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The purpose of this research was to examine current methodology and design tools for

concurrent engineering of complex systems. A prime objective of the work was to
develop an integrated CAE system for concurrent engineering and to investigate
performance issues, including: Design management, productivity, modelling and
simulation. The main aspects that are important in achieving total design integration have
been considered and extensively studied, including: System functionality requirements,
design flow, system integration, applications design, and data management. An
integrated design environment has been developed utilising open architecture,
commercial CAD systems and databases. An extensive range of design tools have been

developed which facilitate the process of design and design management.

Issues relating to transfer of data across domains (or disciplines) are addressed
specifically. A "netlist" generating systems has been designed to facilitate data transfer
between domains and from design to simulation. Several techniques have been assessed

and fully functional system developed utilising database extraction.

A database was used to assist in many areas, in particular, the strong need for efficient
design data management. Various tools have been designed and developed to ensure that
integration between the different environments is achieved and also to accommodate the
needs of profile interchange between tools. The development of these tools comprises
three major parts. In part 1, methods of design reports generation are described. Part 2
concerned with the design and development of data update tools. Part 3 is concerned with

data manipulation. Design examples are used to demonstrate the performance of these
tools.
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Synopsis

The work on implementing the graphical user interface (GUI) has produced a large
variety of design tools and utilities. This work describes the design and development of

these tools and their applications to perform design, modelling and simulation.

Evaluation and performance of the software have been demonstrated based on a coupled
example of eclectro-mechanical design. A set of design issues involving graphics
constructions of both 2D schematics and 3D modelling, design tool capabilities, and
design simulation was considered and performed.

The results of this work have produced many specific design tools. In a broader sense,
the research has examined key issues of design management in concurrent engineering
and drawn important conclusions.
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1 Introduction

1.1 BACKGROUND

Design of all but the simplest products now generally involves multi-disciplinary teams
of engineers working in close tandem. For example, the design of a medical diagnostic
product may involve: biochemists, optics designers, analogue designers, mechanical
engineers, digital designers, software engineers and production engineers. Obviously, it
is critical on such projects to manage design information during both the concept phase
and detailed design phase. The objectives of each project is primarily the creation of a
competitive product or system and communication is arguably the most critical factor
governing success of any project.

In the context of design in general, the purpose of this work is to examine current
methodology for "concurrent engineering” and to develop a user-friendly environment
for engineering multi-disciplinary products and systems. Before going on to detail the
full scope of this work, it is worthwhile considering current design practice.

1.2 DESIGN PRACTICE

During the last decade major advances have taken place in computer-aided design (CAD)
systems for assisting the rapid and efficient design of electronic circuits. This has been
made possible by the advent of low-cost, powerful and easily accessible microcomputers.
The market today for printed circuit board (PCB) design is very competitive with many
suppliers offering fully integrated systems at comparatively low cost. Common tools
provided include: Digital and Mixed Signal analysis, logic synthesis, Programmable
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Array Logic, thermal analysis and latterly electro-magnetic compatibility (EMC)
analysis. Tools for the implementation of application specific integrated circuits (ASICs)
are now readily available and offer a custom alternative to discrete designs. The market
for products specifically for PCB design and layout is now quite mature, with new tools

and features evolving at a much slower pace than during the eighties.

There is a wide spectrum of systems's design which involves more detailed engineering
analysis than simple schematic design and PCB layout, which may span a range of
disciplines. For example, the design of switched-mode power supplies involves not only
the design of drive and conditioning circuits, but also a very iterative design cycle for
magnetic components, which is closely coupled to mechanical layout of cores and
windings. It is therefore necessary for the designer to iterate between mechanical and
electronics designs in order to optimise circuit performance. There are many examples of
this type of design particularly in power electronics. Although computer-aided
engineering (CAE) systems are available for each distinct aspect of the design (e.g.
mechanical CAD, electronics, control simulation) a fully integrated environment for
system engineering is not available commercially; at best each organisation must develop
their own integrated, bespoke, system from available software products.

In the mechanical domain, CAD systems have developed along two paths: 2D draughting
and 3D solid modelling. In 2D draughting, tools have evolved which automate the
draughting process with standard libraries of components (e.g. fasteners). However, it is
still reliant on the user to generate the engineering views of the components. Many
vendors have added on 3D modelling with some solid modelling features to enhance the
product but their main application is still primarily in 2D draughting. On the other hand,
advanced modelling packages have been developed using solid modelling techniques and
surface modelling to provide true 3D mathematical representations of components.
Coupled with parameteric dimension driven design capability, such tools provide on
unparalleled approach for mechanical design. 2D drawings can be generated
automatically from the 3D models and models transferred to rapid prototyping systems
such as stereolithography. Such systems are generally UNIX based and systems are
currently evolving rapidly. Advanced PC-based systems (Windows NT ) are now
appearing, which is predicted to dominate the market.

It is apparent that between the extremes of electronics circuit tools and mechanical
modelling that there is an opportunity to provide an integrated environment for design,
aimed at the problems which fall into both electronic and mechanical domains, and wider
disciplinary projects. Power electronics is one area but there are many more, including:
mechatronics, building services and electro-magnetics. What is required is a design
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environment that combines the best of both worlds so that the designers can transfer
between electronics and mechanical layouts (or domains) rather like a PCB designer
transfers between schematics and layout. Even within PCB design this may of significant
advantage given the requirements of packaging; the display of full 3D circuit models
would give the designer a greater appreciation of layout, particularly when mechanical
component such as heat sinks and connectors need to be added, and PCB's interfaced in
complex assemblies.

The growing market for design software tools indicates an increase in the use of
computers throughout the product design process [1.1]. In addition, there is a demand for
full product models (digital mock-ups) and links to simulators. These advances
contribute to a more efficient design process and facilitate innovative design. Product
models play an important role for the designer: by using product models, the designer is
able to store, retrieve, and modify data, as well as the data on design methodology itself.
Table [1.1] shows the core procedure employed in the design process and the methods
used to achieve a final product.

Table [1.1]. Product design and its techniques.

Design Core Techniques/Applications To yield To benefit
! [ L [ |
: Competitive,; information and Understanding of Customer; company
Marketing - . : ™ . :
parametric analysis. competition, their and their employees

technology and markets

Product Custo‘mer‘s order; Quality
specification Function Deployment Real customer ) N
J L (QFD). requirements and constraints
Design Concept generation; ideas Concepts in shorter
Concept sdecision making and CAD time frames —
applications

Experiments design/parameters Much better components Design Database
;technical drawing and analysis

Detail design

Manufacturing)  Just-In-Time, NC, CNC, Reduced inventory ——
operations MRP, OPT and CIM.

!

Product
Sales Customer's order More profit Custotner satisfaction

Requirements of modern markets in electronics are distinguished by dramatically
decreasing prices, higher demands for flexibility, reduced "time-to-market" and growing
product complexity. Only well designed products with high performance and quality are
able to ensure a company's competitiveness. The application of CAD systems is now
vital for competitiveness. Design departments are responsible for product quality,

product cost, and for planning and forecasting the innovation potential of each product
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[1.1]. Therefore, there has been a great deal of effort to improve the design process itself,
and the systems employed. The application of engincering design methodology and its
integration with CAD have contributed greatly to the speed with which competitive
products can be developed.

Reducing the "time-to-market" is one of the greatest challenges facing industry today,
Sadiq et al. [1.2]. The total development time includes the time to design, prototype, test
and certify new products. In comparison to mechanical design, studies have shown that
in a typical electronic product development cycle, 85 per cent of development costs are
committed in the first 5 per cent of the design cycle. In this early (conceptual) design
stage, important decisions are made regarding fundamental product technology, materials
and manufacturing processes [1.3].

The management of the conceptual phase is critical to the success of the project.
Organisations must look closely at the tools available to designers and the sharing of
information amongst project teams, particularly when a project encompasses a wide
range of technologies (e.g. mechanics, optics, sensors, digital, analogue and power
clectronics). The optimisation of designs and the requirements for reporting vary
considerably depending on the project and demarcations within the projects teams.
Obviously, a common engineering environment where data is available to all project
engineers, irrespective of discipline would be of major advantage.

Today, there are examples of large organisations that have developed integrated
engineering environments (e.g. Boeing, Ford), however, the systems employed have
been of high cost and generally out of each the normal capital expenditure of most
companies. The benefits to any organisation implementing concurrent engineering and
managing design on an integrated basis are manifold. What is required, therefore, is the
availability of such a system at a realistic cost.

The market for CAE systems is becoming more resistant to change, particularly as
products become established. In mechanical design, for example, AutoCad is now
widely used with a large, loyal, user base. There are other examples of this and it is vital
for new systems to capitalise on the existing user base. As a result, many mainstrain
companies now offer an open architecture which permits third party vendors to supply
add-on utilities, which can greatly enhance productivity in particular applications. For
AutoCad, there are probably more than 1000 third party enhancements available in
practically every application area.
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1.3 DESIGN SYSTEMS

It is now well recognised that CAD tools can be used to speed up electronic circuit
design. Jain et al. [1.4] describes a designed package called AJITA, used for rapidly
producing electronic circuit design, in printed circuit form, from direct specification in
terms of functional building blocks. It provides a library of prototype building blocks that
are dimensioned by user interaction for each application (i.e. inputs, outputs and power
supply availability). The appropriate circuit, component values and circuit board are then
automatically generated. However, AJITA provides a full printed circuit board (PCB)
design, given a tool to speed up their design process. With the advent to high-speed
digital computers, some of the pioneering work of Kron [1.5], [1.6] was applied to the
simultaneous solution of network equations. This formulation was used in part by
computer codes such as network analysis program (NET-1) by Malmberg [1.7] and
electronic circuit analysis program (ECAP) [1.8].

With the availability of workstations with high resolution graphics, a further step in the
evolution of integrated design system becomes possible. Simulated profiles from the
layout design interface for x-windows (SIMPL-DIX) [1.9], is an integrated system that
utilise graphical interfaces. It provide process design, rather than device design,
environments, but it employs an open architecture combined with workstation-based
graphics to aid the user interface.

CAD systems have also evolved from electrical-electronic (ECAD) or computer
intcgrated manufacture (CIM) systems [1.10]. The distinction between advanced ECAD,
extended CIM, and dictated technology computer-aided design (TCAD) systems is
sometimes not trivial [1.11]. Nevertheless, a summary of a designed ECAD systems
shown in table [1.2], where each of the systems listed exhibits a different architecture and
empbhasis certain aspects of TCAD.

New capabilities are provided within the methodology of developing these systems by,
for example, extending existing applications, or by integrating additional existing
applications which implement the required functionality. From the table shown above,
these system are compared using technology CAD (TCAD) levels (i.e. a term which
correspond to different views of integrated multi-tool systems): The data level is the
process representation which provides the database for tool coupling. The tool level is
where the simulation functions are stored. The task level a control environment where
operations and flows are defined and executed. Finally, the representation level is the
interface through which the user interacts. Additional, comparison schemes can be

employed such as the methods of integration used and overall performances. In this
table also:
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o internal means that the system is not used outside the institution.

e Production means that the system is known to be in use somewhere.

Commercial means that the system is commercially available.

Blank fields indicate lack of reliable infuriation.

Table [1.2]. List of ECAD systems and tools integration approaches [1.11]

| Name I Institution i Stauts Data level Task level l Presentation level |
MECCA AT&T int. prod. | awk/sed, c++ | UNIX, Shell Tk
PREDITCR { CMU experim.&{ CDB/HCDB Tel Tk, Motif
commercial
EASE Intel int. prod. - UNIX Shell, | Motif
p PIF derivate. FASST/TEL
CAFE MIT internal BPIF/Gestalt MIT PFR
P&D NEC int, prod. MEDLEY+ DAITOBDA
Workbench ESCORT
UNISAS Oki int. prod. | GCOS UNICOL
IDDE Philips UK | int. prod. | ASCII PIF none Apollo
derivative. DIAL.OGUE
PROSE UC Berkeley| internal BPIF, SWR Tel Tk + VEM
SIMPL-IPX |UC Berkeley| internal Converter none SIMPL-DIX
(BT
OrCAD sys. . . IBM PC ’
OrCAD/VST . commercial] PASCAL or OrCAD/VST
corporation C AT/ XT
. IBM PC eCAD
eCAD plus | Microdata 1 EFORM )
systems SrL commercial AT-286, 486 OrCAD/STD

1.4 MARKET FOR MECHANICAL DESIGN SOFTWARE

Generally, revenues in the 90's for CAD computer-aided manufacturing (CAM) and
CAE rose, according to market researcher Dataquest [1.12]. The leading applications area
are mechanical, electronic CAE, integrated circuits (ICs) layout, PCB layout. Dataquest's
top vendors in total factory revenues were IBM, SunMicrosystems, Hewlett-Packcard,
Intergraph, Digital, Computer vision, and AutoDesk. In mechanical software, IBM,
AutoDesk and parametric technology (PTC) lead. In the top 10 companies, total growth
was almost double that of the market as a whole. AutoDesk and ‘Intergraph are setting the
pace in ECAD software applications, with respective market shares of 21,7 and 13.8 per
cent.

