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Paradigm Change in Design-Related Simulation
by Uwe Schramm, Altair

Summary 
This paper revisits design-related simulation (Konstruktionsnahe Berechnung). Namely tools relevant for usage by designers in the design process 

are discussed. Numerous attempts have been made to establish simulation at the designer’s desk. Mostly simplified simulation specialist’s tools 

integrated with CAD-systems have been proposed. Such tools rarely answer a designer’s questions nor do they advance the design directly. A 

change in paradigm is proposed to hand designers tools relevant to design task such as optimizing material use and reaching design performance.

1. Innovation and Enterprise
A few years back, we discussed a paradigm change for Simulation and the Creative Process [1]. Let’s revisit the initial thoughts before we 

review simulation tools for designers.

The process that turns a physical principle that satisfies an existing or perceived consumer need into a product is commonly called the 

Design Process or simply Design. Design is often used with different meanings. It stands synonymous for the conception, the aesthetic styling 

(Industrial Design), the drafting of manufacturing drawings, or the entire process from ideation to manufacturing readiness. In any case Design 

is always related to the creative portion of product development.

There is no doubt; enterprises that bring the most innovative products with the best performance to market first, will win. For some, marketing 

is the means to great business success, but not without a great product. The enterprise that best manages the process of designing 

new products will end up with the right product first. Naturally, the needs for product innovation, shorter time-to-market and best product 

performance are the biggest drivers for improving the design process.

Certainly there are other factors making a business successful besides having great products. Factors such as manufacturing cost, customer 

service, brand and more can be crucial for business success. In the end anything that maximizes profit is a contributor to business success. 

However, without continued product innovation business success will be short-lived. 

2. Improving the Design Process
Our line of business as a technology provider is to develop tools used in the design process. We can maximize our customer’s profit by 

reducing cost (innovation, be more creative), time-to-market (shorter cycle), performance (get out the last reserve) and/or driving up price 

(innovation, never seen before), time-to-market (be first), performance (best).

There are two ways of improving the design process. Firstly, it is an organizational matter to create a company culture that allows for innovative 

ideas to turn into products fast. Secondly, it is a matter of what design tools are used in the process.

An idealistic view of the product life has the following phases: Market analysis, Ideation, Creation, Validation, Manufacturing, Rollout, Product 

life. To manage all aspects of this is typically called Product Lifecycle Management or PLM. Design is the portion of that comprised of Ideation 

(Conception), Creation, and Validation. Validation includes performance and manufacturing validation.
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In the old days, pen, paper, clay and other raw materials where the main tools for ideation and creation, while physical testing (make and 

brake) was used for validation. Design data was usually stored on paper. Computers have changed this. Design creation and data storage 

became computer aided. This actually reduced design freedom initially to what computer software allows doing. If it can only create straight 

lines, the product has only straight edges. Over the years software has evolved that allows more design freedom including styling and surface 

design. The geometry creation via computer is called Computer Aided Design or CAD. 

Virtual testing using computational techniques made physical testing less important for the design validation. These computational techniques 

are frequently referred to as Computer Aided Engineering or CAE. This term is somewhat overstating their current role in the design process. 

Today they are mainly virtual validation techniques. 

Despite the computerization of design, the traditional process remained largely intact. The ideation still remains a game of ideas based on 

experience and intuition. Naturally the number of design iterations has not been reduced by the computerization. Costly iterations that involve 

changes to the concept cannot be avoided this way. The only thing that has changed is the tools the different design tasks are performed 

with. Interestingly some call the computerization of the traditional process Virtual Product Development, which leads to the idea of a highly 

parallelized creation and validation phase to reduce cycle time. However, this might squeeze more out of each individual employee or make 

change management easier, but it does not lead to an overall reduction in redesigns and design iterations. 

The ideas of Virtual Product Development and Product Lifecycle Management are centered on the geometric data of the product. More, the 

geometric data is a prerequisite for the design process to proceed to the validation phase. It is also a pre-requisite for manufacturing. Again, 

this does not change when virtual validation is parallelized with the actual act of creating the geometry. 

The idea that engineering managers pondered with is that early simulation, like early detection of design flaws will lead to shorter cycle time. 

Hence, many have identified moving computational validation early in the design process. This is a step in the right direction. However, existing 

concepts of Virtual Product Development don’t turn this into new ways of designing better they just introduce another task to the concept 

phase. In [1], we argued for a new paradigm marrying ideation and simulation.

Another idea that is often discussed is to let designers, the very people that do the geometry creation in a CAD system, do the computational 

design validation. The designer does the validation because of the closeness to the geometry and (of all things!) he/she knows how to 

drive the CAD software. This is frequently called design-related simulation. The small and not-so-small CAD systems cater to that idea by 

embedding simulation tools. These are often with reduced functionality supposedly helping those without deep CAE expertise. There are 

several motivators for that. One is the desire to reduce expenses in the design process by shifting simulation tasks from higher to lower paid 

employees. Another one is to eliminate the interface between CAD and CAE by embedding simulation with CAD. 

3. Tools for Design-Related Simulation
Design-related simulation has been discussed and implemented by embedding simulation in the CAD environment. This has some 

advantages such as possibly less training effort, easy interfacing between geometry and virtual testing, quick verification of a design. 

