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LSTC’s LS-DYNA® Dummy and Barrier Models

For demo version, pricing and learning version contact: 
sales@lstc.com

www.lstc.com

For more information and a complete list of available models, visit the website: 
www.lstc.com/models

LSTC Barrier Model Examples

LSTC Dummy Model Examples

LSTC offers a wide range of dummy and barrier models. They are available free 
of charge to current licensees and are provided unencrypted and fully accessible.

Barrier Models:
•  Barrier models for most Federal 

Motor Vehicle Safety Standards 
(FMVSS) test scenarios

•  Additional barriers beyond 
FMVSS requirements

•  Models validated with publicly 
available data and proprietary tests 
obtained from customers

•   Solid and shell mesh models of 
most barriers

Dummy Models:
•  Dummy models covering most 

automotive regulations

•  Models validated with publicly 
available data and proprietary tests 
obtained from customers

•  Coarse and detailed mesh 
models available

•  Regular updates based on 
additional data and customer feedback
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I don’t know where she gets it. I mean, sure, this article is due 
tomorrow morning and it’s 9:58 p.m., but that’s different. I’m 
busy. There were other, more pressing, deadlines to meet first. 
Plus, I’m on the road.   

Out-Making the Competition
While on the road, I met some kindred spirits who are also 
on deadline. But instead of procrastinating, they’re looking 
for technologies and processes to help them meet tighter and 
tighter schedules. The general idea is that other people/com-
panies/countries are moving quicker. Digital transformation is 
coming fast, and they want to adopt and integrate new tech-
nologies as soon as possible to keep up. 

At the National Center for Defense Manufacturing and 
Machining (NCDMM) Summit that took place May 8-9 in 
Blairsville, PA, Prabhjot Singh, additive product breakout 
leader at GE Research, expressed frustration with the current 
state of additive manufacturing. “Qualification of additive 
design for full-scale production still takes several years,” he 
told the audience. “As we move forward, that can’t be. Digital 
design tools need to come front and center to help determine 
what parts can be additively manufactured.”

GE Research, like many other companies, wants today’s trial-
and-error additive manufacturing workflow that includes inspec-
tion of every part to become a first-time-right, intelligently con-
trolled process with guaranteed outcomes. According to Singh, 
30% of AM part costs are related to inspection.    

Collaborate or Procrastinate
NCDMM manages the national accelerator for additive 
manufacturing and 3D printing, America Makes—the Na-
tional Additive Manufacturing Innovation Institute. Digital 
Engineering and America Makes recently announced a part-

nership to help advance AM and promote America Makes’ 
efforts. America Makes is structured as a public-private part-
nership to innovate and accelerate AM to increase U.S. global 
manufacturing competitiveness.  

“America Makes gave us a platform to work with partners 
and competitors focused on an important problem,” Singh 
said at the NCDMM Summit, referring to the need to simu-
late AM processes. “What America Makes allowed us to do—
it offered us a forum. Now we have Autodesk and ANSYS 
software that benefits the entire supply chain.”

Through America Makes, GE Research worked with uni-
versities and government labs to support research on the type 
of design for additive manufacturing software they needed to 
help speed up their AM part manufacturing processes. Some 
of those efforts eventually became part of Autodesk Netfabb 
and the ANSYS Additive Suite.

Competing on Speed 
Lt. Col. John Schmitt, U.S. Army, also spoke at the NCDMM 
Summit. He said speed is what will help the country stay competi-
tive in the manufacturing space, despite intellectual property theft. 

“The speed at which we can manufacture will maintain our 
dominance,” he said, adding that the rate at which government 
agencies and contractors adopt new technology solutions will 
determine how fast we can manufacture. “I beg you get out 
there and share your technology.”

Culture gets a lot of the blame for the slow adoption of tech-
nology that could optimize workflows, and rightly so. My daugh-
ter doesn’t turn her homework in at the last minute because she’s 
waiting for her cloud-based classroom software to load. Excuses 
are easy. Deadlines are hard.

One way to change that culture is to connect different stake-
holders in a collaborative environment. Software can go a long 
way in making it easy to collaborate and break down silos. 
However, face-to-face interaction within your company and 
with groups like NCDMM and America Makes are critical to 
making collaboration happen, which is critical to meeting ever-
faster time-to-market deadlines. DE

Jamie Gooch is editorial director of Digital Engineering. Contact 
him via jgooch@digitaleng.news.

What Speed Needs

M Y DAUGHTER PROCRASTINATES. 
Despite knowing a paper is due weeks in 
advance, or having days to finish her 
homework, she’ll wait until the last minute. 

With online homework submissions the norm now, it 
literally is the last minute. “Is your paper done?” I ask at 
dinner. “It’s not due till midnight,” is the reply.
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  NVIDIA

  AMD

  AMD

Worldwide IT spending is projected to total $3.76 trillion in 2019, an increase of 3.2% from 2018.
— Gartner Market Databook, Q418 Update, January 2019.

Billions Spent on Information Technology

Monitoring Monitors

5% of monitors are categorized as 
professional monitors. 
— Global Professional Monitor Market report, Jon Peddie 

Research, March 26, 2019.

Revenues of professional monitors, defined as 
having 1.9 million to 33.2 million pixel resolution, 
will exceed $50 billion by 2018 at a compound 
annual growth rate (CAGR) of 37%.

2018
Spending

2018
Growth

2019
Spending

2019
Growth

2020 
Spending

2020 
Growth

Data Center 
Systems

$202 11.3% $210 4.2% $202 -3.9%

Enterprise 
Software

$397 9.3% $431 8.5% $466 8.2%

Devices $669 0.5% $679 1.6% $689 1.4%

IT Services $983 5.6% $1,030 4.7% $1,079 4.8%

Communications 
Services

$1,399 1.9% $1,417 1.3% $1,439 1.5%

Overall IT $3,650 3.9% $3,767 3.2% $3,875 2.8%

$50B

Visualizing Graphics

18.8%

Q4 2018 Market Share

33.7%   

2017 Market Share

66.3%

Over $2.8 billion dollars of add-in-boards shipped in the 
fourth quarter of 2018.

— Add-in-Board quarterly report, Jon Peddie Research, March 5, 2019.

  NVIDIA 81.2%   

DE_0619_By_The_Numbers_Gooch.indd   6 5/16/19   10:00 AM



DigitalEngineering247.com /// June 2019          DE | Technology for Optimal Engineering Design  7

//////////////////////////////////////////////////////////////////////////////////////////////////////////
 | COMPUTING

Worldwide spending on public cloud services and infrastructure 
is forecast to reach $210 billion in 2019, an increase of 23.8% 
over 2018. Although annual spending growth is expected to slow 
slightly over the 2017-2022 forecast period, the market is forecast 
to achieve a five-year CAGR of 22.5% with public cloud services 
spending reaching $160 billion this year and $370 billion in 2022.

— International Data Corporation (IDC) Worldwide Semiannual  
Public Cloud Services Spending Guide, Feb. 28, 2019

30% North America accounted for more than 30% of the market 
share for HPC in 2017. North America is the largest market for 
technology-based solutions; however, the Asia Pacific region is 
projected to expand at the highest CAGR—more than 8% over the 
forecast period of 2018 to 2025.

— High Performance Computing (HPC) Market Size, Share & Trends Analysis Report 
2018-2025, November 2018, Grand View Research.

$34.62B The global high-performance computing (HPC) market 
size was valued at $34.62 billion in 2017. It is expected to expand at 
a CAGR of 7.2% from 2018 to 2025.

High-Performance Growth

8% The government and defense segment is expected to expand 
at the highest CAGR, exceeding 8% over the forecast period of 2018 
to 2025.

•  Capitalize on 
Digital Disruption

• Computing
•  Immersive Design
• Simulation
•  Ever-Growing 

Repository

A 
RESOURCE

FOR DESIGN 
ENGINEERS

To Learn More 
Go To:

www.APDRC.com

Cloud Forecast

$210B to be spent 
on cloud services and 
infrastructure in 2019  

$160B to be spent 
on cloud services in 

2019  

$370B to be spent 
on cloud services in 

2022  
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H P C
By Monica Schnitger

What we think of as “the cloud” is a combination of CPUs, 
GPUs, storage and connectivity. If it’s inside your company’s 
firewall, it may be your company’s HPC center. If it’s outside, 
you rent time and/or space on someone else’s. The flexibility 
of the cloud means that you can rent whatever you need: com-
pute cycles on a CPU or graphics processing unit, storage or a 
combination of both. And you can usually rent cloud capacity 
in flexible and creative ways: one CPU until your simulation is 
done (maybe in a day) or 24 CPUs until your job is done (say, 
an hour).  Or 100 CPUs to get it that much faster.

External commercial clouds usually live in data centers that 
are maintained by Amazon, Microsoft or another third party 
that bring all of their security, fine-tuning, maintenance and 
similar expertise to your simulation. They host the simulation, 
pre- and post-processing software on their machines and you 
interact via a browser, uploading the setup and downloading 
the results.

The cloud can deliver HPC capabilities that expand as 
needed, and you pay only when you’re using them.

If this is so great, what are the downsides?

The Cons of Cloud Computing
The first and most-oft cited concern is security. Can someone 
hack into the model, the results or some other aspect that 
would give them access to critical intellectual property? Al-
though we should never say never, and vendors have a vested 
interest in letting us all think things are OK, I have not heard 
of even one instance of IP theft in a cloud simulation case. We 
bank online and transmit other sensitive data via “the cloud,” 
so why not simulations? Trust in remote simulation will grow, 
even among the most conservative end-user industries.

But data security is not the only issue slowing adoption. 
We don’t typically need cloud capacity to run small simula-
tions; we can do those on our desktops. We need help with 
complex, detailed and precise simulations, which typically 

take longer to upload and result in large output files, which 
then take a long time to download. Although it may solve 
quickly, the upload and downloads can slow us down. To get 
around this, many teams leave the data in the cloud, manage 
it there and download a subset of the post-processed results.

Lastly, and perhaps most importantly, is the simulation 
software itself available in the cloud? Whose cloud? Vendors 
have sold software on a per-CPU basis for many years. Ask-
ing them to make a license available to run a job that would 
take 100 hours on a single CPU is one concern; asking them 
for 100 licenses to run that same job in 1 hour—in a mecha-
nism that doesn’t require 100x the cost—is another issue 
altogether. They’ve come up with many ways to address this 
problem, from pools of credits to pay-by-the-hour models 
and more (see page 24). Check with your vendor to see if 
they can accommodate your needs. You may want to consider 
a third party that provides cloud access to many CAE soft-
ware packages.

A Virtuous Spiral
The bottom line? We seem to be in a virtuous spiral, where 
software keeps getting more capable and compute capacity 
grows cheaper and more available. This enables us to simu-
late more complex physics and systems, which require more 
capable software and hardware and so on. Using a flexible 
cloud lets us match capability to the needs of the user. Need a 
lot for a complex multiphysics simulation? You got it! Check-
ing on a single component? Got that covered too, and for less 
than the cost of the first one. This elasticity will enable more 
people to do more simulations at the level of complexity they 
need, paying only for what they consume. DE

Monica Schnitger is president of Schnitger Corporation (schnit-
gercorp.com). Send email about this commentary to de-editors@
digitaleng.news.

Pros and Cons of CAE in the Cloud

YOU’RE WORKING AWAY, putting the final touches on your latest design iteration. You’re happy with it, but 
need to determine whether it will withstand an important load or use case—simulation to the rescue! Only one 
problem: You can’t get time on the company’s high-performance computing (HPC) cluster until next week. Your 
deadline, of course, is tomorrow. What to do?
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Digital Twins in the Hot Seat: 
Realizing Great Expectations
The phrase “digital twin” has become the be-all-and-end-all of 
manufacturing buzzwords, stirring up Utopian views on what it can 
do for predictive maintenance, simulation and more.

But how is a digital twin different from a 3D CAD product model? 
Can it ever live up to its full potential? Is anyone really making use of 
digital twins?

In this LIVE webcast, DE challenges panelists to discuss:

•  a no-nonsense de� nition of digital twins;
•  the types of products that make sense as digital twins;
•  real-world examples of digital twins in operation.

We invite you to submit your own burning questions to the panelists. 
Help us stump them!

LIVE Webcast!
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2 PM ET / 11 AM PT

Moderated by 
Kenneth Wong

DE’s Senior Editor

SPEAKER
Manzoor Tiwana

Product Manager
ANSYS
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Digital Twins
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S I M U L AT I O N  1 0 1
By Donald Maloy

Material behavior can be complex and difficult to simulate 
so multiple approaches are used to describe the physical be-
havior. It is fundamentally essential to understand how your 
simulation software incorporates the mechanical properties 
of materials. This month, we will scratch the surface with key 
fundamentals in navigating this space, starting with the basics.

Mechanical Properties of Materials
In finite element analysis we rely upon numerical meth-
ods that incorporate physics and engineering equations to 
generate results. These equations need numerical inputs to 
describe how mesh elements will displace in space. Materials 
can be implemented into these equations by describing their 
mechanical properties. For example, you might have seen a 
thin circular metal bar stretched apart inside an enclosure 
until necking occurs. This is one of many methods of extract-
ing the physical behavior of a material into numerical values. 

Gathering the data from this experiment would provide 
us with values we could use in our simulation analysis. Most 
common materials studied with a good foundation of experi-
mental data available fall into three general categories: elas-
tic, elasto-plastic and super elastic Nitinol. Others exist, but 
for this conversation let’s focus on elastic.  

When you hear the word elastic, you probably visualize 
a rubber band or something that stretches and returns to its 
original shape. In fact, that is exactly what an elastic mate-
rial does. Specifically, the material follows the same path for 
stress during the period of loading and unloading. 

Within the elastic range, a material is said to have a linear 
elastic characteristics if it follows Hooke’s law. This is where the 
relationship between stress and stain is proportional providing a 
constant Young’s modulus in the boundaries in which it is loaded 
and unloaded. If Young’s modulus and Poisson’s ratio are the same 
in all three reference axes of a Cartesian coordinate system, it is 

said to be isotropic. Orthotropic materials have different Young’s 
modulus and Poisson’s ratio on at least one axis. A great example 
of an orthotropic material would be wood with a grain line. 

Referencing previous articles, we discussed material non-
linearities as grounds in which we would need a nonlinear 
approach to solve analysis problems. This is where our stress 
stain curve becomes nonlinear. Experimental data that is con-
tinuous is ideal for deriving usable results. Typically, material 
vendors who produce these grades of material or specialized 
products have numerical data points available for use. If this 
is not available, another option would be to search MatWeb. 
MatWeb is a great online engineering resource with over 
130,000 different materials available at your disposal. 