The growth of the use of CAD software has climbed rapidly each time computer
hardware crossed a threshold; first minicomputer, then UNIX workstation to PC's [1.13].
Mechanical CAD software is one tool that is widely used on these platforms. As they
vary in their structure and use, many of these software incorporates advanced features
like unified parametric geometry which facilitates 3D wireframe, surfaces and feature-
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based solid modelling, into a single associative data structure with combined parametric
modelling. Market research carried for mechanical CAD systems show a high level of
competitions between world leading companies. According to Dataquest's market
statistic, CAD continues to dominate the world-wide CAD software market comparing to
its competitor IBM. For example, in the mechanical vendor community, 1995 software
market leader AutoDesk was replaced by IBM, which moved to the top position world-
wide, followed by parametric technology (PT). -

Mechanical system developed by AutoDesk has carved a solid position as the price-
performance leader in mechanical design. Its comprehensive application programming
interface available that can deliver graphic performance under Windows or DOS. In
addition, AutoDesk have developed the new software in combination with programs
developed by other industrial leading companies from the mechanical sector to provide
complete design. An enhancement version of mechanical CAD was made including
additional features: New interactive 3D graphics visualisation capabilities and other
customer requested enhancements. Market analysts believe that AutoDesk mechanical

DeskTop provides a complete design through manufacturing solution for the mechanical
CAD market.

IBM keep improving their CAD products such CATIA. The latest updated versions
available in the market contains different products grouped into different engineering
areas: Mechanical design; manufacturing; analysis and simulation; architecture.
Additional features include the capability to provide custom modelling facilities to suit
various different tasks and to update the modelling technology to include parametrics and
variational geometry with modern sketching facilities. CATIA is now multi-mode
modeller with integrated solids, wireframe and surfaces. For consistency with other
systems CATIA has bi-directional associatively between the various modelling
technologies. This is very much under the control of the user where data can be updated
with the assistance of data management system. The system provides a programming
language called interactive user access (IUA), which can be used for developing further
software routines and applications of different tasks.

Available on PCs and UNIX workstations, Intergraph's MicroStation is one of the most
complete draughting packages currently on the market. The package is now on its fifth
version. Design tools enhancement make it flexible system to use. The development
language (MDL) enables users to developed third party software of various engineering
areas to perform specific tasks. Similarly, AutoCAD is a full featured CAD system,
capable of handling most designs duties including mechanical design.
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Pro/Engineering is another CAD system used for mechanical design, it provides rapid
prototyping to speed up the whole process of design and manufacture in a wide range of
industries [1.14]. It contains facilities such as stereolithography which works by taking a
3D model of a component and slicing in into thin layers. These layers are further
processed, for example, to ensure an even thickness for each layer of resin.

Despite all the facilities that are available within the system, many improvements have
been carried out. At release 16, the definition of geometric tolerances has been much
improved. Instead of selecting a series of menus picks, tolerance can be defined in dialog
editors, which are windows-based and contain a panel of tolerances symbols so that the
selection can be performed graphically. New set of commands have been added
concerning general feature creation, to allow creation advanced general shapes (e.g.
fillets, chamfers). These facilities have been improved by the addition of a dialog editors,
allowing different features to be changed, extended, and redefined. Further improvements
have been carried towards the placement conditions in assemblies. As the facility was
available but less interactive, a component can be placed dynamically using either,
translation or rotation techniques. Further improvement also taken towards the design of
GUI including some enhancement to design tools. With these tools assembly files are
automatically generated for each component in the assembly, as this saves time and
facilitates the individual specification of attributes (i.e. creates assemblies and readily
control colour and texture).

L5 DESIGN SYSTEMS AND METHODOLOGY

Mechanical design and electronics design are typically performed as separate functions in
engineering [1.3]. However, the increasing use of electronics in what were once
predominately mechanical products and the increasing emphasis on packaging and other
mechanical considerations in electronics products, requires the implementation of a
concurrent engineering approach.

1.5.1 Product Design Approach

When designing a product, decisions have to be made on what to optimisation, with
several consequences on manufacturing costs. These decisions can completely defeat the
designer's intentions. Top management, engineering, purchasing, personal, and
manufacturing each contribute to the success or failure of a product. The design requires
a great deal of analysis, investigation of basic physical processes, experimental
verification, difficult decisions and choices. In many cases, the choices become more

and more difficult as the design gradually works its way toward acceptability. Figure 1.1
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shows the product design process supported by the concept of computer-aided design
(CAD).

Market
needs

JL

Product,
specification

JL

Product
Design

Design
office

Figure 1.1 Product-design process supported by CAD applications.

The essence of the approach is to increase the quality of the influential, early decisions
made. Such consequences include product function predictions, estimates of fabrication

and assembly cost, concept designs of fabrication and assembly systems and equipment,
methods of testing, etc.

Quality function deployment (QFD), which is based on the assessment of market needs,
is a procedure used to assist in the design core operation (as shown in table [1.1]). To
enable market requirements to be met, company skills and experience must be employed
at this stage. Critical characteristics that represent the market requirements will be
developed. The role of the QFD procedure at this stage, is to convert the market
requirements plan for the finished product into its components and the characteristics
demanded [1.15]. These characteristics are critical to market requirements, and will be
developed as the basis for product design and process development. Added to this, is the
market evaluation of competitor products against customer criteria. This enables direct
assessment of the product specification and determines the potential positioning of the
product design against the competition. Figure 1.2, illustrates the use of QFD procedure,
where a matrix of product control characteristics is developed.

The resulting targets for product design process are cascaded into subsystem
characteristics, and are used to measure the performance of the product and process
development activities at various stages in which engineering designs, such as (clectrical,
mechanical, optics, etc.) could be involved. Further, these characteristics are deployed to
ensure that customer needs flows through the entire production and supply process, from
design through development and production to market and sales.

9
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Figure 1.2 Customer requirements and product characteristics matrix [1.15].

1.6 DETAILED DESIGN PROCESSES

Within the framework of the overall design methodology, there are specific detailed
engineering design activities which are employed. These will now be discussed with a

view to identifying the potential for integration.

1.6.1 Electronics Schematics and PCB Layout

Circuit layouts detail the position, type, reference numbers, and component connectivity.
Layouts are constructed by selecting components from libraries that contains a selection
of standard electronic components. Associated with each component is a complete
description of geometry, mechanical properties, thermal characteristics and pin
configuration. Systems also provide for the creation of user defined libraries of
components (i.e. symbols design environment). When constructing in this manner from
library components with associated data, the resulting board model contains the
necessary information required later for thermal, analysis and reliability assessment.

Software systems involving PCB's, have a single database for mechanical and electronic
design, eliminating problems in transferring data between two separate systems, to permit
mechanical considerations to be factored into the design process earlier. Such integrated
packages are also useful for passing data to manufacturing. Most of these integrated
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systems, a 2D layout of the circuit is used as a basis for generating the PCB layout.
Standard (gopher) files can be passed to PCB manufactures for rapid manufacture of
PCB's.

1.6.2 Circuit Simulation and Analysis

Circuit analysis is a necessary part of circuit design [1.16]. Once a design for a circuit
has been completed, the performance evaluation of the design must be tested to ensure
that the circuit does perform to specification. Often this involves testing for DC operating
point and performance under applied stimuli.

The circuit to be analysed is described to the simulator, using a special purpose circuit
description language or format which defines the component, its value and its
connectivity. The circuit simulator simulation program with integrated circuit emphasis
(SPICE) developed by Nagel [1.17], has evolved to provide an extremely accurate and
widely used simulation tool for electronics. Figure 1.3 illustrates the whole process of
using SPICE for circuit analysis.

Anontate Schematic
for SPICE
analysis

JL

Decide types of

D.C.
A | Transient
analysis to be doneN—""1 A.C, analysis

J L Monteo Carlo

‘[ SPICE f
| Netlist file I

S

Run SPICEusing (A ..
input file N

s

| Examine output Edit netlist to
SPICE results ' include changes

ANRN

Are
results
ok ?

Decide what has
to be changed

Yes

Analysis
completed

Figure 1.3 Flowchart of SPICE general analysis process.
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Another option available as part of SPICE package is monte carlo (.MC) analysis which
allows the designer to do statistical, sensitivity, and worst case analyses on circuits
[1.18). It has three elements : tolerances, multiple runs and output. These elements are
common to both analyses: monte carlo and Sensitivity, worst case ((WCASE). With
monte carlo analysis, model parameters can be given tolerances, and multiple analysis
(i.e. DC, AC, or transient) can run using these tolerances. A typical application of using
monte carlo analysis would be predicting yields on production runs of a circuit. The
worst case analysis is used to find the maximum or minimum value of a parameter given
device tolerances. With worst case and sensitivity analyses, model parameters are varied
one at a time, and other analyses (DC, AC, or transient) are run for each variation. A
typical application of worst case and sensitivity analysis would be investigating the effect
of critical components values.

CAE techniques are becoming virtually indispensable in design and analysis of electrical-
electronic circuits as manufactures condense increasingly complex devices into smaller
spaces [1.3]. Much of complex circuitry would be impractical to develop without the
main function of the computer. Automated drafting was the main function of the
computers in developing circuits. Now sophisticated software tools are used to cover a
range of tasks, one of the most important of which is analysis that helps reduce errors in

the circuitry and highlights areas for improvement.

In order to compare the salient features of the different levels of simulation. Table [1.3]

adapted form Russell et al [1.19], lists the essential characteristics of a circuit level
simulator.

Modelling devices can be divided into at three distinct areas, namely process, device, and
circuit simulation. Many simulation codes have been developed which fall into each of
these categories, e.g. complete modelling program of silicon technology (COMPOSITE)
[1.20], for process modelling; CURRY [1.21] for fundamental modelling of devices;
SPICE [1.17] for circuit modelling. Each program has its own form of input in which the
user must describe the device, process or circuit. These programs vary considerably in
user friendliness but generally tend to be text based, requiring a description in the form of
keywords and parameters.

Previous attempts to produce an integrated device modelling environment show an
evolutionary trend. The system described by Boning [1.22] introduced uniform user
interface to all the programs contained within the system but still lacks the concept of
standard interface files. The user requires input language to drive all the modelling
programs integrated to the system. This is replaced by a common user interface via
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which input is translated into program specific instructions. However, it was concluded
that the user friendliness is improved, but the lack of standard interface files makes the
system unsuitable for further extension.

Table {1.3]. List of existing programs for circuit simulation [1.19].

Existing programs:  ASPEC, ASTAP, DIANA, IMAG III, MSINC, SLIC-M, SPICE,

SPLICE.
Function: To perform accurate a.c., d.c. and transient analysis, and also nojse
temperature and sensitivity analysis.
Simulation Resistors, capacitors and inductors, diodes, biploar transistors, field-
primitives effect transistors, sub-circuits.

Signal Alogrithms  Currents and voltages as functions of time.
Non-linear analysis techniques.
Numerical integration techniques.
Sparse matrix techniques.
Comments (1) Very close link to technology.
(2) Ideally, the input to this level of simulator should come directly
from the layout.
(3) Simulation accuracy is limited only by the device model accuracy
(4) Major applications in digital circuity are.
(a) simulation of circuits with tight coupling between input and
output: e.g. Schmitt triggers, sense, amplifiers, flip-flops;
(b) examine of electric faults which do not manifest themselves
as logical faults: e.g clock feed through, charge sharing.
(5) Used extensively for the characterization of basic cells.

1.6.3 Thermal Analysis

Thermal analysis of circuitry is important to ensure that heat build up does not exceed the
rated capacity of components, and that thermal expansion does not deform the board
itself [1.3]. In this case building the layout model is important to perform such analysis,

allowing thermal properties to be passed on as loads and boundary conditions to the finite
element mode] for thermal analysis.

The resultant output of thermal analysis is a coloured coded display of the entire board,
with the highest temperatures shown in a unique colour. This allows the designer to
easily detect general overheating of the board, and other trouble-some heat distributions,
and make necessary alterations to layout or cooling system design.

13
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1.6.4 Mechanical Drafting and Solid Modelling

Many CAD systems are customised for various disciplines, with different standard
libraries, dimensioning features, and links to other analysis systems [1.23]. Usually,
these systems are classified according to the engineering field or which the system has
special features and certain techniques for creating drawings, and links to analysis and
manufacturing. Mechanical CAD, for example, supports dimensioning, has symbols for
constructing 2D and 3D layouts with the assistance of database for part numbering and
material take-off. Extensive libraries of components are now available for many standard
parts. (particularly AutoCad and MicroStation ).

Solid modelling deals with the design and representation of real-world objects such as
structures, machines, components, and assemblies of parts. Besides producing realistic
images, solid modelling can be used for analysis. Finite element models, for examples,
can be constructed to analyse stress, deflection, vibration, or temperature distribution.
Kinematics models of mechanisms and robots can be checked with animated solid
models. Mechanical parts assemblies can be checked for fit interference. Sophisticated
techniques can be developed to support these applications. Using a unified database, in
manufacturing, solid models can be used to generate programs to control lathes, milling
machines, and other machine tools.

