

           

                                                        ABSTRACT

This paper proposes a novel bionic approach for enhancing reliability of power electronic system by utilizing some principles including autonomous decentralized architecture inspired from human body system. The application of bionics in power electronics is innovative from the methodological point of view. Finally a single phase full-bridge power inverter based on autonomous decentralized architecture is investigated. The investigated inverter has advantages in reliability, flexibility and user-friendliness compared to conventional centralized power converters. The proposed autonomous decentralized architecture in this paper has a promising prospect and paves the way towards future Plug and Play power electronic systems for so many significant advantages .This paper studies reliability principle in human body system and applies it to the design of power electronic system requiring high reliability. A single phase full-bridge inverter based on autonomous decentralized architecture is investigated in the method of PEB. The designed converter has advantages in reliability and flexibility compared to conventional power converter .The goal of this paper is to provide some novel ideas for designing high reliable power system based on PEB and to stimulate further discussion on application of bionics in power electronics from the methodological point of view.

INTRODUCTION
In Industrial fields such as avionic, space, military, telecommunications industry, the power electronic system requires high reliability. To meet such stringent requirement, a valid approach for enhancing power electronic system reliability is urgent and significant. Bionics is a promising scientific discipline, which is characterized by finding principles from biological objects that embody superior principles of previous technology and to which a technological exploitation can be assigned. Applying these principles to the power electronic system design can result in Power Electronics Bionics (PEB). PEB is fusion of Power Electronics and Biology but not mere sum of them, which involves innovation processes.
HIGH RELIABLE POWER ELECTRONIC SYSTEM DESIGN BASED ON PEB
The human body system is one of the most complicated system ever known; failures are not rare, but the overall function is high reliable. The high system reliability results from principles including autonomous decentralized architecture, redundancy, self diagnosis and self-repair, which can be a source of inspiration in designing power electronic system requiring high reliability.

A. Autonomous Decentralized Architecture:

Control of today’s power converters is based on a centralized digital controller. One of the main drawbacks of this approach is the large number of signal links that connect the controller and other parts. Furthermore, the signals in typical power electronic system come in variety of physical media. Thus it makes the standardization and modularization of system and subsystems very difficult. Moreover, performances of power converters based on centralized control including online maintenance, online expansion and fault tolerance are usually bad. As a result, some complicated power electronic systems based on centralized controller are usually low reliable. 

A human body system and subsystems exhibit autonomous and spontaneous behaviors with hierarchically ordered relationships, which is a source of inspiration in designing Autonomous Decentralized Power Electronic System (ADPES). Structurally, the cell is the basic unit in all parts of a biological system. Cell acts as building blocks to make up the hierarchical layers in organisms. Thus, tissues (e.g., muscle tissue) are formed by cells with similar functions and shape. Different tissues combine to form organs with a particular function (e.g., heart). Organs, in turn, group together to form body systems and the systems make up the complex organisms. In such hierarchical structures, each layer in the same hierarchy communicates each other and is supported by the adjacent layers. The bottom layer such as cells exhibits low-level autonomous and spontaneous behavior (e.g., immunity to virus infection), thus adapting itself to changed environment. So the brain is librated from the many low-level tasks and perform the higher-level functions (e.g., reasoning). With this autonomous decentralized architecture, the organisms show enhanced reliability and adaptability.

Based on bionics, the principle of autonomous decentralized architecture can be applied to power electronic system requiring high reliability. Thus ADPES comes in. ADPES is homogeneous, i.e. ADPES is composed of identical units named Autonomous Power Electronic Building Cell (APEBC) here. Acting as a building unit like a biological cell, APEBC is essentially a subsystem which is characterized by automaticity.

Autonomous Controllability:

In case one APEBC fails, other APEBCs cooperate autonomously each other to achieve overall system function. As a standardized & integrated power electronic building block, APEBC is similar to Power Electronic Building Block (PEBB) in some degree. However, APEBC is not equal to PEBB. APEBC is characterized by autonomous controllability and cooperation. Compared to the conventional centralized architecture,  the ADPES has several predominant operational features such as enhanced reliability, flexibility, online reparability, online expansion and fault tolerance.

B. Redundancy:

The concept of redundancy is well understood:

In case an element of a system fails, there is a spare element that is able to operate in the place of the failed one so that the operation of the overall system is uninterrupted. Redundancy is the addition of resource, information what is needed for normal system operation. The redundancy includes organs- redundancy (e.g., double lung), function-redundancy (e.g., neural network) and time-redundancy results in high reliability of human body system. The redundancy in biological system resembles redundancy in power electronic system.

1) Hardware Redundancy:

Any system, subsystem or component is replicated. Spare elements are used to replace the faulty ones. To increase system reliability, N-Modular redundant power electronic systems are designed. As applied to critical avionics on aircraft, illustration cost and weight savings in addition to improved power system reliability. However, redundant components usually add size, weight and cost of the whole equipment. So it is significant to find optimum configurations for N-Modular Redundant systems. To meet such requirement, further research must be carried out in order to determine to what extent the models proposed hold for any fault-tolerant systems with guidance of inspiration from optimum redundant biological systems.

2) Function-redundancy:
In function-redundancy the working modules perform the same function originally performed by the failed one. There being no spare modules or sub-systems, there is no increase in size, weight and cost arising from function-redundancy. So function-redundancy will be regarded as a novel approach for designing high reliable and economical power electronic system.

