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Experimental Verification of Single-Phase Medium-Voltage Solid-State Transformer using Multi Cell
Kazuki Aoyagi*, Toshiki Nakanishi, Jun-ichi Itoh, (Nagaoka University of Technology)

This paper proposes a simple circuit configuration and a control strategy of Solid-State Transformer (SST). In the proposed
circuit, it is possible to reduce the volume of heat sinks and passive components by using low voltage switching device with low
loss characteristic and high frequency operation. Moreover, the circuit employed with the proposed control strategy operates
stably even when the ripple voltage is large. Besides, a miniature model with three cells is tested to confirm the fundamental
operation of the proposed circuit. As a results, the sinusoidal waveform of the input current is obtained without the large
distortion. the total harmonic distortion (THD) of the input current is 2.55%. In addition, it is confirmed that the primary side
capacitor voltage of each cell is kept constant without the balance control.
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Fig. 1. Circuit configuration of conventional single-phase SST.
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Fig.2 Circuit configuration of proposed single-phase SST.
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Table 1. Comparison of switching device between
conventional SST and proposed SST.

Number of Switching devices
Number of cell| Rated Voltage
Conventional SST Proposed SST
6 3.3kv 72 52
11 1.7 kv 132 92
16 1.2kVv 192 132
(a+bh) (c+d+e)
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Fig. 3. Control block diagrams of proposed circuit.
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Table 2. Switching mode of LLC resonant converter and rectifier at power running and regeneration.
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Table 3. Simulation conditions.

Input voltage Vin 6600 Vs
Rated output power Pout 10 kW
Rated output voltage Vout 320V

Boost inductor Ly % ;Oznag% )
Primary side capacitor C: 3uF
Resonant capacitor Cs 0.1 uF
Leakage inductor L 101 pH
Secondary side capacitor | Coy 3000 pF
Switching frequency of PFC| gy prc 10 kHz
Resonant frequency fo 50 kHz
Number of cells m 6

Trans turns ratio N1:N, 27:1
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Fig. 4 Operation waveform of single-phase SST.
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Table 4. Experimental conditions.

Input voltage Vin 200 Vs
Rated output power Pout 300 W
Rated output voltage Vout 50 V
Boost inductor Ly % 29 :mZH 1%)
Primary side capacitor Ci 48 puF
Resonant capacitor Cs 204 nF
Leakage inductor Ls 50 uH
Secondary side capacitor | Coyut 3300 pF
Switching frequency of PFC | gy ot 10 kHz
Resonant frequency fo 50 kHz
Number of cells m 3
Trans turns ratio N1:N, 1:1
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Fig. 6. Operation waveform of miniature model SST.
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Fig. 7. Operation waveform of each primary side capacitor
voltage at sudden change of load.

30
g 25 ‘\
[a)
T 20
c \
€ 15
g \
3 10
3 4\\\
25 T—
0 1 1 1 1 1 1 J
0 50 100 150 200 250 300 350
Output power of SST [W]
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power of SST
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