There are three basic modelling techniques available in design 3D models: wireframe,
surface modelling, and solid modelling [1.24]. Wireframe modelling is a relatively
uncomplicated technique, whereby designers build up the raw skeleton of a 3D model.
Wireframes are classed as a two and half dimension technique. In order to facilitate such
capabilities, there are specific surface modellers provide features such as clashing
detection and surface connectivity. Most of the advanced solid modellers offer some
kind of method by which 3D models are built. One commonly used method is the
parametric design method, where parts or component features designed using different
parameters. However, new and different modelling techniques are employed in some
packages. Feature-based design based on constructive solid geometry (CSG)
methodology is one example, allows users to utilise 'real' components (e.g. a screw will
have an actual thread). Other techniques such as boundary representation (B-Rep) is also
used to developed different automated techniques (e.g. automatic feature recognition).

1.6.5 Mechanical Dynamics

Solid models are ideal for studying the dynamics of mechanics, machine tools, and
robots. They can be used not only for kinematics analysis of motion, but also for the

dynamic analysis of stress and deflection [1.23]. Manufacturing and numerical control
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(NC) is an example of using solid modelling to investigate kinematics simulation. In this
case, solid modelling used to produce geometric and topological information in database,
and further processes take place such as determining the sequence of production
operations, part programming starting with the geometric definition of the part that is
stored in the database, verification permits observation of the entire machining sequence
and material used, followed by the production stage, where setting up machining tools

and management movement are finalised.

System such as SolidDesigner, is designed for dynamic modelling [1.25]. With the
support of database technology the system allows to modify and regenerate geometry at
any stage in its creation sequence. The system includes various design facilities and
functions, allowing different models to be built and manipulated at any stage, new
freeform modelling capabilities allow to construct lofted surfaces. These parts can
include imported surfaces models, and models can be used as a non-planar profile, which
can be lofted to build a solid model. The models can be linked to other applications such
as NC of FEA. Another significant feature included in this system is that it provides a
common Lisp based programming environment, facilitates third party developers to build
add-on, user interfaces and different applications.

1.6.6 Finite Element Analysis

Analysis system identifies stresses and strain for mechanical, thermal and other effects.
Some of these systems seem to have been designed without considering integration with
core design system [1.26]. Most analysis systems on the market are based on the finite
element method. Analysis software such as boundary element method (BEM) designed
for computational mechanics, contains different modules: mechanical design which
includes stress and thermal analysis, corrosion simulation product, and 3D surface
elements allows to define rough description of the problem and the software will
automatically take an adaptive approach.

1.7 CONCLUSIONS

ECAD systems for electronic and mechanical design have developed separately and have
evolved tools specific to each discipline. Tools for PCB design (schematics and layout)
are now mature with many vendors offering similar high level functionality. However, in
today's markets the drive to reduce product development time-scales necessitates a truly
multi-disciplinary, concurrent engineering approach. Electronic and mechanical systems
can no longer be designed in isolation. For example, a typical project for a mobile phone
will involve digital, radio frequency (RF), power and analogue electronics designers as
well as industrial designers, and mechanical engineers. Examination of the project plan
15
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for such a project will reveal that key to reducing time-to-market for such products is the
concurrent design of electronics and packaging. It is therefore necessary at an early stage
to define mechanical constraints (e.g. PCB control drawings). The design is therefore
closely coupled and the designers must utilise tool-sets which permit design data to be
transferred easily in 3D form. What is required, therefore, is a means of designing
products on a common platform, where designers can access a shared database, which
evolves as the product design evolves. Although, the individual pieces of this jigsaw are
available as individual products, a unified approach to product design is not yet available.
It is therefore the prime objective of this work to examine the issues which are important
in the development of such a system, and to develop a demonstrator to experimentally
establish limitations and solutions.

1.8 SCOPE OF PRESENT WORK

The objectives of this work and scope are as follows:
(1) To review existing design systems and define limitations precluding use in a fully
integrated concurrent engineering system.

(2) To specify design requirements for a concurrent engineering software system for
a PC platform, building on an existing open architecture system.

3) To develop a concurrent engineering design and analysis system.

(4) Experimentally examine functionality issues and performance on multi-
disciplinary product designs.

1.8.1 Outline of Thesis

This thesis is organised in eight Chapters: Chapter 2 looks in detail at the design and
development of the design system as a unified environment. It starts by illustrating the
system design life cycle in which design specifications and functionality requirements are
considered. The chapter then gives a detailed review of the implementation methodology
including the system core parts, hardware considerations. Particular attention is given to
the software used in the development, by introducing Intergraph MicroStation and its
development languages and the reasons why this system was chosen. Attention is also
directed towards the design architecture where the basic design items are identified and
described together with their roles. A large portion of the work has focused on the

specific software requirements including design tools and automation.

Chapter 3 deals with the investigation of development tool-sets that can be used for
component design and modelling. It first reviews a detailed section on component
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modelling where modelling objectives and fundamental concepts are highlighted and a
survey on different circuit modelling languages is reported. The chapter then looks at the
issue of electro-mechanical design. In particularly, it concentrates on the use of
parametric design techniques and the relationships between parts and their attributes. In
addition, a design and modelling procedure is described by illustrating its intention and
its performance measured by studying a design examples of inductor and transformer
each of which applies different design specification.

Chapter 4 investigates the automatic generation of netlists from circuit schematics. It
describes the importance of netlist in electronics design, followed by a survey of previous
used techniques. The chapter also reveals the role of using PSPICE package as circuit
simulation tool whereas data flow diagram illustrating the direct link between PSPICE
and other design environment is discussed. Based on the main problem definition and
general development rules, the chapter then looks at the different techniques investigated
for generating schematics nelists. Finally, the chapter ends by illustrating a case study of
circuit documentation and data extraction showing the performance of automated tools.

Chapter 5 reports on the database facilities, where a short history and evaluation of
database systems is revealed by describing the role of database in CAD, followed by a
brief literature survey of commercial database systems giving a detailed description of
rational database concepts and development models. Based on the developed conceptual
model, design and development of different database tools and applications is described,
where three main development aspects are considered (i.e. report, update, and
manipulate).

Chapter 6 Concerns the design and development of a graphics user interface (GUI). It
gives a review of graphics systems and their methodologies for developing user
interfaces followed by engineering consideration towards graphics design and user
interface generators. A large part of the work has focused on the design methodology
which based on using MDL and UCMs languages. It describes the system design levels,

where each level contain a set of tools and functions performing various design tasks.
Chapter 7 reviews the performance and cvaluation of the software. 1t demonstrates the
principles of integrating different design environments by considering a coupled example

of electro-mechanical design.

Finally, Chapter 8 covers the general conclusions of this work together with

recommendations for future work.
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2 System Design and Development

LN R Y 3 -

2.1 INTRODUCTION

This chapter presents an integrated design environment for electro-mechanical design and
analysis, based on the use of the CAD system MicroStation and its development
language (MDL). The environment is divided into four main areas, viz: the design of 2D
schematic capture; 3D modelling for electro-mechanical layout; database for data storage
and manipulation; and simulation for design analysis and performances.

The system design concept is concerncd with the structure of the functions that perform
at each level and by each component of the system. The features which are essential in
system design are as follows:

» The system core parts and their objectives, which includes preliminary description
and design specifications.

+ The establishment of the operational capability of the system and physical equipment
needed. Physical facilities depend upon the form of computer and storage
requirements and space needed, while operational requirements involve the manner in
which the physical facilities are used and the way in which the information is
organised and accessed.

» The specification of the functional structure of the system and the development of a
description of each system component. The hierarchical structure of the components
that comprise the system is identified and each component is described in detail.

Figure 2.1 gives an overall diagram of system design stage. It describes the three
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main steps needed to develop a functional system, where the inputs, outputs, and
internal logic of each component are defined.

Output
physical
I Process facilities
nput roce needed
prelminary (a) Analyze system '
system objectives opertional
description (b) Specify design software characteristics
requirements —
) . N function
objectives | [ ] (© Analyze physical siruotute of
] " facilities and operational " system
requirements
physical . ' functional structur —
requirements @ 32515‘9’:;;1 functional structure specification
y of system
: (e) Develop description of system components
operational components
requirements
system
documentation

Figure 2.1 Overall system design life cycle.

Additionally, the starting point in system development is the functional requirement
[2.1]. The designer begins by establishing the system's function, determining the system
purpose and expected outputs. The essential content of the system specification is a
detailed statement of system function. This is to give an overview of the design in
general, so that the individual functions and performance specifications that have to be
achieved can be identified in the finished product [2.2].

CAD/CAE is one way of coping with the problem of designing and developing an

integrated systems. This problem is acute in electrical/electronics design. The following

requirements are essential in developing an ideal CAD system:

« automatic generation of design data compatible between design tools. This indicates
that some kind of translation facility will be required to produce design data in a
useful and valid form.

« high-level design languages and tools.

» a supportive and adaptive human-computer interface. This is to provide graphical
input/output wherever possible.

e access to information in the system, combined with security against accidental
damage or loss of files.
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 adedicated, customised system which provides good relevant information quickly.

* There should be an increase over the current speed of information retrieval,
verification and simulation.

These points can only be resolved by referring to the existing markets at which these
CAD systems are aimed. Having specified some of the features which would be expected
on an integrated CAD system, it is possible to outline its high level structures and
operations. Production specification remains a unique function because of the informal
relationship between customer and designer. It could be thought of as kind of translation

of how the system is likely to be designed. Figure 2.2 illustrates a typical work
breakdown for electronics products systems.

Product Design
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Electrical/Electronic| | Mechanical Optical ]—Others T
design design design L
J i L -
System System architecture
specification bus design etc.

] |

System design &
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into
| operational block
sub-circuits

1 Write detailed

i
i‘ | performance

specification |

| for sub-circuits

Sub-circuit
schematics/netlist jA2 Detailed sub-circuit
preformance data [§. design and simulatio

Figure 2.2 Breakdown for electronics products systems.

Obviously, there is a considerable effort involved in developing a full CAE system from
scratch. As the objectives of this work are to demonstrate a working system which
would be easily integrated into a design office, these objectives are best served by

utilising an existing open architecture CAD system of the two dominant market products.

MicroStation is the chosen CAD system for developing this software. This is because it
has several properties that can assist in developing new applications. These properties are
as follow:
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« It is widely used PC-level system in the component manufacturing industry, and it
provides enough flexibility in drawing generation.

It provides the ability in designing third party applications using its development
language (MDL) and user commands macros (UCMs). The syntax of MDL is
compatible with the C-language in order to keep the portability. The macros language
allows to merge and execute commands in simplified way. Detailed description to
these languages is explained in Section 2.4.

e MicroStation is the core graphics software program for different applications
development (e.g. mapping, architecture, electrical/electronic, electro-mechanical
designs etc.). It has many design features and benefits, including an easy-to-use
graphical user interface (GUI).

« MicroStation provides structural query language (SQL) extension to enable the
system to access and interface with different types of database (e.g. relational
interface system (RIS), informix, oracle, xbase) through built-in server.

It has library facilitated environment, allows to construct various library cells to
represent components in both 2D and 3D.

e It has the ability to render, this makes it possible to design with 3D modelling taking
into account the ability to convert 2D design files to 3D formats.

In the following sections, the system framework architecture is described with the
highlight of key components. The potential issues that must be resolved to obtain an
integrated environment are detailed, with particular attention paid to design flow levels,
integration of the entire design process, and data management design. In addition, the
outline of the software specific requirements is detailed.

2.2 DESIGN CONSIDERATIONS

The system's design process begins with an analysis of the structures that compose the
problem domain, where understanding the problem domain equates with the ability to
identify the core parts and their relationships. This provides the ability to map from one
part to another. At an early stage in the system design process it is only possible to define
overall relationships between parts of a system, and a block diagram may be most
appropriate. The block diagram shown in Figure 2.3, outlines the system core parts. In
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addition, detailed descriptions of the development software and hardware requirements
are outlined in the following section.
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Figure 2.3 The system components block diagram.

2.3 SYSTEM DESIGN ARCHITECTURE

The system universal architecture is shown in Figure 2.4, which consists essentially of
basic design items interacting with each other and of interfaces that handle the flow of
information between the other involved environments. The key items comprise graphical
user interface (GUI), Cells libraries for components symbols design, Database dbase(iv)
interface, and Design activities include schematic design and modification, electro-
mechanical design, automation includes netlist extraction for simulation, reports
generation, data attachment, retrieving and reviewing. Description of these items is
outlined below:

2.3.1 Graphical User Interface (GUI)

The GUI consists of a number of interactive levels through which the designer and the
system communicate. It includes the keyboard, display, buttons, pull-down menus,
palettes, icons, dialogue boxes, labels, and many other functions which can be used to

assist design tasks and performances. It provides the editing of operations corresponding
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to user requests, and it provides design templates containing text editors for components
design and modelling parameters, as described in Chapter 3.
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Figure 2.4 Illustration of the design detailed architecture.

