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ize on the use of today’s 
most advanced computing, 
design, simulation and visu-
alization technologies. Pro-
duced in partnership with Dell and NVIDIA, 
the APDRC highlights how these technologies 
can be applied across the design cycle. 

The APDRC is built around the five stages 
of the product development cycle: Conceptual 
Design, Detailed Design, Simulation & Analy-
sis, Visualization, Computer-Aided Manufac-
turing (CAM).  

The articles in this digital edition were 
selected to help guide you through the pro-
cess of optimizing your workflow for specific 
design engineering tasks. By configuring your 
computing hardware to match the engineering 
design software you use, you can boost pro-
ductivity and focus on innovation.

Visit the resource center at APDRC.com 
for the latest developments on technological 
advances, videos, white papers and more from 
DE, Dell and NVIDIA. We hope you enjoy 
the digital issue.
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Generative design tools and techniques have emerged over the past several years, touted as a way to more ef-
ficiently explore the design space and help engineers find the right solutions to their design problems, faster 
and more creatively. However, takeup of generative design (GD) approaches has lagged industry hype.

workstations that allow that simulation to take place in the 
background, generative design can be applied to a much 
wider range of design problems.

Emerging Use Cases 
According to the ASSESS Initiative, generative design 
uses algorithmic methods to create feasible designs 
or outcomes from a set of performance objectives, 
performance constraints, and design space for specific use 
cases. Simulation is the driver in creating viable design 
options, which is the inverse of past practices that applied 
simulation after the designs were selected. 

Design

Emerging applications in the generative design and additive 
manufacturing space embrace more powerful compute resources.

Accelerated 
Generative Design 

In the most recent Digital Engineering Technology 
Outlook survey (December 2020), only 15% of respon-
dents reported currently using generative technology, 
and just 26% indicated that GD factored into their future 
plans. And only 12% of respondents claimed to be very 
familiar with the concept.

Adoption of generative design has been hampered 
by this lack of understanding, and by marketing mes-
sages that have tied the use of this approach to (often 
more costly) additive manufacturing processes. However, 
thanks to a combination of the increased use of simulation 
in the design cycle, and the availability of more powerful 

By coupling design and simulation together using Field Driven Design, nTopology 
enables the power of implicit geometry to be unlocked in ways that were not 
previously possible. Image courtesy of nTopology.

http://DigitalEngineering247.com
https://www.assessinitiative.com/themes/generative/
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While initial offerings tend to couple topology opti-
mization with additive manufacturing, the real value of 
generative is not limited to that approach. 

Right now, Autodesk Fusion 360 and Altair solid-
Thinking have led the way in terms of mainstream 
CAD companies with generative offerings, along 
with PTC via its acquisition of Frustum. But there are 
a number of newer companies with generative design 
tools that have a lot to offer in terms of functionality 
for specific tasks and markets. 

And there is a case to be made that generative, in order 
to be truly effective and attain widespread adoption, needs 
to move beyond the topology optimization functions that 
are the most widely understood. 

“Generative design is way bigger than what’s now 
mostly understood as it being a design tool for additive 
manufacturing,” says Dr. Thomas Reiher, director of gen-
erative design for MSC Apex, 
at MSC Software. “Both 
produce these organic shapes 
so it’s a perfect way of working 
together. But the real promise 
is bringing the power of com-
puting and the knowledge of 
multiple systems (like different 
physics and manufacturing 
methods) into an automated 
way to get to a final design 
solution.”

PTC has made it a point 
to focus on the capabilities of 
Creo/Frustum for optimiz-
ing manufacturing processes 
outside of AM, including 5-axis 
milling, as well as a range of 
physics, says Brian Thompson, 
CAD division vice president 
and general manager at PTC. 
“We can accommodate manu-
facturing processes that require 
a parting line like casting or molding, we can optimize 
for undercuts for extrusion processes, and ensure the re-
quired clearances are there so a design can be machined,” 
Thompson says. “Not only do we provide the optimal 
geometry based on structural FEA input, we provide that 
with feedback on manufacturing constraints.”

For example, Jacobs Engineering, a contractor on 
NASA’s Exploration Portable Life Support System 
(xPLSS), leveraged Creo Generative Design to come up 
with optimized and lightweighted designs for brackets, 
housings, and faceplates, and to rapidly explore hundreds 

of combinations of different materials and manufacturing 
processes. Using Creo 7’s Generative Design functions, 
the team was able to explore a full suite of manufacturing 
methods and apply whichever one was best suited to any 
given part, notes Russell Ralston, xPLSS design manager 
at NASA’s Johnson Space Center. Not only does the gen-
eration design function allow NASA and other engineer-
ing teams to challenge basic design biases, it can serve as a 
way of training and evolving engineers. 

“With topology optimization, normally you get a de-
sign approach, a proposal of where to add materials and 
where to remove them, but you may still need to work on 
it to finalize it,” says Thomas Reiher at MSC/Hexagon. 
“With generative design, the goal is to get something 
that’s ready to use.”

One of the appeals of GD is, the software can offer 
scores of design options. This is especially true of cloud-

powered GD software. 
But that plethora of op-
tions has a downside. “If 
you get too many results, 
it makes it harder for 
the engineers to deter-
mine which is the best 
one. They will be over-
whelmed,” Reiher says. 
“Most likely they will 
throw away most of the 
answers. It’s a waste of 
computing power.”

Beyond Topology 
Optimization 
Relative newcomers 
in the market 
like nTopology and 
others have emphasized 
that the value of 
generative design lies in 
optimizing for the most 

critical performance factors beyond topology or structural 
optimization. That can include part/component reduction, 
thermal optimization, etc. 

nTopology provides a platform that helps engineers 
create and define their own generative processes for creat-
ing new designs. The nTopology platform accomplishes 
this through capabilities like implicit modeling (which al-
lows users to generate a design regardless of complexity), 
field-driven design, and reusable workflows.

nTopology’s approach broadens the applicability of the 
technology and doesn’t pigeonhole generative as the long-

For many, generative design is the 
next phase in the evolution of topology 
optimization, a refinement of the technology 
with more automation. Image courtesy of 
NASA.

http://DigitalEngineering247.com
https://www.ptc.com/
http://www.mscsoftware.com/
http://www.ntopology.com/
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Design

time partner for AM. “The black box approach limits the 
innovation in the industry—it’s basically saying generative 
design is just a feature in a CAD tool, not a shift in the way 
we make parts,” says Bradley Rothenberg, CEO of nTopol-
ogy. “The key is generative design is a new way to think 
through how to produce a design object. It’s not replacing the 
way we design everything, but for certain applications, it can 
solve the design problem in a better way.”

Other newcomers in the field offer highly specific solu-
tions. German company CellCore, for example, specializes 
in biomimetic design for technical components in automo-
tive, rail and space applications. Diabatix in Belgium pro-
vides generative thermal design software to optimize heat 
sink design. Anisoprint develops generative solutions specifi-
cally for composite printing. The company’s Aura solution 
is a splicer that prepares a 3D model and then automatically 
generates reinforcing fiber trajectories for each layer of the 
print. 

While 3D printing combined with generative can enable 
interesting lightweighting and consolidation opportunities, 
additive is not the end-all/be-all, however. 

For example, XponentialWorks worked with Arcimoto, a 
startup that develops a line of lightweight, electric fun utility 
vehicles to experiment with different 3D printing technolo-
gies and the CogniCAD generative design software from 
Paramatters to decrease the overall vehicle weight. The team 
was able to cut 30 lbs. from the product in 30 days. While 
AM was optimal for creating early prototypes, further work 
will involve evaluating cost trade-offs between AM and more 
traditional manufacturing technologies for mass production.

Taking a systems-level approach to lightweighting is 
another important best practice, along with rethinking the 
design process so that engineers and analysis specialists are 
working more collaboratively as part of a seamless and auto-

mated workflow, says Rothenberg at nTopology. 
Instead of 3D printing existing parts, the right strategy 

is to re-envision those parts through the lens of consolida-
tion to find lightweighting opportunities. Similarly, a lot  
of companies zero in on a single part redesign or com-
ponent instead of looking at the entire system for light-
weighting opportunities. 

MSC Software is exploring how to apply generative design 
to new uses cases, like fluid flow applications such as optimiz-
ing pressure forming molds or cooling channel integration. In 
addition, the company is cooperating with another software 
company to develop the next stage of generative engineering 
by combining structural generative design with additional en-
gineering disciplines and workflows, Reiher says. For example, 
the two companies have collaborated on the redesign of a 
packaging machine gripper, leveraging generative capabilities 
to create an optimal structure, which in turn was used to drive 
optimization of a design for internal channel routing.

“Optimal fluid flow was achieved in the most direct and 
efficient way by coming up with an optimal mechanical ge-
ometry and fully automating the process,” Reiher says. “This 
workflow can be adapted to many other use cases such as 
pneumatic grippers, oil routing for clamping devices, or cool-
ing fluid through fixtures exposed to conventional machining 
areas of operation.”

