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Template Based 
Design Analysis
Ian Symington, NAFEMS 

There is a significant amount of research taking place within academia on
engineering simulation. Occasionally a doctoral thesis is brought to my attention
that I feel should be shared with some of our Technical Working Groups. This can

lead to a lively discussion as the topic of research is discussed. 

Recently I received notification of a thesis titled “Template Based Design Analysis – An
Alternative Approach for the Engineering Designer to Perform Computer-Based Design
Analysis” from Håkan Petersson of Lund University. This thesis was shared with members
of our Simulation Data Management Working Group and generated a lively discussion.
The thesis abstract and a summary of the discussions that took place within the working
group can be found in this article. 

Readers whose interest has been piqued by the abstract and discussions can download
the full thesis here nafe.ms/2xe44VS

The Protagonists

MN - Mark Norris, theSDM Consultancy

SD - Sebastian Dewhurst, EASA Software

MP - Malcolm Panthaki, Comet Solutions

PB - Peter Bartholomew, MDAO Technologies

KM - Keith Meintjes, CIMdata
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The current trend in industry to encourage engineering designers to take an active part in the analysis of their own design
solutions is apparent in many companies today, domestically as well as abroad.

From a research project with the objective to develop a computer-based design system for the design of lightweight
grippers, one of the major difficulties was to overcome the system users’ lack of knowledge and experience in the design of
lightweight structures and Computer-Based Design Analysis (CBDA). CBDA here refers to the use of analysis tools such as
Finite Element Analysis (FEA) and computer-based structural optimization. In order to handle these difficulties, the author
introduced the use of templates. In the given context, a template refers to an especially preformatted code, which contains
the implemented information/knowledge necessary to perform a specific task on an operational level. It should be noted
that the use of templates as a means of support in performing a specific design or analysis task is not a new phenomenon in
industrial practice. Inspired by the opportunities provided by the template approach, the main objective set out for the thesis
project was to facilitate the active participation of the engineering designers in performing CBDA singlehandedly, or in any
other organizational setting, by utilizing a Template-Based Design Analysis (TBDA) approach, as an integrated part of their
activities within the engineering design process.

The evolutionary research approach for the development of the TBDA approach is based on surveys in Swedish as well as
international industry, literature surveys, the development of a Generic Design Analysis (GDA) process model (facilitating
integration of the activities between CBDA and engineering design) and a number of demonstrator projects to deepen the
insights into TBDA. Note that as the TBDA approach is intended for use in industrial practice, the approach is independent of
specific engineering design and product development processes utilized in industry.

The conclusion of the thesis work clearly supports the claim that TBDA is not only a competitive approach to current
alternatives in supporting the engineering designers performing CBDA, but also of a complementary nature providing
functionality not included in the alternative approaches currently used in industrial practice.

I agree with MN 100%. The key is not creating templates – that’s relatively easy to do and
the concept has certainly been around since the early 90s when I was involved with CFX –
and I’m sure longer than that.
The hard part is deploying those templates to end-users in such a way that they can safely
be used. To our minds, this means there needs to be some presentation layer or wrapper
around the actual template itself, to enable the expert to embed the rules for using the
template but in a way which is intuitive for the end users. In cases where there is a grid-
generation step, there often needs to be in addition some way to ensure the template
doesn’t break for certain inputs.
This is precisely what technologies like EASA (codeless creation of the presentation layer),
Comet (ensuring the template doesn’t break), and others such as Comsol, have been
working on for over a decade – and with some success. SD

My issue is with the code around the template, ensuring that any method being used is
within its range of applicability, that the inputs are valid, that the results are sensible,etc
etc so that a "non-specialist" can safely run simulations. That is the real issue that needs
to be addressed - not just the automation template. I think this is the essential
differentiator of well-designed commercial products for democratisation. MN

The Discussion

Abstract



20

IM(Biased)O, Simulation Templates and the Vertical Applications (SimApps), if well-designed
and safely useable by the broader product development team, have the potential to single-
handedly democratize the use of simulation, resulting in a 5- to 10-fold increase in the number of
users of this complex technology over the next 5 years.