3) Time-redundancy:
Time-redundancy is the ability of a power electronic systems to tolerate interruption of some of their elements for a given time period without leading to immediate failure of the whole equipment. This time can be used for auxiliary functions, such as to repair failed equipment. This has to be emphasized that function-redundancy and time-redundancy are ways of enhancing system reliability by utilizing some special features of system function, instead of increasing the number of elements for system redundancy as hardware-redundancy. Understanding & proper use of these features can provide significant opportunities for increasing reliability, while simultaneously reducing the cost of developing large-scale system.

C. Self-diagnosis and Self-repair:

The self-diagnosis allows fault detection in case a component, the self-repair allows reconstruction of parts damaged without assistance. These two properties are particularly desirable for complicated power electronic systems requiring improved reliability. The growth and operation of all living beings are directed by the interpretation, in each of their cells, of a chemical program, the DNA string or genome. This can offer inspiration for an electronic project, whose objective is the design of high reliable & robust integrated circuits, endowed with properties usually associated with the living world: self-diagnosis and self-repair. With the development of high frequency and integrated circuits technology, the power-electronic-system-on-board characterized by self-diagnosis and self-repair becomes possible based on cell hierarchical structures.

 AUTONOMOUS DECENTRALIZED POWER ELECTRONIC SYSTEM BASED ON PEB:

Consider a set of widely used power electronic converters given in Fig.1, Fig. 2 and Fig.3 
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Figure 3. Single phase cascade multilevelinverter




Partitioning them, an universal power converter building block cell shown in Fig.4 can be identified. 

                                   [image: image4.png]Figure 4. Basic switching block




By connecting this switch cell in series and/or parallel, families of different switching power converters such as AC/DC, DC/DC, DC/AC and AC/AC can be built. This switching cell is assembled by simply connecting two IGBTs, without some basic subsystem functions such as communication each other. This unit has no autonomous controllability and cooperation by which APEBC is characterized.So this power switch cell shown in Fig. 4 can not be called APEBC described above. 

The Autonomous Hardware Manager (AHM), shown in Fig.5, consists of gate drives, PLD, optic transmitter and receiver, A/D converter, temperature, current and voltage sensors. 
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Figure 5. Block diagram.

stonomous hardware manager




Acting as a building cell, the structure of APEBC is totally independent of the converter topologies. The AHM, designed as an integral part of the APEBC, is responsible for hardware related tasks as follows: 

·Current, voltage and temperature sensing with A/D conversion;

 Communication of PWM, status and measurement information;

·PWM generation and isolated gate drive for switches;

·Local fault protection

All hardware tasks are handled by the communication & control block which is implemented in PLD. In fact, PLD acts as a low-level local controller. APEBC, show in Fig.6, built by integrating the switch block shown in Fig. 4 and AHM shown in fig.5.
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Figure 6. Autonomous pover
electronic building cell




Each APEBC has on-board PLD, a microprocessor, so that local communication among connection units as well as communication between the unit & higher controller such as DSP is possible. Thus APEBC exhibits autonomous controllability and cooperation. 

Numbers of desired power converters can be built using the same APEBC by the following step:

·Connect APEBC in series and/or parallel;

·Update system reconfiguration and control algorithm through software only.

 A single-phase inverter, shown in Fig. 7, based on autonomous decentralized architecture is constructed by connecting the two APEBC shown as Fig. 6.in parallel.
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Figure 7. Block diagram of sinlge phase full-bridge inverter




In order to eliminate noise and the number of communication links, the serial fiber optic communication network is selected. It’s pointed out above that all kinds of low-level oriented-tasks such as gate driving, protecting and sensing are performed by AHM. Thus DSP is liberated from any kind of low-level hardware-oriented tasks and performs higher-level tasks such as algorithms optimization and system supervisory.  System adaptability & multi-functionality can be achieved by software reconfiguration. Compared to the conventional centralized architecture, the autonomous decentralized power electronic system shown as Fig. 7 is characterized by the following predominant features, such as:

· Enhanced reliability arise from a high level of integration of APEBC and reliable communication network as well as the artificial function such as self-diagnosis and self-repair in APEBC; 

· System flexibility due to in-circuit programmability to allow for simple software and hardware reconfiguration and use of the standardized APEBC in different topology;

· User-friendliness comes from open autonomous decentralized architecture as well as utilizing standardized module to focus engineering efforts towards system-oriented design.

CONCLUSION:

The implications of bionics to the field of power electronics are very evident from this paper. Innovative and ergonomic designs based on day to day functioning of biological life will come to stay as the fulcrum for the development of power electronic in the future. The advantages in implementing system design based on bionics are in cutting down cost of system design, improvement in performance, enhancement of reliability and implementation of the redundancy factor as explained in the paper.

 ADPES does have some cost liabilities due to the fact that some components (such as sensing and communicating elements) must be replicated among APEBC. However, there are some cost benefits to the approach arising from the reduction of labor costs in system development time as well as engineering and manufacturing due to the use of standard APEBC. The proposed autonomous decentralized architecture in this paper has a promising prospect and paves the way towards future Plug and Play power electronic system for so many significant technical and economic advantages. In the future, the methods of adopting decentralized architecture will hold the key to the rise of power electronics as a potential field of development for human life.
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