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Abstract

Although schematic entry for simulation programs is commonly known, there are some levels of abstraction in creating a schematic, using libraries. This paper focuses on the levels of abstraction of different libraries, which can be applied in creating schematic entry for a simulation program. The level of abstraction can be applied for the most common available simulation programs, but is in this paper dedicated to a multilevel simulation program for power electronics and electrical drives. Two examples are presented where use is made of standard and extended component libraries.

I
Introduction

In this paper the use of libraries for modeling and simulation of power electronics and electrical drives is discussed. There are basically two types of libraries: Component libraries (Standard Library, Extended Library and Modeling Language) and Example libraries. This paper focuses on both and gives examples of both.

In section II the levels of abstraction in libraries are explained. Also the interaction of the user with the schematic entry of a common multilevel simulation tool and the simulation results are discussed.

In section III the libraries are categorized. In section IV two examples are given. The first example shows the use of the standard library with direct feedback of simulation results in the schematic, as required for educational purposes. The second example is showing the application of a user interface for setting-up a more complex model, where the use of the extended library reduces the time to set-up a model for simulation.

II
Modeling and Simulation

The user interface mostly hides the type of modeling involved when creating a model for simulation by using schematic entry. For simple basic models this will not be a problem, but for more complex models it is mostly recommended to understand in which way a schematic is translated towards the final mathematical model which is used for simulation. This background in modeling knowledge will result in far more efficient mathematical models, which reduce convergence problems and shorten the simulation time.

II.1
Mathematical background

Modeling and simulation involves creating a mathematical model of the system to be simulated and finally applying numerical mathematics to obtain numerical simulation results [Schwarz, 1987]. To ease the process of modeling and simulation nowadays, a user interface with schematic entry is constructed which hides the process of creating models, performing the numerical analysis and displaying the simulation results. In table 1 the hierarchy to create a simulation models from a schematic via libraries, a multilevel model and mathematical model is displayed.

The process of creating a schematic from various libraries is described in this paper, see section III. The definition of a multilevel model is described in [Duijsen 1994] and [Duijsen 1996]. The process of creating a mathematical model from a multilevel model is found in [Duijsen 1996] and [Duijsen 1998]
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Table 1: Hierarchy of libraries to create schematic
II.2
User interface

Traditionally, the user works with a modeling and simulation program in a very simple way. He creates input (drawing a schematic or providing a netlist), starts the simulation and finally views the results from the simulation. A more modern approach however requires that the user can interact with his model during simulation. He not only wants to see the simulation results during simulation, he also would like to see where the simulation result is originating from, especially in more complex models. In the simulation package CASPOC, these items were given special attention and therefore reduce the time users needs to set-up a model and perform simulations.

There are basically four steps to carry out when building a model and doing simulations; drawing the schematic, specifying parameters, defining which simulation results should be visible and finally running the simulation.

1. The user builds a schematic, using standard, see figure 1, and special purpose components, see figure 2. Because of the multilevel modeling approach he can mix circuit components and control blocks in one schematic.

2. For each circuit component, standard block and special purpose block he can specify parameters such as, for example, inductance, voltage, capacitance or duty-cycle, frequency or other numerical values.

3. Each nodal voltage, branch current or output from a block can be made visible, using a block called ‘Scope’. He can add several blocks ‘Scope’ to the schematic, connect the inputs with a circuit node, circuit component or output from a block and size the border of the blocks with the resize grip.

4. The schematic of the model is ready and the simulation can be started using the menu item Simulation/Start. The simulation results are drawn immediately during the simulation, in the blocks ‘Scope’. Right-clicking the block ‘Scope’ gives a window where the simulation results are displayed together with axis and scale values. The scaling is performed automatically.

III
Libraries

III.1
Component Library

There are three types of component libraries. 

· Standard library

The standard library includes the basic elements like resistor, capacitor, switches, machines, integrators, logical blocks, etc. The library is predefined and can not be altered by the user.

· The extended  library

The extended library has special block which incorporate a schematic model, for example, a PWM control, a model of a semiconductor switch, or the model of a voltage source inverter. The user can create own special blocks from any schematic and include it in the extended library.

· Modeling Language

Using a commercially available compiler, the user can create a block for the block-diagram where compiled C or Pascal code performs the operation. The user has the ability to create special purpose blocks such as state machines or complex mathematical models
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III.2
Example Library

The example libraries were initially intended for educational purposes. They are however valuable for industry, because they shorten the time to model a circuit or system, by starting from a given example. They also show the possibilities of modeling.

· The free example library contains some basic power electronics and electrical drives simulation examples.

· The power electronics example library contains 90+ examples of various power electronics simulations.

· The drives example library contains examples of various electrical drives simulations.

Figure 3: Standard Library : Buck converter with PI control

IV
Application / Example

The multilevel simulation package CASPOC is intended for both industry and education. In this section two examples are given. The first example shows how to model a buck converter with PI-control. The second example shows the use of the extended library to create a model of a variable speed drive with a voltage source inverter and induction machine.

IV.1
Standard library, buck converter with PI control

In figure 3, a schematic of a buck converter with PI control is displayed. The upper part of the schematic shows the actual power converter. The Fixed reference voltage is compared to the output voltage VD in the block SUB. The PI control is modeled by the standard blocks INT(integrator) MUL (multiplier) and ADD (Adding P and I cotrol). From the resulting PI control signal the dutycycly signal D is composed using a LIM (limiter). This signal is compared to a saw-tooth (SAW from a signal block) in the block SUB (subtractor) and via a LIM (schmitt-trigger) the switch S! is controlled. The upper Scope shows the waveforms for the output voltage and inductor current. During start up. The second scope shows the contolling PI signal. The gate signal for the swithc S1 as well as the saw-tooth and dutycycle are shown in scope 3. During simulation the rsults are immediately displayed in these scopes. In figure 4 the first scope is enlarged. This is done by right-clicking the scope with the mouse.

Figure 4: Simulation results

IV.2
Extended library, variable speed drive

For the modeling of the varaible frequency drive use is made of the Extended Library. The inverter is modeled by the block AVSI_INV1. The control, in this example a basix 6-pulse, is modeled by the block AVSI_CON1. Notice that these blocks can have both a connection to the electric circiut and to controlling signals. The induction machine with load is modeled by the block AVS_M1. The output of this block are the torque and mechanical speed, which are shown in scope1 in the time domain and in scope2, where the torque is displayed as function of the mechanical speed.

The use of the extended libary reduces modeling time. Internally the complete model can be edited in the schematic editor. The user can create and edit blocks for the extended library and thus extend the library with his own blocks.

Figure 5: Extended Library : Voltage source inverter with induction machine and control

V
Conclusions

In this paper an overview is given of the various libraries for modeling and simulation of power electronics and electrical drives. A basic model can be build using the standard library. A special purpose model can be created from any schematic and can be stored in the extended library. The example libraries provide simulation examples for either educational purposes or as an example to start modeling from.

An easy to learn and easy to use interface is required to set-up a model for simulation where simulation results should be visible directly during the simulation. Further requirements are online manuals, which serve as a reference for the parameters of the standard library. In the new proposed user interface the simulation results are directly displayed in the schematic during simulation. And the user has the ability to create his own special purpose blocks. The free example library can be downloaded from www.caspoc.com as well as a freeware version of the program.

The main result is the reduction in time and effort to set-up a model and to configure the simulation. The reusability of models contributes to faster and more efficient modeling.
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Figure 2: Extended Library
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