Description Difficulties
As materials become more difficult to describe numerically, 
alternative approaches used to describe their behavior come 
to the forefront. Hyperelastic materials tend to come to mind, 
as they can stretch or displace a great deal and return to their 
original shape after unloading. As these types of materials 
vary from other elastics, they tend to be described in terms of 
stress-stretch ratio, instead of the traditional stress-strain. 

Mathematically, various methods such as Mooney-Rivlin, 
Ogden, Blatz-Ko, neo-Hookean, Signorini and other models are 
used to describe these types of materials. Consult your current 
software vendor to identify which material modes are available.  

Primed with the basics to navigate the materials space, it 
becomes evident how critical experimentally derived mate-
rial values and the mathematical models used to describe 
their behavior are in simulation analysis. The differences 
between linear and nonlinear analysis discussed in previous 
articles tend to become more concrete with understanding of 
how materials behave. Next month we will explore analysis 
benchmarks. We will review how benchmarks can be used to 
improve the results in your simulation analysis problems. DE

Donald Maloy is a consultant analyst based in the greater Boston 
area. He also works as a certified simulation and mechanical design 
instructor for a software reseller. Contact him via mail to: de-editors@
digitaleng.news.

Transition to Simulation: Materials

A CRITICAL COMPONENT OFTEN glossed 
over is the importance of understanding material 
science that pertains to simulation. Simulation 
results will vary greatly if this one detail is 

overlooked during the setup of an analysis. 
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Engineering Conference News 

ROAD TRIP

The keynote speaker this year was 
Elizabeth Baron, an AR-VR pioneer who 
once headed the automaker Ford’s im-
mersive realities unit. She currently runs 
an independent firm called Immersionary, 
specializing in enterprise deployment of 
mixed reality (MR) technologies.

Raytraced Photorealism
In her talk, Baron recounted a skeptical 
client’s initial response to MR. Being a 
leading farm equipment maker, the cli-
ent wasn’t easily convinced of the value 
of visual experiences. “He told me, ‘Why 
do I need photorealistic colors? To us, 
everything is green and yellow.’ He kept 
saying, ‘We don’t need it. And I kept say-
ing, ‘Yes, you do!’” she remembered.

But she felt vindicated a few weeks 
later when the client called back. “He 
said, ‘Guess what? It does matter. We’re 
getting better answers because we can 
provide [users] with a more realistic 
environment,’” she said. “Providing high 
visual fidelity is really important for 
these [MR] environments. Immersion 
is experiential ... It lets us combine the 
emotive aspect and the scientific aspect 
into one rich experience. It’s at the heart 
of how we understand our world ... Our 
products are better because of it.”

The ability to reuse detailed CAD 
assembly models along with joint and 

connection characteristics (such as 
bolted seats, swinging doors, rotating 
parts, and so on) speeds up the MR 
deployment for design studies. To 
create MR from scratch (for example, 
building the 3D digital model of a ve-
hicle from engine blocks to leather in-
teriors, along with all the possible in-

teractions) can take weeks or months. 
By contrast, Baron was able to create 
MR experiences in a matter of days 
during her time at Ford using existing 
engineering data, she revealed during 
the Q&A. DE

COFES 2019
BY KENNETH WONG

U NDER THE DIRECTION of 
the newly formed COFES Insti-
tute, the annual Congress on the 
Future of Engineering Software 

returned. COFES 2019 took place in 
Hotel Nia in Menlo Park, CA—about 10 
minutes’ drive from Facebook headquar-
ters. In fact, the show managed to secure 
Facebook as a sponsor, along with Micro-
soft and Dell. 

Keynote speaker Elizabeth Baron in conversation with show attendees at 
COFES 2019. Image courtesy of COFES Institute via David Cohn.

MORE ➜ digitalengineering247.com/r/22597

In a featured panel discussion, ex-
perts tackled the issue of cyberphysi-
cal security in additive manufacturing 
(AM). “Someone can affect the quality 
of a part just by changing the material 
properties or the power supply [to the 
AM system],” noted Mark Yampolskiy, 
assistant professor, School of Comput-
ing, University of South Alabama.

The recent crash that grounded the 
Boeing 737 Max casted shadows over the 

convention center’s deck and hallways. 
Attendees and panelists referred to it di-
rectly and indirectly, often as a prelude 

to talks about cost savings vs. safety.
“That whole [737 Max] fleet is now 

grounded, costing Boeing millions of 
dollars, whereas a few thousands of dol-
lars could have prevented this,” said Nick 
Bullen, technical fellow for Advanced 
Automation and Global Manufacturing, 
Northrop Grumman, as he moderated the 
panel on cyberphysical security.

During the Q&A, one attendee won-
dered if creating a digital twin of a product 
and opening it up for public testing might 
have helped uncover the 737 Max’s fatal 
flaws—crowd-sourced testing, if you will.

Many exhibitors at the show are of-
fering digital twin solutions and strate-
gies for manufacturers. DE

A EROSPACE AND DEFENSE 
manufacturers, suppliers and 
consultants marched into the 
Long Beach, CA, convention 

center on April 30 for the annual AeroDef 
Conference, produced by the Society of 
Manufacturing Engineers (SME).

AeroDef 2019

MORE ➜digitalengineering247.com/r/22586

DE_0619_Road_Trip.indd   11 5/15/19   4:12 PM
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FOCUS ON 
COMPUTING | WORKSTATIONS 

However, all of that horsepower can 
be expensive. Most companies have to 
stick to a budget; where does it make 
sense to max out your computer’s speci-
fications, and which features really don’t 
need all that power? It depends on the 

applications your engineers are using, and 
what types of capabilities you believe they 
might need in the future.

“What customers want in these work-
stations is really driven by the features 
and new software versions of SolidWorks, 

CATIA, NX or any of those products 
with new feature sets,” says Tim Law-
rence, vice president of operations and 
engineering at BOXX Technologies.  
“That’s driven by the competitive nature 
of the CAD packages. As things become 

Design engineering workstations have become extremely powerful—
where does it make sense to invest your IT budget? 

The Dell Precision family of fixed workstations provides a range of options to meet various design engineering 
needs. Image courtesy of Dell.

BY BRIAN ALBRIGHT

COMPUTING TECHNOLOGY has advanced to the point that an engineering or design workstation can be equipped 
with an outrageous amount of power—enough to fly through design engineering modeling and simulation tasks—for a 
price. With new multi-core CPUs, ultra-fast GPUs and terabytes of memory, it’s possible to tackle real-time simulation, 
rendering, virtual reality applications and complex data science tasks using a single desktop or tower unit.

SUPERWOR KSTATIONS!
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more threaded, they bring in the ability to 
use multi-core CPUs, and some features 
have moved toward GPU acceleration.”

In some cases, companies have ad-
opted real-time, ray traced rendering into 
their workflows or other types of complex 
operations. Simulation has become more 
mainstream and is being implemented 
at levels that weren’t possible previously. 
Engineering firms are also starting to use 
blended use workstations that include 
both traditional CAD, CAE and simula-
tion capabilities, as well as deep learning, 
artificial intelligence and data science.

“That can mean a shift in balance to-
ward GPU capabilities in the worksta-
tion for traditional simulation applica-
tions,” says Brett Newman, vice president 
of marketing and customer engagement 
for HPC and AI at Microway. “In that 
case customers typically go with a mid- 
to high-range Quadro GPU, but we are 
starting to see that crest up to higher-end 
Quadro cards.”

The availability of faster GPUs that 
can work seamlessly with design and sim-
ulation software packages that were cre-
ated to take advantage of those chips has 
also altered expectations. “NVIDIA has 
been pushing ray tracing for years, but 
in some ways that solution was ahead of 
its time for a large number of users,” says 
Carl Flygare, NVIDIA Quadro product 
marketing manager at PNY Technolo-
gies. “With the introduction of the RTX 
line of GPUs, now you have real-time ray 
tracing so somebody using SolidWorks 
that wants to do photorealistic renders 
can do so fluidly. That’s a huge change.”

Generative design capabilities are also 
driving the adoption of more powerful 
workstations, as companies add artificial 
intelligence and other technologies into 

the design process. Flygare also says that 
solutions like ANSYS Discovery Live 
and PTC Creo Live provide real-time 
simulation capabilities to non-specialist 
users, which has also increased demand 
for more powerful hardware.

“GPU-accelerated computing reduces 
some of the tedious, repetitive tasks that 
engineers have to do,” says Andrew Rink, 
marketing strategy leader at NVIDIA. 
“Rendering de-noising, which is some-
thing NVIDIA is pushing hard, keeps 
designers in their creative flow. They can 
check out different angles, 
see that visualization. That 
type of tool is being ad-
opted across the market.”

That really highlights 
the different approach 
users may take to select-
ing a workstation. “People 
are wearing a lot of dif-
ferent hats and take on a 
lot of different tasks,” says 
Josh Covington, manag-
ing director of marketing 
and sales at Velocity Micro. 
“We had a customer re-
cently that needed GeForce 
and Quadro in the same 
desktop because they were 
using different applications 
and didn’t want to have two 
separate systems. That’s the 
type of customization that 
users are looking for.”

Software 
Drives Hardware
Understanding what hard-
ware components drive the 
performance of the applica-
tions being used will help 

determine which workstation specifications 
to focus on when purchasing a new system. 
“You can spend the same amount of money 
and get radically different performance if 
you understand whether the application is 
more lightly threaded, or if you are doing 
modeling and assembly work,” Lawrence 
says. “The CPU frequency drives perfor-
mance, so you can put your budget toward 
higher frequency CPUs.”

“We have to determine if you are 
going to take advantage of multi-thread-
ing or single-threading,” Covington adds. 

SUPERWOR KSTATIONS!

The BOXX APEXX Enigma S3 (pictured) is built 
with the latest Intel Core i7 or 19 processor 
overclocked to 5.1GHz. The BOXX APEXX T3 
features an AMD 32-core Ryzen Threadripper 
2nd Gen processor. Image courtesy of BOXX.
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“Most 2D CAD design packages are 
single-threaded, and don’t need as much 
GPU power. If rendering in 3D, then 
you need a higher-end Quadro graphics 
card like the RTX5000 or P5000. RAM is 
more important if you are working with 
large files or doing complex simulation. 
In most cases 32G of RAM is fine; larger 
tasks may require 64 or 128G.”

If, conversely, users are working on 
mechanical simulation or using highly 
threaded solvers, then users can benefit 
from a dual processor with a high core 
count. If a company isn’t planning to use 
the workstation for anything other than 
CAD, for example, they may not need a 
top bin GPU.

 “We spend a fair amount of time trying 
to characterize different pieces of software 
with our customers so we can have good 
information and evidence to help make 
that decision,” Lawrence says. “It can be 
difficult to look in to the future and build 
the right capabilities into the workstation.”

Newman says that for customers that 
must balance budget and performance, 
one big trade-off is usually in core count. 
“How far can you climb up the core count 
chain for the application?” Newman says. 
“You shouldn’t climb up that far in most 
cases, because it doesn’t yield enough per-
formance for your particular application. 
A lot of applications are parallelized, but 
not so much so that you need 20 cores. 
You can give up so much clock speed at 
28 cores that you yield worse perfor-
mance for some applications. That’s one 
where you need to understand how the 
applications work.”

“People often try to jump to too high-
end a GPU or processor for what they can 
yield with it,” Newman adds. “The differ-
ence between an entry-level GPU and mid 
and high-level GPUs is substantive, so what 
you are trying to do really comes into play.”

In the mid-range of the GPU field, 
NVIDIA’s Rink says the RTX4000 has 
emerged as a popular option because it 
is VR ready, and has enough memory to 
run real-time simulation tools as well as 
AI applications. 

Bear in mind that as GPU memory goes 
up, the DRAM also has to increase. “A good 

Configuring a Super Workstation

We asked the experts contacted for this article to config-
ure the most powerful workstation they could (if budget 
was not an obstacle), given current technology. This is 

what they came up with:

Tim Lawrence, BOXX Technologies
Lawrence said his workstation would include the Intel Xeon W-3175X 
processor with 28 cores, overclocked and running at 4.4GHz on all 
cores. He would also include dual NVIDIA RTX8000 GPUs, four NVMe 
SSD drives in a RAID configuration with Intel VROC. He also sug-
gested that such a system could be into a rack mount enclosure and 
accessed by multiple engineers using remote workstation solutions. 

“With a workstation like that, the limit is really how many watts we 
can pull out of the wall,” Lawrence says. “We’re facing that with a lot 
of new CPUs and GPUs.” 

Brett Newman, Microway
Newman’s workstation would include dual NVIDIA RTX8000 GPUs, 
3TB or 4TB NVMe drives, and an NVLink GPU bridge that would 
enable the RTX8000s to “act like one monster with 96GB of memory,” 
he says. 

“With workstations, you need to make the whole system quiet,” 
Newman says. “We air cool in the majority of cases, although we do 
go with liquid in some instances. If you can build that workstation 
quiet for that end user, it makes all the difference in the world.”

Carl Flygare, PNY
Flygare says he would design a tower system with dual RTX8000 
GPUs, NVLink, 192GB of DRAM, 4TB of fast SSD in a RAID configura-
tion, a 3D mouse, and two 4K displays that support an expanded color 
space. He would also include a high-end i9, Xeon or AMC Epyc CPU.

“For some customers with sensitive IP, it may make more sense to 
put lower powered workstations in front of employees, and run virtual 
workstation software, then have the RTX boards for the data center or 
server,” he says.

Josh Covington, Velocity Micro
Covington’s workstation would include dual AMD Epyc 7601 pro-
cessors with 32 cores each, and 2TB total RAM, along with dual 
RTX8000 GPUs, and an Intel 905P SSD—a system that he says 
would have an MSRP of around $50,000.

A rackmount workstation or GPU server could be configured with 
3TB of RAM, eight RTX8000 GPUs, 14 hard drives and two Intel Xeon 
Platinum processors for around $90,000.

Asked who would need a workstation with that much RAM, 
Covington responded, “Probably nothing would require that! Maybe 
really complicated physics simulations.”
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rule of thumb is you should have two times 
the DRAM of whatever the GPU memory 
is,” Flygare says. With more powerful pro-
cessors, users also have to consider the costs 
of cooling, enclosures and power sources/
power management equipment.

There are areas where it is possible 
to spend too much with little benefit, or 
workstation elements that can be scaled 
back a bit given advances in other areas 
of the machine. For example, if you are 
offloading more of the workload to the 
GPU, it may be possible to scale back to a 
single CPU in the device. If software isn’t 
optimized to take advantage of a large 
number of cores, then there’s little ben-
efit to throwing more cores at those tasks. 
People also often overspend on RAM.