Leveraging proven technology like Abaqus CFD, TOSCA 
Fluid, and CATIA, Dassault Systemes has built up capabili-
ties on the 3DEXPERIENCE platform to help engineers 
solve such problems as minimizing pressure drops in duct-
ing or finding feasible flow paths in parts associated with jet 
propulsion, HVAC, and powertrain applications. Dassault’s 
Flow-Driven Generative Design streamlines the workflow 
and makes flow optimization capabilities more accessible to 
mainstream engineers. 

Preparing for a New Design Paradigm 
Generative design could potentially upend traditional design 
approaches. Thanks to the emergence of new software tools 
and advanced computing hardware that relies on powerful 
GPUs, the technical hurdles have been removed. Vendors 
will still need to better educate the market on how these 
solutions can be utilized outside of 3D printing applications, 
and end users will face cultural/organizational obstacles.

According to the ASSESS Initiative, which published a 
positioning paper on generative design, organizations that 
plan to adopt these techniques will need to determine who 
will be using the software—in the past, simulation-based ac-
tivities were the purview of specialist engineers. Newer tools 
are aimed at expanding the user base beyond those special-
ists. They will also need in-house experts who can guide 
the initiative, and a governance model so that generative 
design can be managed as an integral part of the end-to-
end design process. DEDE

Flow-driven generative design can result in 
optimization in a variety of applications. Image 
courtesy of Dassault.

http://DigitalEngineering247.com
https://cellcore3d.com/en/#1545331033936-4fe336fc-30f9
https://www.diabatix.com/en/generative-thermal-design-software/
https://anisoprint.com/product-aura
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GPU acceleration is often associated with photo-realistic renderings and real-time graphics, but the latest devel-
opments in the industry point to a rapid expansion of the applications. 

CFD (Computational Fluid Dynamics) analysis is generally associated with airflow and heat flow in confined 
spaces, but not with material flow, such as the loading and dispensing of rocks and sand in construction. This is the focus 
of engineering software maker Altair’s EDEM. A variation of Finite Element Method, the application is dubbed Dis-
crete Element Method (DEM) by the company. It’s shown to benefit from GPU acceleration.

GPU-Accelerated Rock and Roll 
Altair acquired EDEM in November 2019, allowing 
it to augment its machinery and materials simulation 
packages with EDEM. In mining, heavy equipment, 
and pharmaceutical operations, EDEM can be used to 
analyze and optimize the flow of rock, sand, asphalt, and 
pills, among others. EDEM’s particle behavior simulation 
system benefits from GPU acceleration.

In announcing updates to EDEM 2021, the company 
revealed, “The polyhedral particle solver has been designed 
for high performance cards and runs on Nvidia CUDA 
GPU cards. It is compatible with the EDEM API and the 
coupling interface for coupled simulations with Computa-
tional Fluid Dynamics (CFD) and Multi-Body Dynamics 
solvers.”

EDEM can also be coupled with MotionSolve, Altair’s 

GPU Acceleration

From molecular science and material flow to sound propagation,  
GPU cores take on new workloads.

New Frontiers in  
GPU Acceleration 

The latest version of EDEM shows significant im-
provements thanks to GPU acceleration. The polyhedral 
particle solver runs on NVIDIA CUDA GPU cards. It is 
compatible with the EDEM API and the coupling inter-
face for coupled simulations with CFD and Multi-Body 
Dynamics solvers. The EDEM multi-sphere GPU solver 
has been optimized, providing a speed improvement of 
up to 30%, according to the company. (The graph on the 
next page shows GPU speed-up between EDEM 2021 
and previous versions.)

Similarly, in video games’ virtual worlds as well as real-
life architecture, NVIDIA VRWorks-Audio is elevating 
audio simulation’s potential, accurately reproducing what 
you would hear as though the mesh-constructed castles 
and mansions were real structures. This too is another 
area where the GPU can make a difference. 

Examples  
using polyhedral 

particles: 
chewing gum  
in drum mixer 
and pellets in 
screw auger.  

Image courtesy  
of Altair.

http://DigitalEngineering247.com
https://www.altair.com/edem/
https://developer.nvidia.com/vrworks/vrworks-audio
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multibody mechanical analysis program, to simulate heavy 
equipment operations involving bulk materials.

Rocky DEM from ESSS also leverages GPU accel-
eration for particle simulation. Last year, the company 
announced that Oracle Cloud had made NVIDIA’s A100 
Tensor Core GPUs available on its infrastructure so 
that Rocky DEM users could accelerate solving more 
complex and larger problems in the particle dynamics 
space. In benchmarking, using GPU 4.8 machines with 

NVIDIA A100 GPUs provided a 40% performance im-
provement versus running on a single GPU. Processing 
multi-GPUs simulations in this configuration showed 
significant improvement.

“This higher communication bandwidth between 
all GPUs, which results in lower latency, has proven to 
be key in achieving better scalability as more GPUs are 
added. The benefit to Rocky DEM users is the critical 
performance gains that result from combined processors 
available in each of the NVIDIA GPUs — as well as from 
stacking the memory from multiple GPUs to run cases 

that do not fit into a single GPU,” said Clovis Maliska Jr., 
President of ESSS.

Rocky DEM is also integrated with applications within 
the Ansys Workbench platform. This enables simulations 
such as a wide range of granular-fluid systems using Rocky 
DEM and Ansys Fluent. The coupling between the DEM 
tool and Ansys Mechanical can allow engineers to predict 
the stress responses of structures when subjected to granular 
loads that have been accurately calculated in Rocky DEM.

Facing the Music 
You cannot not see how sound travels, but you can 
certainly hear it. Certain seats in a concert hall may suffer 
from poor reception; certain corners in a car may be 
beyond the reach of the speakers. 

With VRWorks-Audio from NVIDIA, acoustic engi-
neers can hear audio in a virtual environment, as though 
the walls, domes, and basements constructed with pixels 
have physical properties. This helps the engineers pin-
point areas with too much echoes or reverberation, and 
finetune the audio experience of a space. 

The latest version of Altair EDEM shows improvements thanks to GPU acceleration.

http://DigitalEngineering247.com
https://rocky.esss.co/blog/rocky-and-ansys-integration-get-the-most-from-parametric-and-multiphysics-simulations/
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GPU Acceleration

Watch this video displaying NVIDIA VRWorks. 
 
Much like ray-traced rendering, VRWorks-Audio simu-
lates audio effects by tracing the sound’s path from the 
audio source, calculating its trajectories as it comes in con-
tact with the nearby objects. 

“Leveraging NVIDIA OptiX ray tracing technology, 
VRWorks Audio traces the path of sound in real-time, 
delivering physically realistic audio that conveys the size, 
shape, and material properties of the virtual environment 
you are in,” the company explains.

Available as a plug-in for Unreal Game Engine, VR-
Works-Audio is compatible with Maxwell, Pascal and Tur-
ing based GPUs (GeForce GTX 900 series and higher, 
Quadro M5000 and higher). VRWorks-Audio SDK 2.0, 
the latest version, includes support for NVIDIA Turing 
RTCores and NVIDIA OptiX 6.

Molecular Science 
With ramped up vaccine activities in the fight against 

COVID, the demand for simulation in life science is 
expected to grow. Anticipating the need, workstation 
vendors have targeted the molecular dynamics space with 
workstations, HPC clusters, and multiuser servers that can run 
these large-scale simulations.

Molecular dynamics simulations compute atomic trajecto-
ries by solving equations of motion numerically using empirical 
force fields, and simulation of large molecules requires a large 
amount of computing power. HPC and supercomputing sys-
tems are increasingly being upgraded with GPU processing to 
help boost performance for these complex simulations. Previ-
ous benchmarks from NVIDIA have shown a 3X to 8X speed 
improvement over CPU-only systems for these molecular 
dynamics applications. 

A good example was the Folding@Home crowdsourcing ini-
tiative, which leveraged GPU-based exaflop processing power 
for COVID-19 research. Last year, the GROMACS HPC 
molecular dynamics application further improved its GPU-
accelerated performance by shifting the entire timestep to the 
GPU, avoiding CPU and PCIe bottlenecks.  DEDE

Rocky DEM.

http://DigitalEngineering247.com
https://youtu.be/Ozhywx2YbzM
https://developer.nvidia.com/optix
https://images.nvidia.com/content/tesla/pdf/Molecular-Dynamics-July-2017-MB-slides.pdf
https://developer.nvidia.com/blog/creating-faster-molecular-dynamics-simulations-with-gromacs-2020/
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A s more organizations embrace the use of additive manufacturing for both prototyping and production parts, it has 
been increasingly clear that new approaches will be needed to ensure part quality and reliability. Because of the nu-
ances of different print technologies, there can be variations in final prints because of warpage, temperature, machine 

performance and other factors that can vary from printer to printer, and between print runs on the same machine.