The GUI consists of different control buttons that can be used to invoke and allow
different applications and tools to be activated. There are several control buttons, each
displays different views of utilities. For example, The drafting control button allows tools
utilities window to be displayed as an iconic menu that displays several utility icons.
These icons are used to open and invoke different applications and commands. In
addition, other facilities and tools are included, and detailed description of their design
and development can be found in Chapter 6.
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2.3.2 Cells Libraries

The components used in designing schematic drawing are called cells, and they are stored
in specified libraries. They consist of different elements that MicroStation uses (i.e.
lines, arcs, circles, text, etc.), sometimes referred to as complex elements. The system
components libraries support international standards including IEEE, BS. Commonly
used devices are stored in symbols libraries and are easily accessible with on screen icon
menus (i.e. place palette). As each component is placed into the active schematic
drawing, name, location and other descriptive information stored in the database (i.e.
referred to as header file). This information are extracted and used for other design
purposes. Libraries operations contain functions allow to carry other design tasks such as
add/create customised libraries to establish design standards. Additional tools are also
designed to modify, delete, and re-define existing components and devices (refer to
Chapter 6).

2.3.3 Design Activities

Most of these contents are software programs written using either MDL or UCMs. They

petform, advise, and assist design tasks and operations. Their role is briefly described

below:

» Configuration, consists of different written software programs which can be
controlled and manipulated to perform specific design changes and modification to
design workspace, 2D schematics, electro-mechanical components.

e Schematic design, interactive tools for circuit creation and editing are designed. A
complete circuit can be placed efficiently. Schematics design basically is a function
of a circuit with little emphasis to its physical characteristics. It is important for use in
equipment production testing and analysis. It also used to describe all circuit
functions and values of components using standard symbols in most cases. The
primary goal of using schematics diagrams are used to show the functional
relationships between parts, allowing the circuit to be analysed by means of circuit

extracted data (i.e. netlists), and simulation program with integrated circuit emphasis
(PSPICE).

« Optimisation, is the process which involves the probing of component design using
different techniques based on the variation performances with respect to design
parameters and specifications. The objective of this process is to maximise the
parametric issue for the most possible design solution.

« Modify, is part of configuration process described above where different tools are
designed for the purpose of schematic designs modification (e.g. tools palette). Their
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role including: replace component with another, wires are extended, stretched and
copied using fence or cursor selection. Components and wires graphics attributes can
be changed and modified (i.e. style, weight, and colours) either by group or as
individual selection

« Automation, is referred to as various software programs written to perform specific
tasks automatically. Components, wires, and drawings each have design information
attached which can be extracted and used for further design tasks. These data can be
edited to include components IDs, wires numbering, and part numbers. For example,
part numbers may be assigned to generate bills of materials and wire identities
assigned to generate wiring lists as an ASCII formats. Extracted data can also be
merged into schematic workspace for convenient review. Other automated tools are
also designed and developed to assist the construction of 2D schematic. These tools
include: automatic junction placement, automatic element recognition using a file

scanning technique.

2.4 SYSTEM IMPLEMENTATION

The precise nature of the implementation stage is necessarily dependent upon the type of
system been developed [2.4]. For example, in hardware system development, detailed
logic diagrams for the components of the system are constructed before they are built. It
is subjected to a functional test to ensure that it operates according to specifications. The
various components are then assembled according to a pre-established plan to insure that
the interfaces between the components are properly designed and that the system meets
its operational objectives.

An integrated design environment meeting the previous outlined requirements has been
designed for electro-mechanical design and analysis. The development and operation of
the software is divided into two separate stages. The first stage involves the writing of
software to carry out the required tasks. The second stage involves the use of existing
software such as PSPICE for circuit simulation and database dbase(iv) for data storage
and manipulation. The following are software development areas:

e Identifying critical aids in the design process based on the user needs (i.e. tools and

applications needed for design tasks).

» Software tools and functions to assist the drafting process.
» Software tools and functions to assist the 3D modelling creation.

» Software tools and functions to assist creating components libraries for both 2D and
3D construction.
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Software to allow the integration of appropriate applications into the system design
framework (e.g. database applications of different tasks).

Software to allow input of component data and other data attributes (i.e. design
templates), for example, to allow editing component attributes for netlist generation,

parameters for electro-magnetic design and modelling, and components general
definition.

Software to provide output data as part of design verification. Some of this data is to
be used for further investigation.

Software to read the output data and provide additional information for further design

investigation and performances (e.g. generated schematic data used as input to
generate netlist file format).

2.4.1 Hardware Considerations

MicroStation is a CAD software package from the Intergraph Corporation. It has a rich

set of design tools, with many advanced productivity features, and it is available on
different hardware platforms such as; PC, Mac; Sun SPARCStations; HP700, open
architecture third party software. The system was developed using the Intergraph CAD

package (i.e. MicroStation). To be able to run the system and its applications

satisfactorily, it is necessary for the computer system to meet specific hardware and

software requirements. These requirements are listed as follows:

At least 8 MB RAM.

A graphic input device (mouse or digitising tablet).

A video monitor and display adapter capable of displaying graphics.
A hard disk drive with at least 36 MB of free disk space.

DOS (Disk Operating System) version 3.1 or above.

The system can be run as windows based application (version 3.1 or above).

2.4.2 System Design Software

Most large industrial companies designed their CAD products from scratch [2.5]. As the

request of new software applications has increased, the sophistication of the various CAD

packages grew. In concert with this, a number of industry standards began to merge.
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These came about as various engineering societies and committees began to wrestle with
standardising the use of the growing number of functions provided.

Many CAD systems provide the user with one or more programming languages with
which to define routines and procedures for processing information. These user-created
procedures or programs, are intended to be used in all facets of the system's operation
from helping facilities to create graphics from existing parametric data to engineering and
manufacturing analysis of complete designs. MicroStation development language (MDL)
is an example of such a programming language. It is a structured programming language
which has a collection of standard commands, functions, and objects that allow to create

an application programs. Figure 2.5, illustrates the general flowchart of the overall
development procedure using MDL.

Dialog Command 1:43%3
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prgdlg.r ptgemd.r PIg.
! ]
Command
o33 abe

prgemd.h
Iprgdlg.rscl | prgemd.rsc |

prg.ma

MDL application

Figure 2.5 Applications development procedure [2.5].

The development of this system is based on the usc of MDL and the macro procedures
language user commands (UCMs). MDL is a complete development environment [2.5],
which lets applications take full advantages of the MicroStation CAD engine. It is also
used for a complete spectrum of customisation of MicroStation, ranging from simple
utilities or customised commands to sophisticated commercial applications for markets.

It is designed primarily for interactive applications and provides all tools needed to create
applications that is consistent with MicroStation's graphical user interface.

At its core, MDL is first and foremost a C-like programming language. UCMs are a
macro procedures allow to define composite operations in terms of commands that
already exist in the system's platform. However, these are only of limited value because
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they do not support many of the functions required in engineering computation and
decisions making. Figure 2.6 illustrates different applications can be developed in both
MDL and UCMs separately or are combined by means of built-in-function to form a
single application as shown in Figure 2.7,
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Figure 2.6 Programming of MDL and UCM:s as separate applications

MicroStation contains a set of libraries routines [2.6], which allow very complex
programs to be coded in MDL form and executed within MicroStation, allowing user-
interface related data to be organised, so that applications developer can efficiently set
up an application to translate for non-English speaking markets.
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Figure 2.7 MDL and UCMs combined as single application.

2.4.3 System Functionality

The application of functionality approach towards information processing requires all
possible functions to be defined at a level of sufficient generality to be universally
applicable (i.e. to achieve an integrated system) [2.7]. Schematic place and routing
system presented by Stephen et al. [2.8], for example, describes the functional term as
relationship of a given set of modules. This relationship addressed at two levels: A
logical level where related modules are grouped together, and physically level where the
modules are mapped to their placement. The functional synthesis begins at the
architecture level with a description of the overall behaviour of a large system and

interaction with the environment [2.9], whereas synthesis proceeds, structural details are
added in form of connected structures.

The definition of functions is one of the steps needed in a methodological approach to
system design. Therefore, the next step in the development of tools and techniques which

32




Chapter 2: System Design and Development

the system designer can use to apply the functional approach to specific problems. The
development of these tools could include (models, simulation, graphics, databases, etc.).
The design method required consists of defining systems functions at a very generic level
and implementing those functions so that they can be used in a variety of ways. Figure
2.8 illustrates the system design functional levels, which form the full set required for
information-processing.

[ System's Functionality]

User Software

applications Integration Data managment

2D schematic || 3D modelling | | Database dbase(iv)| | Simulation and
environment environment environment performance

Unified User Interface (GUI)

Figure 2.8 Concept of system functionality levels.

2.4.4 System Integration

Integrated applications are required that can be accessed for a single workstation and
used by an individual development engineer for drafting, modelling, simulation, and
various other activities [2.10]. The common language between these applications is the
design data. It provides a means of associating different environments that need to be
integrated. This is especially useful when integrating multi-tools CAE systems, where
the information stored within a common database provides the input to other
applications, thus reducing the need for user input.

The design system being developed, is an integrated design environment composed of
different design levels supported by various tools. The data requirements of analysis
applications are fulfilled by specialised tools that extract and transform data among other
environments. Figure 2.9, illustrates the universal concept of the system integration. As
this figure shows, the different environments interact with each other through a common
database to form a unified design environment. The graphical editors and supporting
software applications form a design support system that facilitates these levels and
provides the evaluation of electro-mechanical designs by means of data sharing and data

exchange.
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Figure 2.9 The system integrated environments.

The scope of the integration approach is to capture the breadth of the electro-mechanical
design domain as an integrated environment. This allows the determination of feasibility
of integrating 2D schematics and 3D modelling layouts, offering data exchange in design
rather like PCB's design and layout. In addition, it allows to determine the feasibility of
components modelling and design procedures to establish a framework by which an
integrated design environment can be performed. Figure 2.10, illustrates design flow
levels proceed to form total integration.

2.4.5 Design Flow

In general, the design flow is considered as a collection of activities for the
accomplishment of tasks. Bach sequence of activities has to be performed in accordance
with the design process. The design flow is composed of several levels, as shown in
Figure 2.11. At each level the designer tends to select tools and functions to assist various
design tasks. The following are detailed descriptions to each level.

2D electrical schematic level

The first segment of the schematic capture process is schematics preparation using the
provided drafting tools. In order to trace the schematics topology, elements, inputs and
outputs are labelled using text editor and placement tools. These elements are stored in
the database and can be annotated as part of schematic construction. Additional text
associated with each component describing output type, name, simulation model,
manufacturer is also included.
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Figure 2.10 Design flow proceeds towards complete integration.

3D Modelling level

This level used to construct the 3D modelling layout for electro-mechanical design, using
the provided tools. From design flow shown in Figure 2.11, it is shown that the need to
integrate 2D and 3D data is essential. This allows additional tasks to be performed (e.g.
components can be modelled in 3D form and results are annotated into 2D form).

Additional tasks can be performed such as 3D rending operations, components

placement, and wiring construction.
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Figure 2.11 Design flow and supporting tools.

Design and Modelling level

At this level, the principle feature is the ease with which users can create models.
Models for electro-magnetic components are created using parametric design technique
by means of software programs linked to design templates. These programs are activated
by selecting a component within 2D or 3D environments. Based on circuit input

36




Chapter 2: System Design and Development

parameters, these models are built giving an output format as a result. This format is used
with PSPICE for components simulation and parameter performances. In general, the
modelling procedure is an iterative process that requires a number of repeated entries to
reach an optimised solutions (refer to Chapter 3).

Simulation and analysis level

Simulation, is the operation required for testing electrical/electronic circuit designs and
modelling performances using different analysis techniques. It is one of the most critical
and time consuming tasks performed on a design before the manufacturing stage. This
level involves the simulation of the extracted models and circuits netlists. From the
design flow shown in Figure 2.11, it can be seen that the modelling level is directly
linked to the simulation level. This makes it possible to simulate the modelling results
iteratively. They are simulated and analysed using especial formats that can be
recognised by PSPICE package.

Design database level

A Database is used to manage schematics drawings by including different tables
containing the important attributes of components, wires, and models. Software
applications are developed to assist this task. It create records for each item in the
schematic design without interrupting the drafting process. In addition, the database used
to hold the product design information which can be subsequently used by other design
environments. Design data produced by the other design levels are stored in organised
tables and used for drawing annotation, reports generation including wiring list, bill of
materials, circuit drawing information, and user-defined reports (e.g. fence report).

Structural query language (SQL) is also used to locate and retrieve design information
and different design queries.