There are certain essential characteristics of well-designed and useful simulation templates that
are well-established. 
    • Verification and Validation of the simulation process should be at the heart of the

template
    o Trust in the results, within known error bands, is vital to the utility of the template
    • Guardrails programmed into the template, “protecting” the user from potentially

erroneous results, if the template is used outside the verified and validated scope of the
template

    o Need the experts and their knowledge/experience to encode this in the template
    o This aspect of a template is continuously updated with the latest “best practices” and

knowledge, as the experts evolve the template
    • A wrapper/front-end to the template that (a) speaks the language of the user and not the

language of the underlying calculation tools, (b) guides a user, including setting up the
parameter guardrails, and (c) in the best circumstances, gives the user an indication of
the quality and reliability of the results.

    o Such a GUI can be web-deployed, providing wider access within an organization

However, there are a couple of other aspects of “useful, usable and economically-feasible
templates” that are often either ignored or remain unspoken that, IMO, are vital to the eventual
widespread use and utility of simulation templates:
    • The extent of the design scope and product line over which a template works safely,

robustly and accurately, and
    • the ease with which a template can be created and maintained & evolved, over its

lifecycle.

In the vast majority of cases, simulation templates are vertical applications – designed to answer
particular questions about a particular product line, at a particular level of model fidelity. For a
template to gain widespread use, thereby justifying the expense of creating this vertical
application, the extent of the design space over which it works ought to be the following:
    • Across significant design changes, when searching for an optimal design of a given

product
    o This includes not just extensive geometric (parameter) changes, but also the ability to

swap out entire subsystems in the design search process
    • Across an entire product family
    o The products in a product family will most often share common functional and

architectural characteristics, while being quite different geometrically

IMO, this is a truly challenging part of creating a useful template that can gain widespread use
across an organization and has a long shelf-life, as it evolves to meet the changing needs of the
organization. If the rules encoded in a template are overly dependent on actual geometry, as
they often are, the template most often fails to meet this criterion. MP



21

Template Based Design Analysis

So much that I agree with, that it makes me wonder why I still cringe at the word ‘democratisation’.
I guess it is the implication that one is casting ‘pearls of wisdom’ as feedstock before the unwashed
and ignorant. When I first adopted the use of process optimisation tools, close on 20 years ago, I
found the new work environment empowering.  Not only could I script routine tasks, I could also
chain entire applications together and manage the data exchange in order to create ‘super-
applications’ whose scope exceeded that of any of the component software systems.
It came as a shock to me to realise that where I saw empowerment as the driving vision, others
saw the potential for enslavement as the goal.  Those who have the privilege to write the scripts
can entirely remove any freedom from users to apply judgement or improve their skills; users are
doomed to forever repeat the errors of their ‘betters’ as mere cogs in the new process engine.  All
this can be fully justified, of course, by an appeal to ‘quality’.  A low-grade but consistent process is
far easier to manage than a mercurial process in which there are flashes of genius alongside
intermittent error.
For all the incredible benefits that automation offers, it comes at a price.  This applies to any
automated process including those such as automatic pilots.  The person will never learn to
perform or evaluate any task that has been automated.  It has shown to be worse than that; even
those skills that used to reside in the person will be lost when they are no longer deployed.
So what might constitute a legitimate and valuable goal for process automation?  The easy one, is
the one I outlined above.  The user is in full control of the process they create and the automation
allows the expert user to be more productive. A problem still arises when the products one is
developing depend upon complex interactions between widely differing physics domains, simply to
provide their basic functionality.  Suddenly the traditional stove-piping that allows each specialist to
be an expert in their own domain starts to break down.  Stove-piping is not all bad; software
engineers put a lot of effort into modularising their code in order to reduce or eliminate undesirable
interactions that prevent code from being scalable without introducing error. If a given job requires
knowledge and skills so extensive that it would be unreasonable to expect them to reside in a
single individual (we are not all made in the mould of Leonardo da Vinci), then it is clear that the
demands must be reduced.  Malcolm describes vertical integration.  A chain of general-purpose
tools could be constrained so that they offer to the user only that functionality that they need to
deploy to achieve the range of tasks that they are likely to encounter in the course of their work.
The trick then is to present the new integrated functionality as coherent manageable toolset.  To
me a template implies something more restrictive but, perhaps, that needn’t be so.
Another objective might be to reduce the cogitative load by abstraction.  Even the expert user with
all the relevant skills might recognise that when forced to conduct repetitive detailed tasks, will
introduce a significant number of errors.  Either an error that is critical or a general accumulation of
errors will eventually invalidate the result.  Quality, as well as job satisfaction, may be improved by
handing off such tasks to automated processes.  ‘It is not so much that I couldn’t do it; it is simply
better that I don’t!’.  By unloading the expert of the need to track the detail one can unburden them,
so allowing them scope to acquire new areas of knowledge. Such use of abstraction is not
unknown elsewhere.  Software writers will intentionally use high-level languages and off-load such
tasks as memory management to compiler-writers and the compilers they create.  Drivers will off-
load tasks of engine management and maintenance to automotive designers and mechanics.  In
these last cases, the chances are that the user is actually ignorant of the technologies they are
reliant upon.  Provided the user interface offers a coherent model for understanding the tasks they
need to perform, the user can perform the manoeuvres required of them.  Tasks like walking or
striking a ball are actually improved by one’s lack of awareness of the individual movements that
must be coordinated in order to perform the task. These last exercises in abstraction and
automation have had millennia over which to evolve.  Many will have gone into extinction.  As we
climb aboard our new simulation-driven bandwagons, it is advisable to choose carefully and be
clear what one is trying to achieve! PB