“We are at a unique point in time where the manufactur-
ing hardware has outpaced the software,” says Harshil Goel, 
founder and CEO of Dyndrite, which has developed a solution 
to streamline CAD-to-print processes, and is developing part-

nerships with major AM vendors.
Other companies have an-

nounced a variety of simulation 
and design-for-additive (DfAM) 
products that are targeted at im-
proving the manufacturability of 
initial designs and to improve part 
quality via in-situ simulations.  
Desktop Metal has released 
Live Sinter, a new sintering 
process simulation software that 
corrects for shrinkage and distor-
tion of binder jet 3D printing 
parts during sintering. Desktop 
Metal says use of the new software 
largely eliminates the need for 
physical trial and error, and makes 
possible using binder jet sintering 
on challenging geometries. 

Sintering is a critical step in 
powder metallurgy-based manufacturing processes, including 
binder jetting. It involves heating parts to near melting to impart 
strength and integrity, and typically causes parts to shrink by as 
much as 20% from their original printed or molded dimensions. 
During the process, improperly supported parts also face the 
risk of deformation, which can lead to cracking, distortion or re-
quire costly post-processing to achieve dimensional accuracy. DEDE

Simulation

New GPU-accelerated tools help improve  
part quality and performance.

Simulation Enhances 
3D Print Performance

3D printer manufacturers and simulation software ven-
dors have responded by creating tools that can simulate the 
build process in advance, and other solutions that monitor 
prints in real time so that adjustments can be made to im-

prove quality and reduce scrap. 
These simulation tools and real-time monitoring, many 

of which were on display at the recent virtual formnext 
event, require new levels of computing horsepower as well. 
To take advantage of the possibilities of design for additive 
manufacturing, companies increasingly need to leverage 
faster, GPU-based resources on their workstations and HPC 
clusters for simulation.

HP and Dyndrite have teamed on the new Universal Build Manager.. 
Image courtesy of HP.

http://DigitalEngineering247.com
https://www.desktopmetal.com/resources/live-sinter
https://www.desktopmetal.com/resources/live-sinter
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In structure and shape, composites behave more like fabric than metal. Composite parts are not chiseled or cut from 
blocks. Rather, they are built by stacking up layers of composite materials. Unlike traditional metal, composite ma-
terials are anisotropic. They do not stretch, bend, and break uniformly in all directions. Their warping behavior de-

pends on how the fibers are woven at the microscopic level. Therefore, it is possible to engineer composite materials that 
are stronger in one direction (Z direction, for example) for a specific purpose. All these characteristics offer new possibilities 
and applications in automotive and aerospace, especially in the identifying ways to reduce weight.

ness,” it explains in the announcement. “Similarly, Additive 
Molding allows designers to align glass and carbon fibers along 
the load paths within a complex 3-dimensional part.”

Additive Manufacturing (AM) is now an established term, 
but Additive Molding is a relatively new term. The use of addi-
tive, which suggests layering, contradicts the idea of molding, 
which describes forming a part by pouring liquid materials 
into hollow molds.

Founded in 2015, the startup Continuous Composites has 
been developing a new large-scale 3D printing method. “The 
process starts with a continuous dry fiber that is impregnated 
in-situ with a snap-curing thermosetting resin deposited by the 
end effector. The end effector is moved by a motion platform, 
driven by Continuous Composites’ proprietary toolpath gen-
eration software,” the company explains. 

The company employs automated robotic arms to bind the 
fiber and resin instantly upon extrusion. Finding the existing 
terms inadequate, it too came up with a new phrase to describe 
its process: Continuous Fiber 3D Printing (CF3D).

Yet another new term came from the Washington-
based Electroimpact, which specializes in factory automation 

Composite Design

New terms, new printing methods and new ways to see in 3D suggest 
a convergence of optimization, AM, and composites.

ROBOTIC FIBER PRINTING AND  
VOXEL-BASED SIMULATION 

But these complexities also make them difficult to simu-
late and analyze. Their nonuniform distortion tests the 
tried-and-true stress calculation methods employed to solve 
classic FEA (finite element analysis) scenarios. Some lead-
ing simulation software vendors have developed tools to 
address them. In this article, we explore a new frontier—the 
intersection of 3D-printed composites and algorithm-based 
optimization, better known as generative design.

Printing Composites 
This year, Arris Composites grabbed the Red Dot Design 
Concept 2020 award with its Additive Molding Carbon 
Fiber Truss. The company says the product “doubles the 
specific stiffness of a steel I-beam while adding material 
benefits like corrosion resistance and the opportunity for 
functional integration into the structure. It is also 100% 
recyclable and highly scalable in size and quantity thanks to 
Arris’ innovative Additive Molding manufacturing process.”

For manufacturing and fabrication, Arris looks to Nature 
for inspiration. “The alignment of wood grains through a 
tree limb provides the highest structural strength and stiff-

Dyndrite’s voxel-
based toolpath 

creation API allows 
software partners 

to develop AM 
applications. Image 
courtesy of Dyndrite. 

Open New Doors  
in Composite Design

http://DigitalEngineering247.com
https://www.continuouscomposites.com
https://www.electroimpact.com
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and tooling. The company said it has “integrated an in-situ 
out-of-autoclave thermoplastic AFP (automatic fiber place-
ment) process and an advanced FFF (fused filament fabrica-
tion) 3D printing process into a unified Scalable Composite 
Robotic Additive Manufacturing (SCRAM) system.”

With SCRAM, Electroimpact expects to be able to produce 
large structures with complex contours, such as aerodynamic 
surfaces and flow-directing ducts. Its 6-axis robotic arm can 
deposit fiber in different orientations, allowing users to tailor 
the process to the specific applications.

Typical powder-bed 3D printers’ print chambers in the cur-
rent desktop and production-grade 3D printers range from the 
size of a shoe box to an oven. But emerging applications from 
Arris Composites, Continuous Composites, Electroimpact, 
and others suggest future 3D-printed parts will grow larger, 
breaking out of the confines of the print chambers.

Furthermore, it shows the convergence of 3D printing with 
composites, changing the layer-like materials into a plastic-like 
medium that can be dripped from a print nozzle.

Generative Design and Large  
Format Printing 
In an Autodesk University 2019 presentation 
titled “Advanced Manufacturing with Robotic 
Continuous Fiber Printing Technology,” 
Dominique Muller, an Autodesk research 
engineer, said, “Our research group developed 
a tool called Mimic. It’s a plug-in for Maya. 
You can download it for free. It uses the same 
concept as creating a movie—you can predefine 
the movement of the robot … you can define the 
robot’s toolpath, download it onto the robot, and 
the robot will follow the same path. It’s the same 
toolpath as animation, but we are translating it 
into robotic code.”

The company has undertaken a number of 
projects with its partner Moi to test what it calls 
Continuous Fiber Manufacturing (CFM). The outcome of 
the collaboration includes a BMX bike frame printed in glass 
fiber composite, resulting in a 40% weight reduction; and 
MAMBO, a 21-inch boat made of fiberglass. 

Mimic is an open-source Maya plug-in available 
from Github. The company also offers Autodesk Netfab soft-
ware for AM design and manufacturing. 

A New Way to See 
In visualization, the complexity of what can be 3D printed is 
testing the limits of the current mesh- and polygon-based 3D 
visualization technologies. The method describes 3D models 
made of primitive shapes as a series of knitted surfaces, but it 
starts to falter when describing 3D-printable lattice structures 
and membrane-like networks due to the inordinate amount of 
surfaces it needs to support.

Dyndrite, which offers a GPU-accelerated geometry 
kernel for AM hardware and software, is hoping to address it 
with its Voxel Application Program Interface (API). A voxel 

describes a 3D volumetric unit (as opposed to a 2D surface), 
thus many feel it is a better way to describe complex 3D mod-
els—the kind many hope to explore with AM. 

“This is the first voxel manipulation tool hyper-tuned for 
the accuracy and resolution needed in modern scientific and 
engineering workflows, including digital manufacturing,” said 
Harshil Goel, CEO and founder, Dyndrite at the Dyndrite 
Day, a virtual event held in October. “With the increasing 
sophistication of CT scanners, MRIs, and additive manufac-
turing print heads, developers require more powerful tools to 
realize the full capabilities and resolution of their hardware. 
We look forward to working with our partners and customers 
to put this power into the hands of their end-users.”