Design verification level

Design verification involves three steps, viz: document generation, models extraction,
and simulation and analysis. The first is performed by capturing the design information
using database applications and other extraction tools (refer to Section 2.5). The second
is concerning the extraction of components models performed using design templates.
The third is performed using PSPICE environment, where simulation of the extracted
data will be performed.

With reference to design flow previously described, data management tools have been
designed that cover co-operative work between environments, their associated tools and

document manipulation. Every element or component can be defined using graphical
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dialog editors. By the inclusion of elements and components identities in drawings,
different design information are automatically generated. This information are organised

using file extensions to help recognise the type of extracted formats. Figure 2.12 shows
some of extracted data and their file extensions.

Design data files

[ ]
ASCII files Database

Legend:

* BOM -> File extension for design Bill Of Material.
*.CIR -> File extension for design netlist report.
*.CON-> File extension for civcuit connectivity.

* INFO-> File extension for design information.

* LIS ->  File extension for wiring list.

*,COM -> File extension for components list,
* MSL -> File extension for component mslink.
*,CID -> File extension for component identity.

* WHO -> File extension for components whel report,
* WSL -> File extension for wires mslink.

* WID -> File extension for wires identity.

*.WIR -> File extension for wires whele report.
*.NSL -> File extension for netlist mslink.

* NRF -> File extension for nellist component reference,
*WHN -> File extension for netlist whole report.

Figure 2.12 Extracted data and files extensions.

2.4.6 Design Data Management

As previously mentioned, MicroStation provides the database interface module and SQL
support to enable to access and manipulate database information. Databases applications
can be developed to perform these tasks. However, there are many formats of data
accessed during the design process, therefore, design information should be linked to
achieve simultaneous data manipulation. A key issue is the communication between tools
and all the different database that are necessary for design and performances. Data
management organisation is therefore an important issue so that design data are properly
managed. Figure 2.13 shows the overall architecture of data management design.
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Figure 2.13 Overall architecture of data management design.

2.5 SPECIFIC SOFTWARE REQUIREMENTS

Software must support both functional and physical design. Functional design includes
synthesis, simulation, and testing. Physical design aids support layout, and topological
analysis at all design levels. Functionality, testability, and physical design must be
considered in parallel throughout the design process. Therefore, it is desirable for an

integrated system to support various levels of design process using a unified GUI and
different tools.

To achieve these goals, the interaction between individual programs, databases, and

designers must be carried through a single, consistent GUL  This is to support

monitoring the progress of a design, supply options at any stage in the design process,

and assist in design documentation and modification. In addition, specific requirements

for software and interfaces are outlined later in this section. The tasks that have been

automated in CAD systems up to the present day have been those which computers have
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been considered to do well (e.g. large, complex calculations), as reported by Vivienne

[2.111.

» Problems that combine the manipulation of large amounts of data with the calculation

of complex functions (e.g. simulation and circuit analysis).

e Problems of conversion from one form of representation to another (e.g. logic

diagrams to layout).

« Problems that involve checking routines (e.g. design rule checking , layout

verification, wiring list connection, connectivity between parts)

2.5.1 Physical Design Aids

Physical design tools are necessary to aid construction of specific designs. Their role is

to place, modify, ensure connectivity between circuit components, and also to generate

design verification to ensure a design has been performed properly and as desired. In

order to provide an optimum system, the physical issue (i.e. layout, schematics capture,

database interaction) must be considered in parallel with functional design (i.e. synthesis,

simulation, analysis, and optimisation). Figure 2.14, illustrates the different tools
designed and developed for this purpose.

G.U.L

i)

Drafting tools

2D

WI—J schematics

design

JC

physical design
aids tools

I 'l schematics I
B clements

: part I wire I ‘fl database II
‘W attributes -l attributes information

J0

)

Jl,

extract
tools

place
tools

modify

tools

Figure 2.14 Design of circuit design tools.

2.5.2 Design Connectivity and Testability

Testing is the process of verifying that the system is performing as desired. To ensure

that a circuit can be tested, design for testability techniques must be used throughout the
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design process. According to Marvin et al. [2.12], design for testability fall into two
major categories: testable design style and testability by measuring analysis. This
information is used in the design process to locate potential circuit testing problems and

provide feedback about the effect of circuit modifications on testability.

Testing a circuit design basically depends upon the components connectivity. It can be
used to reconstruct a detailed circuit that can be used in performing an accurate
functional and timing analysis. For this purpose, software application has been developed
for connectivity checking between components. It is based on the use of circuit scanning
technique, involving both wires and connected components. Once the connection
between components and wires is established, the procedure starts by comparing both the
components and wires co-ordinates. Detailed description of the program is shown in
Figure 2.15 (see page 46), while Table [2.1] (see page 48) illustrates the software
utilities, functions and their operations used in developing this application.

2.5.3 Integration With Standard Database

The necessity of using Database is to support the design [2.13]. Therefore, an efficient
database is vital for co-ordinating the various functions. As systems become more
complex, it is desirable that an overall database be established and maintained to ensure

consistency in design and eliminate duplication of information.

A CAD database may contain several types of descriptive information that can be used
by a design system [2.14]. These include component geometry, functional properties and
technical specification. Several software packages are available that can access CAD data
and translate it into a frame representation. Therefore, each component is represented as
a single frame at a level of data appropriate to the problem area. Data would then be
automatically available for processing for routine and variable design problems.

The system uses database dbase(iv) to store and retrieve different design information.
For this purpose, software applications are developed for entering components and wires
data within electrical schematics. Components and wires data can be entered, updated

and reviewed at any stage during the drawing process and reports generated for complete,

partial circuits , single component or wire as defined by fence or user cursor selection.
Figure 2.16, shows the design of circuit information data flow and the use of database
dbase(iv).
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Figure 2.16 Circuit information flow and database linkage.

The CAD system MicroStation provides support for several major database packages that
run on several different computing platforms [2.13]. The ability to link design elements
in the MicroStation environment to a standard database application provides the designer
with a means to produce detailed reports and material take-offs, and also the ability to
display components on the basis of defined filter criteria [2.15].

This section focuses on the database side of MicroStation and the link between the two
packages. Later in Chapter 5 detailed explanation of database interface and other
applications development is discussed.

2.5.4 Circuit Documentation and Data Extraction

Data extraction is the process of extracting circuit information from a circuit schematic
capture; using dedicated CAD designed tools. In general most CAD/CAE applications
operate independently, each having their own optimised data representation structure
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[2.16]. Data is captured relevant to the specific applications needs. It is quite common for
the output files from one applications to be required as part of the input to another (e.g.
extracted netlist file for PSPICE).

Larry [2.16] has suggested, design documents are the preferred and most effective way to
communicate information in every engineering discipline. Documents whether they be
hard copy or electronic are the evidence that engineering tasks have been performed.
Automating document generation is frequently seen as a matter of facilitating
information exchange between software development tools and document publishing
systems. The automated document generators must be flexible enough to extract
information from design environment. Thus, it must have knowledge of many methods
and development tools. The structure of Figure 2.17, shows the document generator
developed in [2.16]. Using the knowledge sets, the automated document generators maps
the data supplied by various development tools. The automated generator then extracts
the appropriate data, formats it, and inserts in into the document, thus instantiating the

place holders with the information to a particular method combination.

ftwaro-d Automated document Document-publishing
software-development generator system
tools repositories

Engineering-data N
knowledge Generated

document
:J> |Methods| software

o
r—@—l development
Document
Eﬁ IE] knowledge Document
| standm‘dsl Document </' f.l;e'mpla%
publishing system | [N 1l-in guide

Engineering data Mapping Structure and format

Figure 2.17 Flow of information in an automated document generator [2.16].

Generating design documentation is useful for reviewing and modification. Once the
circuit design has been completed, the design can be documented by collecting
information as an ASCII format files either using database dbase(iv) applications or

software written programs. Figure 2.18 illustrates the design general concept of
automation functions and data extraction tools.
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Figure 2.18 Circuit automation tools and data extraction.

Data retrieval is one of the most important nongraphical capabilities for
electrical/electronics design. As a component is placed into schematics drawings, its
physical properties are defined, along with the attributes of other various components.
This data can be used for nongraphical needs, for example, reference designation,
component value helps to generate bill of material (B.O.M) to support later
modifications. Types of data that can be extracted using the developed tools are described
below accompanied with their programming flowcharts, and utilities tables.

Automatic Bill Of Material Extraction

An automated design tool has been developed to extract the design part-lists. It consists
of item number, quantity, reference identity and part value. Figure 2.19 (see page 47)
shows the application's program flowchart, while Table [2.2] (see page 48) illustrates
software utilities, functions and their operations used in developing this application.

Automatic Wiring list Extraction

Data can also be generated along with automatic wiring identity.The extraction procedure
is based on the use of MDL scanning functions. Figure 2.20 (see page 49) shows the
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program flowchart for wiring list extraction, while Table [2.3] (see page 52) illustrates
software utilities, functions and their operations used in developing this application.

Automatic Drawing Information Extraction

It has been stressed that the main representation of a design is to generate further data
representations for assessment and manufacturing information. Drawings are easily
misread either because of ambiguity or error in the drawing or simply of
misinterpretation. For example, schematic drawings can have a unique information
attached that can be captured. It helps the designer refer to circuit components and wires
by means of reference, value, level, weight, style and colour so that it can casily be
modified.

Figures 2.21a, 2.21b (see page 50, 51), show the program flowchart for extracting
drawing information, while Table [2.4] illustrates, software utilities, functions and their
operations used in developing this application.

Automatic Placement

Different tools have been implemented to facilitate elements placements. Such tools
involve automatic placement of junction by simply selecting a wire, automatic wires
identity placement, automatic numbering of junctions. Figures (2.22-2.24) show
programs flowcharts of these tools. The performance of these tools is demonstrated as
part of a case study and can be found in Chapter 4.
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Figure 2.15 Flowchart of circuit connectivity program.
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Table [2.1]. Connectivity testing utilitics and its developiment functions.

Utility

MDL_Function

Operation

Identify element type

Create dump data file

State the derivation of
file name to be parsed.

Create built-in dialog box
for files list

get file name based on
the user given name
Open the file to write_to

Indicate an error if a file
can not be opened

Add sheet top information

Display of complele
extraction

Initialize a scanning list

Load up scanList into the
microStation design file
scanner

Locate element type on
the design file

searchType[}
(CELL_HEADER_ELM)
(LINE_STRING_ELM)
(ELLIPSE_ELM)
mdlFile_getcwd
mdlFile_parsecname
mdlDialog_fileCreate
mdlFile_find

fopen (filename, "w")
mdlDialog_openAlret

[printf ("dump file", "")
mdiCutpui_message

mdlScan_initScanlist

mdlScan_initialize

scanList.typemask[1]

(TMSKO_LINE_STRING)
(TMSK1_CELL_HEADER)

Extract arry of coordinates mdlLinear_extract

from line, linestring

Extract arc or ellipse
clement

mdlArc_cxlract

scarch for wires and components

relreive name of current working
directory.

drive the components of file name

create file name extension “*.con"
and dialog box title

find a file based on an incomplete
file name specification

direct write to file
open an alert dialog box

write into output file

display an oulput message once
extraction js completed

sct scanning procedure from the
begining of the file

set the scanning list so it will return
displayable elements

establish a type mask for clement
location

cstablish wires coordinates and
number off

cstablish component's pins
coordinates

Table [2.2]. Bill Of Material utilitics and its development functions.

Utility

MDL_Funetion

Operation

Identify element type
Create dump data file

State the derivation of
file name to be parsed.

Create built-in dialog box
for files list

get file name based on
the uscr given name
Open the file to write_to

Indicate an error if a file
can not be opened

Add sheet top information

Display of complete
cxtraction

Initialize a scanning list

Load up scanList into the
microStation design file
scanner

Locate element type on
the design file

Extract arry of coordinatcs
from line, linestring

searchType[]

(TEXT _ELM)
mdlFile_getcwd
mdlFile_parsename
mdIDialog_{ileCreate

mdlIFile_find

fopen (filename, "w")
mdIDialog_openAlret

fprintf ("dump fite", "™
mdiOutput_message

mdiScan_initScanlist

mdlScan_initialize

scanList.typemask[1]
(TMSKI_TEXT)

mdlLincar_cxtract

search for components reference
and value

retreive name of current working
directory.

drive the components of file name

create file name filter (*.bom)
and dialog box title

find a file based on an incomplete
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Table [2.3]. Wiring list utilities and its development functions.

Utility MDL_Function Operation

Identify element type searchType[] search for cotnponents reference,
{CELL_HEADER_ELM) valuc and coordinates
(LINE_STRING_ELM)
{ELLIPSE_ELM)

Create dump data file mdiFile_getewd retreive name of current working
directory,

State the derivation of mdiFile_parsename drive the caomponents ol (ile name

file name to be parsed.

