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Model-Based Predictive Control for Interleaved Multi-Phase DC/DC
Converters

Dae-Keun Choi' and Kyo-Beum Lee

Abstract

This study proposes a model-based predictive control for interleaved multi-phase DC/DC converters. The

power values necessary to adjust the output voltage in the succeeding are predicted using a converter model.

The output power is controlled by selecting the optimal duty cycle. The proposed method does not require

controller loops and modulators for converter switching. This method can control the converter by calculating

the optimal duty cycle, which minimizes the error between the reference and actual output voltage. The

effectiveness of the proposed method is verified through simulations and experiments.

Key words: Model predictive control, Pulse width modulation converter, Converter control, Multi-phase

interleaved DC/DC power conversion
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Fig. 1. Multi-Phase DC/DC converter.

A

S.| on |
Sh | ON |
S. [on |

Fig. 2. Time table of interleaved switching.
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Fig. 3. Proposed model-based predictive control (MPC).
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TABLE 1
PARAMETERS FOR SIMULATION
Parameter Value
DC-link voltage 120 V
DC-link capacitor 2730 uF
Filter inductance 2 mH
Switching frequency 10 kHz
Control period 100 ps
12
8
4
(a) Load impedance
i A car
10 | i
0 . ‘
-0 L '
(b) Capacitor current
0.2 04 0.6 0.8 1

Time (s)

Fig. 4. Calculated load impedance and capacitor current.
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. TABLE I
g0 P PARAMETERS FOR EXPERIMENT
600
400 /'f Parameter Value
0 DC-link voltage 120 V
Vour  Vour DC-link capacitor 2730 pF
80 ot Ll
o Filter inductance 2 mH
40 e Switching frequency 10 kHz
20 :
i2 54 s o5 p Control period 100 ps
Time (s)
(a) MPC without feedforward
Top : output power, Bottom : ontput voltage
800 [‘" -
600
400 |
200
0
au I "HJH vq‘"[f
60 |
40
20
0.2 0.4 0.6 0.8 1

Time (s)
(b) MPC with feedforward
Top : output power, Bottom : output voltage
Fig. 5. Waveforms of the output voltage control using MPC
(from 12Q to 4Q).
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(b) MPC with feedforward
Top : output power, Bottom : output voltage
Fig. 6. Waveforms of the output voltage control using MPC
(from 4Q to 129Q).
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Fig. 8 Waveforms of the output voltage control using MPC
(from 129 to 4Q).
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Fig. 9. Waveforms of the output voltage control using MPC
(from 4Q to 12Q).
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