Dyndrite Day presenters include Renishaw, Ansys, and 
GPU maker NVIDIA, among others. In his presentation 
at the event, Mike Geyer, Industry Marketing Manager, 
NVIDIA, said, “Generative Design has a big opportunity to 
become useful. We’re seeing interesting stuff moving out of 

the physical, mechanical realm of Generative into more fluid-
based applications … One area where we see a lot of benefits 
to applying the GPU is in CAE (computer-aided engineering) 
for simulation and analysis. Some have done a great job of 
leveraging the GPU to accelerate CFD.” Altair’s ulTraFluid X, 
which uses a voxel-based system, is one such software title.

The convergence of design optimization and AM is a new 
frontier, with many simulation software vendors paying close 
attention to new possibilities. While commercial products are 
few, R&D projects and Beta programs are accelerating, as at-
tested by the speakers at the Dyndrite Day gathering.

Can voxel-based optimization offer new tools to auto-
matically generate composite shapes ideally suited to be 
printed? Or help manufacturing engineers automatically 
generate composite printing strategies based on the de-
sired shape? These may soon be answered. 
 
Watch video here on electroimpact continuous fiber 
3D printing. DEDE

The Autodesk Maya plugin called Mimic, shown here, lets users 
simulate and program six-axis industrial Robots, commonly used 

to print large composite parts. Image courtesy of Autodesk.

Composite Design
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L arge software vendors in the design 
space have made heavy investments 
in generative design technology over 

the past few years: Ansys, PTC, Autodesk, 
Altair, MSC Software and others have touted 
generative as the next frontier of design. But 
how practical is it? Demonstrations of the 
technology are very cool to look at, and can 
produce much lighter and stronger designs, 
but present a number of hurdles when it 
comes to manufacturing.

Generative design algorithms often 
produce membrane-like lattice structures 
unimaginable to human engineers, and 
impossible to construct manually in con-
ventional modeling software. Such forms 
are also impractical to produce using tradi-
tional machining. Additive manufacturing 
is very often the only reasonable means to 
fabricate those geometries.

IntrinSIM recently launched the intrin-
SIM Market Report on its assessment of 
the Autodesk Fusion 360 Generative De-
sign workflow as part of its efforts to help 
identify where generative design can best 
be applied. The company plans to produce 
additional reports that can help companies 
gauge whether a given generative design 
solution is applicable for their own opera-
tions. The evaluation is based on the suit-
ability assessment framework developed by 
the ASSESS Initiative.

“Generative design has the potential 
to dramatically change the design process 
as we know it. However, deployment of 
generative design is slow beyond the use by 

innovators as it is unclear to most if they can use generative design 
for their application,” says Joe Walsh, CEO of intrinSIM. “This re-
port sets a precedent in the generative design space by establishing a 
quantitative and objective means to evaluate workflow capabilities and 
requirements.”

Generative design opens up the possibility of thoroughly exploring 
the design space and concepts outside of any accumulated proprietary 
institutional knowledge, according to Walsh. While generative design 
is not intended to replace detailed design evaluation and analysis, le-
veraging it early in the process helps reduce the number of design it-
erations while maximizing the potential to evaluate alternative designs 
you likely couldn’t explore otherwise, he says.

“Typically what happens is there isn’t a lot of room to innovate in 
the design decision before it is evaluated against performance require-
ments,” Walsh says.

Barriers to Adoption 
While generative methodologies can help get engineers closer to 
an optimal design faster, there are a few obstacles. One is compute 
power. Generative design solutions are complex and need to run in 
near real time. The technology’s algorithm-driven method—running 
simulations and experimenting with hundreds of design variants to 
identify the best possible topology—is a compute-intensive process, 
best executed on highly-parallel GPUs. To make this process 
“interactive” means to produce the optimized results in near-real-time 
speed, without subjecting the user to wait for the number crunching. 
That is why solutions like Creo/Frustum and Ansys Discovery rely on 
harvesting GPU processing power.

A well-configured workstation and GPU acceleration can enable 

Generative Design

Software vendors have 
made big investments,  
but there are barriers to 

practical adoption.

Ansys Discovery provides near real-time capabilities for 
generative design applications.  Image courtesy of Ansys.

Can Generative  
Design Go Mainstream?

http://DigitalEngineering247.com
https://intrinsim.com/MarketReports.html
https://intrinsim.com/MarketReports.html


July 2021 • DigitalEngineering247.com16  Advanced Product Development Resource Center

these solutions, but for some organizations that may re-
quire an investment in new hardware or HPC resources. 

A more significant problem is one of production ca-
pability. While a generative design can create a design 
that is lighter and stronger, the sometimes wild-looking 
geometries created cannot be produced in volume using 
traditional methods.

“You can produce something that is lighter and per-
forms better, but if it has to be produced in volume then 
additive is a limiting factor,“ says Mike Geyer, industry 
marketing director at NVIDIA.

In part, this will require a cultural change among 
engineers using the solutions. So far, many demonstra-
tions of generative design capabilities have focused on 
the flashy, organic-looking designs that can be created 
by combining the technology with 3D printing. The pa-
rameters fed into these systems should incorporate more 
specific parameters to take production capabilities into 
account—if you only have access to a 5-axis 
CNC machine, there are limits to how far 
you can go.

Users will need a better understanding of 
how to set up the problem that needs to be 
solved (rather than simply defining geom-
etry parameters). That will require a more 
holistic approach.

“The problem we identified is that by 
only addressing part of the problem, en-
gineers have come to expect many design 
ideas from tools where what they need 
are feasible designs that meet all of their 
criteria,” says Dr. Thomas Reiher, director, 
generative design at MSC Software. “We 
maintain it’s important to support engi-
neers in their daily work by giving them a 
solution for the whole workflow and not 
just one aspect.”

There will need to be cultural and organizational 
changes before generative design can be widely adopted. 
Walsh says collaboration between simulation simulation, 
design, manufacturing requirements, AI, and statistics to 
fuel a generative design-inspired paradigm shift along 
with a governance strategy to ensure the right problem is 
being defined and solved with the right tool set.

“For a full paradigm shift to occur, generative design 
needs to support a broad range of design scenarios,” 
Walsh says. “It doesn’t mean it might not be perfect for 
your application, it just means it’s still not able to enable 
a full board shift.”

experts and design engineers is important to develop 
confidence in the capabilities. Organizations will also 
need experts with knowledge of 

There have been promising developments on the soft-
ware front that could help increase usage of generative 
design. Ansys launched Discovery earlier this year, which 
integrates Discovery Live, Discovery AIM and Space-

Claim. Engineers can change geometries based on rapid 
feedback, and can see the results of mechanical and fluid 
simulations in near real time.

PTC has incorporated Frustum into its Creo product 
to enable designers to leverage the power of AI to quickly 
produce optimized designs based on their engineering 
requirements and manufacturing constraints. Through its 
alliance with Ansys, Creo 7.0 also introduced fluid flow 
analysis in Creo Simulation Live—a real-time simulation 
solution that allows designers to iterate faster.

There have also been some interesting use-case dem-
onstrations. Autodesk and Volkswagen fitted a van with 
some fancy wheels courtesy of generative design, but the 
project was not targeted at mass production. MX3D, Altair 
and ABB also produced a 3D-printed robotic arm using 
generative design, but this was a highly custom application 
for a replacement part.

A more promising example was an Autodesk project 

with MJK Performance, an aftermarket motorcycle part 
company. They were able to leverage generative to opti-
mize a clamp produced via 2.5-axis milling. The clamps 
are 23% lighter at a comparable cost.

That type of decoupling of generative from additive 
manufacturing will be key for adoption. One possibility: 
using generative design to create jigs, fixtures, molds or 
inserts that can be used in other production processes like 
injection molding.

For example, Danish company AddiFab launched its 
Freeform Injection Molding solutions, which leverages 
generative design to enable injection molding of geom-
etries that are too complex for conventional tooling.

“It may be that too much of the software is focused on 
FEA problems, when it should be focused on CFD prob-
lems,“ Geyer says. “The technology could be used to opti-
mize flow for applications like manifolds or conformal cool-
ing in injection molding, rather than making a bracket that is 
lighter but will take 500-times longer to produce.” DEDE

MJK Performance used generative design  
technology to create a set of lighter and stronger triple 

clamps for a drag bike. Image courtesy of Autodesk.

Generative Design

http://DigitalEngineering247.com
https://www.ansys.com/products/3d-design/ansys-discovery
https://adsknews.autodesk.com/news/autodesk-volkswagen-generative-design-electric-showcase-vehicle
https://blog.altair.com/robot-customization-with-waam-and-generative-design/
https://www.autodesk.com/campaigns/generative-design/mjk-performance
https://www.addifab.com/


DigitalEngineering247.com • July 2021 Advanced Product Development Resource Center  17

E ngineers are working with increasingly larger and more complex models during the design process. Working 
with a model of a complete airplane, for example, has always been a challenge, but model size and complexity 
are an ongoing concern across industries. 

Even models for much smaller products may incor-
porate multiple, complex sub-assemblies, as well as meta-
data, material properties, and other information. And 
as more smart and connected products are developed, 
model complexity is only going to increase.

