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Experimental Verification of Bidirectional Single-Phase Medium-Voltage
Solid-State Transformer using Multi Cell with Automatic Voltage Balance Capability
Kazuki Aoyagi*, Keisuke Kusaka, Jun-ichi Itoh, (Nagaoka University of Technology)

This paper proposes a single-phase solid-state transformer (SST), which has an automatic capacitor voltage balancing capability

on a primary side. In the proposed SST, it is possible to reduce the number of switches compared to a conventional SST. Besides,

the scale model of SST is tested in order to confirm the bidirectional operation with an input voltage of 200 V. As a result, the

sinusoidal input current is obtained with a total harmonic distortion of 4.2%. In addition, it is confirmed that the primary side

capacitor voltage of each cell is kept constant and balanced without a voltage balance control. Moreover, the loss analysis is derived

in each part and compared with the experimental result. The error of the loss between the experimental result and the calculation is

less than 5%.
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Fig. 1. Circuit configuration of proposed bidirectional single-phase SST.
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Table 1. Selected devices of prototype.

Parameter Symbol Value
Input voltage Vin 1320 Vs
Rated output power Pout 2 kw
Rated output voltage Vout 320V
Snubber capacitor Cenb 1.4 pyF
Sunbber resistance Rsnb 94 kQ
Boost inductor Ly (%zzi g]_g'?%)
Primary side capacitor C; 48 pF
Resonant capacitor Cs 204 nF
Leakage inductor Ls 50 uH
Secondary side capacitor Cout 8200 pF
Switching frequency of rec. | fsy rec 50 Hz
Switching frequency of PFC | fgy prc 10 kHz
Resonant frequency fo 50 kHz
Number of cells m 3
Trans turns ratio N1/N; 1.0
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Fig. 2. Control block of PFC converter in proposed circuit.
Table 1. Switching mode of LLC resonant converter and

rectifier.
S1~Ss [ Sucia~Suaz | Ss~Sg
Switching frequency| 50 Hz 50 kHz (=f,)
Duty ratio 50%

Table 2. Selected devices of prototype for bidirectional

operation.
Circuit topolo Part Type Maximum
pology yp ration
Single-phase B
rectifier S1= 54 ) 3300V
PFC converter | Spic11~Sprca2
LLC resonant 1200V
converter Siicr1 ~ Sicr2| SCT2080KE A0 A
Secondary side S~
rectifier 578
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Fig. 5. Output voltage of all cells at power running.
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Fig. 11. Loss distribution result by experiment and calculation at bidirectional operation.
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