
4. Conclusion

In this paper, based on the traditional single closed-loop voltage-type control

method, a current sensorless current sharing control method is proposed to solve

the current sharing problem in two-phase staggered Boost converters. Based on the

characteristics and structure of the circuit itself, the equivalent dc circuit model of

the converter is established. It is found that the main reason of phase current

imbalance is the mismatch of effective duty cycle and phase parasitic resistance. In

order to eliminate the current imbalance caused by them, the relationship between

effective duty cycle mismatch compensation, parasitic resistance mismatch of each

phase and duty cycle compensation is estimated, and the duty cycle of the second

corresponding compensation is obtained based on the first phase. Compared with

the traditional current-sharing control strategy, the proposed current-sharing

control strategy does not need to collect phase current to judge and process the

detected current, which reduces the complexity of the control loop in the controller,

and also reduces the influence caused by low precision and high design cost of the

current sensor. Finally, the simulation results on Matlab platform show that the

equalizing effect of phase current has been significantly improved under various

mismatches and different loads, which verifies the effectiveness of the equalizing

current control.
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2. Introduction

The current sharing control technologies that have been proposed at home and

abroad are mainly divided into two categories: the droop method and the active

current sharing method [3]. The basic idea of the droop control method is to add an

analog resistor to the output of each phase, and use the load regulation

characteristic curve to realize the current regulation [4]. This method is easy to

implement, but the regulation characteristic is poor. For the active current sharing

method, the average current type control is introduced in [5], the three-loop

adjustment method is adopted, the current loop is used as the inner loop, the

voltage conversion and the current sharing loop are juxtaposed, and the output

signal of the current sharing loop is directly injected into the current. It can

improve the dynamic performance of the system; Reference [6] proposed an

algorithm strategy using parameter estimation to solve the current sharing problem

of parallel Boost converters, but the control algorithm is more complex, and the

requirements for digital controllers are relatively high; Reference [7] proposed an

improved average current sharing method. The current reference used to adjust the

voltage reference in the current sharing controller comes from the ideal output

power, so as to improve the dynamic response capability and voltage regulation

performance of the system. References [8] and [9] pointed out that the main

reasons affecting the phase-to-phase current imbalance in the interleaved parallel

converter are impedance mismatch and duty cycle mismatch, and digital control

technology is used to control the effective duty cycle mismatch between phases.

Matching and impedance mismatches are analyzed and compensated for accurate

current sharing.

In order to verify the effectiveness of the mismatch compensation current sharing

control method proposed in this paper, based on the Matlab/Simulink platform, a

2KW two-phase interleaved parallel Boost converter system model is built for

simulation analysis. Among them, the design parameters of the two-phase

interleaved parallel Boost converter are shown in Table Ⅰ.

According to the GB/T3797-1989 standard, when the rated load changes in the

range of 50%~100%, the current sharing error CSerror% shall not exceed 5%. The

definition of the current sharing error CSerror% is as the follow [13]

In the equation: N is the number of phases of the converter; In is the output current

of n-phase; max (Ii–Ij) is the maximum value of the output current difference of all

phases.

The simulation is carried out under the conditions of half load (160Ω) and full load

(80Ω), and the simulated current waveforms of each phase are shown in Fig. 5 and

Fig. 6, respectively. It can be seen from the simulation results of Fig. 5 (a) and Fig.

6 (a) that the currents of the two phases are obviously unbalanced when the half

load and full load are not compensated, and as the load current increases, the

current imbalance between the two phases becomes more significant.

The simulation waveforms in Fig. 5 (b) and Fig. 6 (b) are the two-phase current

waveforms after mismatch compensation under half-load and full-load conditions.

It can be seen that after the mismatch compensation, the current sharing effect has

been greatly improved.

Based on the current sharing control of two-phase interleaved parallel Boost

converters, a current sharing control method without current sensor is proposed in

this paper. The proposed current sharing method firstly estimates the effective duty

cycle mismatch value caused by the difference between the drive circuits and

MOSFET of each phase through the measurement equipment; Secondly, run each

phase in turn with the maximum single-phase current in the open-loop state, obtain

the parasitic resistance in the circuit of each phase, and calculate the corresponding

duty cycle compensation value of each phase through the equation; Finally, the

current sharing of each phase is achieved by compensating for the effective duty

cycle and parasitic resistance mismatch from the control circuit to the power

converter. The simulation test results show that the current sharing control method

proposed in this paper can effectively improve the current sharing effect of each

phase of the two-phase interleaved parallel boost converter.
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