Firms are also deploying workstations 
with different types of functionality across 
departments as roles evolve. “We’re seeing 
customers trying to make distinctions over 

what their day-in-day-out workday looks 
like versus the worst case scenario,” Fly-
gare says. “If it’s a department, they may 
just configure one or two systems to han-
dle the really heavy lifting, and everybody 
else is using a system that is configured to 
run CAD. At the departmental level, they 
are looking at the kind of diversity of con-
figuration they should have.”

Planning Ahead
Workstations should also be configured 
with future needs in mind. While design-
ers may not need real-time rendering or 
simulation now, they may need to add 
that to their workflows later. There are 
also changes in how and where engineers 
work that will affect the types of worksta-
tion technology deployed.

“There’s an increased need for mobility 
and not just with laptops, but the dynam-
ics of working from anywhere can run up 

against performance and the requirements 
of higher end CAD packages,” Lawrence 
says. “In supporting companies with dis-
tributed workforces and that have propri-
etary IP concerns, they may need some 
capabilities for engineers to work remotely 
or from home. Being able to take this 
high-end software and provide access to 
that from nearly anywhere is a challenge 
that companies are facing.”

That said, the emergence of afford-
able, high-performance GPU computing, 
optimized software and more powerful 
processors is making these new capabili-
ties much more attainable, even for bud-
get-conscious designers. “Real-time en-
gineering simulation is a game-changing 
technology,” Rink says. “Every engineer 
can use that and it’s available today.” DE

Brian Albright is a freelance journalist 
based in Cleveland, OH. He is the former 
managing editor of Frontline Solutions 
magazine, and has been writing about 
technology topics since the mid-1990s. Send 
e-mail about this article to de-editors@
digitaleng.news.

INFO ➜ AMD: AMD.com

➜ BOXX Technologies: BOXX.com

➜ Dell: Dell.com

➜ Microway: Microway.com

➜ NVIDIA: NVIDIA.com

➜ PNY: PNY.com

➜ Velocity Micro: VelocityMicro.com

/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /

Workstation hardware is determined by software 
requirements. Images courtesy of Velocity Micro.

NVIDIA and its partners have rolled out new workstations designed 
speci� cally for data scientists, analysts and engineers who want to make 
use of deep learning. Image courtesy of NVIDIA.
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FOCUS ON: 
COMPUTING | GPUs

There are new use cases for GPUs in 
product design, including running artifi-
cial intelligence (AI) routines for design 

exploration and creating machine learn-
ing algorithms that will become part of 
a product. The shift can be summarized 

as going from throwing graphics on the 
screen to calculating the design and en-
gineering issues behind the objects.  

The relationship between product en-
gineering technology and computer pro-
cessors is not new. CAD and simulation 
software perform complex and changing 
mathematical tasks that must be solved 
sequentially. CPUs are optimized for this 
kind of serial computation complexity. 
GPUs have been optimized for parallel 
processing, where the same algorithm can 
be performed over and over. 

Today the lines are blurring. Soft-
ware vendors are finding ways to in-
tegrate powerful GPUs into the CAD 
workflow. GPU performance has grown 
much faster than CPU performance, 
outstripping Moore’s law. GPU vendors 
AMD and NVIDIA are shipping utili-
ties that help GPUs participate in new 
workflows. Companies that would cre-
ate a rendering farm of networked PCs 
to create photorealistic images or ani-
mations in the past can now use GPUs. 
The price/performance comparisons 
are also shifting; for software that sup-
ports GPUs for advanced rendering, 
it is now cheaper to assemble a set of 
GPUs for rendering than to create (or 
rent on the cloud) a render farm. 

There are three main categories 
where the increased use of GPUs in 
design engineering is now advanta-
geous, says Brian Hillner, the senior 

The New Age of  
GPU-Driven Product Design
Software companies are finding ways to accelerate CAD with 
GPUs beyond graphics and rendering.

BY RANDALL S. NEWTON 

THERE WAS A TIME when a graphics card was only added to a 
workstation to rapidly display graphics. Today, design engineers are not 
only creating more realistic renderings of their models—which requires 
a powerful graphics processing unit (GPU)—but also using simulation 

and analysis software upfront in the design process. 

Simulation showing rotor 
assembly displacement.  
Image courtesy of ANSYS.
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product portfolio manager for Solid-
Works Visualization at Dassault Sys-
tèmes. The first is the existing use case 
of GPUs for speed of rendering and 
fidelity of modeling tasks (draw, edit, 
zoom, pan, rotate). SolidWorks and 
several other CAD or image processing 
software products have added support 
for NVIDIA’s new AI-based denoising 
technology, which reduces the “grainy” 
look in images. 

“SolidWorks Visualize can create 
10 times as much content in the same 
amount of time,” says Hillner. A set of 
product images that once took months 
to render with complete fidelity and 
no noise can now be created in weeks 
or days. It means more options and 
opens the door to complex rendering 
of scenes for virtual reality “and other 
ways to make the product shine. Users 
are shaving months off design because 
they can see photoreal views in real 
time,” he adds. 

The second use case for increasing 
GPUs in an engineering workflow is 
the computation of parallel processes, 
which covers many simulation tasks. 
“Doing the same math over and over 
is perfect for GPUs,” says Hillner. De-
pending on the physical process being 
analyzed, GPUs can offload some or 
most of the computation.

The third use case is AI as a design 
tool. “Instead of sketching what might 
be the right shape, use AI and crush all 

the possible scenarios on the GPU,” 
says Hillner. Several software vendors 
are bringing new topology optimization 
methods into their software for this. Das-
sault Systèmes calls it design guidance; 
others refer to it as generative design.

PTC sees bringing GPUs into CAD 
workflows as a necessity to stay compet-
itive. “From AI to HPC (high-perfor-
mance computing) and GPUs, we have 
the ability to open up opportunities for 
generalists and designers who don’t 
have the luxury of waiting for simula-
tion results,” says Mark Fischer, senior 
director of Creo Product Management. 
“To democratize simulation as part of 
the design process is the goal.” 

“We continue to look at where 
GPUs will play a role,” Fischer adds. 
“Not everything needs to go to GPU. 
As these cards continue to improve, we 
are working in parallel to take advan-
tage of improvements.” It is a strategic 
process, Fischer says, in which even leg-
acy CAD processes are being reexam-
ined in the age of the GPU. “We don’t 
want to stay status quo; new releases 
will continue to implement GPUs into 
our processes.” 

Altair OptiStruct on GPU-accelerated systems enables scaling for large 
models, particularly noise, vibration and harshness models, that may run 
poorly or not at all on CPU-based systems. Image courtesy of Altair.
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New Kids on the Block
Three young companies are leading the 
trend of adding topology optimization 
to CAD workflows. Frustum, nTopol-
ogy and ParaMatters differ in the de-
tails of how they optimize design, but 
all three use GPUs and AI-based pro-
cesses to solve hundreds or hundreds of 
thousands of design alternatives in what 
generally is a real-time process. 

“Frustum has no legacy [in CAD’s 
CPU-based history], so we get to think 
about how to fully utilize GPUs from 
the start,” says Jesse Blankenship, the 

founder and former CEO of Frustum, 
which was acquired in late 2018 by PTC. 
“Bringing AI and design optimization to 
designers makes it an interactive process, 
just like a parametric model.” 

As PTC’s acquisition of Frustum 
shows, established engineering design 
software providers are taking GPU 
optimization seriously. For example, 
Altair recently announced its OptiStruct 
structural analysis solver now runs up to 
10 times faster on NVIDIA GPUs “with 
no compromise in accuracy,” according 
to a press release from the company. The 

company states the speed boost “has the 
potential to significantly impact indus-
tries including automotive, aerospace, 
industrial equipment and electronics 
that frequently need to run large, high-
fidelity simulations.”

Support for GPU acceleration began 
with OptiStruct’s direct solver and with 
the large-scale noise, vibration and 
harshness (NVH) solver AMSES, a 
standard feature of OptiStruct. AMSES 
cuts the time required to compute ei-
genvalues for analysis in NVH simula-
tions, calculating thousands of modes 
with millions of degrees of freedom. 
Next, the development team ported 
OptiStruct’s preconditioned conjugate 
gradient (PCG) iterative solver to the 
NVIDIA GPU-accelerated system. For 
some models—such as compact, block-
like, solid structures—Altair says the 
PCG solver “can be faster than the di-
rect solver, especially when GPUs are 
in play.” The test suite includes a variety 
of industry models including multiple 
solution types such as statics, frequency 
response, buckling and optimization.

Altair used the NVIDIA Quadro 
GV100 for the solver runs, which were 
compared with the use of dual Intel 
Xeon Sandy Bridge-EP 3.1GHz 16-core 
CPUs with 256GB of RAM. Run times 
compared were total elapsed times, or 
wall times, for the solution to complete. 

“This breakthrough represents a sig-
nificant opportunity for our customers 
to increase productivity and improve 
ROI (return on investment) with a high 
level of accuracy, much faster than was 
previously possible,” says Uwe Sch-
ramm, Altair’s chief technology officer 
for Solvers and Optimization. 

Supporting  
the Hardware Anywhere 
Some companies want to use GPUs lo-
cally; others prefer to tap into cloud or 
other virtualization setups when they 
need advanced GPU support. ANSYS 
uses them all. It launched the popular 
Discovery Live in 2018, which uses local 
NVIDIA GPUs to support what it calls 
real-time analysis. The company is also 

ANSYS Discovery Live uses GPUs to calculate and display simulations 
in real time. Uses can move between a data-driven view and the final 
rendered image. Image courtesy of ANSYS.
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certified to support virtualization envi-
ronments, hypervisors and server-based 
graphics configurations. 

“If problems pop up we can reproduce 
the issue,” says Wim Slagter, director of 
HPC and Cloud Alliances at ANSYS.

A New Geometry Kernel
The latest player in accelerating product 
development using GPUs is Dyndrite 
(“den-drite”), a Seattle startup that stepped 
into the public eye in March 2019. It offers 
the Dyndrite kernel, a foundational graph-
ics technology capable of representing all 
current geometry types, including non-
uniform rational basis spline (NURBS), 
surface tessellations, volumetric data, tet-
rahedra and voxels. The company says the 
Dyndrite kernel will allow users to “seam-
lessly move between geometric represen-
tations without destroying the original 
underlying data format.” It includes native 
and scalable GPU support. 

The first application for the new ge-
ometry kernel is the Dyndrite Additive 
Toolkit, designed to improve 3D print-
ing workflows. The toolkit directly im-
ports CAD design files, maintains origi-
nal spline data and uses the data to drive 
additive manufacturing processes. Dyn-
drite says working directly with CAD 
data provides numerous advantages 
over STL files. 

“STL is a 30-year-old format that, 
while helping to launch the 3D print-
ing revolution, now serves as a major 

bottleneck in additive workflows,” 
stated Dyndrite in its initial product 
announcement. “STL files are difficult 
to safely modify and typically require 
time-consuming manual repair work 
prior to being used. Additionally, their 
fixed reliance on triangles limits the 
precision of the workflow model and 
the output quality.”

“GPUs are fast but lack the infra-
structure to do geometry,” says Shawn 
Hopwood, Dyndrite chief marketing of-
ficer. “There needs [to be] something on 
top of the kernel.” Thanks to NVIDIA’s 
Maxwell generation of GPU technology, 
Hopwood says Dyndrite can run a full 
geometry kernel on top of the GPU.

“What we see [in 3D processing] 
is what happened in 2D when Adobe 
created PostScript,” adds Hopwood. 
“Computing has gotten to the level 
where we can operate and compute 
what goes to the screen.” 

The new company has the support 
of some familiar names in engineering 
software. “I’ve known [Dyndrite co-
founder and CEO Harshil Goel] for 
quite a few years,” says former Autodesk 
CEO Carl Bass. “I believe that he and 
his team are taking a very fundamental 
approach to solving a class of problems 
even broader than current generative 
design use cases. Dyndrite has the op-
portunity to transform an industry and 
power some pretty awesome next gen-
eration workflows.”

GPUs and AutoCAD
The push to improve CAD workflows 
with GPUs is not limited to solid model-
ing. Autodesk says it is also taking advan-
tage of GPU technology to improve Au-
toCAD, the venerable drafting software.

“What do customers do the most? Pan, 
zoom, move,” says Marcus O’Brien, direc-
tor of the AutoCAD product line. “They 
want to see a specific object at a specific 
orientation.” For users who have up-
graded to AutoCAD 2020 and use a GPU, 
O’Brien says they can navigate drawings 
“10 times faster than AutoCAD 2016.” 

Compared to simulation in real time, 
increasing the speed of drafting processes 
may not come across as cool, but O’Brien 
says “all the small things that happen in 
the background” are important. Auto-
CAD 2020 also uses GPU technology, if 
available, to increase the speed of hatch 
rendering. Hatching is traditionally the 
most computationally heavy aspect of 
drafting. “At the high level people talk 
about the glamour of high resolution,” 
O’Brien says. “But don’t forget the effi-
ciency to the customer.” DE

Randall S. Newton is principal analyst 
at Consilia Vektor, covering engineering 
technology. He has been part of the 
computer graphics industry in a variety 
of roles since 1985. Contact him at DE-
Editors@digitaleng.news.

INFO ➜ Altair: Altair.com

➜ AMD: AMD.com

➜ ANSYS: ANSYS.com

➜ Autodesk: Autodesk.com

➜ Dassault Systèmes: 3DS.com

➜ Dyndrite: Dyndrite.com

➜ Frustum: Frustum.com

➜ NVIDIA: NVIDIA.com

➜ nTopology: nTopology.com

➜ ParaMatters: ParaMatters.com

➜ PTC: PTC.com

For more information on this topic, visit 
DigitalEngineering247.com.
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Dassault Systemès SolidWorks uses GPUs to process topology optimization. 
This image shows using an optimized shape as a reference overlay for use 
with an existing design. Image courtesy of Dassault Systèmes.
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COMPUTING | GPU REVIEWS

The new Turing streaming multiprocessor (SM) architecture 
includes up to 4,608 compute unified device architecture (CUDA) 
cores to accelerate complex simulation of real-world physics; new 
RT cores to enable real-time ray tracing of objects and environ-
ments with physically accurate shadows, reflections, refractions 

and global illumination; and new Turing Tensor cores to acceler-
ate deep neural network training and inference, which are critical 
to powering AI-enhanced rendering, products and services.

“Turing is NVIDIA’s most important innovation in com-
puter graphics in more than a decade,” said Huang during his 

SIGGRAPH announcement. 
“Hybrid rendering will change 
the industry, opening up amaz-
ing possibilities that enhance our 
lives with more beautiful designs, 
richer entertainment and more 
interactive experiences. The ar-
rival of real-time ray tracing is 
the Holy Grail of our industry.”

