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ABSTRACT

This paper proposes a method for building a control module that has a multi-phase-shift with varying frequency,
which is an excellent choice for the simulation and verification of phase-shift control topologies such as DAB or
DAB-SRC, and can greatly increase the efficiency of a simulation.
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1 Introduction

Traditional converters have only one type of control method, such as PWM, PFM, or PSM, which control duty
cycle, frequency, and phase-shift angle, respectively. Some topologies, such as DAB-SRC, often require a mix of
control methods.

Figure 1-1 shows the DAB-SRC topology, and one paper proposes a control scheme with four degrees of
freedom(V), that is, a three-phase-shift (TPS) with varying frequency to improve the performance of the converter.

To verify this control logic, you often need to build a simulation model in simulation software, and PLECS is a
very simple and fast simulation software. This paper gives an idea of building a control module for this kind of
complex control.
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Figure 1-1. Dual Active Bridge Series Resonant Converter
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2 Three-Phase-Shift (TPS) With Varying Frequency

The operation principle of conventional TPS control is shown in Figure 2-1, where all switches are operating
alternatively at almost 50% duty cycle with necessary dead time. Three phase-shift angles are defined here for
bidirectional power regulation.

The inner-bridge phase-shift 61 is defined as the phase-shift by which the driver signal of Q1 leads that of Q3 in
the primary-side bridge. The inner-bridge phase-shift 82 is defined as the phase-shift by which the driver signal
of Q6 leads that of Q8 in the primary-side bridge. Thus, the two high-frequency AC voltages are generated due
to the existence of internal phase-shift. The external phase-shift ¢ is defined as the phase-shift by which the
driver signal of Q1 leads that of Q8. The external phase-shift ¢ can also be defined as the phase-shift by which
the positive rising edge of VAB from zero to high level leads that of VCD during one switching period.

When the varying frequency is added with TPS control, each bridge still works at 50% duty cycle, but the
switching frequency also changes in real time.
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Figure 2-1. Typical Operating Waveforms of the DAB-SRC Under Conventional TPS Control
3 Solution in PLECS

In the demo model of PLECS, there is an SPS-controlled DAB model which has a single-shift module, as shown
in Figure 3-1, based on which a multi-phase-shift module can be built.

As shown in Figure 3-2, the module is modified with S1 as the base driver and S3 as the phase-shifted Sita1
on the basis of S1. According to this method, you can obtain the driving signal at different angles of phase-shift
on the basis of S1 so that the drive of the multi-phase-shift is no longer a problem, but now the only problem is
figuring out how to realize varying frequency while changing the phase-shift angle.
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Figure 3-1. Single-Phase-Shift Function Module in Demo Model
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Figure 3-2. Modified Single-Phase-Shift Function Module

As seen from Figure 3-1, there are two carriers (On carrier and Off carrier) used as reference signals, so by
changing the frequency of the carriers in real time, you can achieve varying frequency and phase-shift at the
same time.
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The carriers provided in this demo cannot achieve real-time frequency changes, so you need to find a new way
to implement the frequency conversion carriers. Note that the two carriers also have a phase-shift of 1/2 period
to make sure the generated duty cycle is 50%, which also increases the difficulty of building the module.

This paper now proposes a way to generate two carriers with varying frequency, while at the same time, the two
carriers have a phase-shift of 1/2 period. Simulations built this way are faster than simulations with delays.

As shown in Figure 3-3, the integration (1/s) is used to generate a sawtooth wave, and the external initial
condition of the integration is used to generate another sawtooth wave with a 1/2-period phase-shift. The figure
also shows the settings for external initial condition and how to connect blocks.
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Figure 3-3. Schematic Diagram of the Implementation of a Variable Frequency Sawtooth Wave

Figure 3-4 shows the switching frequency varies from 300kHz to 100kHz for the clk and clk2 waveforms with no
problems.
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Figure 3-4. Detailed Waveforms When Changing Switching Frequency

4 Conclusion

In this paper, a method for building a multi-phase-shift with varying frequency control module is proposed,
which is an excellent choice for the simulation and verification of phase-shift control topologies such as DAB or
DAB-SRC, and can greatly increase the efficiency of a simulation.

5 References

1. M. Yaqoob, K. H. Loo, and Y. M. Lai, "A four-degrees-of-freedom modulation strategy for dual-active-bridge
series-resonant converter designed for total loss minimization," IEEE Trans. Power Electron., vol. 34, no. 2,
pp. 1065 1081, Feb. 2019.

SLUAAX2 — JULY 2024 How to Build a Model of Multi-Phase-Shift With Varying Frequency in PLECS 5
Submit Document Feedback
Copyright © 2024 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SLUAAX2
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLUAAX2&partnum=TMS320F28P650DK

IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you
will fully indemnify Tl and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these
resources.

TI's products are provided subject to TI's Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with
such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable warranties or warranty disclaimers for
TI products.

Tl objects to and rejects any additional or different terms you may have proposed.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2024, Texas Instruments Incorporated


https://www.ti.com/legal/terms-conditions/terms-of-sale.html
https://www.ti.com

	Table of Contents
	Trademarks
	1 Introduction
	2 Three-Phase-Shift (TPS) With Varying Frequency
	3 Solution in PLECS
	4 Conclusion
	5 References

