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One of the most important
approaches to enable cost and
time reduction with respect to
computer-aided design for
electrical/electromechanical
engineering (ECAD) is to
develop, generate and manage
various design variants of a
product in an efficient manner.
This article presents an
overview of a new generic
approach to product variant
design technology that has high
potential for efficient reusability
of existing designs. It presents
the procedure to allow this new
approach to be implemented
within arbitrary ECAD systems.
The approach presented
automatically generates a
complete vechnical
documentation of an electrical
installation on the basis of a
placed order specification. The
technology behind this involves
three major steps.

|.A product variant of an
installation is configured on
the basis of existing
standardised design
COMPONEnts.

1 A set of commands is
automatically compiled that
describe the generation of a
typical ECAD project
containing the configured
components. This is a key
novelty, as all these
commands are expressed in a
non-system specific
programming language, which
can then be automatically
translated into a so-called
macro programming language
of a specific ECAD system.

3.The targeted ECAD system
can import and process these
commands in order to create
a correspending project file in
its native data format for
further processing,

Product variant design
In order to remain competitive
in the market, most companies
offer their products in a range
of different variants. However,
new variants of existing
products are more and more
often composed of existing
basic components (product
variant configuration) rather
than newly designed. A
precondition to allow for this is
to have modularised product
structures. This has become
commeon practice in plant
engineering and construction,
where the majority of
companies developing electrical
or electromechanical
installations tend to reuse their
existing designs, plans and
project documentations to
develop additional customer
specific variants. A typical
example of such a design variant
would be a product family of
similar elevators and their
corresponding control cabinets
(Figure 1).

Unfortunately, this process of
reusing existing designs for the
generation of further variants is
still predominantly performed
manually. This is both inefficient
and ineffective, and is prone to
errors. Consequently, with the
ever increasing pressure of
competition in the market it is
vital to develop automatisms

that facilitate the computer-
aided generation of product
variants.'

The fundamental idea behind
a generic approach to variant
design rechnolegy that may be
deployed in future ECAD
systems is to automate the
natural workflow process of
creating ECAD design variants
as it is manually performed by
maost companies today. As such,
the approach presented is
closely refated to industrial best
practice and derived from day-
to-day operations.

The basic concept in
practice
Many companies approach their
potential customers by technical
field sales and distribution staff.
These sales persons usually have
selling catalogues, which allow
customers to assemble bespoke
product variants based on basic
components that can be
combined. At this stage of the
sales process, the number of
components that can be chosen
from tends to be reladvely
small. Once such a rough pre-
configuration is finished, design
engineers usually determine a
resultant technical fine
configuration. This comprises all
parts and components required
to make up the complete
product variant desired and may
consist of thousands of items.’
The next step in creating the
configured product variant
requires a design engineer to
start an ECAD system, generate

a new {empty) project file, copy
the components configured into
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Figure [:A typical example of an electromechanical product variant

{elevators, control cabinet).

the project and specify individual
customer and order details.
Subsequently, alterations
necessary to the specific project
may be accomplished and the
process of generating an updated
ECAD project documentation,
according to the alterations
made, must be initiated.

To make the development of
product variants more effective,
ECAD system vendors aim
towards an automatic computer-
aided support of the workflow
process oudined above.

Functional principle

The basic functional principle of
the generic variant design
approach is based on aspects
from knowledge-based product
configuration,’ the programming
of design variants, as well as
parametric product modelling
and process automation.® The
fundamental idea behind the
approach is to automartically
generate an entire technical
documentation of an electrical’
electromechanical installation on
the basis of a placed order
specification. The overall process
to achieve this involves five
steps:

I.A design variant of an
installation is configured by
composing standardised
maodules of existing (previously
developed) components.

2 All compaonents identified to
compose a specific variant are
stored in a data file based on a
bespoke data structure that
describes ECAD design

projects in general.
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3.A set of commands
describing the generation of a
typical ECAD project
eontaining all the components
configured together is
automatically compiled.

4.The above variant project
description expressed in non-
systern specific commands is
automatically translated into
commands of a specific macro
programming language
associated to a particular
ECAD system.

5.The specific ECAD system
targeted can import and
process these commands to
create a corresponding project
that may be handled or dealt
with in any way the ECAD
system allows.