Create built-in dialog box mdiDialog_tileCreate create file name filter {*.list)

for files list and dialog box title

get file name based on mdiFile_find find a file based on an incomplete

the user given name file name specification

Open the file to write_to  fopen (lilename, "w") direct write to file

Indicate an error if afile  mdlDialog_openAlret open an alert dialog box

can not be opened

Add sheet top information  [printd ("dwmp lile”, ") wrile into output lile

Display of complete mdlOutput_message display an output message once

extraction extraction is completed

Initialize a scanning list mdlScan_initScanlist set scanning procedure from the
begining of the file

Load up scanList into the  mdiScan_initialize sel the scanning list so it will return

microStation design file displayable elements

scanner

Locate element type on scanList.typemask([1] establish a type mask for element

the design file (TMSKO_LINE_STRING) location

(TMSKI_CELL_HEADER)
(TMSKI_TEXT)

Extract arry of coordinates mdlLinear_extract establish wires coordinates and

from line, lincstring number off

Extract arc or ellipse mdlArc_extract establish component's pins

element coordinates

Exract character string mdlText_extractStiing establish text extraction and string
from text element compatision (c.g. reference and value)

Table [2.4]. Drawing information utilities and its development functions.

Utility MDL._Function Operation
Identify element type searchType[] search for wires and components
(CELL_HEADER_ELM) reference, value, propertics
(LINE_STRING_ELM)
(TEXT_ELM)
Create dump data file mdlFile_getewd retreive name of current working
dircctory.
State the derivation of mdlFile_parsename drive the components of file name
file name to be parsed.
Create built-in dialog box  mdIDialog_fileCreate create file name filter (*.info)
for files list and dialog box title
get file name based on mdlFile_find lind a file based on an incomplete
the user given name file name specification
Open the file to write_to fopen (filename, "w") direct write to fife
Indicate an error if a file  mdlDialog_openAlret open an alert dialog box

can not be opened
Add sheet top information  fprintf ("dump file", ") write into output file

Display of complete mdiOutput_message display an output message once
extraction extraction is completed
Initialize a scanning list mdlScan_initScanlist sel scanning procedure from the
begining of the file
Load up scanList into the  mdIScan_initialize set the scanning list so it will return
microStation design file displayable elements
scanner
Locate element type on scanList.typemask{1] cstablish a type mask for clement
the design file (TMSKO_LINE_STRING) location
(TMSKI_CELL_HEADER)
(TMSKI_TEXT)
Extract arry of coordinates mdlLinear_extract establish wires coordinates and
from line, linestring number off extraction
Return element's display  mdlElement_getSymbology establish wires, components
symbology drawing information (e.g, style

weight, colour, level, elc.)
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2.6 CONCLUSION

In this chapter an integrated environment for electro-mechanical design and analysis has
been described and designed. The system framework architecture has described the
components that comprise the design main features, which include: Unified GUI, 2D
circuit schematic construction, 3D modelling layout design, simulation and optimisation
performances, automated tools for design data generation, and database interface.

Attention was directed towards the entire system integration. In this case, data
communication was the key issue among the involved environments. Database dbase(iv)
is the centre element through which these environments communicate. This leads to the
importance of data management, enabling the flow of design and other document to be
controlled throughout the design process.

Generally, relevant problems in designing an integrated CAD system were identified and
several needs were highlighted. These needs are listed as follows:
» A unified user interface through which different environments integrate.

e The importance of using common database in environments integration.
« Tools and automation to facilitate different design tasks.

» The ability to integrate commercial applications into design environment.

« Design and documentation plays a major role in most stages of design systems and
serves as the initial process of passing information between various levels. For
example, there is a need for data to be passed into simulation packages such as
PSPICE to simulation and analysis for best possible solutions.
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3 Component Design and Modelling

3.1 INTRODUCTION

Many electrical components require detailed design (e.g. transformer, inductors) to
perform to given circuit specifications. In addition to performing the overall circuit
design tasks, it is a key functional requirement to be able to model each component
where necessary within the circuit at a detailed level. In many instances an iterative
approach must be taken, since component design will depends on other circuit

performances, which will be driven by the interaction of components.

Generally, designers work with structural CAE tools to detail components. What is
required, therefore, is a basic tool set for types of components being used which utilises
common applications formats (e.g. Mathcad, Excel, Matlab, TK Solver) providing detail
design parameters of the components and on completion, generatin g a behavioural model
or sub circuit for inclusion in SPICE modelling. Following performance evaluation using
SPICE, the design parameters of the components can be adjusted to provide optimum
performance. Utilising an iterative approach, this has the potential to automate design
optimisation.

Key to this philosophy is the ability of designers to develop specific design modules for
components. For example a company designing switch mode power suppliers could
develop design templates for transformers which could be entered simply by selecting the
component symbols on the schematic. The design templates would allow designers to
investigate the effects of detailed changes in components (e.g. changing material type in

a transformer).
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In this chapter, general modelling procedure is fully described and compared to other
different techniques. To demonstrate the application of this approach, design examples
for an inductor and transformer are carried along with simulation and optimisation of
different strategies to clarify the tools necessary.

3.2 COMPONENT MODELLING

3.2.1 Modelling Objective

Components and interconnections contain circuit elements such inductance, capacitance,
or resistance and often a combinations. An understanding of the magnitude of these
elements and the characteristic of components will ensure the correct choice and
applications of a component. Where components cannot be modelled as a sub circuit, a
behavioural modelling approach can be taken where the component is not easily
classified as for example in laser gas charging applications [3.1].

3.2.2 Fundamental Modelling concepts

The process of replacing a system with a simplified model, then investigating its
properties by controlled experiment is referred to as simulation [3.2]. Therefore, in order
to obtain meaningful simulation results, the model must be accurately represented with
the constraint of those experiments. Furthermore, the model may exhibit completely
different behaviour. This means that a system can be represented by a variety of different
models, each having a specific purpose.

Typically, simulation of a model consists of a mathematical description of the component
properties. As for example, a transient analysis is typically used to investigate the
response of the system to time-dependent excitation. In order to obtain more meaningful
and accurate simulation results, the system model must include accurate description to
product performance.

3.2.3 PSPICE and Parts Models

Most of the CAE tools currently used in discrete component design are based on SPICE
circuit simulator. The importance of a simulator is that it correctly predicts the circuit
output parameters; this requires the model and model parameter values to be accurate.

SPICE is an aid used to determine the model parameters for standard devices,
transistors, and sub circuit definitions for more complex models such as amplifiers [3.3].

SPICE parts environment allows the designer to convert information from a component
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data sheet into parameters which can be used by SPICE. Macromodels in SPICE are in
common use for simulation analysis. They are sub circuits comprising transistors, diode
models, resistors, and capacitors which are needed by the CAD program to simulate a
system performance. Models to simulate a variety of semiconductors devices have been
proposed, and they can be adapted through parameters adjustments to power applications
as they are available from a library parts.

According to Graeme at el. [3.4], the idea of using macromodelling in electronic circuits
has increased and it is very common at the system level usage. For example, to determine
the actual system performance, a prototype circuit is constructed and tested. The size and
complexity of integrated circuits (ICs) are large; therefore, the cost of using present
simulators for design and evaluation can be very large. The cost for large ICs design can
be justified if large volume manufacture is anticipated. The aim of using macromodelling
design is therefore; to obtain a circuit model of ICs or a portion of an IC which enables a
reduction in complexity in order to provide smaller and less costly simulation time. The
resultant macromodels can then easily be incorporated by designers into system SPICE
models. Many manufactures are now therefore supplying macromodels files for
incorporation.

3.2.4 Circuit Modelling Languages

The design of systems that include analog and digital sections requires the development
of advanced modelling and simulation methodalogies, tools, and techniques [3.5]. Key
essential elements to this development process are modelling methodologies and
standards for describing designs. In the case of digital systems hardware description
language (HDL) plays a vital role in the design of desecrete systems.

Most CAD system uses a HDL such as verilog description hardware language (VDHL)
proposed by Engel et al. [3.6]. This is accomplished through a provided tools. Other
authors such as Hands [3.7], described the VHDL as a powerful and comprehensive
language that allows hardware description in a form which can be readable to user and
machines that uses it. VHDL also allows to design systems and circuits at different levels
of abstraction, including the ability to design models. The use of this language supports
many descriptions of hardware at many levels. Figure 3.1, illustrates the scope of very
high speed integrated circuits hardware design language in comparison with some other
modelling languages such as behavioural language modelling (BLM).
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Figure 3.1 The scope of VHDL compared to some other modelling techniques [3.6].

With reference to these languages, Foulk [3.8] described them as registers because they
were used to specify systems at the level of registers. Their scope, however, is now much
increased. Simulators are used with a descriptive language to allow electronics computer-
aided design (ECAD) system to be simulated at functional level. The parts of the system
must then be designed at the individual component level, and the system is defined as a
interconnection of electronics modules.

Hardware description languages (HDLs) are also defined as descriptive language that
allows users to describe both structure and behaviour of analogue and digital systems.
They used to support specification of both design behaviour and design structure as they
can be written in different styles. For example, to specify design behaviour, HDLs
provide a set of variables and set of operations for computing current values. Most

languages, however, provide rules and conditions (e.g. if and case statements).

Another type of modelling language such as MAST used by analogy saber package. It
used to represent a model in terms of non-linear equations [3.9]. The saber simulation can
then use these models to perform further simulation analysis. The interaction of this
language and saber simulator provides a powerful method of investigating systems that
contain a wide variety of models. However, because the MAST has capabilities of HDL,

it can address general modelling requirements that are independent of system technology.
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The use of MAST language can also be applied to assist in building models of non
electrical system such as mechanical, hydraulic, or thermal systems modelling.

Additionally, the OrCAD system uses a programmable logic design (PLD) tools [3.10]. It
is fully integrated electronic design automation tools, that allows to define logic in
different ways. The design environment of these tools are structured to allow the user to
focus on what is important. Designs are organised in project by project basis, with all
relevant design files such as schematics, design database, part lists, source code, and
simulation results stored together. The logic definition for PLD, consists of a series of
text objects placed in schematics diagram that represents a circuit layout.

Various modelling techniques mentioned by Farid [3.5], provides a rich set of constructs
to model the behaviour of analog systems. Using analog hardware description language
(AHDL), these constructs can be modelled using various set of equations and
mathematical operators. These constructs supports a variety of modelling styles for
analog systems in various analysis and design domains. The use of AHDL intend to focus
on the simulation needs, and have been developed with the intent of modelling and
representing circuit systems in order to be simulated efficiently. However, since that the
other aspects of analog CAD/CAE still under development, its yet unclear as to what role
of AHDL would play in terms of other design tasks such as synthesis, layout generation,
design optimisation, design specification and documentation, and other relevant design
aspects. The most common features provided by AHDL towards the design
representation across different CAD applications are defining simulation models in terms
of model interconnections defined across different levels and domains, and finally the
ability of multiple viewing for a model, so that analysis can be carried in different
analysis areas.

It is clear that digital design and simulation is being well catered for, however, both
analog and power electronics design systems have not evolved as far. This is mostly due
to the complexity of the design and non-linear behaviour of circuits, which are much
more difficult to simulate.

3.3 ELECTRO-MECHANICAL DESIGN

The increase use of electronics and mechanical components emphasis on designing and
modelling electro-mechanical CAD/CAE packages. The design of electro-magnetic
devices such as clectrical machines actuators, transformers, etc.; has developed on both
experience and analysis techniques [3.11]. Each development in analysis techniques has
allowed the design to be simulated more accurately in testing a design. CAD systems
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have already evolved to guide the search for the proper design using different techniques
but the knowledge to evaluate the results in comparison with the provided specifications.

Designing a CAD tool to be able to perform different level of design of analysis for
specific component a feedback of information from the analysis to compare with the
initial specifications must be provided. The results then need to be critically examined, if
sufficient result is not reached, the design is modified and re-analysed using simulation
packages. Lowter et al. [3.11], has suggested the important aspect of developing a design
of this kind is to have some sort of feedback in both the optimisation process and the
refinement of the weak design constrains in order to reduce an acceptable design. In order
to improve the entire software performance accurate set of rules must be provided,

therefore, achieving a functional design with minimal computing effort.

3.3.1 Electro-mechanical relational Design

Competition and short design cycle forces designers to consider the complete system and
to strive for the most optimal design possible [3.12]. Combining electrical and
mechanical consideration simultaneously in the design process is known as
Mechatronics. Such a combination in design practice requires an improvement in design
tools to support a design environment focused on achieving optimal product within a
short design cycle.

Historically, the term Mechatronics was first proposed by Yaskawa in 1969 [3.13]. As it
became known, development in component related electronics, such as microprocessors,
and in power electronics such as high-capacity, high-speed switching characteristics has
led to the adoption of electronics in machinery. Products based on this classification
offers significantly enhanced function and performance. With the provement of function
and performance a variety of electro-mechanical products began to appear on the market.
The products are a combination of mechanical and electronics disciplines.