Although these complex, high-fidelity 3D models 
are crucial to bringing sophisticated products to market 
faster, they can wreak havoc on workflows and productiv-
ity by grinding workstation performance to a halt. An 
increasing embrace of systems modeling concepts along 
with pervasive simulation use, including new modalities 
and more widespread adoption among a broader audi-
ence, is also boosting model fidelity to a point where it 
can be taxing for older workstations to maintain effective 
performance.

Design and simulation software providers have re-
sponded by incorporating new features that make han-
dling large models easier and faster. In most cases, these 
features also leverage the availability of powerful GPUs, 
as well as the higher core counts and larger amounts of 
memory available in modern engineering workstations.

“Customers are trying to add more value for their 
customers and many are doing that by moving to system-
level design,” says Jon den Hartog, senior director of 
product management at Autodesk. “That means the 
scope of what they’re modeling increases as a result. At 
the same [time], the scope is increasing because they are 
trying to create a more accurate digital representation of 
what the design is before they build it.”

This means engineering teams newly empowered by 
multidisciplinary simulation and systems engineering 
workflows are taking a productivity hit unless they re-
evaluate their optimal workstation configurations.

“Without enough horsepower, it affects their qual-

Large Cad

Software enhancements, hardware 
upgrades help engineers boost 

productivity while managing larger models.

The first update of IronCAD 
2020 delivers faster load/

save for large assemblies. 
Image courtesy of IronCAD.

Large CAD  
Model Challenges

ity of life working with a massive model,” den Hartog 
says. “Every change will require a significant amount 
of time to calculate and propagate the math through-
out the model.”

Faster Hardware 
New solid-state storage options, CPUs with faster 
clock speeds and more powerful GPUs are just some 
of the hardware advances being integrated into next-
generation engineering workstations to help with large-
scale 3D model management and processing.

NVIDIA’s Quadro RTX family (powered by the 
NVIDIA Turing architecture) has set a new bar. The 
Quadro RTX line integrates RT Cores, accelerator units 
dedicated to performing ray tracing operations with 
high-level efficiency, along with high-end memory and 
artificial intelligence capabilities.

The architecture and core combination is designed 
to optimize performance of sophisticated applications 
like virtual reality, ray tracing, photorealistic rendering 
and simulation, all of which require massive compute 
horsepower and real-time performance

The choice of RTX platform depends on the use 
case—the RTX Quadro 4000 hits the sweet spot for 
engineers immersed in photorealistic ray tracing appli-
cations, while the higher-end Quadro RTX 8000, which 
is equipped with 48GB of GPU memory and ability to 
pair two GPUs to double system memory and perfor-
mance, is the highest end option. For engineers on the 
go, there are mobile workstations that also provide GPU 
acceleration. The newest editions to the Dell Precision 
7000 family, for example, can support up to the Quadro 
RTX 5000.

Although GPUs are a crucial tool for boosting large-

http://DigitalEngineering247.com
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scale model performance, they aren’t the only solution to large 
model bottlenecks—sometimes users can have trouble getting 
data into the cache for the first time, says Ken Versprille, execu-
tive consultant at CIMdata.

“Typically, the big complaint we hear from CAD users 
is that it takes so long to initiate the processes and activate 
the assembler and they struggle with that, even with newer 
GPUs,” he says.

Beyond GPUs, the right choice of CPU, depending on the 
application, along with solid-state storage and memory options 
also play a big role in optimizing performance and addressing 
large-model complexity.

In general, the system’s RAM (random access memory) 
helps CAD software performance overall, since it lets the soft-
ware load large files into the memory for immediate access. 
But for some graphics-related operations, the GPU’s built-in 
memory also makes a difference for the same reason.

Configuring the right workstation for these workloads re-
quires a holistic view of the entire system. Dell 
offers Dell Precision Optimizer, an AI-based 
tool that provides a real-time view of system per-
formance. In addition to flagging potential sys-
tem bottlenecks, Optimizer can tweak hardware 
so the workstation runs the slated application 
faster than it would with default settings. That 
means the workstation can automatically opti-
mize itself for specific workloads in real time.

Large Model Softsare Optimization 
CAD, simulation and design tool providers are 
also working to identify and re-architect their 
solutions to enable the software to truly leverage 
GPUs and other optimization advancements. 
Large model performance improvements have 
been top-of-mind for most of these vendors.

In addition to expanded GPU support, ven-
dors are introducing data management features 
that allow engineering teams to holistically work 
on large models and render complete assemblies by limiting 
what must be loaded into memory or directing more process-
ing work to the GPUs.

Within Autodesk, for example, if an engineer makes a model 
change in Inventor, the system can split the calculations into 
multiple parts that are computed independently and brought 
back together at the end, den Hartog explains. Ray tracing 
operations are another use case where code parallelization can 
deliver performance increases, he says.

Autodesk is also investing in real-world model testing to 
understand workflows and real-world bottlenecks and a feature 
called adaptive graphics. The latter is a specific capability that 
detects if the software refresh frame rate dips below a certain 
threshold when working with huge models; if so, it adjusts by 
not rendering some of the smaller parts while rotating a model.

IronCAD also claims a significant improvement in large 
assembly performance in IronCAD 2020 thanks to improve-
ments like reduced load/save times; speed improvements in the 

IronCAD View Creation mode, especially with large assemblies; 
and new functionality to help the user selectively modify camera 
interaction for greater efficiency.  

SOLIDWORKS also has a Large Assembly Mode, designed 
to accelerate assembly performance. When this mode is turned 
on, the software employs a number of strategies to reduce the 
graphics workload. It involves foregoing non-critical display fea-
tures to make the dataset lighter. For example, the software sus-
pends high-quality transparency and automatic highlighting of 
selectable areas during certain operations. These tricks help the 
assembly respond without delay when you rotate, zoom or pan.

The latest version of SOLIDWORKS also includes an En-
hanced Graphics feature (provided you have a certified graphics 
card) that leverages the GPU to improve responsiveness when 
working with large models.

Altair claims its Altair OptiStruct structural analysis solver 
can achieve up to 10X speedups on an NVIDIA GPU-accel-
erated system architecture. GPU acceleration was first enabled 

with OptiStruct’s direct solver and large scale NVH solver 
AMSES. More recently, GPU support has been extended to the 
PCG iterative solver, which provided similar performance im-
provements. The OptiStruct 2019 release included support for 
multiple GPUs so that engineers could extend those improve-
ments to large model scenarios.

With software vendors innovating new ways to leverage 
GPU horsepower, and hardware makers continuously pushing 
for new advancements, there are definite signs that large-model 
performance is only going to continue to improve.

However, it’s up to engineers to know their software and 
fully leverage these features. That requires training, education, 
and adoption of good modeling practices. “Vendors are putting 
in a lot of bells and whistles to determine what you’re working 
on so that only the graphics data required is fully loaded, which 
ensures much faster performance,” says CIMdata’s Versprille. 
“Engineers need to explore their options in this area and try to 
understand them as best they can.” DEDE

Dell Precision Optimizer software uses AI and machine learning 
to optimize performance of critical design tools running on 

Precision workstations. Image courtesy of Dell.

Large Cad
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I f you are willing to spend about $250, you could feel comfortable with generative design—literally. French designer 
Starck, in collaboration with contemporary furniture maker Kartell and Autodesk, conceived a chair designed by 
A.I. To be precise, it’s a chair designed using Autodesk’s generative design software. 

According to Starck, the project team “asked A.I.  a 
question: Can you carry our body with the least amount 
of material possible?’ A.I., without culture, without mem-

ory, without influence, replied simply with intelligence. 
It’s ‘artificial’ intelligence.”

AI-Assisted Design

Generative design technology is gaining acceptance as 
software vendors leverage GPU acceleration.

Getting Comfortable with 
AI-Assisted Design

Dubbed the A.I. Chair, the product was first unveiled 
at Salone del Mobile in Milan in 2019. At online retail-
ers such as Connox, Lumens, and Smart Furniture, vari-
ous versions of the chair are selling for roughly $250-
$600. The chairs are made with 100% recycled material 
by Kartell, the first of such projects for the furniture 
maker, as recounted by Starck. 

The chair is just one example of how A.I-assisted de-
sign or generative design might transform the look and 
feel of everyday objects. The highly publicized Volk-
swagen Microbus reshaped in generative design may 
be out of reach for average consumers. But many simple 
brackets and components redesigned in generative de-
sign are already in the bicycles, vehicles, and planes we 
ride and drive daily.

Sitting, Driving, and Flying  
in Lightweight Design 
The Starck A.I. Chair has a predecessor. It’s the Elbo 
Chair, the outcome of an Autodesk experiment to create 
a chair using generative design in 2016. Back then, what 
would later become commercially available in Autodesk 
Fusion 360, was still an experimental technology, 
dubbed Dreamcatcher. 