New Technologies
By combining two fundamentally 
new technologies: ray-tracing ac-
celeration with the RT core and 
deep learning with the Tensor core, 
NVIDIA has delivered real-time 
ray tracing nearly 10 years sooner 
than anyone had anticipated. The 
new RTX boards also incorpo-
rate ultra-fast Samsung GDDR6 
memory to support more complex 
designs, massive architectural data-
sets and up to 8K movie content.

After announcing these new 
technologies and unveiling the 
three new GPUs at SIGGRAPH, 

Real-Time 
Ray Tracing Arrives
We test three of the new NVIDIA Quadro RTX GPUs.

BY DAVID COHN

AT SIGGRAPH 2018, NVIDIA CEO Jensen Huang took the stage to unveil his company’s new Turing graphics 
processing unit (GPU) architecture and to announce three initial Turing-based products: the NVIDIA Quadro 
RTX8000, Quadro RTX6000 and Quadro RTX5000 GPUs. According to NVIDIA, Turing is the first GPU 
architecture capable of bringing artificial intelligence (AI) and real-time ray tracing to design professionals. 
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Graphics Card Price/Performance

Price/performance of the three new NVIDIA Quadro RTX boards compared 
to the previous generation boards (based on estimated street price).
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The NVIDIA Quadro RTX 6000, 5000 and 4000. 
Images courtesy of NVIDIA.Images courtesy of NVIDIA

NVIDIA then introduced the next member of the family, the 
RTX 4000, in November at Autodesk University.

All four new RTX boards are full-height, full-length boards 
and feature 3D stereo support via a stereo connector. The new 
GPUs are also the first to include a VirtualLink connector. 

VirtualLink is an open industry standard developed to meet 
the connectivity requirements of current and next-generation vir-
tual reality headsets. Essentially a USB Type-C port, VirtualLink 
delivers the required power, display and data  to power virtual re-
ality headsets through a single USB-C connector. This simplifies 
the setup of VR headsets, by replacing the multiple connection 
cables with a single lightweight cable.

All four boards can drive up to four 4K displays at 120Hz, 
four 5K displays at 60Hz or two 8K displays at 60Hz. You can 
also add an NVIDIA Quadro Sync II board to connect as many 
as four Quadro GPUs in a single workstation to support up to 
16 displays or projectors per system, or use two Quadro Sync II 
boards to connect eight Quadro GPUs to support video walls 
with up to 32 displays.

The Four Boards in Detail
With 4,608 CUDA cores, 576 Tensor cores and 72 RT cores, the 
RTX 8000 and RTX 6000 are essentially the same, the only dif-
ference being the amount of discrete memory. The Quadro RTX 
8000 ($5,500 estimated market price) includes 48GB of GDDR6 
memory while the RTX 6000 ($4,000) includes 24GB. With a 
384-bit interface, both boards can deliver a memory bandwidth 
of up to 672 GB/second, enabling these boards to achieve 16.3 
million single-precision floating point operations per second 
(TFLOPS) and to trace as many as 10 billion rays per second.

The Quadro RTX 8000 and RTX 6000 are dual-slot 
boards. Their 295-watt power consumption means that they 
also require 14-pin auxiliary power connections. Both provide 
four DisplayPort 4.1 connectors as well as a VirtualLink con-
nector. You can also use NVIDIA NVLink to scale perfor-
mance by linking two RTX 8000 or RTX 6000 GPUs.

With an estimated selling price of $2,300, the NVIDIA 
Quadro RTX 5000 costs less than the previous P5000 genera-
tion. It offers the same 16GB of memory and features the same 

256-bit memory interface as its predecessor but uses the new 
Samsung GDDR6 memory rather than the previous generation’s 
GDDR5X memory, thus increasing the memory bandwidth from 
288 GB/second to 448 GB/second. With 3,072 CUDA cores, 384 
Tensor cores and 48 RT cores, the Quadro RTX 5000 can per-
form 11.2 million TFLOPS and trace 8 billion rays per second.

The RTX 5000 is also a dual-slot board, and its 265-watt 
power consumption also requires a 14-pin auxiliary power con-
nection. Like the RTX 8000 and 6000, the Quadro RTX 5000 
provides four DisplayPort 4.1 connections as well as a VirtualLink 
connector. The RTX 5000 also includes an NVLink connector to 
link two RTX 5000 boards.

The RTX 4000 is a single-slot board, with an estimated 
street price of $900. While it includes the same 8GB of memory 
as the P4000 and features the same 256-bit memory interface, 
the GDDR6 memory in the new board allows the RTX 4000 to 
achieve a memory bandwidth of up to 416 GB/second. The new 
GPU includes 2,304 CUDA cores, 288 Tensor cores and 36 RT 
cores, enabling it to perform 7.1 million TFLOPS and trace 6 
billion rays per second.

With its 160-watt power consumption, the RTX 4000 requires 
an eight-pin auxiliary power connection. Although the GPU pro-
vides only three DisplayPort 4.1 connections, you can use the 
USB-C VirtualLink connector to power a fourth display. The 
RTX 4000 does not include an NVLink connector, but when 
combined with a single Quadro Sync II card, up to four RTX 
4000 GPUs can be seamlessly synchronized inside a workstation 
to drive a 16-display video wall from a single system. 

Testing the new NVIDIA RTX boards
Three of these new NVIDIA GPUs—the Quadro RTX 6000, 
RTX 5000 and RTX 4000—recently arrived in our office. We 
quickly set about the task of testing these new boards, using 
SPECviewperf version 13 (spec.org) in an @Xi workstation 
(xicomputer.com) equipped with an Intel Core i9-9920X 
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NVIDIA  
Quadro GPUs

RTX8000
NEW!

RTX6000
NEW!

P6000 RTX5000
NEW!

P5000 RTX4000
NEW!

P4000

Estimated Street Price  
(at launch)

$5,500 $4,000 $5,200 $2,300 $2,500 $2,500 $799

SPECIFICATIONS

Architecture Turing Turing Pascal Turing Pascal Turing Pascal

GPU Memory 48 GB  
(GDDR6)

24 GB  
(GDDR6)

24GB  
(GDDR5X)

16 GB 
(GDDR6)

16GB 
(GDDR5X)

8GB  
(GDDR6)

8GB  
GDDR5)

Memory Interface 384-bit 384-bit 384-bit 256-bit 256-bit 256-bit 256-bit

Memory Bandwidth 672 GB/s Up to 672 
GB/s Up to 432 GB/s Up to 448 GB/s Up to 288 GB/s Up to 416 GB/s Up to 243 GB/s

NVIDIA CUDA Cores 4608 4608 3840 3072 2560 2304 1792

NVIDIA Tensor Cores 576 576 N/A 384 N/A 288 N/A

NVIDIA RT Cores 72 72 N/A 48 N/A 36 N/A

Single-Precision  
Performance  

(FP32 TFLOPS)
16.3 16.3 12 11.2 8.9 7.1 5.3

Tensor Performance  
(Deep Learning TFLOPS)

130.5 130.5 N/A 89.2 N/A 57.0 N/A

Ray Tracing Performance  
(Gigarays/second)

10.0 10.0 N/A 8.0 N/A 6.0 0.5

System Interface PCIe 3.0 x16 PCIe 3.0 x16 PCIe 3.0 x16 PCIe 3.0 x16 PCIe 3.0 x16 PCIe 3.0 x16 PCIe 3.0 x16

Power Consumtion  
(total board power)

295-watts 295-watts 250-watts 265-watts 180-watts 160-watts 105-watts

Extra power required Yes (14-pins) Yes (14-pins) Yes Yes (14-pins) Yes (8-pins) Yes (8-pins) Yes (6-pins)

Form factor (HxW) 4.4x10.5" 4.4x10.5" 4.4x10.5" 4.4x10.5" 4.4x10.5" 4.4x9.5" 4.4x9.5"

Slots used 2 2 2 2 2 1 1

Maximum Simultaneous 
Displays

4x 4096x2160  
@ 120Hz

4x 4096x2160  
@ 120Hz

4x 4096x2160  
@ 120Hz

4x 4096x2160 
@ 120Hz

4x 4096x2160  
@ 120Hz

4x 3840x2160 
@ 120Hz

4x 4096x2160 
@ 120Hz

4x 5120x2880  
@ 60Hz

4x 5120x2880  
@ 60Hz

4x 5120x2880  
@ 60Hz

4x 5120x2880 
@ 60Hz

4x 5120x2880  
@ 60Hz

4x 5120x2880 
@ 60Hz

4x 5120x2880 
@ 60Hz

2x 7680x4320  
@ 60Hz

2x 7680x4320  
@ 60Hz

2x 7680x4320  
@ 30Hz

2x 7680x4320 
@ 60Hz

2x 7680x4320  
@ 30Hz

2x 7680x4320 
@ 60Hz

Max DVI-D DL Resolution N/A N/A
2560x1600  

@ 60Hz
N/A

2560x1600  
@ 60Hz

N/A N/A

VR Ready Yes Yes Yes Yes Yes Yes Yes

Number of Display 
Port Connectors

4 4 4.0 4 4 3 4

Virtual Link Connector Yes Yes No Yes No Yes No

Number of DVI  
Dual Link Outputs

0 0 1 0 1 0 0

Stereo 3D Support  
with Stereo Connector

Yes Yes Yes Yes Yes Yes Yes

Multiple GPUs  
with NVLink

Yes Yes No Yes No N No

Muliple monitors/ 
video walls using  

Quadro Sync
Yes Yes Yes Yes Yes Yes Yes

Graphics APIs DirectX 12.0 DirectX 12.0 DirectX 12.0 DirectX 12.0 DirectX 12.0 DirectX 12.0 DirectX 12.0

Shader  
Model 5.1

Shader  
Model 5.1

Shader  
Model 5.1

Shader  
Model 5.1

Shader  
Model 5.1

Shader  
Model 5.1

Shader  
Model 5.1

OpenGL 4.6 OpenGL 4.6 OpenGL 4.5 OpenGL 4.5 OpenGL 4.5 OpenGL 4.5 OpenGL 4.5

Vulkan 1.1 Vulkan 1.1 Vulkan 1.0 Vulkan 1.0 Vulkan 1.0 Vulkan 1.0 Vulkan 1.0

Compute APIs CUDA CUDA CUDA.0 CUDA CUDA CUDA CUDA

DirectCompute DirectCompute DirectCompute DirectCompute DirectCompute DirectCompute DirectCompute

OpenCL OpenCL OpenCL.0 OpenCL OpenCL OpenCL OpenCL
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12-core CPU (with all of its cores over-clocked to 4.3GHz) 
and 32GB of memory, running Windows 10 Pro. 

We also retested the two previous-generation NVIDIA 
Quadro graphics boards—the Quadro P5000 and P4000—in 
this same workstation, so you can make direct performance 
comparisons. We did not have a Quadro P6000 board available 
to perform a similar comparison.

We also performed additional tests using SolidWorks 2019 
and SolidWorks Visualize. Our results provide convincing 
proof of the performance improvements achieved by this new 

generation of NVIDIA GPUs. Each new board out-performed 
the next higher level of the previous generation. For example, 
the NVIDIA Quadro RTX 4000 clearly surpassed the perfor-
mance of the previous generation Quadro P5000.

Of course, like all other NVIDIA Quadro boards, the 
Quadro RTX 6000, Quadro RTX 5000 and RTX 4000 are 
fully certified with most CAD and digital content creation ap-
plications and all of the boards in the Quadro line use the same 
unified video driver and support 64-bit versions of Microsoft 
Windows 10, 8.1 and 7; Windows Server 2008, 2012, 2016 and 
2019; and Linux, Solaris x86 and FreeBSD. The boards are 
also backed by a three-year warranty. 

As we have seen time and time again, NVIDIA has  intro-
duced new GPUs that deliver unprecedented levels of per-
formance. But this time, the company also set the stage for 
dramatic improvements in rendering, visualization and simula-
tion performance once the new boards are fully supported by 
popular software applications. DE

David Cohn is the senior content manager at 4D Technologies. He also 
does consulting and technical writing from his home in Bellingham, 
WA and has been benchmarking PCs since 1984. He’s a Contributing 
Editor to Digital Engineering and the author of more than a dozen 
books. You can contact him via email at david@dscohn.com or visit his 
website at dscohn.com.
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INFO➜ NVIDIA: NVIDIA.com
Estimated Street Price
• NVIDIA Quadro RTX 6000: $5,500
• NVIDIA Quadro RTX 6000: $4,000
• NVIDIA Quadro RTX 5000: $2,300
• NVIDIA Quadro RTX 4000: $900

Full SPECviewperf Results
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FOCUS ON: 
COMPUTING | SIMULATION

“But your design needs over the year are not static. In some 
periods, you may not need to use any software at all. In peak peri-
ods, your needs may exceed your software and hardware capacity,” 
notes Joe Yeager, VP of sales, OnScale.

Now, to  address the elastic nature of design processing, a fair 
number of providers like OnScale are now at your disposal, ready 
to lend you the processors you need for the duration you want to 
finish your simulation job. 

This is the nature of the on-demand, pay-as-you-go era, 
driven by ubiquitous cloud computing. Browser-based CAD and 

simulation app vendors are sprouting up on the horizon. But how 
simple or complex is it to estimate the cost of a job? Would you 
get lost in the choices at your disposal, such as number of tokens 
it costs to add computing cores; cost for high-mesh model vs. 
low-res model; or cost to check out multiple licenses to analyze 
with a suite of design tools?

 With some vendors, price simplicity seems to be part of the 
strategy to attract and promote more simulation usage.

 SimulationHub
Located in Pune, India, CCTech (Centre for Computational 
Technologies) is the team behind simulationHub, a web-based 
simulation portal. The core group’s expertise spans the gamut, 
from aerodynamics, thermodynamics, computational geometry, 
computational fluid dynamics (CFD), computer science and high-
performance computing (HPC), to user interface (UX) design.

 With simplicity as its goal, the team identified several highly 
standardized simulation procedures: CFD simulation of valves; 
thermal comfort analysis for residences; and, the latest addition, 
a generic CFD analysis.

 Under the company’s on-demand model, you pay a set monthly 
or yearly subscription price to use the app: For example, 100 simu-
lation credits at $500 a month or 1,200 simulation credits at $5,000 
a year for the Control valve app. Each credit entitles you to run 
one instance of a simulation. If you need more than the allotted 
simulation credits, you may purchase additional credits at roughly 
$5 per credit. However, you cannot buy simulation credits without 
becoming a subscriber first. The cash flow from the subscriptions 
is the reason the company can offer an affordable per-job pricing. 

“Generally, it works out to about $5 per simulation,” explains 

Keep It Simple,  
Keep Them Coming
An easy formula for estimating cost is part of some 
simulation software providers’ strategy.