The integration of mechanical and electronics systems leads to many new possibilities for
process design and automatic functions [3.14]. As for example, mechanical systems
provide motion or transfer forces or torque, while electronics systems allow the
performance on many more functions. Mechanical and microelectronics are easily
integrated forming a unified unit. This, however, leads to the integration in the following
sense:

e Mechanics ( mechanical engineering, mechanical devices).

o Electronics (Microelectronics, power electronics, measurement and actuators
technologies).
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» Information technology (systems theory, automation, software design, embedded
control).

3.3.2 Parametric Design

The ability to represent a family of objects similar in their geometric shape or in a
functional sense is called "parametric design”. The terms means different things in
different contexts. What is needed is a product descriptions that is complete, and contains
semantic information that reflect the needs of different engineering domains, that reflects
the different levels of detail required for different tasks, and that clarifies the whole

product creation process.

Parametric design function can be applied to different engineering applications. Figure
3.2, shows the parametric design as an application to product design concept, whereas
several engineering applications are involved. For example, The parametric approach
involves complete or partial automation of the production of drawings, geometric models
and other aspects of design data for particular classes of electro-mechanical designs. This
can also involve variation in the dimensions and perhaps the arrangement of standard
design elements.

| Designer I |Engineer| l Process planner” others l

<0

User graphical interface

<7

Product design conceptl

Application interfaces

JC I0 I —Jb
IParametric designl | Geometric modell |Process plan l | ........ |
1
J0 s JC JL

IPart gcneration] |Pa1‘t modeﬂingl |Ci1‘cuit modellingl l CAD/CAE applications

Figure 3.2 Parametric design supports different applications.

As general awareness of CAD and users expectations increase, software developers seek

to supply more comprehensive facilities that can be used to assist in CAD different
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design activities, including design by features. Mechanical design of engineering parts,
for instance, can be classified into a class of design that may be regarded as parametric.
This includes examples, such as fasteners, bearing, etc.

Applying parametric design techniques to electrical components design also have their
own impact, an example of this, is the modelling and designing of electrical circuits and
components. There is a need for an automated design tool to perform these tasks.
CAE/CAD software tools are considered and devoted specifically to the design and
modelling of circuit components, where the objective is to control the parametric issues
with respect to the circuit specification parameters. These parameters have a great
mfluence in developing a detailed design. For example, with respect to transformer
design, parameters expressions and equations are used to relate the performance of both
circuit and the component itself. For instance, parameters such as input/output voltages
and powers have very significant influence on the transformer efficiency (i.e. used to
measure the effectiveness of the design). By assuming, the core part has two involved
windings P, P,, where is P, is the transformer output power and P, is the transformer
input power. Also by assuming the window area W, divided to handle the power
capability of the two windings using equal current density. Since that, the transformer has
to be designed to accommodate both P, P,. Therefore, concern must be taken towards
the power handling capability of the transformer core and windings. Detailed description
of calculating the transformer efficiency and other relevant parameters can be found in
the transformer design theoretical calculation section.

There is a clear distinction in applying the application of parametric design into both

mechanical and electrical design problems. The principle idea lies in identifying the

functional requirements that able to model and design a component in a circuit with

possible detailed descriptions. Furthermore, merging these two aspects, electro-

mechanical design is obtained and the application of parametric design function is
| considered to be a combined effort between electrical and mechanical components.

3.3.3 Parts and Attributes

Typically, attributes are defined as the quality of a thing and are declared within the part
module which defines it. Figure 3.3 illustrates hierarchy structure of part-attribute
translation whereas components and circuits are treated as two separate design issues. For
example, in designing part such as cylinder might be defined as (cylinder (att(len),
att(dia)). While in designing electrical circuits, parameters and assumptions are
considered to achieve a parametric function.
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DUV | I —
Parameters Parameters

Figure 3.3 Part-attributes relationship translation.

Furthermore, attributes can also be applied to any collection and level of features,
complete part, or to any process that is needed to produce a product (i.e. referred to it as
manufacturing feature). Figure 3.4 illustrates part—aftributes that may be included to
design mechanical standard part, whereas parameters such as type, size, length, and view
type can be considered.

Type Size | [Length | [View type

| Top| | Side || Iso]
Bs Bs
Metric Metric

Figure 3.4 The concept of mechanical part-attributes definition.

Despite mechanical components have their collection of attributes and parameters.
Electrical parts are also have their own attributes defined with respect to their
functionality. There is a need for methods in CAD systems to support attributes at any
design level, allowing different approaches to support a wide variety of products and
applications. For example, the electro-magnetic design system (EDS), proposed by
saldanha [3.15] is a software program which uses artificial intelligence (AI) techniques
for electro-magnetic devices design. It is a framework which simulates the design
process for different electro-magnetic devices. The basic methodology in this design is
that each device model involves a set of rules used to interface the design by a given
specification. The design also involves the use of knowledge representation of different
kinds such as the structural and functional of a device, the model of analysis, and the
expert design rules.

With respect to inductor and transformer design examples, the parameters are organised
as part-attributes relationship. By structural variables parts are referred to as entities (i.e.
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core, primary winding etc.), while attributes related to each one of these entities are either
calculated or user-defined. Figures (3.5, 3.6) respectively illustrate detailed description of
inductor, transformer and their design attributes.
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| air gap required

S EE G

| absolute permeabilty
_ inductance

| Peak current

| flux density

L. CIrOSS section area
e %‘é
. absolute permeabilty
| inductance

_ air gap required

k3
Inductor

| charging time

| operating frequency
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Figure 3.5 Inductor part-attributes description,
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Figure 3.6 Transformer part-attributes description.

3.4 DESIGN AND MODELLING PROCEDURE

In this section, the modelling procedure is described, giving the ability to translate the
design from functional description into a form suitable for testing. Using this procedure
as to design components into details, offers the following advangtages:
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s Detailed design makes the circuit to be developed in shorter time using existing

models through out the process.

» The design approach tends to break the circuit into a number of steps, therefore,

circuits are more efficiently designed.

3.4.1 The Procedure Requirements

The objective of this section is to develop an understanding of the process taken towards

the design and modelling for simulation. It begins with the descriptive scope of

components, which underlines the following requirements:

+ Structural knowledge about the circuit and its components, giving a general idea of
the key element which will be involved in modelling that component.

* Knowledge about the component operation functions and their parameters.

Based on these requirements, the design process is performed as an iterative process to
evaluate and modify a selected component. Figure 3.7 shows the general procedure for
component design and modelling process.

i

l
1
\
l l Specify input datul
]
l
1
|

[
\
l
[
|
J |
Circuit schematic [

layout MicroStation

environment

Process data
through calculations

|
I
| |
I |
Database || Extract output
dbase(iv) N~ parameters I
| |
e |
| S22 .
| Final format || | Component C[c}c(ljeﬁén |
: Coded in conversion |, | design data programming
| MDL JL " B
| programming  opreg model | !

e e e e e —

Figure 3.7 Design and modelling general concept.
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The concept for the procedure is to operate depending on a selected component which
basically involves the following steps:

o Components are selected within 3D modelling layout.
« Components input data are the circuit specification.

» Software programs used to model the selected component with respect to this
specification.

e The component modelling parameters are supplied or calculated by means of
mathematical equations.

Based on these fundamentals, components are designed in more details and the results
are therefore considered as the circuit output performance. In addition, the proposed
approach is a generalisation which accommodates component design, and is therefore
designed to exploit factors and parameters which are common to most components. In
the examples given in Section 3.6, the most obvious determinant is the physical laws and
principles of electro-magnetuim, which plays an important role in forming the basis for
the operation of all components.

3.5 COMPONENTS DESIGN ENVIRONMENT

The design environment provides a set of common services, which can be used by the
provided tools. Such services include facilities for structured data storing and
manipulation. Steps towards the integration have been taken by providing the design
process. In this environment, tools communicate via a database which used to recall all

relevant information about specific process taken.
3.5.1 Integration of Tool sets

In order to provide an automated support to aid the whole process, the integration of tool
sets is necessary to ensure that the complete process is supported in flexible manner.
Integrating the evolved environments leads to a number of advantages:

o They share utilities including those for database access (i.e. interfacing).

« They employ common internal representations of programs and have common means
with varying sets of facts.

The integration concept shown in Figure 3.8 holds design database as a common store.

This provides central location at which to perform a specific design task in supporting the

design process in general. The advantage of this is that all access to these data is done
71




Chapter 3: Component Design and Modelling

through various designed tools, whereas four main areas are involved: Schematics

workspace for 2D drafting, Database for information storage, 3D modelling layout, and
PSPICE environment for simulation and analysis.

2D drafting environment Simulation environment
I ! I 1

. /'
| Database
| dbase(iv)

Integration | \ A
1 o "
data sharing | Common database

3D modelling environment

Figure 3.8 Illustration of the integrated environments and their tools.

3.5.2 Library Cells Design

Using the MicroStation different graphical elements, cells are constructed as graphical
symbols to represent 2D and 3D components. They are provided to be used as for data
definition entry and modelling of components. Chapter 6 reveals an example of how

these cells are constructed using library environment with the assistance of the
customised tools.

3.5.3 Interaction with Database

In addition to the component graphical data, the product descriptive data should be linked
with the information of product geometry representation, such as types of material used

in manufacturing, the vendor information, and some other functional specifications

[3.16]. Because of the extensive use of the relational databases especially in the industry,

both product description and geometry parameters values are stored in relational database

system. For this purpose database tables of different formats are created to define

components and their associated parameters in order to be applied in the geometric

specification. Detailed explanation about the use of database can be found in Chapter 5.
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In this case, the user interacts with the design database at several stages throughout the
design process. The most important stage of all is the problem definition, where a request
is taken firstly by selecting the desired component and secondly by entering the
component specifications. These specifications are constrain component parameters
including circuit performance parameters. They permit the software program to
determine the other unknown parameters and storing them into the used database tables
by means of interfacing and UCMs programming. This structure is illustrated in Figure
3.9. As this figure shows, the use of database consists of two major issues, namely: store
and extract data. The two issues are basically software written programs interact with the
used database through the MDL software built-in functions.

Database
dbase(iv)

JC 1.,

Store Extract
data data

Jo 1 3l Jo 3l

Design Design Design SPICE
parameters calculations reports model format
L I | I
UCMs programs MDL programs

Figure 3.9 Block diagram illustrates the use of database.

3.6 COMPONENT DESIGN EXAMPLES

In this section, design examples of electro-magnetic components such as inductor and
transformer are used to test the accuracy and performance of the modelling procedure
described above, where each example is provided with its input data. The application of
the modelling procedure to simulation of circuit component is presented in Section 3.7

and the output contains program performances and other relevant parameters are
reported.

3.6.1 Charging Inductor Design

A set of constraints are identified when designing inductors which they must observe
[3.17]. One of these is the material loss (e.g. copper) P, due to the resistance of the

cu

windings. The windings used must be designed to deliver current to the load with specific

regulation limits. Some other losses as in gapped inductors have three kinds of losses in
which they must be taken into account, viz: Core losses P, which for a given voltage
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and frequency are practically independent on the applied load, and air gap losses P, or

the stray losses largely due to eddy currents induced by the leakage fluxes. The
maximum efficiency can be reached in designing an inductor or transformer when the air
gap I, is zero and P,, and iron loss Pf, are equal. Designing with cores made of ferrites

material the gap loss will be reduced this due to ferrite material have such high
resistivity.

For higher inductance values a magnetic core is used inside the former. These comes in
different shapes and sizes, and different types of material. For example, for low
frequency applications iron is generally used to reduce eddy current. At higher
frequencies (i.e. ranging from KHz to MHz), ferrites are used because of low losses. The
disadvantage of ferrites as compared to iron is low B, (i.e. magnetic flux), 0.3T
compared to 1.5T for iron. Figure 3.10 shows detailed description of inductor with
magnetic core.

Magnetic core Fringing flux Area

A /-

Caoil
‘\ Eddy(g)urrent |,T_.:i_..;.,.—| Magnetic field %
. amZ L (B)

//// : VAN AN}

L l——_—> é II(L MN :> ‘_\fﬁﬁ]]]]]\‘ Air gap (La)
N N
o | AN A

Turns (N) L= ) Section A-A
A |
D

Figure 3.10 Inductor detailed description.

The problem which follows, is a selected design example for designing and modelling a
} component. The circuit model shown in Figure 3.11 adopted from McDonald [3.18],
| illustrates the theory of transferring the energy from DC power supply to Pulse Firing
Network (PFN) inductance.

In this design, a numerical example is performed to illustrate the proposed approach of
the inductor design. The response characteristics are used as determined by PSPICE, and
the circuit of the above figure together with specification parameters of Table [3.1] have

been analysed to obtain the final output parameters which are summarised in Table [3.2]
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Figure 3.11 Charging inductor design circuit [3.18].

Table [3.1]. Circuit design specification.