“Compared to the original design, Dreamcatcher’s 
solution has 18% less volume and decreases the max 
displacement by 90.4% as well as decreases the max von 
mises stress by 78.6%,” noted Autodesk in a pub-
lished blog post.

As shown in this project, generative design is one of 
the ways to identify weight reduction opportunities in 
products. Using the same technology, Schaefer, part of 
Airbus’s Emerging Technologies and Concepts group 
in Germany, would later design an airplane partition for 

The A.I. Chair, designed by Phillipe Starck 
using Autodesk generative design, goes 
on sale. Image courtesy of Autodesk.
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the Airbus A320 cabin. The outcome was 40% lighter than 
traditional airbus partitions, according to Autodesk.

Carmaker GM has also used Autodesk’s generative 
design and additive manufacturing (AM) to reshape a 
typical seat bracket for securing the seatbelt. “While 
the typical seat bracket is a boxy part consisting of eight 
pieces welded together, the software came up with more 
than 150 alternative designs that look more like a metal-
lic object from outer space. Made of one stainless-steel 

piece instead of eight, the design GM chose is 40 percent 
lighter and 20 percent stronger than its previous seat 
bracket,” recorded Autodesk. 

A.I.-Assisted Design 
The software prototype used by Starck includes tools still 
under incubation with the Autodesk Research team. It was 
also “the first time that injection molding was designated as 
a manufacturing constraint in Autodesk generative design 
technology,” Starck wrote. 

The ability to specify a desired manufacturing method 
(injection molding, machining, 3D printing, etc.) as a 
requirement was a major step in increasing adoption of 
generative design. Without this, many engineers found the 
software-recommended geometry impossible or impracti-
cal to produce. 

By now, most mainstream CAD and simulation soft-
ware developers have integrated generative design into 
their offerings, though the technology might be called 
something else. SolidWorks, part of Dassault Systemes, 

integrates it as Topology Study beginning in SolidWorks 
2018. Siemens’ version appears as Convergent Model-
ing in its NX design suite. PTC acquired the generative 
design startup Frutum, with the aim to integrate it into its 
Creo modeling and simulation products. Altair offers its 
own in solidThinking Inspire software. 

In generative design, the software considers various 
user inputs—such as material attributes, stress loads, the 
desired safety factor, weight reduction targets, and more—

and generates the opti-
mal geometry possible. 
To identify where more 
structural muscle is 
necessary, and where less 
material is needed, the 
software runs classic fi-
nite element analysis on 
the geometry for each 
configuration. The itera-
tive process is compute-
intensive, often tying up 
the available CPU cores 
for the entire process. 

Generative Design 
and the GPU 
Many of the generative 
design software ben-
efits from GPU accel-
eration. “The analysis 
required for generative 
design is extremely 
computationally inten-
sive, frequently requir-

ing hours or even days to compute with traditional 
CPU computing methods. PTC’s technology overcomes 
this barrier by shifting the computation load to the GPU,” 
wrote NVIDIA in its blog post titled “Generative by 
Design: How NVIDIA Quadro Is Transforming the 
Design Process for Engineers,” June 2019. 

In Autodesk Fusion 360, the integrated CAD/CAM/
CAE suite, generative design is powered by a GPU-ac-
celerated cloud infrastructure in AWS, as stated here. 
With this setup, “users can run hundreds of simulations 
in hours, instead of requiring days or weeks,” according 
to Autodesk.

At the NVIDIA GPU Technology Conference 2018, 
Jerran Schmidt, Principal Engineering, Autodesk, and 
Chris Hebert, Dev Tech, NVIDIA, co-presented a talk 
titled “Accelerating Generative Design by Leveraging 
GPUs on the Cloud.” The presenters showed how “the 
solver benefits from executing on the GPU over our CPU 
implementation and why this is important from both a 
costing and efficiency standpoint.” DEDE

Simulation study results for the Elbo Chair, an earlier project using Autodesk 
generative design technology to identify the best chair shape.  
Image courtesy of Autodesk.

AI-Assisted Design
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D emand for data scientists is expanding as more companies embrace artificial intelligence (AI) and machine 
learning in their design processes. This shift has meant that engineers need a greater grasp of data science 
concepts in order to effectively integrate these technologies into the products they design, as well as their 

own processes. Engineers can benefit from training in this specialty to better take advantage of the technology.

“Hiring deep learning engineers can be a challenge, 
as the field has only recently become so big,” says Les-
lie Nooteboom, CDO and co-founder of Humanising 
Autonomy. “The level of expertise required depends 
on the application. If the engineer will have to develop 
new model architectures, it will require several years of 
experience. If the engineer will need to retrain existing 
models with new data, less seniority is required. On the 
design engineer side, an understanding of the deep learn-
ing development process and its limitations is the least 
they should be capable of.”

While data scientists bring a wealth of expertise to 
an organization that is integrating AI into its operations, 
these scientists lack the domain expertise needed to un-
derstand which data is most valuable and where to best 
apply data analytics to solve a given problem. Systems 
and software engineers must work closely with them to 
ensure the success of these projects. To do so, however, 
they need a better understanding of data science and how 

Data Science

Increased adoption of machine learning and AI in design and 
simulation will require a higher level of understanding by engineers.

Should Engineers 
Embrace Data Science?

it can improve their designs.
In addition, deep learning and AI can enable more 

efficient integration of computationally expensive compo-
nent models into system simulation models by replacing 
these component models with high-fidelity response sur-
face models (RSMs) or functional mock-up units (FMUs). 
Other potential applications include the analysis of com-
plex computational fluid dynamics (CFD) images to lo-
cate specific features such as turbulence, or the evaluation 
of a high number of different designs for feasibility.

In many organizations, however, the data science 
and engineering teams are heavily siloed. This can 
make it difficult to address some of the requirements 
in building a data-driven product. While data scien-
tists can build the proper machine learning models, 
they not have a full view of the elements needed to 
build the model—what raw data will be required, 
what problems need solved, and how the model fits 
within the desired user experience.

The NVIDIA Data Science Workstation specification is primarily used by vendors 
to create desktop units, but the hardware and software are also available for 

mobile workstations. Image courtesy of NVIDIA.
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Predictive Maintenance: Marrying Data Science 
and Engineering 
One of the areas that has shown early promise when it 
comes to marrying engineering and data science is in the 
realm of predictive maintenance. Equipment downtime is an 
increasingly costly problem, so designers and manufacturers 
are looking for ways to better anticipate product failures and 
address them in advance. 

AI and machine learning are excellent tools for these applica-
tions. By analyzing existing failure data, and incorporate data 
from large numbers of failure simulations, predictive mainte-
nance tools can be developed that can issue alerts when condi-
tions indicate an imminent failure. As more data is collected, 
these tools can become even more accurate and reliable.

At MathWorks, the company is building tools that can help 
both data scientists and engineers utilize artificial intelligence to 

create predictive maintenance applications, says Philipp Wallner, 
industry manager at MathWorks.

While some companies are hiring data scientists to do this 
work, others are attempting to train engineers on these same 
tools. In some organizations, the engineers and data scientists 
have to work more closely together to ensure success in these 
development projects.

“What we’ve seen as a successful approach is the engineers 
doing the pre-work like getting the data into MATLAB, and 
then running different machine learning algorithms over that 
data and checking plausibility,” Wallner says. “This is where the 
domain experts are better suited, because of their background.”

MathWorks offers training for engineers to help them better 
understand the data science capabilities in the tools. “We have 
customers that haven’t hired any data scientists, and are still suc-
cessful with predictive maintenance applications,” Wallner says. 
“However, the most successful are the companies in which the 
engineers and data scientists are working together.”

“There are a lot of different ways to implement AI techniques, 
but most of them are targeted at data scientists—people who 
have a good or very deep mathematical or statistics background,” 
Wallner continues. “What we see in our industry, is that it is not 
only important that data scientists can work with the tool they 
use to implement AI applications, but it is also important that do-
main experts or engineers (who have a good understanding of the 
equipment itself) are able to work with those tools. That’s why we 
are trying to create an environment that helps engineers as well as 
data scientists to do AI.”

Engineers also need access to the compute power required for 
these analytics tasks. NVIDIA announced its NVIDIA-Powered 
Data Science Workstation specification last year. “Data science is 
one of the fastest growing fields of computer science and impacts 
every industry,” said NVIDIA founder and CEO Jensen Huang 
when the specification was announced. “Enterprises are eager to 
unlock the value of their business data using machine learning and 
are hiring—at an unprecedented rate—data scientists who require 
powerful workstations architected specifically for their needs.”

To learn more about deep learning and data science in the 
engineering sphere, visit NVIDIA’s GTC 2020 confer-
ence (now an online event). DEDE

Deep learning in the design engineering workflow is more than just algorithms. You should consider 
all stages of development, including real and synthesized data, domain-specific preprocessing, and 

deployment strategies as part of a complete solution.  Image courtesy of MathWorks.

