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Development of PWM Converter Control Method for Unmanned Aerial Vehicle with Small Jet Engine
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This paper proposes an unmanned aerial vehicle with a small jet engine and PWM rectifier control method for the proposed

system. Each of the propellers are driven by a power generated by the jet engine through the generator. Cruising range can be

extended since an energy density of the jet engine higher than a battery’s one. In addition, the proposed system can be in a used

emergency power supply system. In particular, a method of low order harmonics suppression is proposed. The asymmetry of PWM

waveform is eliminated by estimating phase of intersection points of carrier with modulated wave. In the experimental verification,

it is clarified that the proposed method reduces the input current harmonics by 9.99%.
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Fig. 1. Configuration of proposed system.
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Fig. 2. Block diagram of run mode.
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Fig. 3. Waveforms of carrier-based modulation.
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Fig. 4. Waveforms of voltage references and carriers with single carrier
modulation.

Table 1. Proposed estimated phase patterns of single carrier modulation.
Secter Use Phase of Secter Use Phase of
Table | Intersection Point Table | Intersection Point

0 0° 9 180°

1 1 o 10 1 180+
2 2 [22) 11 2 180°+
3 3 o 12 3 180°+a;
4 4 ay 13 4 180°+ay
5 4 180°-a 14 4 360°-ay
6 3 180°-z3 15 3 360°-03
7 2 180°-a, 16 2 360°-a,
8 1 180°-a 17 1 360°-a
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Fig. 5. Waveforms of voltage references and carriers with two-phase
modulation.

Table 2. Proposed estimated phase patterns of two-phase modulation.
Use Phase of Use Phase of
Secter Table | Intersection Point Secter Table | Intersection Point
0 0° 9 180°
1 1 o 10 1 180°+¢
2 (2%} 11 1800+l12
3 3 o 12 3 180°+ s
4 90° 13 270°
5 90° 14 270°
6 3 180°-c; 15 3 360°-a3
7 180°-a 16 2 360°-a,
8 1 180°-a 17 1 360°-a
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Fig. 6. Configuration of experimental system.
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Table 3. Specification of the induction motor.

Parameter Value
Poles 2
Rated rotary field speed 70000 r/min
Rated speed 68271 r/min
Rated voltage 200V
Rated current 153 A
Rated power 4 kW
Rated torque 0.6 N*m
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Fig. 8. Experimental results of single carrier modulation.
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Fig. 9. Frequency analysis results of single carrier modulation.
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Fig. 10. Experimental results of two-phase modulation.
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Fig. 11. Frequency analysis results of two-phase modulation.
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