Drawbacks are the lack of information about things like materials, loads at the designer’s desk. Further complicating is that decisions to 

change a design based on simulation results are not at the core of a designer’s tasks. If a stress is too high or natural frequency too low,  

what are the subsequent design changes?
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It becomes clear quite quickly that simply handing off the virtual testing to the designer is not the right move. While we argued earlier [1] that 

computational techniques should be used in the ideation phase, we can also provide better tools to designers to better support the work they 

do, to answer the question that need answering.

A designer is not looking for an answer to the question: How high the stress in my design? But to the questions: Where can I remove material? 

What is the load path? Where do I have to add material to improve the integrity of the design?

These questions are simply the inverse of those asked in a simulation. Hence we need to introduce tools like material layout (aka topology 

optimization), free-shape design at the designer’s desk. This way the designer can answer some of the relevant questions right away and such 

save some cycles between design creation and validation.

4. Material Layout or Topology Optimization
Topology optimization is a computational technique that finds the best material distribution in a design space for a given set of loads. The user 

provides a finite element discretization of the design space and the computational technique varies the density of each element between zero 

(no material) and one (full material) until a set of performance requirements is met. The result is an optimum material distribution (Fig. 1). 

The introduction of topology optimization into practical design processes has increased the impact of computational methods on design dramatically. 

The overall time of the design development can be reduced by using topology optimization early in the design process. Topology optimization allows 

for very inexpensive study of design concepts. A design process that starts with a concept that is more or less compliant with the performance 

requirements uses less iteration and therefore leads to shorter time to market. The potential of topology optimization lies in the fact that it is a very 

easy to understand concept. Commercial software has been developed to allow the efficient execution of such design optimization.

Fig. 1: Topology Optimization. A. What is the best material distribution for a given loading? B. Finite element discretization with density 

assigned to each element. C. Optimum material distribution.

Today, topology optimization governs the concept phase of the design. Many companies have made changes to their design process or have 

pilot programs in place to improve the finding of design concepts using topology optimization. For applications like brackets and similar solid 

parts, automation efforts are made to create tools to simplify the process to a level that a person without much expertise in stress analysis can 

develop design concepts in a CAD or CAE environment.

To make design concepts easier to interpret, manufacturing constraints have become a concern. New tools have been developed to consider 

manufacturability of a design right in the concept stage. Manufacturability is considered in topology optimization thru design constraints that 

enforce draw and extrusion directions, shell-type structures as well as pattern repetition and grouping (Fig. 2). 
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Fig. 2: A. Design (red), non-design (blue) space and loading. B. Design without manufacturing constraints. C. Design with a manufacturing 

constraint enforcing rib appearance. 

Topology optimization or material layout directly answers a designer’s questions as to what is the best utilization of material, what are the load 

paths, where to put hole. No guessing and interpretation work is needed to conclude from a stress plot where to remove material. It is the 

perfect tool for design-related simulation.

5. Free Shape Design
Manufacturing processes are available that can manufacture almost any shape. Newest technologies like 3D printing or additive layer 

manufacturing bring new design freedom. However, parametric CAD is still the state of the art. There are a lot of limitations in the parametric 

approach. Less design freedom is the consequence. In addition the parameterization of the CAD geometry is not necessarily the same as the 

one that is needed to modify the design. A hole for example may be defined by two half circular groves instead of a circle. The diameter of that 

hole would not be a single design variable.

In the concept stage or in a design-related simulation, free shape design is needed. Results of a material layout are free forms following the load 

path. These concepts can directly be translated into a design. During the interpretation manufacturing requirements need to be considered.

Once a concept is put into a design, additional performance measures and detailed dimensioning may be needed. Here again optimization 

concepts may deliver the right answers. Free-shape optimization is a technique that allows the user to simply point to an area that may be free 

to be altered to improve the design, and subsequently use an automated procedure to improve performance (Fig. 3).

Fig. 3: Free shape optimization of a fillet minimizing stress along the rim.

	   1.1.1.1.1.1.3 M 1.1.1.1.1.1.2 M 1.1.1.1.1.1.1 M 



5

Paradigm Change in Design-Related Simulation
NAFEMS Seminar: March 20 - 21, 2013, Wiesbaden, Germany

solidThinking is an                      companyCopyright © 2014

6. User Interface
In design-related simulation, user interfaces need to be as easy to use as the interface of a CAD system. User interaction has to be focused on 

the task at hand. Even though the methods are finite element-based, the user should not be concerned with mesh creation.

Easy sketching and modifying of design space geometry are needed. Often an existing design variant is used as a starting point. From that, 

knowledge of the design space can help finding a new material layout or provide an analysis of the load path. This is not necessary just the 

envelope of the existing design variant.

All actions need to be defined in terms of geometry. Still the user needs to define materials, loads and support conditions in order to simulate 

design performance, even if it is an inverse problem statement. The material choice is something that is common to a designers work. Defining 

loads and support condition can be trickier.

The support conditions of a part are always elastic, mostly thru contact. The intuitive approach would be to simply fix the boundaries, say a 

bolted boss. In the majority of cases this approach is not conservative and over-constrains the design. This would ultimately lead to concepts 

that will fail. This may be a matter of training, but cannot be underestimated. Preferably, the entire assembly should be included in the model. 

That is the part of interest and the assembly of the adjacent parts. The appropriate connections are modeled automatically. 

7. Concluding Remarks
The technology proposed here has already matured as pure CAE technology. Simulation specialists drive such technology today. Given into 

the hand of a designer, these technologies will help to conceive better designs right at the moment of geometry creation. The designer can 

evaluate ideas quickly without engaging in complicated simulation setups.
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