OnScale offers access to its multiphysics solver and 
remote hardware under subscriptions, allowing users to 
run simulation via a thin client. Image courtesy of OnScale.

BY KENNETH WONG

IN THE ERA OF DESKTOPS AND WORKSTATIONS, simulation licenses came with a set price. Whether you used 
it, the cost you paid was the same. And the hardware resources you needed to run them, too, was finite for most users. 
Unless you belonged to a top-tier manufacturer or a well-funded research institute, you were pretty much limited to the 
hardware on your desk. If you had a quad-core workstation, that was the limit of your compute power, even if you were 

painfully aware of the speed bump you could get with additional CPUs and graphics processing units (GPUs).
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Sandip Jadhav, CEO of CCTech. It doesn’t matter whether you 
upload a complex model or a simple one. “We don’t limit the file 
you upload; once we convert the file into our own internal format, 
it takes away the complexity.” 

 Currently, for conducting design of experiments (DOE), you 
would need to run multiple instances of simulation. One option is 
to open multiple tabs in the browser. “But simulationHub is built 
on microservices, so if someone wants to do scripting to speed up 
DOE studies, we can provide access to that interface,” says Jadhav.

 simulationHub uses OpenFOAM, an open-source solver. 
The apps are developed using Autodesk Forge, a development 
framework by the design software maker. Jadhav says his team 
has developed a way to allow users to run simulations on the same 
design with varying parameters: for example, valve designs with 
the same basic geometry, but with incrementally larger diameters. 

“We just haven’t exposed that feature in our applications 
yet,” he says.

 OnScale
Another on-demand simulation software provider, OnScale, of-
fers access to computing cores and its proprietary solver under 
subscription plans. For $1,000 a month, you get 150 core hours 
per month. If you exceed the allotted core hours, you pay $8 per 
core-hour additionally.

 “Our business model is [that] we give away our software for 
free. You can download the thin client and install it on as many 
machines as you want,” says Yeager. “You can use our software to 
pre-process or post-process models. You only pay when you solve 
[using on-demand core hours to analyze the model].”

 OnScale’s multiphysics solver is capable of structural mechan-
ics, thermomechanics, elasto-dynamics and a host of other simu-
lation scenarios. When you click on the “Solve” button, you’ll get 
the option to decide how many cores to dedicate to the job.

 “At this stage, you will be given an estimate as to how many 
core hours the job will use, and how long it will take,” explains 
Yeager. So if the job’s urgency warrants it, you may dedicate more 
cores to speed up the job. This, he feels, is especially helpful for 
those who want to run a DOE analysis to examine a sweep of 
parameters at the same time.

Rescale 
OnScale’s business model is quite different from another similarly 
named provider, Rescale. With OnScale, the subscription gives 
you access to both the engineering simulation software and on-
demand hardware usage for a set number of hours. 

By contrast, with Rescale, you get access to HPC workload 
management software and on-demand hardware for a fee, but the 
fee doesn’t include simulation licenses. Rescale has partnerships 
with COMSOL, ANSYS and a host of other leading simulation 
software partners, but you will need to own or buy the software 
license separately to run on its on-demand hardware.

 Some, especially small- and mid-sized firms that do not have 
the resources to invest in simulation software licenses, may favor 
OnScale’s approach, since the simulation software and solver 
comes with the subscription. On the other hand, enterprises that 
have developed workflows based on specific commercial solvers—
such as ANSYS, MSC Software, LS-Dyna and Siemens—may 
favor a provider such as Rescale, which lets you use your own pre-
ferred solver on their remote hardware. To target different types 
of users, Rescale offers ScaleX Pro, ScaleX Enterprise, ScaleX 
Universities and ScaleX Developers.

 Autodesk Cloud Credits
Migrating from perpetual licensing to subscription, Autodesk is 
adding on-demand cloud solving options in its software packages 
to increase their appeal. 

Straight from a browser window, simulationHub subscribers can run simulation applications. Shown here is a 
control valve flow analysis performed on simulationHub. Image courtesy of simulationHub.
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“Some providers in this space sells computing and storage ca-
pacity. That’s not our business model. We provide the services 
to enhance the software subscription,” says Brian Frank, senior 
product manager, Generative Design and Simulation, Autodesk. 
“These on-demand services are supposed to encourage users to 
complete and perform tasks that they may not otherwise because 
they don’t have the compute power.”

 In the Autodesk software ecosystem, the Autodesk cloud cred-
its work as a single currency. “This is the currency you can use for 
a range of services, from rendering and simulation to advanced 
manufacturing functions,” says Frank.

 Subscribers get a starter set of cloud credits for free. Addi-

tional credits can be purchased as needed, roughly at the rate of 
$1 per credit. 

“The simpler the pricing is, the more likely users will adopt 
it,” Frank says. “So we like to keep the formula for cost estima-
tion simple. For example, if you use cloud credits for a generative 
design session, whether you generate 10 or 100 design variants, 
it costs you about 25 cloud credits. For simulation, depending 
on the type of physics involved, you would pay about 5, 10 or 15 
cloud credits, no matter what your model or mesh size is.”

 As Frank sees it, the risk with an a la carte pricing is you 
could get overwhelmed with the different choices that affect the 
cost of the job, such as the number of CPU or GPU cores to 
dedicate to the job, the model size, the speed of the process and 
other parameters. 

“Users end up spending too much time configuring the job to 
get the cost down, instead of getting the results and working on 
the design,” says Frank. “So we’d rather set the price at a simple 
rate that makes sense for most people. If someone once in a while 
runs a large job and we need to throw more cores to process that 
job, we will do that in the backend.”

 To be clear, Autodesk will not simplify the simulation job—
such as reducing the mesh count or the degrees of freedom in-
volved—to process it at the set price. Since the price remains the 
same regardless of the mesh count, you might think users would 
routinely run jobs with the highest possible mesh settings, putting 
a financial strain on Autodesk. That’s not the case, Frank notes. 

“Sometimes people need the answer quickly; they don’t always 
need the job to be processed at a high fidelity. So in the long run, 
user behavior naturally balances out these transactions,” he adds.

 A number of simulation software leaders such as ANSYS and 
Altair have also introduced their own token- or credit-based on-
demand simulation solutions. If the trend continues, vendors will 
have to compete not only on solution robustness but also on sim-
ple pricing that makes it easy to estimate how much a particular 
job will cost. DE

Kenneth Wong is DE’s resident blogger and senior editor. Email him 
at de-editors@digitaleng.news or share your thoughts on this article at 
digitaleng.news/facebook.

INFO ➜ Autodesk Cloud Credits:  
Autodesk.com/products/cloud-credits 

➜ Autodesk Forge: Forge.Autodesk.com 

➜ COFES: COFES.com

➜ Microsoft Azure: Azure.Microsoft.com 

➜ OnScale: OnScale.com 

➜ OpenFOAM: OpenFOAM.com 

➜ Rescale: Rescale.com

➜ SimulationHub: simulationHub.com

For more information on this topic, visit DigitalEngineering247.com.
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Microsoft Wants  
to Be Your Cloud

Amazon Web Services (AWS) is clearly the 
dominant player in the on-demand cloud 
infrastructure sector. But Microsoft plans to 

challenge that position. At the recent Congress on 
the Future of Engineering Software (COFES), Diego 
Tamburini, Microsoft’s principal industry program 
manager for Manufacturing, began reaching out to 
developers. He and his team want to bring onboard 
more independent software vendors (ISVs) who 
would power their solutions using Microsoft Azure.

 “We would like to see applications consuming 
a lot of computing on Azure,” says Tamburini. 
“High performance computing applications for 
machine learning, simulation, IoT data analytics and 
rendering—these types of users are ideal.”

 The trend, as Tamburini sees it, is for vendors 
to offer cloud-bursting from desktop software 
programs. “But I also see many CAD and simulation 
vendors going full-web—to develop apps that 
can run straight from the browser,” he says. This 
suggests new opportunities for Microsoft Azure.

 But overtaking AWS won’t be easy, even for 
the OS giant. AWS’ reputation and menu of service 
options are strong selling points. “The ecosystem 
available with AWS is pretty comprehensive, so 
we went with AWS,” says Sandeep Jadhav, CEO 
of CCTech, which runs the on-demand simulation 
portal simulationHub.

 OnScale, an on-demand, scalable simulation 
solver and Cloud HPC provider, also relies on AWS. 
They are also developing a Google Cloud Platform 
(GCP) solution. “When we get questions about 
security, we say we’re 100% built on AWS, and that 
seems to take care of the customers’ concerns,” 
says Joe Yeager, VP of Sales at OnScale.
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AR/VR ||| DESIGN

Helsinki-based Varjo released what it describes as “the first human-eye 
resolution VR gear.” Image courtesy of Varjo.

The Art of  
BALANCE  

in Mixed Reality

REMEMBER THE SAYING ABOUT GETTING SOMETHING FAST, good and cheap? You get two out of 
the three, but not all three. Want something fast and good? It won’t be cheap. Fast and cheap? Sure, but it won’t 
be good. Good and cheap? Well, it won’t be fast. You might have seen some variations of this warning posted in 
dry cleaners and diners to remind the customers to keep their expectations realistic.

Resolution, weight and price are part of the equation for success.

BY KENNETH WONG

The balancing act for AR-VR 
(augmented reality, virtual reality) 
devices is a similar proposition. If 
you want high-resolution visuals, you 
need a lot of processing power, which 
adds weight and cost to the device. 
If you choose to get the processing 
power from an external source such as 
a graphics processing unit (GPU) ac-
celerated workstation, the connector 
cord limits the user’s movements. If 
you engineer a cord-free device with 
a lot of built-in processors, the device 
weighs more and generates heat, af-
fecting the user’s comfort. 

Similarly, if you want to support 
gesture recognition—the kind that 
doesn’t require installing hefty track-
ers inside a room—you have to embed 
sensors into the device, making the 
hardware heavier and pricier. 

This article looks at some players 
in the AR-VR space to understand 
how these decisions are made and 
why they feel their choices are in the 
best interest of the targeted users, in-
dustries and markets.
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DESIGN ||| AR/VR

Microsoft Launches HoloLens 2
This February, at the Mobile World 
Congress in Barcelona, Spain, Mi-
crosoft released HoloLens 2, an 
upgraded version of its mixed reality 
(MR) headset. Priced at $3,500, the 
device is significantly above other AR 
devices such as the Epson Moverio 
BT ($699), the Toshiba dynaEdge AR 
glasses ($1,899) and the Google Glass 
Enterprise ($1,800). 

One distinguishing feature in Holo-
Lens 2 is its finger- and hand-gesture 
recognition. The sensors embedded 
in the headset create a virtual vision 
box or a frame that the device can 
“see,” so to speak. This allows you to 
use natural hand gestures to interact 
with virtual objects, for example, using 
your hands to play a virtual piano or 
push virtual buttons. For some, this so-
phisticated hand tracking may be well 
worth the extra cost of the headset. 

PTC is among the early adopters, 
writing applications driven by its Vufo-
ria platform to deploy on the HoloLens 
2. “One of the key value drivers for AR/
MR in the industrial space is improv-
ing worker efficiency with ‘hands-free’ 
procedural guidance and instruction,” 
says Jim Heppelmann, president and 
CEO, PTC. “Vuforia Studio’s efficient 
AR/MR authoring environment and 
HoloLens 2 usability and comfort en-
hancements are a winning combination 
for industrial manufacturers.”

The ability to interact with virtual 
machines—or the digital twins of 
real-world equipment—using natural 
gestures, such as turning wrenches 
and adjusting dials, is critical in 
virtual training applications. With 
joysticks and controllers, the trainees 
cannot build accurate muscle memory 
to replicate the actual movement re-
quired in the field. 

HP Launches Reverb
In April, HP launched Reverb, a high-
res Windows VR headset. The Pro edi-
tion is priced at $649. By comparison, 
HTC Vive currently sells for $499, and 
Oculus Rift for $399. Reverb is mar-
keted as high-res because the device 
offers “double the resolution with 9.3 
megapixels combined panel resolu-
tions, full RGB subpixel stripe and an 
extended 114-degree field,” according 
to HP’s description online. 

Part of the secret to achieving 
high-res is the choice to go with an 
LCD display instead of OLED. “With 
LCD, we could get a much higher 
resolution panel in a much smaller 
size. This let us reach our resolution 
goals, while at the same time reducing 
the size and weight of the headset,” 
explains John Ludwig, HP’s global 
lead for VR headsets. 

The first-generation Reverb is 

Microsoft released HoloLens 2, with a visor to accommodate glasses. The device features finger- and hand-
gesture recognition. Image courtesy of Microsoft.
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powered by a workstation, thus at-
tached to a cord. “There is a massive 
performance difference between what 
you can fit on someone’s head and a 
VR Ready Windows PC,” said Ludwig. 
(See “What is a VR-ready machine?”) 
To overcome the awkwardness of the 
cord, HP offers a backpack-style work-
station that you can wear. Dubbed the 
HP Z VR Backpack G1, it’s priced be-
ginning at $3,799. 

Human-Eye Resolution VR
In February, Helsinki-based Varjo 
launched what it calls “the first 
human-eye resolution VR headset for 
industrial use,” priced at $5,995. “The 
resolution of other VR devices is a 
fraction of what the average human 
eye can see. Varjo’s Bionic Display 
delivers an unprecedented human-eye 
resolution of 60 pixels per degree. 
It revolutionizes professional VR by 
bringing every detail, texture, contour 
and color into 20/20 focus—even for 
users who wear glasses or contact 
lenses,”  the company writes online.

“The human eye region [in Varjo’s 
headset VR-1] is made from a micro 
OLED screen, typically seen only in 
broadcast quality camera viewfinders 
of highest end SLRs,” explains Urho 
Konttori, founder and CEO of Varjo. 
“VR-1 has an optical fiber cable to 
cater for the massive data transfer 
needed to achieve human eye resolu-
tion. It’s thin and light, 10 meters 
long. We designed it to be as little in 
your way as possible, but (it) still en-
ables you to make use of reliable con-

nection and be able to do compute on 
a powerful machine or a rack-full.”

Interaction in VR-1 is enabled via 
SteamVR controllers. “The soon-to-
be released SteamVR Knuckles con-
trollers will have fantastic hand and 
finger tracking along with the discrete 
actions of button presses and the 
haptics. We feel it’s the best of both 
worlds,” says Konttori. 

Gaming Gets Serious About VR
In March, a Sony blog post revealed 
it had sold more than 4.2 million 
PlayStation VR systems. The VR 
system was released in 2016 for $399. 
Sony says it is compatible with the 
yet-to-be released PlayStation 5 game 
console, which means gamers who 
want to invest in Sony’s VR before the 
PS5 arrives will have some degree of 
future proofing. 