Technology approach
Step one requires a software
tool to manage, browse, identify
and select existing components.
Product data management
systerns (PDM) may be used for
this purpose. Alternatively, a
variety of commercial product
configuration toals are available,
and even low cost table-based
solutions based on Microsoft-
Excel, for example, may be
deployed if appropriate in terms
of complexicy.

As already mentioned, a data
structure specifically tailored for
representing configuration based
variant projects is required. This
data structure primarily has to
cover components and
documents typically used to
make up an entre ECAD
project documentation. In order
to process and automatically
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Signed and sealed

The details of various John Crane high-performance seals
designed specifically for the oil and gas industry have been
included in a new brochure The
150 21049 standard, cross
referred to as American Petroleum
Institute (API)682 third edition,
gives recommended seal types,
arrangements and flush plans for
typical refinery applications.

It also details the three relevant
seal types — the Category |
rotating pusher seal with O-ring
and multiple springs; the Category
2 rotating metal bellows seal using
O-rings: and the Category 3 high-
temperature metal bellows seal
which features flexible graphite
packings. Detailed drawings illustrate variations on each category
of seal.

Other data contained in the new publication includes
maximum operating specifications, details on fluid control
systems and information on non-contacting gas-lubricated seals.
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Take control
Precise control of
low flow rates is
critical in many
process
applications and
that's why Pump
Engineering’s
Badger meter
control valves
were used in an
application for the controlled addition of corrosion and scale
inhibitors on oil rigs.

The compact Badger RC200 in AISI 316 stainless steel, with a
stainless steel actuator, resisted the aggressive environment and
is designed for handling liguids and gases under the most
arduous conditions.
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For more information on any of the
products highlighted in ‘Industry
news panels please complete the
reader reply card and return it to the
Freepost address.

Don‘t forget to let us
know what your
favourite article is in
this issue of the
journal.
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ECAD Variant Module
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Figure 2: System architecture of the ECAD variant module.

evaluate variant projects based
on such a dama structure in
subsequent processes, a
standardised data format has to
be used. In the approach
described in this article the
variant project data structure
has been expressed in XML*
{extensible mark-up language).
Simply speaking, XML is a
language for describing
hierarchically composed objects
that distinguishes berween the
structure of objects and their
content and layout.

Realising step three of the
functional principle involves
formulating commands
expressing the generation of a
configuration-based ECAD
project in a non-system specific
form. Hence, a suitable meta-
language has been developed
and applied. This mew-language
covers a variety of system
commands similar to those
being typical for contemporary
ECAD system’s macro
languages.

Following the functicnal
principle presented, a variant
project stored as XML file now
can be transferred into a new
data format describing the
generation of an ECAD project
contining the configured
components. Technically
speaking, this means to enhance
the original XML dara structure
of a configuraton-based variant
project in such a way that it
allows to model and express
ECAD system commands in a
non-system specific language.

To sum up, the components
of a configured ECAD variant
project stored as XML file have
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been picked up and transferred
into another, more sophisticated
and powerful XML data
structure containing nen system
specific commands to describe
the generation af an ECAD
project made up of the
components configured.

This transformation process
is carried out automatically
using “X5L" (Exrensible Style
sheet Language) and a software
tool called XSLT (X5L
Transformation).* X5L is a
language specifically developed
to facllitate transformartion
purposes and allows defining
rules describing the
transformation from one XML
structure into another. The
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transformation rules necessary
to perform the desired
transformation are stored
within a specific X5L data file.
The actual data transformation
then is carried out by X5LT.
The procedure described
above analogously recurs for
step four of the technology
approach. However, this time an
X5L file describing the
transformation from the non-
system specific command list
structure into another structure
encompassing commands of a
specific ECAD system’s macro
language is required. The result
of this final transformation is a
batch file to be imported and
processed by the specific ECAD
systern chosen. In other words,
a real ECAD project in a native
dara format has been created.
Since the technology
approach outlined here is highly
sophisticated, further reading is
required for an in-depth
understanding.’