Data Science
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I n the last decade, the term “digital twin” began to pick up momentum, becoming part of the recognizable 
industry lexicon. The list of Microsoft Azure cloud offerings now includes Azure Digital Twins. Renowned 
analyst and consulting firm Deloitte published a paper on the role of the digital twin in Industry 4.0 transfor-

mation. Engineering software giants such as PTC, Dassault Systemes, and Siemens PLM began offering digital twin 

solutions, each assembling a collection from its existing 
portfolio to address the new phenomenon. 

The term “digital twin” can easily be understood as 
a digital replica of a real product. For example, the digi-
tal version of a wind turbine or a power plant. But it’s a 
mistake to think of a 3D representation of the product as 
the digital twin. Such a model, usually derived from the 
detailed CAD model, is an incomplete digital twin. 

A key component of the digital twin is data—histor-
ical data that allows users to study usage patterns and 
predict potential failures. Without it, the 3D model 
is nothing but a glossy snapshot of the product in its 
ideal state.

What is a Digital Twin? 
In their paper titled “Industry 4.0 and the Digital Twin,” the 
authors Aaron Parrott and Lane Warshaw from Deloitte 
Consulting define the “digital twin” as “a near-real-time 
digital image of a physical object or process that helps 
optimize business performance.”

Digital Twins

The true cost of deploying and maintaining a digital twin is in collecting 
and analyzing the data. The data gives life to static 3D models.

Visualizing Digital Twins

“Until recently, the digital twin—and the massive 
amounts of data it processes—often remained elusive to en-
terprises due to limitations in digital technology capabilities 
as well as prohibitive computing, storage, and bandwidth 
costs. Such obstacles, however, have diminished dramatically 
in recent years,” observed the Deloitte paper’s authors.

Some of the earliest references to the digital twin con-
cept came from aerospace. In a paper titled “The Digital 
Twin Paradigm for Future NASA and U.S. Air Force Ve-
hicles,” dated 2012, coauthors E. H. Glaessgen from NASA 
Langley Research Center and D.S. Stargel from the Air 
Force Office of Scientific Research defined the digital twin 
as “an integrated multiphysics, multiscale, probabilistic 
simulation of an as-built vehicle or system that uses the best 
available physical models, sensor updates, fleet history, etc., 
to mirror the life of its corresponding flying twin.”

In other words, the digital twin is aware of the real 
product’s installation date, maintenance history, downtimes, 
uptimes, and other major events in the timeline. Even its 
behavior in the digital world—how it responds to simulated 

The NVIDIA Data 
Science Workstation, 

built to process and 
analyze large data 

sets, could be a 
critical component 

to the digital twin 
deployment strategy. 

Image courtesy of 
NVIDIA.
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wind, heat, pressure, and other loads—matches the real 
product’s behavior. With the digital counterpart as a stunt 
double (as it were), users can conduct what-if experiments 
on it without interrupting the real product’s critical opera-
tions, and without incurring significant risks of destruction. 

The Unseen Costs of Digital Twins 
The detailed 3D model of a product, down to the nuts 
and bolts, can easily be exported from the CAD model 
submitted in its final phase for production. This process 
involves little or no extra cost. But the true cost of deploying 
and maintaining a digital twin is in collecting and analyzing 
the data.

To deploy the digital twin of a wind turbine, for example, 
you would need to equip the product in the field with sen-
sors to collect daily wind speed, weather data, moisture 
data, power usage, and other 
information. Depending on the 
volume of the data, a couple of 
data scientists or a team may be 
required to monitor and study 
them. Without this process, the 
historical usage data is merely 
a record of events without any 
predictive value. Only by devot-
ing competent data scientists can 
you expect to be able to identify 
common patterns, such as those 
that indicate impending failures. 

The cost and operations 
involved in launching and 
maintaining a digital twin is not 
trivial. Therefore, it makes more 
sense to deploy digital twins for 
high-end products with a long 
lifespan, indispensable to daily 
operations and difficult to re-
place. Creating digital twins for 
every unit of espresso machine sold, for example, may not 
be the best use of the technology. On the other hand, a digi-
tal twin for a passenger plane or an autonomous vehicle can 
easily offset its cost with the safety benefits it offers and the 
increased operational lifespan it enables. 

Data Scientist’s Workstation 
Introduced by GPU maker NVIDIA at its GPU Tech-
nology Conference (GTC) in 2019, the Data Science 
Workstation targets those who must wrestle with Big 
Data—the type of data-driven analysis and simulation 
common in developing IoT products. The workstation 
combines the processing power of Quadro RTX GPUs 
with accelerated CUDA-X AI software, offering suf-
ficient computing resources in a compact desktop form 
factor. This could be the centerpiece for teams moni-
toring and managing digital twins. Various versions of 
the Data Science Workstation are offered by NVIDIA’s 

workstation partners, such as Dell, under their own 
brands. 

AR-VR for Digital Twin Visualization  
Previously, visualizing digital twins means looking at CAD 
models along with tables of data, usually in separate software 
programs. The affordable AR/VR (augmented reality, virtual 
reality) systems now offer the option to visualize digital twins 
in a much more comprehensive fashion. With the ability to 
interact with the model in virtual environment, the digital 
twin can now be used for realistic training and simulation. 

According to a case study published by PTC, indus-
trial equipment manufacturer Howden has been using AR 
applications created with PTC’s Vuforia Studio software and 
IoT platform ThingWorx to let its customers virtually “see” 
what’s happening inside the products. 

“Howden is pulling ThingWorx data operating on an 
Azure IoT Cloud and overlaying it on the physical product. 
This is to show their customers, in context, the operating 
conditions, and performance of the equipment to improve 
day-to-day operation. Predictive maintenance alerts, rapid 
parts identification and easy to follow repair sequences pro-
vide all the information relevant to resolving problems and 
keeping the equipment running as efficiently as possible to 
prevent failures and downtime,” writes PTC. For visualiza-
tion and interaction with the model, Howden uses Microsoft 
HoloLens. Many AR-VR devices demand a powerful work-
station with professional-grade GPUs. 

Currently there’s no standard device or software for view-
ing digital twins. The task involves a mix of large datasets 
(usually in comma-separated databases), 3D models, and simu-
lation programs. It’s a void that AR/VR system developers can 
potentially fill. DEDE

The NVIDIA Data Science Workstation, built to process and analyze large 
data sets, could be a critical component to the digital twin deployment 

strategy. Image courtesy of NVIDIA. 

Digital Twins
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F or good reasons, “napkin drawing” still remains the perfect way to describe the process of capturing a spontaneous 
idea you cannot afford to lose. The emphasis is on the “napkin,” the ubiquitous piece of paper that indiscriminately 
preserves whatever inspiring words, flow chart, system design or plot twist you need to capture.

How does this process work for engineers and design-
ers in the connected era? Is there a better alternative to 
the fragile paper napkin? To answer this, we look at some 
technologies that combine the napkin’s convenience with 
the pixel’s advantage.

Sketching Like an Artist 
A surprise hit in the Autodesk consumer product 
lineup, Autodesk SketchBook is available for 
smartphones and tablets. The software is ideal for hardware 
with stylus support, as it uses the system’s pressure 
sensitivity to make the stylus work like pencil, color pencil, 
pen, brushes, palette knife, charcoal and a range of drawing 
materials. With the ability to mimic the thick slushy 
texture of oil paint, the dissolved edges in watercolor and 
the trailing edges in pen strokes, the software has become 
a favorite among illustrators, industrial designers, game 
character designers and comic artists.

One tool that’s particularly useful for architects and 
engineers is the Perspective Guides. With this function 
turned on, you can easily trace and snap your lines to the 

Digital Touch

Sophisticated sketching programs let you capture  
simple concepts, create masterpieces.

predefined vanishing point. This tool reduces the work-
load required to produce accurate orthogonal views of 
buildings and assemblies.

While SketchBook allows you to create impressive look-
ing artworks and stylized drawings, the output formats are 
mainly rasterized formats. Therefore, you don’t have the 
option to save in Vector format, the preferred alternative for 
reusing the lines and arcs as guides in CAD programs. The 
Vector export option was available in the now discontinued 
SketchBook Designer, specifically developed for industrial 
designers. Vector export remains a frequently requested 
feature on the community forum for Autodesk SketchBook 
product. With sufficient user pressure, the tool may be put 
back on the R&D team’s to-do list.

The iPhone and iPad versions of SketchBook are 
free. The full desktop version is $10 per month via Au-
todesk Subscription. This low price makes the product 
a risk-free proposition. The UI and tools cater more to 
illustrators and artists, but engineers and industrial de-
signers should have no difficulty using the program for 
their own purposes.