In April, at Facebook’s F8 devel-
oper conference, the company an-
nounced that its Oculus Rift S and 
Oculus Quest VR headsets would 
begin shipping on May 21, each of 
which sells for $399. The Oculus 
Quest is interesting in that it cuts 
the cord, offering a VR experience 
without a separate PC, console or 
smartphone, while retaining sensors 
that allow six degrees of freedom. It is 
powered by a Qualcomm Snapdragon 

What is a VR-ready Machine?

AVR-ready PC or workstation usually comes with sufficiently 
powerful CPUs and GPUs to sustain VR imagery at an acceptable 
frame rate. For design and engineering users, GPU maker NVIDIA 

offers a series of professional Quadro GPUs as VR-ready hardware. 
Workstations equipped with these GPUs include some models in the 
Dell Precision, HP Z, Lenovo ThinkPad, Lenovo ThinkStation and BOXX 
APEXX series. Offered by NVIDIA’s original equipment manufacturers 
(OEM) partners, these are labeled VR Ready. 
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835 chipset and has OLED display panels capable of dis-
playing 1440×1600 resolution per eye with a refresh rate 
of 72Hz. It comes with two hand controllers. Time will 
tell if it finally hits the sweet spot of cost, quality and user 
experience that could pull VR into the mainstream. 

The Oculus Rift S is more powerful, but must be 
plugged into a computer. It has a fast-switch LCD panel 
with a resolution of 2560×1440 and an 80Hz refresh rate, 
according to the company.

Resolution’s Place in the Virtual World
The two primary game engines—Unity and Unreal—both 
offer pathways to bring 3D CAD data into AR-VR-MR 
environments. With a rich game history, the engines can 
support high-res imagery with a high level of details. But 
to take advantage of the feature, the AR-VR hardware it-
self also needs to be capable of producing and sustaining 
the same type of visuals. 

“We’ve developed ways to bypass hardware limitations 
with Unreal Engine features—such as pixel streaming and 
multi-user collaborative editing—in order to bring the 
visual fidelity of high-end PC environments to social ex-
periences,” says Marc Petit, GM for Unreal Engine, Epic 
Games. “This allows end users to share interactive content 
utilizing a range of form factors, from headsets to LED 
walls and CAVEs, all while saving time and money.”

“In VR, some enterprise applications have a hard require-

Distinguishing AR, VR, 
MR and XR

Though VR and AR solutions are often 
discussed in the same breath, there’s one 
clear distinction. VR (virtual reality) allows 

you to immerse completely in a virtual world 
populated with digital objects and avatars. By 
contrast, AR (augmented reality) allows you to 
add a layer of digital information and objects on 
top of the real world’s view. 

Usually, when you enter a VR world, you 
literally lose sight of the real world around you. 
This is why, in current generation VR applications, 
you need to confine your movements to a limited 
area to ensure you do not crash into a nearby 
wall or table. By contrast, when you are in AR, 
you see both the real world around you and the 
additional digital objects. 

Mixed reality (MR) and extended reality (XR) 
refer to a blending of digital and virtual realities. 
Strictly speaking, it describes AR, but these 
terms are sometimes used as generic terms that 
encompass both VR and AR.

HP launched the HP Reverb VR headset, branded 
as a high-resolution device. Image courtesy of HP.
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ment for higher resolutions so users can interact with complex 
3D models and scenes. These applications could involve exam-
ining the fine details of a full-size car inside and out, or reading 
instrument panels in a cockpit during a flight simulation,” says 
Timoni West, Unity’s director of XR. “AR is all about context: 
Where the user is in the environment, who they’re with and 
what they’re looking at. The world is augmented around them, 
and as they get closer to a piece of digital content it will be 
rendered at the highest fidelity possible. The eventual goal is 
that 3D content and reality are almost indistinguishable.” (For 
AR-VR differences, see sidebar on page 30.)

Some devices use what is called foveated displays, which 
is a method that mimics how real human eyes perceive 
images. With the mechanics of the human eye, the focus 
zone appears in sharp detail, but the peripheral areas are 
blurred. Mimicking this approach could let AR and VR ap-
plications reduce the rendering burden. 

To accomplish this, some form of eye-tracking technol-
ogy is needed, as the device needs to know where the user’s 
eyes are focusing to determine where to render in high res 
and where the resolution can be reduced. Therefore, fove-
ated display’s rendering advantages also come at a cost—the 
added weight of eye-tracking sensors. Varjo’s VR-1 is one of 
the devices that employs foveated displays. 

A Cautionary Tale in Meta Vision
Founded by the tech entrepreneur Meron Gribetz, Meta 
Vision came online in 2013. With impressive working pro-
totypes, Meta was able to convince big names in engineer-
ing and design, including SolidWorks, to pledge support for 
its hologram-driven AR system. Workstation maker Dell 
also signed on to become a Meta 2 developer kit reseller. 
(For more, read “Modeling for the augmented reality age,” 
DE, August 2017; digitalengineering247.com/r/16832.) 

But this January, reports emerged to reveal the com-
pany was in financial trouble. (“AR headset company Meta 
shutting down after assets sold to unknown company,” The 
Verge, January 2019.)

Meta’s technology, demonstrated at several trade shows 
and seen by DE editors on various occasions, proved solid. 
Priced at $949, the Meta 2 developer kit seemed to straddle 
both the enthusiasts and the professionals. The Verge article 
attributed Meta’s downfall to a derailed round of funding 
with overseas investors and an ongoing patent lawsuit. 

The rise and fall of Meta demonstrates that even with 
the right technology and a groundswell of support, a 
startup in this space faces unpredictable challenges. In this 
respect, established larger players such as Microsoft, HP 
and Facebook’s Oculus represent a safer bet for developers 
with limited resources and software makers that need to 
decide which devices to support. DE

Kenneth Wong is DE’s resident blogger and senior editor. 
Email him at de-editors@digitaleng.news or share your 
thoughts on this article at digitaleng.news/facebook.
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Closer to Home
Not really. You performed this heroic feat from mission control 
in Houston. Your eyes were a mixed reality (MR) headset, your 
hands those of a spacefaring repair robot, the DC converter a 
digital twin of the actual device sitting 238,000 miles away. And 
while you’re an excellent engineer, you’re no expert on this partic-
ular system—it was the detailed information contained within the 
digital twin and overlaid on the video feed of the physical device 
that saved the day, not your skills as an electrical technician. 

This futuristic event isn’t as farfetched as one might think.  
Nicholas Cote, Autodesk robotics researcher suggested a similar 
scenario while speaking at a 2017 Autodesk University event 

(youtube.com/watch?v=ZAhu_5sjcYI), but used Mars and the 
International Space Station as examples. His colleague, Senior 
Research Engineer Heather Kerrick, offered several terrestrial 
reasons for combining digital twins with robotics and MR sys-
tems, with safer, more efficient workplaces among them. 

“For as long as there’ve been robots, it’s taken a lot of time and 
expense and a certain degree of risk to move them around,” Ker-
rick says. “Mixed reality will serve to reduce these challenges.”

Reality? What Reality?
Exactly what is MR, and how is it different from virtual 
reality (VR) and augmented reality (AR)?

“With VR, you wear a set of goggles 
that completely occludes you from the 
real world, transporting yourself via 
time or scale or distance or environ-
ment to somewhere else, a virtual place 
that exists only for you,” explains Mike 
Campbell, executive vice president and 
head of products for the AR business at 
PTC. “On the other end of the spectrum 
there’s AR, which some refer to as as-
sisted reality—the heads-up display in a 
military aircraft, for instance, or Google 
Glass, both of which overlay a digital 
image on top of a physical object.”

MR combines the best of both virtual 
worlds, says Campbell. Similar to VR, 
it typically employs a binocular device 
that covers the user’s entire field of view. 
Unlike VR, however, an MR user is very 

Digital Twins and  
the New Reality
As mixed reality systems become more affordable, capable and easier to 
use, manufacturing is making use of mixed reality for digital twins.

BY KIP HANSON

IMAGINE THIS: YOU’RE A DESIGNER WORKING for NASA, a member of the moon colonization project team. 
The solar array responsible for keeping the base operational just went down. You stroll onto the lunar landscape, remove 
the main control panel and quickly determine there’s a problem with the DC converter. After verifying the device’s serial 
number and checking the schematics, you’re able to bring the unit back online. You’re a space hero!

Using virtual reality to test drive a digital twin offers tremendous potential 
to automotive designers. Image courtesy of Siemens. 
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much able to see and interact with the physical world while 
viewing the 3D digital content placed atop it. 

If you were to view a tractor in the MR world, for example, 
its digital twin would be aligned with and anchored to the physi-
cal object. Assuming the digital twin contains the requisite infor-
mation, you could learn how to repair the tractor, order parts for 
it or understand how and where it was manufactured, all from 
within the MR landscape. It might not be as fun as riding a vir-
tual rollercoaster or flying a fighter jet, but it’s close. 

Campbell agrees. “One of our customers, Howden, is a 
manufacturer of compressors, heat exchangers, steam turbines 
and other rotating equipment, and has made its products 
IIoT (Industrial Internet of Things) capable,” he says. “They 
use ThingWorx to gather end-use performance data, Vuforia 
Studio to create digital content, then apply both to digital 
twins of their systems. Now, an operator or service technician 
can use MR to view and interact with the equipment—they 
can push virtual buttons to view operational values like air 
temperature or oil pressure, view animated work instructions, 
update the digital twin with relevant field data and much 
more. This is why we consider MR to be the next generation 
human-machine interface.” 

Opening Doors
Think about the possibilities: Even without a moon-roving 
robot at the other end, MR opens doors no one knew existed 
even a decade ago. The training potential is enormous, giving 
less-skilled workers the means to operate machinery or assem-
ble products they’ve never seen. It lets designers in Ohio visit 
their supplier’s factory floor in Poughkeepsie, New York, or 
show potential customers in Shanghai their latest and greatest 
creations, both without leaving the office. And collaboration? 
You can forget those traditional WebEx meetings—simply don 
a HoloLens 2 or similar MR device and you’ll soon be having 
show-and-tell sessions that people actually want to attend. 

The Microsoft HoloLens has several real-world examples 
of MR use. BAE Systems is working with PTC to create 
mixed reality solutions for the electric propulsion systems 
used on its HybriDrive buses, dramatically improving worker 
efficiency while reducing training time by up to 40%. 

Mixed reality makes it easy to ask for help if users are unsure how to assemble a widget or fix a doodad. It 
also makes it easy to order parts or update a workorder, through integration to leading ERP systems such as 
Dynamics 365. Image courtesy of Microsoft.
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Global positioning technology provider Trimble is said 
to have transformed its solutions for the construction and 
mining industries using MR. The Synchro 4D construction 
management software developed by Bentley Systems is now 
integrated with HoloLens 2 technology, which enables users 
to visualize real-time project updates directly over project 
sites and models.

“At Microsoft, we believe that mixed reality is a key part of 
the future of computing,” says Terry Farrell, director of Mixed 
Reality Marketing at Microsoft. “We have seen early adoption in 
the enterprise across several industries and in organizations like 
Ford, Chevron and thyssenkrupp, for a variety of applications 
from remote assistance and training to data visualization. Micro-
soft HoloLens has proven to be a useful tool, and we believe we 
are only at the beginning of what we can enable for our custom-
ers and partners.” 

Consummating the Marriage
Another company with its eye on the virtual prize is Siemens 
PLM Software. Senior Technical Architect Ian Fisher’s view 
of the digital twin is that people are able to learn from it, gain 
valuable insights that help them to make informed and data-
driven decisions, and simultaneously enhance the digital twin 
with real-world information—augmented and virtual real-
ity is the tool that sits between the two, essentially helping 
people to complete the marriage of the virtual and physical 
worlds and improve both. 

To that end, Siemens PLM is taking steps to make MR 
an integral part of its entire product suite. The HoloLens 
and other brands of MR headsets will play a role, but Fisher 
is quick to note that customers shouldn’t be limited to what 
are—at least for the time being—fairly expensive devices. 
Though not as all-encompassing, smartphones, tablets and 
other mobile devices will also serve as valuable windows into 
the MR realm, putting it within reach of even the smaller de-
sign firms and manufacturers. 

“The digital twin was already a very exciting trend for us 
and others in this industry, but the addition of easily adopt-
able augmented and virtual reality tools is taking it to an en-
tirely different level,” Fisher says.  

A wind turbine inspector can use MR to view the digital 
twin out in the field, for instance, and note that a certain access 
panel was difficult to remove, and provide immediate feed-
back to the designer with the make, model and location of the 
equipment in question. 

Or, a service technician might find an installation fault; using 
MR, they can log an issue in real time that the work instructions 
attached to a machine’s digital twin were incorrect—after up-
dating them, the factory supervisor could be notified, avoiding 
future faults and preventing a production stoppage. 

Traditionally, the information in both of these instances and 
countless others had to be conveyed by telephone or email, or 
not at all. Now, it’s a permanent part of the digital twin. 

“There are so many fun examples out there where the digital 
twin together with augmented reality are making every aspect of 
the product lifecycle far easier to manage,” Fisher says. “We as 
an industry are really just getting started, but are already seeing 
significant benefits for all involved. It’s going to affect virtually 
everything we can imagine.” DE

Kip Hanson writes about all things manufacturing. You can reach 
him at kip@kahmco.net.

The ability to operate robots remotely is one of many 
tasks made possible with digital twins and mixed 
reality. Image courtesy of Autodesk.

INFO ➜ Autodesk: Autodesk.com

➜ Microsoft: Microsoft.com 

➜ PTC: PTC.com

➜ Siemens PLM Software: Siemens.com/PLM

For more information on this topic, visit DigitalEngineering247.com.
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PTC customer Howden has realized significant 
benefits from its mixed reality-digital twin initiative. 
Image courtesy of PTC.
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After acquiring CoCreate in 2007, PTC integrated that 
program’s direct modeling technology with the parametric 
functionality of Pro/ENGINEER, creating Creo. After ship-
ping the first version of Creo in 2010, the company has deliv-
ered a major update approximately every two years. Though 
it appears that schedule ramped up with the March release of 
PTC Creo 6.0, just one year after the previous version.

The latest version of the company’s flagship design and en-
gineering CAD software offers new capabilities in augmented 
reality (AR), real-time simulation and design for additive man-
ufacturing, along with numerous productivity enhancements.

PTC’s Pro/ENGINEER had a reputation for being expen-
sive and difficult to use. Creo is different. A basic Creo license 
starts at $2,300 for a one-year locked subscription or $2,800 
for a floating license, although adding multiple extensions can 
dramatically increase the cost. Not to mention, more advanced 
levels cost considerably more. That said, getting started with 
Creo is quite easy. You can download a 30-day free trial of 
Creo 6.0 and start learning to use the software immediately, 
aided by an online tutorial with sample files.