PB, Yes, I agree. The missing ingredient is often Governance. I have come to believe that
companies should put their simulation experts in charge of democratization, and make them
responsible and accountable for the success of non-experts using automated and embedded
simulation tools. In addition, there must be a feedback loop that evaluates the success of
simulation by comparison with product validation testing, for continuous improvement of the
engineering process.
It really is, I believe, a simple and straightforward mindset, but many companies screw it up by
inadequate training, insufficient quality control, and neglecting to define standard work. The
failure mode almost always is that inadequately mentored designers begin to analyse more than
a single component (assemblies) and they mess up the contact conditions. You can't make it
idiot proof because your organization will always be able to generate finer idiots. KM
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KM, I agree that Governance is the key ingredient.  For example, when disaster strikes
who is it that owns up and takes responsibility?  Is it the end user who would openly
admit that he hasn’t the remotest idea of what the tools he is using do under the hood?
Is it method developer that knows the tools but not the intended application?
Both the demarcation of roles and the interaction between the separate skill sets needs
to be managed with care; tools alone, no matter how good, are not sufficient. Education
and training come into it as well.  I suspect that analysts ought to get out of the office
more and be exposed to design, manufacturing and maintenance issues.  Equally, if a
designer or production engineer is using such tools he (or she) should recognise the fact
that simulation is now part of his day job and seek relevant training. PB

KM, It’s only becomes insidious if you start trying to apply democratization to all or most of the
simulation that your company does (and here I am using “democratization”, not to intentionally
annoy Peter, but to denote real democratization for the unwashed masses as against
automation for expert users – which of course is an incredibly useful and valid technique in
itself). 
One of the first points we always make to prospective customers is that you will probably only
ever want to democratize a small fraction of the models you have created – you know, the ones
that are re-used routinely, and would be even more valuable if only non-experts could run them
safely. For every model you should democratize, there are probably 10 or 100 you shouldn’t,
precisely because - for most simulation - you absolutely need an expert in the loop; otherwise,
as you say, how will you ever design something new? 
So, step number 1 in the democratization effort is the identification of a few (and it really can be
5 or 10) simulations that should be democratized. Many of our prospects often feel a little let
down when we strongly suggest limiting the scope in this way – they thought you could apply
democratization across the board. Noooo! 
So if democratization only applies to 10% or fewer of your models, will it really have a financial
impact? Is it really worth all the hassle? Well, empirical experience has shown that for some
companies, it really can be, because there is a massive leveraging of value. It’s really hard to 
quantify, but again, empirical experience suggests that the value of a model that has been
democratized increases with the frequency of usage (and I readily accept we could be mixing
cause and effect here). SD