Autodesk SketchBook, available for 
mobile and desktop devices, mimics 

the paper-and-brush workflow in 
touch-sensitive tablets. 

Napkin Drawings with a 
Digital Touch
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Catching Concepts 
Catchbook is by Siemens, known for its mainstream 
CAD program Solid Edge and its flagship CAD-CAM-
CAE suite NX. The engineering legacy of Siemens is 
evident in the way Catchbook lets you draw precision 
2D sketches, even with fingertips. The way you enter 
dimensions and resize the parametric sketches is nearly 
identical to how the same functions work in parametric 
CAD programs. For this reason, CAD users will find 
Catchbook to be a familiar environment.

One notable feature is the software’s ability to recog-
nize standard engineering shapes (such as rectangles, cir-
cles and triangles) from your rough hand-drawn sketches, 
then convert them to mathematically accurate and editable 
objects. It also lets you import photos, offering you a way 
to draw on top of photos of existing objects as 
guidance (for example, using the photo of a couch 
as a reference while sketching a room’s layout to 
get the proportions right).

Make a mistake? Simply draw some squig-
gles over the object (the digital equivalent of 
crossing out something) and it disappears. This 
feature goes along way to mimic how you might 
draw, edit, and reshape concepts on a real nap-
kin, with a much better way to cleanly erase 
your mistakes. Catchbook offers SVG, DXF, 
PDF and PNG export options. It’s available as a 
free download from the Microsoft store.

Creative Sketching in Creo 
PTC, a rival of Autodesk and Siemens, offers Creo 
Sketch, associated with its other Creo-branded 
CAD and simulation products. The product is 
free, downloadable from PTC. The list of drawing 
objects—pencils, markers and brushes—are not as 
extensive as SketchBook, but more than adequate 
for quick sketches and concept designs. Just like 
SketchBook, the software is pressure-responsive 
on pressure-sensitive hardware. In other words, the more 
pressure you put on the stylus, the thicker the line gets.

Creo Sketch also offers a series of Spline curve tools, 
allowing you to reproduce a hand-drawn sketch in a series 
of editable Spline curves. The color-fill tool lets you apply 
solid colors or gradients inside Spline-enclosed objects. The 
text tool lets you add annotations or headlines to the design 
without the need to export the drawing to another program 
(such as Adobe Illustrator).

Sketching in 3D Space 
Dassault Systèmes offers CATIA Natural Sketch, as part of 
its CATIA 3D modeling application. Distinct from the others 
mentioned, CATIA Natural Sketch allows you to draw not only 
in 2D space but also in 3D, which makes reusing the curves and 
lines as guides for CAD much easier. The ability to sketch in 3D 
space and on 3D surfaces makes it ideal for drawing or tracing 
over asymmetrical objects (such as shoes). But as an inseparable 
part of a rich comprehensive 3D modeling program widely used 
in automotive and aerospace, CATIA Natural Sketch is also a 
costly digital napkin.

The sketching software’s ability to mimic the pen-and-paper 
workflow is directly linked to the rise of graphically powerful 
tablets with built-in pressure awareness. With this feature, the 
stylus functions just as a pen, marker, or paint brush in an artist’s 

tool chest would. Illustrators and artists can deploy the software 
on consumer-class mobile tablets and smartphones. However, 
for engineering users who need to run not only the sketching 
software but also the more compute-heavy CAD and simulation 
programs, workstation-class tablets, such as those in the Dell Pre-
cision product line, stand out as the ideal systems. With a single 
system that can accommodate modeling as well as sketching, you 
eliminate the need to transfer the files from one system to an-
other via USB thumb drives, network connections or emails. DEDE

CATIA Natural Sketch lets you sketch in 3D 
space. Image courtesy of Dassault Systèmes.

Digital Touch
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L arge assemblies are an unavoidable part of CAD modeling. You may work on separate parts and subassem-
blies most of the time, but once the design nears the final stage, you’ll have to tackle the beast—load the 
detailed assembly to examine how all the different pieces and parts fit together.

In choosing a workstation dedicated to running CAD 
programs such as SolidWorks and Autodesk Inventor, 
large assembly performance is one of the important con-
siderations. A key system component that makes a differ-
ence in large assembly performance is the GPU (graphics 
processing unit).

On the Autodesk Inventor Forum, in a post titled 
“System Hardware and Large Assemblies,” the author 
wrote, “It is recommended that you use a DirectX11 
graphics card with at least 2GB of video RAM. Some 
Inventor users prefer a workstation level graphics card 
…, which perform better than consumer level cards.” 
(February 14, 2019)

GPU maker NVIDIA offers workstation-class GPUs 
under its Quadro product line. The latest generation of 
Quadro GPUs come with RTX (real-time raytracing) 
technology, part of NVIDIA’s Turing GPU architecture. 

Large Assemblies

GPU memory is key to handling complex models.

Software-Driven Tricks 
The widely adopted mechanical CAD program 
SolidWorks has a Large Assembly Mode, designed 
to speed up assembly performance. When this 
mode is turned on, the software employs a number 
of strategies to reduce the graphics workload. It 
involves foregoing non-critical display features to 
make the dataset lighter. For example, the software 
suspends high-quality transparency and automatic 
highlighting of selectable areas during certain 
operations. These tricks help the assembly respond 
without delay when you rotate, zoom or pan.

In general, the system’s RAM (random access 
memory) helps CAD software performance overall, 
since it lets the software load large files into the 
memory for immediate access. But for some graph-
ics-related operations, the GPU’s built-in memory 

Tackling  
Large Assemblies 

NVIDIA Turing enables production quality rendering and cinematic frame rates. Image courtesy of NVIDIA.
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also makes a difference 
for the same reason.

Consider, for ex-
ample, the memory 
capacity of NVIDIA 
RTX 5000 vs. RTX 
6000, both part of the 
NVIDIA Quadro pro-
fessional GPU line. The 
former, RTX 5000, has 
16GB GPU memory. 
In contrast, the latter, 
RTX 6000, has 24GB 
GPU memory. The roomier memory makes a difference 
in handling large files for raytracing, simulation and other 
GPU-intensive operations.

Split Views 
One way many CAD users have chosen to work with large 
assemblies is by splitting the viewing environment onto 
multiple displays. For example, you may use one display for 
part modeling, and another to view the overall assembly. 
This allows you to view in real time how the geometry 
changes and edits at the part level affect the assembly’s 
overall structure and inter-part mating relationships.

The ability to simultaneously view both perspectives—
the part-level view and assembly-level view—is 
expected to increase productivity. It does so by 
cutting down the need to minimize one window 
to launch another, or to toggle between two open 
windows to access the desired view. Multiple dis-
play setups are usually powered by professional 
GPUs. The latest NVIDIA RTX 6000 GPU, for 
example, supports up to four displays.

Virtual View of Assemblies 
Although adoption of AR-VR (augmented 
reality/virtual reality) is still in the early stages, 
CAD vendors’ support is steadily growing. 
SolidWorks software now includes an extended 
reality (XR) tool, which lets you instantly export 
the CAD assembly into an AR- or VR-viewable state. 
(Read “Introducing SOLIDWORKS Extended 
Reality,” January 10, 2019) Similarly, design software 
maker Autodesk offers AR-VR viewing tools in its popular 
titles 3DS Max, Maya and Revit. 

The advantage of AR-VR 
viewing is the ability to see 
the entire assembly in real-
world scale, as if you were 
standing in front of it. The 
feature may not make a dif-
ference at the part level, but 
for visualizing oversize fac-
tory equipment, an airplane 
seat or a full-scale vehicle, 
for example, AR-VR proves 
far more effective than the 
2D monitor in conveying 

the sense of true scale. With AR, you also have the option 
to view how a product that only exists in pixels will fit in the 
real world. For instance, by superimposing the CAD as-
sembly of a factory equipment onto the floor of the factory 
where it’s intended to be installed, you can identify poten-
tial clashes and collisions. 

In 2016, GPU maker NVIDIA recently announced, 
“Virtual reality requires the highest-performance graphics 
to deliver the smoothest, most immersive experiences. To 
ensure professional users have the best VR experiences, 
we’ve created the NVIDIA VR Ready program.” The pro-
gram marks hardware systems optimized for VR viewing 
with the NVIDIA VR Ready label. 

The increased processing power and memory footprint 
in the GPUs continue to push the ease with which you can 
load, view and edit large assemblies. It’s conceivable that, in 
the near future, using software-driven tricks to reduce the 
burden in assembly view will be no longer necessary.  DEDE

Extended Reality (XR) allow designers to export their 
CAD files into AR/VR-viewable states, and are enabled 

by more power GPUs. Image courtesy of Dassault 

Dell Precision workstations can be configured 
with NVIDIA GPUs to speed many design 

engineering tasks, such as simulation and 
rendering. Image courtesy of Dell

Large Assemblies
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