Creo 6.0 sports a standard Windows interface that in-
cludes a customizable Quick Access Toolbar and a context-
sensitive ribbon across the top of the screen. A navigation 
panel with tabs for the Model Tree, Folder Browser and Fa-
vorites functions sits to the left of the graphics window, while 
a status bar and selection filter appear along the bottom. 

PTC Creo 6.0: Even 
Better than Last Year
Enhanced augmented reality, simulation and additive 
manufacturing tools lead the list of new features.

BY DAVID COHN

IN 1988, PTC LAUNCHED the world’s first parametric, 
associative feature-based solid modeling program. In 1998, 
the company’s Windchill software helped usher in the age 
of internet-based product lifecycle management (PLM). 

The new build direction command enables users to 
analyze the best positioning of a part on a theoretical 
build tray. Images courtesy of David Cohn.

Creo 6.0 lets you create and place cosmetic tie wraps 
more ef� ciently, with more control of their placement.
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There are also mini-toolbars that open within the graphics 
window when performing certain tasks. For example, when 
you select an edge in the model, a mini-toolbar provides op-
tions for editing dimensions and adding a chamfer or round.

You can toggle the navigation panel on and off and expand 
or collapse the model tree. When you select an object in the 
model, it highlights in the model tree, and vice versa. You can 
also switch to a full-screen mode, which enlarges the graphics 
area to fill the entire screen, with no other user interface ele-
ments visible except for the mini-toolbars. Though when you 
move your mouse to the top of the screen, the ribbon reap-
pears so you can select an operation.

Five Levels of Creo
PTC offers five Creo design packages. Design Essentials 
includes 3D part and assembly design, automated 2D draw-
ing creation, parametric and freestyle surfacing, assembly 
management, sheet metal design, mechanism design, plastic 
part design, direct modeling, additive manufacturing, AR 
and the ability to work with data from SolidWorks and Au-
todesk Inventor. 

Users can also create and optimize pipe and cable rout-
ing, produce photorealistic images, perform static structural 
analysis as well as simulate parts and assemblies. 

Creo Design Advanced adds prismatic and multi-surface 
milling, top-down design and concurrent engineering capa-
bilities. Design Advanced Plus includes all the Essentials and 
Essentials Plus features, and adds advanced surfaces, additive 
manufacturing, geometric dimensioning and tolerancing and 
tolerance analysis, and model design and machining.

Those needing even more advanced capabilities can pur-
chase Creo Design Premium, which adds Fatigue Advisor, 
computational fluid dynamics (CFD) for flow analysis, col-
laboration extensions for CATIA and NX, NC sheet metal, 
four-axis turning and wire electrical discharge machining 
and PTC Mathcad. 

The top-of-the-line Creo Design Premium Plus adds 
even more advanced simulation, machining and CFD analy-
sis, an Options Modeler, topology optimization and the abil-
ity to connect to 3D metal printers and automatically gener-
ate 3D metal support structures.

A Host of Enhancements
Creo 6.0 offers a number of core enhancements. For ex-
ample, in addition to the mini-toolbars, the new release ex-
pands on Creo’s model-based definition tools with improved 
workflows for creating and editing notes and dimensions and 
improved parent/child behavior for annotations. There are 
also new configuration options for displaying dimensions and 
for sharper highlighting of edges. This improves visibility for 
objects that are frequently used in the graphics window. Di-
mension positions are also better preserved when sketching, 
and the appearance of the model tree is easier to control.

You can also now create a helical curve object when creat-
ing a volume helical sweep or a helical sweep and then use 
the curve for downstream actions, such as for visualization 
in 2D views on a drawing. But the biggest improvements in 
Creo 6.0 come in the areas of additive manufacturing and 
collaboration using AR.

Creo 5.0 users could publish up to five AR experiences 
of a model and then let anyone visualize them using a free 
app, but you needed a premium account to control access for 
AR publishing, sharing and viewing. The AR tools in Creo 
6.0 now enable every user to publish and manage up to 10 
designs, control who has access to each model, and easily 
remove old ones at will. In addition, users can now view AR 
models using the Microsoft HoloLens headset.

This release also adds new capabilities for additive manu-
facturing. In addition to standard 2.5D and 3D lattices, there 
are three new formula-driven cell types: gyroid, primitive and 
diamond. Using these cell types, you can create self-support-
ing lattice geometry. 

Variable density is also supported, minimizing the support 

Creo Simulation Live lets you perform thermal, model 
and structural analysis on designs as you work.

The sheet metal UI has been improved and wall 
features now detect neighboring walls to create corner 
reliefs and corner seams.
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structures that are required for 3D printed parts. Beam-based 
stochastic lattices are also available, providing an alternative 
to uniformly distributed lattices, so that sandwich-type struc-
tures are better filled. You can also define your own custom 
lattices using Creo geometry.

The new build direction command enables users to quickly 
analyze the best positioning of a part on a theoretical build 
tray. This helps reduce print time, minimize support structures 
or maximize tray use, and can be leveraged to drive the lattice 
design. Creo 6.0 also supports slicing for 3D printing.

For subtractive manufacturing, you can now control 
the tilting of the tool when performing profile turning. 
This prevents tool collisions and ensures that all areas are 
reached for machining.

Creo 6.0 also introduces real-time simulation with Creo 
Simulation Live, powered by ANSYS. Now you can get real-
time guidance on design decisions as you make them. Creo 
Simulation Live runs in the background, providing instant 
feedback as you make changes to your design. Creo Simula-
tion Live works on parts and assemblies, providing structural, 
thermal and modal analysis so you can iterate more quickly 
and design with greater confidence.

Other Improvements
For those working with electrical components, Creo 6.0 reduces 
by half the number of clicks needed to define and place tie wraps 
and markers and there are new capabilities providing users with 
greater control to place those features more efficiently. 

For example, you can control the placement of tie wraps 
and markers from either end of the cable, save clicks with a 
new repeat command and even let Creo automatically des-
ignate a name for the tie wrap and marker. Then, when the 
design is checked into Windchill, you can see the tie wraps 
and markers in the bill of materials.

The sheet metal user interface has been enhanced and 
regeneration performance improved for sheet metal cuts. In 
addition, sheet metal wall features now automatically detect 
neighboring walls and create corner reliefs and corner seams.

Creo’s Intelligent Fastener Extension (IFX) lets you mi-
grate legacy fasteners into the existing library to create your 
own customized library. Creo 6.0 now has support for mul-
tiple holes, the ability to check if the fastener already exists 
and easy access to commands in the mini-toolbar.

Other program improvements include a modernized 
Chart Tool for better control over chart settings, the abil-
ity to output a motion sequence from a mechanism or de-
sign animation to create a high-quality video and updates 
to the default depth used in the Extrude tool to avoid 
zooming interactions. 

When doing simulation in Creo 5.0, topology optimization 
was limited to individual parts. In Creo 6.0, you can define and 
run a topology optimization study of a component in an as-
sembly. Although only a single component of the assembly is 

optimized, the optimization leverages the loading conditions 
of the complete assembly.

Every level of Creo includes PTC’s Human Factors 
Design tools, which enable users to quickly insert and cus-
tomize digital human models to study ergonomic issues, 
such as human reach and vision. An eLearning Library 
provides more than 140 hours of training. When you need 
to work remotely, you can borrow a floating license for up 
to 180 days. 

Each package also includes a home use license of the Creo 
Parametric Essentials package. And the Creo Performance 
Advisor provides a dashboard for your entire Creo installation, 
allowing you to understand and optimize system performance.

Links to download a free 30-day trial of Creo 6.0 are easy 
to find on the PTC website. You can also download a trial 
of Creo Simulation Live. With the latest release, PTC con-
tinues to extend the power of its parametric CAD software, 
providing an extensive product lineup. DE

David Cohn has been using AutoCAD for more than 35 years 
and is the author of over a dozen books on AutoCAD. As senior 
content manager at 4D Technologies, he creates the CADLearning 
courses for AutoCAD and AutoCAD LT (cadlearning.com). He 
is a contributing editor to Digital Engineering, and also does 
consulting and technical writing from his home in Bellingham, 
WA. You can contact him at david@dscohn.com or visit dscohn.com. 

/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /

INFO ➜ PTC: PTC.com

Creo 6.0
PRICES*
• Design Essentials: $2,840
• Design Advanced: $5,150
• Design Advanced Plus: $10,800
• Design Premium: $15,100
• Design Premium Plus: $21,000
• Simulation Live: $1,750

* Editor’s note: PTC declined to comment on pricing. Prices shown 
are based on the author’s independent research and may vary.

SYSTEM REQUIREMENTS
•  Operating System: Windows 10 64-bit, Windows Server 2012  

R2, Windows 8.1 64-bit, Windows 7 64-bit
• Memory: 4GB or higher
•  Monitor: 1280x1024 (or higher) resolution with 24-bit or  

greater color
•  Graphics card: For 3D hardware acceleration, an OpenGL  

graphics card must be used that has been tested in a PTC-
certified configuration.

• Pointing device: Microsoft-approved three-button mouse
• File systems: NTFS

For more information on this topic, visit DigitalEngineering247.com.
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ENGINEERING COMPUTING ||| Workstation Review

Based on one of the latest Intel Core X-series Skylake 
processors, the MTower PCIe workstation we received this 
time came housed in a large Fractal Design Define S black 
tower case measuring 9.17x20.94x18.31-in. (WxDxH) and 
tipping the scales at 32 lbs.

This case design features a round power button centered 
in the top-front edge of the case, with a reset switch, micro-
phone and headphone jacks to its left and a pair of USB 3.0 
jacks to the right. The rear two-thirds of the top of the case 
consists of a ventilation port, with the radiator for the liquid 
cooling system below it, while the flat front panel sports only 
a large @Xi logo—there are no accessible drive bays on the 
front of the system. A removable filter helps prevent dust 
from entering the case.

The rear panel includes a pair of USB 3.1 Gen2 Type-A 
ports, four USB 3.1 Gen1 ports, four USB 2.0 ports, a PS/2 
keyboard/mouse connector, an RJ-45 jack for the integrated 
gigabit ethernet and an optical S/PDIF out port. The panel 
also has five audio jacks, including a line-in/side speaker out, 
line-out/front speaker out, microphone, center/sub-woofer 
out and rear speaker out. The NVIDIA graphics card in our 
evaluation unit provided four DisplayPort connectors plus a 
USB-C port.

Lots of Options 
Prices for this latest edition @Xi MTower PCIe worksta-
tion start at $1,098 for a system based on an MSI Z370M 

motherboard, with a six-core 2.8GHz Intel Core i5-8400 
CPU, 8GB of RAM, NVIDIA GT610 graphics board, 1TB 
7200rpm SATA hard drive, mouse and keyboard, running 
Windows 10 Home and housed in a CM-N200 case with a 
600-watt power supply. (Note that the online base price of 
$1,098 includes a monitor, which we removed when calculat-
ing our system price, and a one-year parts warranty, which we 
upgraded to three years.) 

As we now expect, everything about this @Xi workstation, 

Fastest Ever: 
@Xi MTower PCIe
BY DAVID COHN

C ALIFORNIA-BASED @Xi Computer 
Corporation recently sent us another iteration 
of its MTower PCIe workstation. Once 
again, despite retaining the same name as 

the system we reviewed last year (see DE October 2018, 
digitalengineering247.com/r/19370), the workstation we 
received was entirely new. 

The new @Xi MTower PCIe workstation came housed 
in a Fractal Design case with no front-panel drive bays. 
Image courtesy of David Cohn.

The latest edition of the MTower PCIe from @Xi is the fastest 
single-CPU workstation we have tested so far.
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including the case and motherboard, is cus-
tomizable. In fact, we counted more than 13 
different motherboard choices and 40 differ-
ent cases, including towers, cubes and rack-
mount systems. The Fractal Design case with 
sound dampening materials that housed our 
evaluation unit added $49 to the base price.

Loosening a pair of captive thumb-
screws and removing the case’s left side 
panel revealed an expansive interior. Our 
evaluation unit was based on an ASUS TUF 
X299 Mark 2 motherboard, adding $219. 
This motherboard, with an Intel X299 chip-
set, provides eight memory sockets and sup-
ports up to 128GB of non-error-correcting 
code unbuffered memory at speeds ranging 
from 2666 to 4000MHz. Our system came 
with 32GB of RAM, using a pair of 16GB 
3200MHz high-performance Mushkin Red-
line memory modules, which added $349.

@Xi also offers a choice of 14 differ-
ent Intel CPUs, with additional options for 
over-clocking. Our evaluation unit included 
an Intel Core i9-9920X. This CPU has a base frequency of 
3.5GHz and a maximum turbo speed of 4.4GHz; the CPU 
in the system we received had all 12 of its cores over-clocked 
to 4.3GHz, which added $1,999. That option also included a 
Corsair H105 sealed liquid cooling system with a dual fan ra-
diator; @Xi charges less for slower over-clocking. The Core i9-
9920X has a 19.25MB SmartCache, a Thermal Design Power 
rating of 265 watts and does not include embedded graphics.

The ASUS motherboard also provides ample expansion, 
with three PCIe x16 slots, one PCIe x4 slot and two PCIe 
x1 slots. @Xi offers a choice of 18 NVIDIA graphics boards, 
ranging from the GT610 in the base configuration to the 
Quadro GV100, and our evaluation unit came with the new 
NVIDIA Quadro RTX5000, which added $2,299. In addition 
to its 3072 compute unified device architecture cores and 
16GB of dedicated GDDR6 memory, this eighth-generation 
NVIDIA board includes 384 Tensor cores and 48 RT cores 
for real-time ray tracing and accelerated AI. 

With a 256-bit interface, it provides a memory bandwidth 
of up to 448GB/second. Its 265-watt consumption requires 
an auxiliary 14-pin power connector. Again, @Xi offers a 
choice of 10 different power supplies. Our system included a 
Rosewill Photon 850-watt 80 Plus Gold power supply, which 
added $79 to the system price.

For storage, @Xi offers more than 50 different hard drives, 
including SATA and SAS drives of up to 4TB, and solid-state 
drives ranging from 250GB to 4TB. The company also offers 
more than a dozen optional storage drive controllers. But the 
ASUS motherboard includes two M.2 sockets and can support 
up to six SATA drives; the Fractal case provides ample space. 

The system we received had a single 512GB Samsung 
EVO 970 Pro M.2 PCIe drive, which added $249 to the base 
price. Systems with multiple drives can have them set up in 
RAID arrays. 

Depending on the case you select, you can equip your 
MTower PCIe workstation with a multi-bay backplane mod-
ule to support hot-swappable drives. For those cases with 
front-panel access, @Xi also offers various internal optical 
drives. The company also offers other storage and multime-
dia devices, virtual reality headsets and software, optional 
sound cards and a selection of networking options.

