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ABSTRACT A more-electric aircraft refers to an aircraft whose secondary power is unified from the traditional multi-energy, such as
mechanical energy, hydraulic energy, and pneumatic energy, to the electrical energy, which has the advantages of a simple system
structure, high reliability, high maintainability, and high energy efficiency. The most advanced architecture of its power system is the
360—800 Hz variable frequency AC power supply and the 270 V high-voltage DC power supply, which have been applied in the Airbus
A380, Boeing B787, F-22, and other more-electric aircraft. As power consumption increases, the power distribution, power network, and
cable layout in a more-electric aircraft become more complex, and the probability of electrical faults such as short circuits increases. The

arc generated by fault current not only severely affects the life, reliability, and safety of cable and electrical equipment but also limits the
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capacity expansion of an aviation power system and the improvement of flight performance. The circuit breaker in a more-electric
aircraft is a key device for arc extinguishing. Analyzing the complex mechanism of the arc-discharging process in a circuit breaker helps
improve the arc-extinguishing performance. To further promote research on the arc mechanism and extinguishing technology of circuit
breakers in more-electric aircraft power systems, in this paper, the structure of civilian and military more-electric aircraft power systems
and the difficulties in the electrical fault and protection are first analyzed. Then, the research status of the arc-extinguishing technology
of the aviation variable frequency AC circuit breaker and the 270 V high-voltage DC circuit breaker are summarized. For an
intermediate-frequency vacuum arc, the instantaneous input power inside the gap and at the anode increases with the current frequency,
which indicates that the half-wave input power increases with the frequency and proves that the transition state arc is an important source
of anode ablation during intermediate-frequency arcing. Under the same current condition, the frequency increases. On the one hand,
when the value of di/dr increases, the arc-extinguishing ability decreases with increasing frequency. On the other hand, intensifying the
skin effect leads to an increase in the arc center pressure, arc contraction, and magnetic field hysteresis, which is not conducive to arc
extinguishing. In addition, the metal vapor density vaporized by droplets reduces the recovery strength of the dielectric after the current
zero, which is not conducive to arc extinguishing. For the 270 V DC arc, air, nitrogen, helium, hydrogen, and other gas are presently
used in aviation power systems, among which hydrogen is the research hotspot. Finally, future research trends of arc extinguishing
technology for aviation circuit breakers are predicted.

KEY WORDS more-electric aircraft; aviation 270 V DC power system; variable frequency power system; aviation circuit breaker; arc
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Fig.1 Electrical power system of a more-electric aircraft
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Table 1 Variable frequency power supply system of a typical civil more-electric aircraft

Type Power of ME/(kV-A) Phase voltage /V Frequency of ME /Hz Power of APU/(kV-A) Frequency of APU/Hz Power of RAT /(kV-A)

A320ME 4x75 115 360-800
A380/C919 4x150 115 360-800
B787 4x250 230 360-800

2x120 400 2x80
2x120 400 70
2x225 400 10

g /gt BSR4 T 270 V H ik R
g5, BARSHNEE 2 pioRt. teab, & E S T o
PLB R T EREEAS. R WLE, JEs
F] ) B787 KLY 3 YR B AR R AR AT A I &
BL, (HE o [ RS AR R AR F A T 4x150 kW 1Y K
TpR+270 V LA AL R £, Sk ML T A AR L
HL P IR e
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Table2 270 V DC power supply system of a typical military more-
electric aircraft

T Power of Power of Voltage Short-circuit

ype MEAW  APUKW  level/V  current/kA
F-22 2 X 65 22 270 2.5
F-35 2 %125 200 270 5

12 ZHEXNPHBESEERRPES

ZH AL Rg— et & & B AN
P =AY, LUR 2 Brzs B787 RALAYHL ) R 48
R, R AT AR 4 B AR R 3 & UL (Vari-
able frequency starter generator, VFSG) ., 2 £ #f Bl i
g/% 5 #l ( Auxiliary starter generator, ASG) #1 1 5
W 25 R 8 % B (Ram air turbine, RAT) /E Ry
I 2 R L HIL TC FL A TS AR AR R 45 (Auto-transt-
ormer unit, ATU) | %8 H 3£ i #% ( Transformer rectifier
unit, TRU) . [ #5748 5 %% 37 #% ( Auto-transformer recti-
fier unit, ATRU) 435l JE B8 4 2 it ( Alternative cur-
rent, AC) 115 V. H ¥i (Direct current, DC) 270 V #l
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arc: (a) magnetic field distribution in the intermediate-frequency vacuum

arc region; (b) magnetic field distribution in the middle plane
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