. IV.

III. BASIC ASSEMBLY BREAKDOWN MITIGATION

Several values of R1/R2 are used in the basic assembly in a vacuum chamber to study the

effect of biased LDs. A Danbridge 30 kV non-destructive insulation tester type JP30 A is

used to reach the breakdown condition. Breakdown voltages for the HV ring are obtained for

different pressures, which are measured with two baratrons (2 mbar and 1000 mbar range),

a Pirani gauge and a cold cathode gauge. Over-voltage effects are avoided by increasing

the voltage at ∼ 10 V/s. The breakdown curves shown in Fig. 3 (a) are measured for

η = [0, 0.21, 0.26, 0.33, 0.5], corresponding to the resistances indicated in Table I.
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FIG. 2. (a) Side view of the test-SRA including the stack of alternating insulating and conducting

rings of progressively increasing diameter, with the gold-plated brushes and one group of three

gold-plated rings indicated. (b) Close-up view of the ring stack and the associated brushes. (c)

Top view of the assembly showing the printed-circuit board including the soldered connections to

the brushes.

η R1[MΩ] R2[MΩ]

0.21 68 18

0.26 68 24

0.33 68 33

0.5 68 68

TABLE I. Implemented resistances for the corresponding values of η.

We can observe that by increasing η, the breakdown voltages on the low-pressure region

(p ≤ 7 × 10−1 mbar) progressively decrease, indicating a partial loss of the screening effect

of the LDs. Contrarily, the high-pressure branch (p ≥ 7× 10−1 mbar) features a significant

increase for η = 0.5, from ∼ 420 V to ∼ 860 V. Two separate minima can also be observed

at ∼ 3×10−1 and ∼ 5 mbar, corresponding to the two breakdown curves on long and short

paths, respectively.

We note that breakdowns for different values of η occur for the same voltage difference
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FIG. 3. (a) Breakdown voltage curves of the HV ring for the basic assembly. (b) Difference of

voltage between the HV ring and the LDs at the breakdown.

between the HV-ring and the LDs (VHV−VLD) in the high pressure branch, as shown in Fig.

3 (b). This is consistent with the presence of short path breakdowns.

IV. TEST-SRA BREAKDOWN MITIGATION

The two breakdown curves shown in Fig. 4 are measured in an automated test bench

at RUAG Space Nyon. The thermo-vacuum chamber has a base pressure of ∼ 10−7 mbar.

A negative polarity dielectric tester applies a DC voltage to the component under test

via two high-voltage feedthroughs. The tester is controlled via a LabVIEW software and

interface to automatically measure a complete breakdown curve of the component under

study. The adjustable parameters are the minimum and maximum air pressure, the number

of pressure points per pressure decade, and the number of measurements for each pressure

value. The voltage ramp applied by the dielectric tester features steps of 1 s duration with

the voltage increment determined by the maximum required voltage and the total ramp-

up time. The experiments herein are performed with a voltage ramp up to 1.5 kV of 30 s

total duration, resulting in steps of 50 V. The ramp stops if the 1 mA threshold current for
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breakdown detection is measured, or when the maximum voltage of 1.5 kV is reached, which

is maintained for 4 s and then reduced back to 0 V in 2 s. Five values of breakdown voltage

are measured for each pressure, and the corresponding standard deviation is shown as error

bar. The pressure range from 10−1 mbar to 7 mbar is sufficient to investigate the minimum

of the breakdown curve which is close to 2 mbar.

The breakdown curve for the group of 54 mm LDs at the ground (η = 0) has a minimum

of the breakdown voltage at ∼ 400 V close to 2 mbar. By biasing the LDs with η = 0.5,

FIG. 4. Breakdown curves of the HV ring for the test-SRA with 54 mm LDs: in blues circles, the

case of grounded LDs (η = 0), in red squares the curve measured with the passively-biased LDs

(η = 0.5).

lower values of breakdown voltage are observed with respect to that with η = 0 for pressures

below 6 × 10−1 mbar. This is consistent with the less effective screening of breakdown

between the HV-ring and the housing. At 6× 10−1 mbar, the minimum breakdown voltage

at 600 V is reached, which is 50 % higher than that obtained with grounded LDs. For

pressure values above 6 × 10−1 mbar, the breakdown voltage progressively increases. We

note that the breakdown curve for η = 0.5 of the test-SRA does not show two separate

minima like that of the basic assembly in Fig. 3 (a). This can be related to the main

difference between the two designs in the accessible breakdown paths when the LDs are

biased. In the basic assembly, the presence of only one central HV-ring and two LDs limits

the available breakdown path to two characteristic lengths on ∼ 10 cm scale towards the

grounded enclosure, and ∼ 1 cm scale between the HV-ring and the LDs. In the test-SRA,

all the path lengths are available given the presence of the grounded stack of conducting

LDs and the housing. In particular, the accessibility of short path breakdown between the
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LDs and adjacent grounded components justifies the optimal situation for η = 0.5 when the

conditions for the breakdown ignition are satisfied at the same time between the HV-ring

and the LDs, and between the LDs and the closest grounded components. However, the

measured improvement in breakdown voltage between the η = 0 and the η = 0.5 curve of

the test-SRA is smaller than what is observed in Sec. III for the basic assembly. Further

studies will focus on this feature. The two resistances in series of 68 MΩ lead to a current of

∼ 7µA for 600 V DC. This current is high enough to avoid that the background Townsend

currents affect the LDs potential. This corresponds to a power loss of ∼ 4 mW, which would

be acceptable in a real satellite.

V. CONCLUSIONS AND OUTLOOK

Previous investigations on gas breakdown mitigation in satellite SRAs have led to an

improvement of the safe zone of operation with respect to the pressure, but without in-

creasing the minimum breakdown voltage.7,8 In this work, a new passive gas breakdown

mitigation solution for satellite SRAs is presented to meet the 600 V of safe operation that

is required for the new generation of high-power satellite thrusters. A series of resistances

is used to passively bias two conducting LDs that enclose a central high-voltage ring. In

this way, the voltage of the LDs rises together with that of the central ring, which allows to

raise the minimum voltage of the characteristic breakdown curve of the slip-ring assembly.

This approach has been tested both on a basic assembly with three discs featuring the

basic elements of a SRA, as well as on a test-SRA composed of all the main components

of a real cylindrical slip ring, including gold-plated discs and brushes. The potential of the

LDs is optimized at half the value of the HV ring. For the first assembly, the minimum of

the breakdown curve is increased from ∼ 420 V to ∼ 860 V. For the test-SRA, the minimum

breakdown voltage is increased from ∼ 400 V to ∼ 600 V. Based on these results, a prototype

SRA could be developed for next generation of high-voltage bus satellites.
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