Software module
conception

The overall variant module
architecture comprises of two
sub-rmodules — the
‘configuration module’ and the
‘coupling module’. It is
developed as a self-contained

unit that may be coupled to one
or more ECAD systems rather
than directly implermented
within a specific system (see
Figure 2).*

The purpose of the
configuration module is to
either create new product
variant configurations, or adjust
existing ones using basic
components. Hereby, the
various plans of an electrical
documentation (for example,
schematics, terminal plans, part
lists, ete) are drawn on as
configuration components. Prior
to being able to work with the
configuration module, all the
components (projects, sub-
projects, etc) already existing on
ECAD site and available for
variant projects must be
impaorted to the configuration
module’s database. Using the
features of a comfortable
graphical user interface (GUI),
the imported ECAD
components can be used to
combine new variant projects,
to adjust previously created
design variants and to add
further basic components to
the database.The design
lknowledge, with regard to
constraints describing possible
combinations and
configurations, has to be
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Figure 3: Example of a schematic automatically generated using the variant module.
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brought into the database as
well. The system kernel of the
configuration madule therefore
has to incorporate an intelligent
mechanism to maintain, check
and control the compliance of

the constraints modelled. Due to

the complexity of knowledge
based configuration systems the
development of proprietary
knowledge based configuration
tools is not recammended.®
There are many commercial
solutions for almost any
configuration task available on
the market.

The purpose of the coupling

module is to automate the steps

of the workflow process that
today are usually performed
manually by an engineer, once
the components for a variant
configuration have been
determined. A first sk for the
coupling module is to import a
variant configuration from the
configuration module,
Subsequently, it has to create a
file of non-system specific
commands describing the
relevant steps to open a new
ECAD project and to include
the configured components.
After that, the coupling module

has to wransfer these non-specific

commands into a data file to be
imparted by a specific ECAD
system for further processing.

Conclusion

The generic approach to
automated product variant
design technalogy presented in

this article has been realised as a

software prototype. How it can
be applied has been

demonstrated using an industrial

problem, and has been found to
bear a high potental in respect
to cost and time reduction in
the area of computer-aided
product development. Figure 3
shows an example of a
schematic automatically
generated using the software

prototype of the variant module.

Current work with regard to
this approach aims at a system
integration realisation based on
international product data
exchange standards such as
STEF (Standard for The
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Full circle
Hypertac has introduced its HyperMetion connectivity solution,
a complete product family of circular metallic connectors for
the industrial
market. The
HyperMation
family ranges
from MI7 o
M58
COnnector
sizes. Ideal
applications
include
servodrives,
Motors,
controllers,
encoders,
connectar
interfaces for robotics, and feeder/delivery and assembling
systems. Custom configurations, complete cable assemblies and
protatyping are available on request from

The HyperMotion family is UL approved and designed for
customers who wish to introduce a common connector style in
their products.
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Cranfield Universily is a
distinetive postgraduate
universily, committed to
crealing and fransfarming
world-class technology, management and science into viahle,
practical, environmentally desirable solutions. Cranfield is a centre of
excellence that enhances economic development and the quality of life,

Lecturer/Senior Lecturer

- Ultra Precision
Engineering

£30,506 - £40,594 per annum Ref: C/51388

The university is a world leader in ultra precision engineering with unrivalled
facilities and you will help to strenglhen cur position in this newly created e
With strong hands-on experience, you will have proven expertise in pracsion
machine tool design, advanced motional comrol, or ultra precision processas
Heally wou will have a good record of developing research and successful
publication, combined with experience of graduate and post-graduate teaching in
A pracision enginaering ralaled fisld

For an informal discussion aboul this post, please contact Professor Paul Shore
on +44 (001234 754629 Email: paul. shore@cranfield. ac.uk

Academic Fellow in
Decision Engineering

£26,915 per annum - 5-year appointment Ref: C/5133B

This is an exciting appartunity in leng term industrial research to address complex
real lite cost enginaering issues. Developing and leading long term research in
cost enginearing, you will need to attract research funding and develop industrial
collaboration. You will have a PhDD in a relevant enginsering discipline and at least
Two years' experience in industrial resaarch

Cmnféeld
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Application forms and further details are aveilable from the Human Resowrces
Depariment, Cranfield University, Cranfield, Bedford MEA3 DAL

E: hri@cranfield.ac.uk

T: #44 (001234 T50111 {our 24 hour Recruitment Line) extension 2000,
W: warw.cranfield_ac.ubhr

Please quole the appropriale reference number,

\._ Closing dale for both pasts: Z7h January 2006,
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