PB, There's an insidious process that starts with the idea of error-proofing and ends up
with constraining the user. You can only automate what you know, your previous designs.
But why do you design or redesign?  Because there is something new. A feature, a
technology, ... So, almost by definition, your templates must be adaptable and flexible,
and, as I said, under continuous improvement. Companies have wasted millions to hard
code the status quo in design advisors that turn out to be useless the next time around.
I am reminded of the case of automobile cruise control. When you press that button, there
is a lot of very complicated stuff going on. But, the user interface is very simple and
refined, and mostly standardized across different vehicle brands. The same is true of anti-
rollover technology.  The user is totally unaware that the vehicle is running (in real time) a
multi-body dynamics simulation (like ADAMS) with inputs from the driver,  wheel speed
sensors, 3D accelerometers, etc. to predict vehicle dynamics in the next couple of
seconds and take corrective action if needed. KM
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KM, SD,
I used to be involved in software development on the back of in-house research (writing an
FE solver, sensitivity calculation and optimisation algorithms pretty much from scratch).
The intuitive feel I got for costs in that context was that the factor between the development
of a prototype that demonstrated the research idea was valid to its inclusion in
commercially releasable code was at least 10. Even then the code was not fully robust. 
My point is that neither the cost nor difficulty of taking the analyst’s skill to perform a hands-
on task in which errors may be corrected as they become apparent and packaging it as a
robust ‘mini-application’ to be run at arm’s length should be underestimated. In addition,
there are strategies other than full-blown democratisation that need to be considered.
Would investing in a little knowledge in the end user be cost-effective?  Could techniques
akin to those used to produce ‘democratised apps’ be deployed to reduce the demands on
simulation experts and allow them either to become more productive or to acquire a deeper
knowledge of the context in which their solutions are applied (the design or manufacturing
context)?  We may need to break down the boundaries between domains of expertise and
define new broader skill sets. PB

SD, I disagree.  There are any number of SINGLE COMPONENT, LINEAR analyses for
structural strength, stiffness, and natural frequency that could be applied by non-experts with
proper scripting and oversight. In fact, I would go so far as to apply shape optimization to
designs like wing ribs for lightening holes that meet requirements for stiffness and minimum
weight.
Let me offer a parallel - The IRS has all your important information, your W2s, your 1099s, etc.
So, why don't they just send you a pre-filled tax return where all you have to do is dot the i's.
cross the t's and add the junk you donated to Salvation Army? The answer is (I am not making
this up) that Intuit (Turbo Tax) has many more lobbyists than you or I do. They campaign
against simplifying the process.
I think the simulation establishment similarly has a perceived self-interest in making simulation
appear complicated and inaccessible. KM

KM, So cynical!! But probably correct… 
I guess my point is, rather than by being driven by what is TECHNICALLY possible, we tend
to steer our customers to what is FINANCIALLY sensible. We know that if they see good
ROI, they will renew their EASA license. If we were to focus on everything that is technically
possible with our software, we’d go out of business
Your example of shape optimization to wing ribs actually illustrates this perfectly. One could
certainly build a web app using EASA to democratize this process, but customers don’t –
why? At least two possible reasons spring to mind: 
1. Your point below: The experts have a vested interest in the process remaining

undemocratized. 
2. Infrequency of execution: How often does an aircraft company actually design new ribs?

Having built my own plane using a design which hasn’t changed since 1986, I suspect the
answer is “not that often”. In the certified aircraft category, I suspect that the certification
costs of even a redesign dwarf the re-design costs. 