Parameter Name Value Units
Charging capacitor | Lc 1 UF
DC voltage Vdc 35 kV
Time scale 4 100 (max. 95) s
Frequency F 10 kHz

3.6.2 Problem Definition

Capacitor C, needs to be charged to 3.5 kV after each pulse within a time scale of 100us
for an operating pulse repetition frequency (PRF) of 10 kHz. This can be achieved by
resonant charging via a charging choke L. and charging diode D,. The detailed
performance parameters for the whole circuit is obtained by defining the problem, and
are shown in Table [3.1]. The input parameters used in this example are employed in
order to obtain an accurate estimation of the inductor with respect to the circuit involved
components (i.e. current, voltages, maximum charging time, etc.). Figure 3.12 illustrates
the equivalent design model for L_., while Figure 3.13 shows the inductor detailed

dimensions.

Figure 3.12 The equivalent design model of L,
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Figure 3.13 Inductor with detailed dimensions.

3.6.3 Theoretical Calculations

Step 1.
Calculate the inductance value for maximum charging time of 7, = 95us

T=aLC ()

Toax _ (95%107°)>
L: '2 = > 5 =
TTc - x1x10

9H (2)

Step 2.

Calculate charging peak current:

from peak charging current:
1

A c. e
I :VDC.I:L_I} 3)

c
For resonant charging

Voe =%-v0 =1.75kV
1

- 975
I=1.75x 107 {lx;O }2 2600 ik

Step 3.
Calculate cross section area (CSA), using two U cores with equal gaps in each leg. The

peak magnetic energy stored in the gap to suit the peak current is given by:
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a2 2
Eppy = LI =22 Al @
2 T2,

Limit peak flux to 0.17
LI o _4mx107 X9 X (60x107)?
B " 0.1*

Al =4.1%107 =§Dzz

Al =

S))

To avoid the flux firing at the gap assume /, = 0.01D

Dz[iéi.lxl()”

i
3
=37.4 mm
b 0.01

This is a bit too large : try design with 20 mm core.
Therefore, A=2.41x10"m?

Step 5.
In order to avoid saturation, a small air gap is made in the core between the two sections
of the core.
R LI*  47x107 x9%x(60%107")?
=== 2 = (©)
B*A 0.1" x2.41x10
[, =17 mm (i.e. 0.85 each leg).
Step 6.
Number of turns can be calculated using:
1
LL. |*
N= [~——’~—~} (7)
HoA
|
1.7%x107 x9 2
N = -7 4
4rx107 x2.41x10
N = 2248 turns
Step 7.

Calculate the value of smoothing capacitor, which is designed to minimised ripple
voltage:
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Ripple voltage V. =5% of 1.75kV=87.6 V

7 -3
c =t 33X10 0 (8)

SV 87.5

C, =4ufF
Tabel [3.2]. Component output parameters.

Parameter Name Value Units
Charging choke Lc 9 H
Peak charging current| Ipeak 60 mA
Core diameter D 374 mm
Air gap La 1.7 mm
Air gap (each leg) La/2 0.85 mm
Number of turns N 2248
Smoothing capacitor | Cs 4 HF

3.6.4 Design Optimisation

Design optimisation basically involves the probing of design space by analytical
techniques based on the variation performance with the design parameters [3.10]. The
theory of optimising a design is specifically directed toward component design as well as
circuit design. Thus, the design parameters are elements of the circuit model. The
optimisation of these parameters identifies common features in circuit and system
design. As they are limited number of parameters to be optimised, a certain computation
load is incurred due to excessively complicated objective functional evaluation needed
for specifically the optimisation of transient characteristic. Because of the increasing
complexity of circuits, this is considered to be a complicated process concerning modern
circuits designs, thus, time consuming. Therefore, evaluation processes are necessary so
that high level of efficiency can be obtained.

Assumptions have been made for an ideal switch to be connected to provide the supply of
constant voltage to the charging inductor L,. Since that the PFN inductance can usually

be ignored in comparison to the charging inductance, the PFN inductance can be

modelled as capacitor equal in capacitance equal to the total capacitance in the network
C,. If the C, is initially charged to a voltage of V, (0), then upon closing the charging

switch the passing voltage can therefore be obtained from:

V, () =V, (V,(0)=V,)Cos(ar) 9)
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V, -V, (0)Sinwt

~I(r):(

— (10)
LC/CII
Where @ = 1 is the circuit resonant frequency. This can be presented graphically

¢ I

as shown in Figure 3.14.
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'Fi gure 3.14 Wave forms of charging current and voltage [3.18].

It can be seen that C, can be charged to the maximum voltage in time half the period of

resonance of the circuit, at which the current begins to discharge. A charging Diode is
usually included to avoid the current reversal at this point and maintain at the peak
, voltage. Therefore, with the inclusion of the Diode the C, final voltage can be expressed

as:

7= 7,L,C, (11)

from the value of the charging inductance L, which requires a charging time of T, can
be calculated. The circuit schematic contains assumptions and in practice the circuit
losses will therefore, result in a lower network voltage. As the mean powers required for
the present applications, it is quite difficult to provide a constant DC supply voltage,
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which usually requires smoothing capacitance across the output terminal to minimise
droop.

Flux density B is linearly dependent on the peak current as graphically presented in
Section 3.3.6. In designing the inductor, its desirable to choose the core area A and gap
length [, to suit value of peak current } . To avoid flux fringing at the gap
I, << DI, << D where D is the core diameter (typically [, / D =0.01). It is possible to

introduce the optimisation procedure into a simulation to determine the whole circuit
performances and therefore, the final inductor design parameters are obtained as fully
described in Section 3.6.

3.6.5 Software Program Development

The software program basically consists of two main parts each of which performs
different task. The first part is coded in UCMSs macro language to provide commands for
entering design data. While the second part which involves the extraction of PSPICE
mode] format is coded in MDL. These parts are fully explained as follows:

Data entering program

The procedure of prompting the design for input values of parameters and the instant of
interacting with the database takes place once a component is selected. This is done by
the assistance of the MicroStation and database server (refer to Chapter 5). The program
works forward from those parameters specified by the user to database storing. Its
intention is to manipulate numerical values, whereas equations can be solved so that
solutions can be obtained for any design variable (or parameter). There are four main
steps involve in constructing this program, namely for: loading of design data table,
routine checking for the selected component, data supply commands, and finally
calculations processing and data storage. The program flowchart of Figure 3.15,
generally illustrates these steps in sequence.

In the database structure shown in Table [3.5], the first field provided is to store the
number of mslink which considered to be the most important field in establishing the link
between schematic components and database table. The number of fields depends on the
given design specification, where parameters of the input data are identified. In the
inductor design example for instance, there are two types of data fields provided: Input
parameters fields to store the design data inputs specified by the user (i.e. descriptive
data), and the other is to store the design data outputs and are used for further design
tasks.
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Figure 3.15 Flowchart of inductor design program.
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Table [3.3]. The database structure for inductor design.

Num FieldName

Fieldtype Width Dec Index

1 mslink Numeric 10 0 y
22 core type character 10 n |
[ 3 material character 10 n |
[ 4 charging time character 10 n |
[ 5 capacitor character 10 n |
[7 voltage character 10 n |

12

mean current character

10 == ‘ Legend:

C———1-> Supplied data
wmmwssss -> Calculated parameters

Figure 3.16 illustrates the parameters calculation part extracted from the inductor design

program.

set a3=c2*c2*0.0001
set a4=9.8696%c3
set a5=a3/a4

set r6=a5/100

set r6=c3/r6

SQR a0, a6

set a8=c4*a0

set r7=a8*100

set a9=a8*a8
set al0=12.567*r6*a9
set al1=0.0241

set al2=al0/all

set r5=al2/2

set al3=al2*a$S
set a14=0.030285
set al5=al3/al4
SQR al, al5

set a2=c4*0.05
set r3=c5/a2
set r4=r3/100

: Calculations part only

Calculate the air gap reauired

Calculate the number of turns

Calculations for smoothing capacitor--------------------

;the inductor value (uH)

;Peak current value (mA)

; for peak current sqr.

; uO*inductor value

; density*c.s.a.

; al2 for (air gap required)

; air gap required in each leg.

; al5 (number of turns)
; al is where no. of turns are stored.

; a2 is the ripple voltage (i.e .5% of Vdc)

; r4 is the final smoothing capacitance uf.,

Figure 3.16 Inductor parameters calculation part.

After the input stage of the program has successfully completed, the procedure general
concept of Section 3.4 constructs additional tasks that are required to achieve the second
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part. It basically involves the extraction of PSPICE model format and design additional
reports using the MDL extraction techniques (described in Chapter 2). These tasks are

explained as follows:
Extraction of PSPICE model

It is the major part of the simulation stage as its purpose to translate data stored in the
database into a format that can be read by PSPICE. It basically consists of the circuit
involved components and their calculated values. Figures (3.17, 3.18, 3.19), demonstrate
the final stage of the program, whereas the final component model is extracted and ready
to be simulated.

Figure 3.18 Database retrieved information using SQL.
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Figure 3.19 The inductor extracted model.

3.6.6 Design of a High Frequency Transformer

A transformer basically consists of a magnetic coils built up of insulated material upon
which are wound two distinct sets of coils suitability located with respect to each other
and the primary and secondary windings. Such a combination may be used to derive a
voltage higher or lower than that available (i.e. used to convert a time varying voltage
from one level to another) as illustrated in Figure 3.20. It consists of other objects such as

the magnetic core, the primary and the secondary winding.

Core Flux lines
(Primary) [—— AT Yo ;
{p) (Is) (Secondary)
\ iy 1
R
A { o
s il Ll
i Vp 755 % M e f'?_l Vs
o AR
| e |

Figure 3.20 The usage of transformer.

The transformer also described by certain functional parameters, such as the input, output

power, and efficiency and reactance as shown in Figure 3.21.
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Figure 3.21 Transformer detailed description.

3.6.7 Transformer Theory

Assuming the magnetic flux links both coils (i.e. primary and secondary) with no

leakage. This is expressed as:
¢,, = constant (12)

Where ¢, is the maximum value of flux in the core. Assuming the ¢, . passing through

max
a circuit. If this flux changes then an electro-magnetic field is generated, which is given

by the expression.

13
0t (13)
d¢
= N, 10 14
él i a,r ( )
d
& =N, % (15)
-é-‘- = .é. (16)
N, N,
V, N, (17
Vv, N, )
Sinusoidal excitation:
B(t)=B,,,, - Sin(wt) (18)
do d . .
—2=A  B__-—(sinwt 19
= A, By (sin @) (19)
Where:
A, = core area (20)
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d‘ijl:mx = AC . anx ) COS(CO[} (21)
t

V,=N, A, B, - 27F cos(wr) (22)

X

Thus, the peak primary voltage is:
V,=N, A B, 2nF (23)

With transformers design it is more common to work in terms of (rms) voltage.

V

V (rms)=—= (24)
P ( ) ‘\/5'

Vp =444Np 'Ar:'anx F (25)

Using this equation the number of turns and core area required for a given B, and

frequency F can be determined.

With square wave excitation the factor 4.44 becomes 4.0 as the rms value equals the
pulse value, as illustrated in Figure 3.22.

V,=4.0-N, A, By F (26)
v

>0
vV

Figure 3.22 Voltage square wave excitation.

equation (26), determines the number of turns and core required for a given B,,, and
frequency F. Clearly, the higher the frequency, the smaller the required core area for a
given voltage. Selecting switching frequencies is the kilohertz range (20-100 kHz) offers
an advantage in reducing core size. At these frequencies hysteresis losses are very high
laminated iron wires. Fortunately magnetic materials have been developed for these
frequencies which have reduced losses. These materials called ferriets. Today, practice
shows dramatic change from 50Hz linear power supply technology to high frequency

switch mode techniques which have improved efficiency, regulation, and reduced size.
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3.6.8 Problem Definition

Figure 3.23 shows the schematic design of a half bridge forward converter circuit. The
transformer has to be designed with respect to the circuit given specification shown in

Table [3.3]. Figure 3.24 illustrates transformer and its detailed dimensions.

Figure 3.23 Half bridge forward converter design circuit.

Table [3.4]. Transformer input data

Parameter Name Value Units
Input voltage Vin 28 A%
Output voltage Vo 28 \Y
Output current lo 3 A
Frequency 12 20 kHz
Efficiency n 0.98 %
Flux density Bm 0.3 Tesla
Core material ferrite
Core shape C

Figure 3.24 Transformer with detailed dimensions.
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3.6.9 Transformer Theoretical Calculations

Design of transformer for a half bridge converter with a given specification shown in
Table [3.3].

Step 1.
Calculate transformer output power P, , allowing 1.0v drop from diodes.

JD{I = ‘/IP : IH (27)

(v, +V,

linde

)1, =(28+1)x3=87TW

Step 2.

The apparent power F, which is associated with the geometry of transformer is of great
important. Figure 3.29 shows the transformer primary winding handle P,, while
secondary winding handles P, to the applied load. Since that the transformer has to be
designed to accommodate the primary B, and P, , thus:

P=P+P (28)

{ o

Because of the interrupted current passing through the primary and secondary windings,
L increases to 2.828 times (i.e. depending on the circuit which the transformer uses).

Therefore, the apparent power can expressed as:

R =R,‘[—€—+~5) (29)
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