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Experimental Evaluation of a Single-Phase Inverter by using Triangular-Current-Mode Control Method
without High-Speed Current Detection
Yuki Mashita®, Rintaro Kusui, Takumi Iwamoto, Kodai Nishikawa,

Hiroki Watanabe, Jun-ichi Itoh (Nagaoka University of Technology)

This paper proposes a triangular current mode (TCM) control method for a single-phase inverter that enables high-
frequency operation without fast current sensing. The proposed method regulates the bottom current and achieves zero-
voltage switching (ZVS) by adaptively adjusting the switching frequency based on the current reference and circuit state
variables. To suppress grid current ripple under TCM operation, an LCL filter is employed and the average filter
inductor current is used for feedback control.The effectiveness of the proposed control is verified experimentally in the switching
frequency range from 200 kHz to 450 kHz. At an output power of 1 kW, the proposed inverter achieves a maximum efficiency of 91.8%
with a total harmonic distortion (THD) of 5.4%, demonstrating the feasibility of current-sensing-less TCM control for high-frequency

single-phase inverters.
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Fig. 2. Operation waveform diagram of unipolar modulation
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(b) Output voltage v,,, polarity: Negative.
Fig. 3. Grid-tied inductor current waveform diagram of TCM.
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(c)Mode III.
Fig. 4. Operating mode diagram of TCM.
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Fig. 5. Control block diagram of the proposed method with TCM.
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Table 1. Experimental parameter with the proposed method.

Prameters Symbol Value
Input voltage Vin 210V
Output voltage Vout 100 Vrms
Rated output power Prated 1 kW
Grid frequency Je 50 Hz
Maximum switching frequency Sow max 500 kHz
Minimum switching frequency Sow min 200 kHz
Bottom current Tpor 2A
Grid-tied inductance L 3.1 uH
Filter inductance Ly 12.5 uH
Filter capacitance Cr 20 puF
Proportional gain K, 23
Integral gain K; 6000

Hnverter output voltage vey,, [200 V/div]

Grid-tied inductor current #; [5 A/dlv]

2 D sliv]

(a) Output current waveform during DC step from 6A to 10A.
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Inverter output voltage v, [200 V/div] Filter capacitor voltage v, [200 V/div]
16 A(Eq.(3))
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Grid-tied inductor current i, ‘956 ns(1/1.05 MHz, Eq.(S_)) ) L. : ]
[5 A/div] 998.8 ns(1/1 NiHZ Exp.: 5 %) [500 ns/div]

(b) Enlarged waveform at the current ripple frequency of approximately 1
MHz.

Inverter output voltage V +[200 V/le] Filter capacitor voltage V. [200 V dn]
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(5 Addiv] 1.43 u5(1/698 kHz Eq.(5)) [500 ns/dnv]

1.42 ps(1/702 kHz, Exp.: -0.57%)

(c) Enlarged waveform at the current ripple frequency of approximately 702

kHz.
Fig. 6. Step response of the DC output current reference with the proposed
method.
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Inverter output voltage v, [200 V/div] Filter capacitor voltage v, [200 V/div]

: Efﬁc:iency::91.8% ;

i 4 5
-Grid-tied inductor - - AR R R
current i, [10 A/div]

[4 ms/dlv]

(a) Output current waveform at 50 Hz, with an efficiency of 91.8% and a
THD of 5.42%.

Inverter output voltage v, ,, [200 V/div] : Filter capacitor voltage v, [200 V/div] j

(b) Enlarged waveform at at the current ripple frequency of approximately
853 kHz.

Inverter output Voltage Veo [200 V/le]

Filter capacitor voltage v, [200 V/div]

. Grid-tied inductor current iy
[10 A/div]

(c) Enlarged waveform at the current ripple frequency of approx1mately
458 kHz.
Fig. 7. Experiment result of the TCM inverter with unipolar modulation.
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Fig. 9. Measured output current THD curve with the proposed method.
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