If you put those two items together, the (financial) motivation to automate/democratize just
isn’t there, for probably the majority of processes. I wish that were not the case (then I would
be writing this email from my large yacht). So, we here at EASA focus on those processes
which are performed very frequently, and which will result in higher ROI. As an engineer, I
would love to help our customers democratize many other processes which I know are
technically feasible. However, as a business owner, I have to be satisfied that we are at least
helping our customers save a bunch of money. SD
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Concluding Thoughts

We, the self-ordained thought leaders of the simulation community, must openly acknowledge
that setting up simulation models and running multiple, disconnected tools to assess the
performance of a design takes way too long to be really useful in the design process. 
We must get beyond the pervasive and engrained myth that “simulation can be safely used only
by highly-experienced experts”. Unfortunately, experts like Peter continues to “cringe at the
word, democratization.” 
We have to put simulation safely and robustly in the hands of everyone who needs to answer
questions about their product design, manufacturing and economics. This is the only way we
can increase the use of simulation 5 to 10-fold. 
To accomplish this, it is clear (based on a host of other technology examples) that we need to
package simulation in a simple-to-use form that, in effect, “makes it vanish.” So far, no general-
purpose tool has proven it can achieve this – almost by definition, these tools have a vast array
of capabilities and require experts to drive them. Hence, the need for automation templates that
are targeted to a particular product line or family of products. As we’ve all acknowledged, this is
certainly not a new idea – so, why has it not been wildly successful yet?  MP

To conclude I’d like to go back to the start and look at exactly What is Democratization of
Simulation and Model Deployment – and why bother doing it?
First, let’s start with some definitions. What is “democratization” (in this context anyway)? Is
democratization the same as deployment? And what on Earth is “appification”? Once we’ve
covered the “what”, then maybe the “why” will have more context…
“Democratization” – at least to my mind – is making a tool or process accessible to people who
did not previously have access. This of course leads to the question of why they would want or
need access, which we will come to…
“Democratization” is a bit more than just “deployment”. We can “deploy” a spreadsheet
calculator or MATLAB model (or even a NASTRAN model) simply by emailing it to a group of
recipients, or putting it on a network drive or a portal such as SharePoint. That is NOT the
same as “democratizing” – ensuring SAFE and SECURE access, plus the ability for users to
run the model, WITHOUT deep knowledge of the underlying technology, and WITHOUT
making mistakes.
For that, we need appification – creating a simplified web-based GUI while removing the
requirement for users to run the underlying solver locally. SD
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It is clear from the discussion above that NAFEMS brings together simulation experts with widely differing backgrounds
and expectations for engineering simulation.  Whilst it is evident from this discussion that ‘democratisation’ is seen as
having a key role to play in wider exploitation of our technology that does not mean that it is seen as a universal
panacea.  Traditional NAFEMS issues as to governance and, in particular building confidence in the quality and
appropriateness of simulation, remain of central concern across the Working Groups.

If you are aware of Engineering Analysis Research that is publically available and would be of interest to the NAFEMS
Technical Working Groups or Membership please contact ian.symington@nafems.org. One such thesis, from Lund
University, can be found below. 

Fundamentals of a Methodology for Predictive Design Analysis by Martin Eriksson now of Validus Engineering 
nafe.ms/2xtoqL0 �

I see templating as being applicable to two groups; the first group are the analysts who need
a tool to automate laborious tasks for sequential or iterative simulations, design space
exploration and robust design  - here the templates execute as instructed and the difficult
decisions are taken by the analyst - these often operate in an Simulation Data Management
framework. 

The second group are design engineers who need democratised templates that enable them
to run very specific simulations without studying to become analysts - here input validation
and error checking are essential and the template application is designed by an expert
analyst - these templates with a very ergonomic user interface may run through a web
browser or linked to a CAD package.The requirements for the two use cases is very different
and so companies chose different software solutions for the two applications. MN

Templates should form part of any strategy to democratize the use of simulation: Make
simulation an effective tool for a wider audience. But, the templates will have to be
created and maintained by subject-matter experts. It logically follows that the simulation
experts should be charged with, and be accountable for, making the democratization of
simulation successful. KM
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