Groundbreaking Performance
With its over-clocked 12-core CPU and high-end NVIDIA 
graphics board, we expected the new @Xi MTower PCIe 
workstation to perform very well, but its performance sim-
ply blew us away. On the SPECviewperf benchmark, the 
MTower PCIe turned in the best results we have ever re-
corded on many datasets. It also scored near the top on every 
aspect of the SPECapc SolidWorks benchmark. 

On our AutoCAD rendering test, which clearly shows the 
advantage of fast CPUs with multiple cores, the @Xi MTower 
PCIe workstation averaged just 23.8 seconds to complete our 
test rendering, making it faster than any other workstation we 
have ever received.

We also ran the very demanding SPECwpc workstation 

The interior of the @Xi MTower PCIe workstation and 
ASUS motherboard offer lots of room for expansion. 
Image courtesy of David Cohn.
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ENGINEERING COMPUTING ||| Workstation Review

Tower
Workstations
Compared

@Xi  
Mtower PCIe

one 3.5GHz Intel 
Core i9-9920X 
12-core CPU 

over-clocked to 
4.3GHz, NVIDIA 

Quadro RTX5000, 
32GB RAM, 
512GB SSD

Lenovo 
ThinkStation 

P520
one 4.0GHz Intel 
Xeon W-2125 

quad-core CPU, 
NVIDIA Quadro 
P4000, 16GB 

RAM, 512GB SSD

Dell Precision 
7820

two 3.0GHz Intel 
Xeon Gold 6148 

20-core CPU, 
NVIDIA Quadro 
P4000, 96GB 
RAM, 500GB 

SSD, 2TB  
SATA HD

Dell Precision 
7920  

Rackmount
two 3.0GHz Intel 
Xeon Gold 6136 
12-core CPU, 
NVIDIA Quadro 
P5000, 64GB 

RAM, 1TB SSD, 
1TB SATA raid 

array

HP Z2 Small 
Form Factor G4
one 3.8GHz Intel 
Xeon E-2174G 
quad-core CPU, 
NVIDIA Quadro 
P1000, 32GB 
RAM, 256GB Z 
Turbo SSD, 1TB 

SATA HD

Origin 
PC M-Class

one 3.7GHz Intel 
Core i7-8700K 

6-core CPU 
over-clocked to 
4.9GHz, NVIDIA 
Quadro P5000, 

64GB RAM, 
512GB SSD, 3TB 

SATA HD

Price as tested $6,400 $2,825 $12,582 $12,702 $1,949 $5,365

Date tested 2/28/19 7/18/18 7/15/18 7/15/18 8/26/18 5/18/18

Operating System Windows 10
Home

Windows 10
Home

Windows 10
Home

Windows 10
Home

Windows 10
Pro

Windows 10
Home

SPECviewperf 12 (higher is better)

3dsmax-05 230.38 130.05 126.73 137.98 60.53 150.40

catia-04 205.71 157.41 131.31 183.62 62.60 206.44

creo-01 145.05 120.87 88.98 119.95 66.38 169.24

energy-01 22.95 12.76 12.01 16.24 4.46 18.64

maya-04 161.78 122.76 76.95 110.69 53.41 134.99

medical-01 93.89 55.59 52.59 79.75 18.03 79.37

showcase-01 139.17 74.75 80.13 102.97 24.96 103.99

snx-02 309.05 260.35 150.05 210.35 59.36 218.72

sw-03 190.25 180.65 117.99 184.45 103.80 212.00

SPECapc SOLIDWORKS 2015  (higher is better)

Graphics Composite 5.09 4.55 4.38 4.83 4.17 5.86

Shaded Graphics Sub-Composite 3.40 3.07 2.90 3.28 3.13 3.91

Shaded w/Edges Graphics Sub-Composite 4.26 3.79 3.73 4.11 4.05 4.95

Shaded using RealView Sub-Composite 3.83 3.43 3.27 3.68 3.46 4.38

Shaded w/Edges using RealView Sub-Composite 4.25 3.83 3.85 4.16 3.92 4.92

Shaded using RealView and Shadows  
Sub-Composite

4.36 3.95 3.71 4.07 3.87 5.02

Shaded with Edges using RealView and  
Shadows Graphics Sub-Composite

4.47 4.05 4.02 4.34 4.08 5.21

Shaded using RealView and Shadows and  
Ambient Occlusion Graphics Sub-Composite

13.58 11.50 10.57 12.38 6.03 14.60

Shaded with Edges using RealView and Shadows 
and Ambient Occlusion Graphics Sub-Composite

12.57 10.93 10.56 11.91 6.75 13.94

Wireframe Graphics Sub-Composite 3.66 3.45 3.25 3.35 3.89 4.58

CPU Composite 4.50 2.95 3.75 4.07 2.53 3.87

SPECwpc v2.0 (higher is better)

Media and Entertainment 5.92 3.65 5.21 6.27 2.42 4.93

Product Development 5.43 3.09 6.74 6.35 2.24 4.88

Life Sciences 6.43 3.61 10.09 9.93 2.25 5.65

Financial Services 10.75 3.67 24.35 17.73 3.56 6.14

Energy 6.53 1.65 9.31 9.52 2.40 7.48

General Operations 1.90 1.51 1.47 1.86 1.11 1.91

Time

Autodesk Render Test  (in seconds, lower is better) 23.80 61.60 28.30 29.60 45.10 28.80

  Numbers in blue indicate best recorded results. Numbers in red indicate worst recorded results.
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performance benchmarks. Here 
again, the @Xi MTower PCIe 
performed extremely well (com-
pared with other single-CPU 
systems), delivering the top score 
on 14 of the 33 individual tests 
and earning the best results we 
have ever recorded for a single-
CPU system in three of the six 
categories, including Product 
Development (on which we base 
our price/performance chart). 
Despite a total of six fans (front 
and rear case fans, two radiator 
fans, plus fans in the graphics pro-
cessing unit and power supply), 
the system remained nearly silent 
throughout most of our testing, 
although heavy compute loads 
during some tests briefly pushed 
sound levels to 60dB.

@Xi pre-loaded Windows 10 
Professional 64-bit, a $59 upgrade over the cost of Windows 
10 Home. You can also opt for one of 10 different flavors of 
Linux, Windows 8.1 or no pre-installed OS. The system was 
rounded out with a 104-key Logitech USB keyboard and 
USB mouse, but again, @Xi offers lots of other input options.

Like many system integrators, @Xi’s standard warranty 
only covers parts for 1 year, although the company includes 
3 years of coverage for labor and lifetime tech support (and 
some components may include longer coverage). Warranties 
of up to five years are available for an additional cost.

After tallying everything up and including $99 to re-
flect a full three-year parts warranty, our evaluation unit 
priced out at $6,400. Opting for a less powerful GPU 
(such as a Quadro P4000) would save $1,400, while add-
ing additional storage (such as a 2TB data drive) would 
increase the cost by $139.

Only the pair of Dell workstations we reviewed in No-
vember 2018 (digitalengineering247.com/r/21786; digita-
lengineering247.com/r/21794), equipped with dual CPUs, 
outperformed this @Xi workstation, and those two systems 
cost more than $12,500 each. 

As tested, this edition of the @Xi MTower PCIe worksta-
tion represents the best price/performance configuration we 
have ever tested. DE 

David Cohn is the senior content manager at 4D Technologies. 
He also does consulting and technical writing from his home in 
Bellingham, WA and has been benchmarking PCs since 1984. He’s 
a Contributing Editor to Digital Engineering and the author of 
more than a dozen books. You can contact him via email at david@
dscohn.com or visit his website at dscohn.com.
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INFO➜ @Xi Computer: xicomputer.com

@Xi MTower PCIe
• Price: $6,400 as tested ($1,098 base price)
• Size: 9.17x20.94x18.31-in. (WxDxH) tower
• Weight: 32 lbs.
•  CPU: 3.5GHz Intel Core i9-9920X 12-core, over-clocked 

to 4.3GHz 
• Memory: 32GB DDR4 at 3200MHz
•  Graphics: NVIDIA Quadro RTX5000 w/16GB memory 

and 3072 CUDA cores
• Hard Disk: 512GB Samsung 970 EVO PRO M.2 PCIe 3.0 SSD 
• Optical: None
•  Audio: Integrated nine-channel audio (front panel: 

microphone, headphone; rear-panel: line-in/side speaker, 
front speaker, microphone, center/sub-woofer, rear speaker 
and S/PDIF out) 

•  Network: Integrated Gigabit Ethernet (10/100/1000 NIC) 
with one RJ-45 port

•  Modem: None
•  Other: Six USB 3.0 (2 front/4 rear), two USB 3.1 Gen 2 Type-A, 

four USB 2.0 ports (rear), PS/2 mouse/keyboard 
•  Keyboard: Logitech USB keyboard
• Pointing device: Logitech USB mouse

PERFORMANCE

P
R

IC
E

Price vs. Performance of Recent Workstations

Price/Performance chart based on SPECwpc Product 
Development benchmark dataset.
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The imported geometry is converted to a faceted repre-
sentation with an internal geometric hierarchy. The geometry 
is evaluated for specific feature types such as bolts, thin shells, 
etc. Interfaces between parts are evaluated for potential contact 
surfaces. No supporting mesh is used, so the usual FEA focus on 
adequate mesh control is bypassed.

The results are shown by mapping onto a “display” mesh, 
using the analytical approximations inherent in the solution. Re-
action forces are monitored for convergence. The user can adjust 
the level of internal points and the number of adaptive passes. 

Benchmarking has shown good accuracy for difficult struc-
tural configurations such as the “Raasch Hook,” as described in 
the previous article. 

Importing the Bracket Assembly
A bracket assembly has been created in SolidWorks in prepara-
tion for this review and is shown in Fig. 1. 

Two channel sections are bolted back to back, sandwiching a 
vertical lug. The channels are bolted to a backing structure (not 
shown) at either end. A base plate is bolted below the channels 
and lug, with flanges that abut the backing structure. There are 
eight bolts connecting the base plate and channel sections. Four 
bolts connect the channels and lug.

Five geometric configurations have been created in Solid-
Works, as shown in the inset table in Fig. 1. The wall thicknesses 
of the channels, base and lug are stepped through 0.15, 0.25, 0.3 
and 0.35 in. The bolt diameters vary between 1/4 , 5/16 and 3/8 
in. The last configuration, 4a, has a larger bolt pitch on the base 
plate, to position the bolts closer to the lug loading plane.

There are two options when working with SIMSOLID. 
A new SIMSOLID project can be opened independently and 
CAD geometry can be imported into the project. This would be 
the normal mode of working independently of CAD. Alterna-
tively, SIMSOLID can be used in embedded mode with several 
CAD programs, including Autodesk Fusion360, Onshape and 
SolidWorks. For this review I have used the SolidWorks Add-In. 
Fig. 1 shows the SIMSOLID tab open within SolidWorks. An 

Altair SIMSOLID Walkthrough

FIG. 1: The bracket assembly with configurations 
described in the inset.

FIG. 2: The bracket Design Study showing linear and 
non-linear analysis defined.

BY TONY ABBEY

FOR THIS WALKTHROUGH, I’m looking at another finite element analysis (FEA) software product. I recently 
described the background to Altair SIMSOLID and its technology in an article on meshless FEA methods (DE, 
January 2019, digitalengineering247.com/r/22097). SIMSOLID uses the complete geometric domain to define the 
displacement response. There is no subdivision into the traditional elements. The solver adapts by increasing the 

number of internal calculation points until convergence of the displacement boundary conditions is reached.

Editor’s Note: Tony Abbey provides live e-Learning courses, FEA consulting and mentoring. 
Contact tony@fetraining.com for details, or visit his website at fetraining.net. 

icon click here allows the geometry to be opened simultaneously 
in a new or existing SIMSOLID project. It is effectively a “push” 
from SolidWorks to a parallel SIMSOLID project. I found this 
a very convenient way to work; as each configuration is created 
it is sent to an open SIMSOLID project, where the structural 
analyses are then carried out. Having two screens is useful when 
using the simultaneous workflow.
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Altair SIMSOLID Walkthrough

On importing geometry into an empty SIMSOLID project, 
a Baseline Design Study is created with an Assembly contain-
ing all the associated parts. Any subsequent CAD geometry 
import creates a new Design Study. Each Design Study could 
potentially have a completely independent set of parts within 
its Assembly definition. Alternatively, Design Studies can be 
copied, and parts suppressed, or new external CAD parts can be 
imported into that Design Study Assembly. This allows great 
versatility in mixing and matching configurations; you are not 
limited to “formal” CAD assembly builds.

A very useful feature is the handling of geometry imported 
into a new SIMSOLID Design Study. If the underlying geome-
try matches the current Baseline Design Study, then any existing 
materials, analysis and connection features associated to that ge-
ometry will be cloned into the new Design Study. For example, 
for the lug, the loaded hole does not change relative position, so 
the geometric surface, loading value and direction are mapped 
automatically to the new Design Study. The same applies to the 
constraints linking the bracket to the backing structure. Incom-
ing geometry is also inspected to see if the existing SIMSOLID 
Connections and Contact Conditions can be reused. If the 
geometry is consistent and within a tolerance bound, these are 
cloned in the new Design Study. 

The load case setup and analysis type are also replicated 
using the Baseline Design Study. I found the most efficient 
workflow was to create a series of analyses in SIMSOLID for 
the first configuration, i.e., the Baseline Design Study. This 
included two linear static analyses to cover a vertical and lateral 
lug loading, and then two non-linear static analyses with both 
load cases repeated. This then acts as a template for each Solid-
Works configuration imported, saving much tedious repetition. 
More load cases can be added, or existing ones deleted across 
Design Studies. Any Design Study can be designated as the 
Baseline Design Study and hence form the template.

Setting up the Baseline Design Study
Fig. 2 shows the bracket assembly imported into SIMSOLID 
and the connections and analyses setup. 

On importing the geometry, each part is assessed by SIM-
SOLID to identify which category it falls into. Bolts and nut 
parts require a hexagonal feature and a shank or hole. This 
means bolts cannot be simplified as purely cylindrical in the 
CAD model. Washers, springs (not used here) and through 
holes are also identified. Thin sheet or shell-like bodies are 
identified and treated differently from general solid bodies. The 
meshless method behind SIMSOLID can adapt specifically for 
shell-like topology to ensure good performance through thick-
ness. The user can control the level of adaptivity specifically for 
thin bodies and individual parts can have enhanced accuracy if 
needed. However, as a first pass to obtain overall load paths and 
responses, defaults can be used. Figure 3 shows the Assembly for 
the Design Study expanded in the Project Tree. 

I have highlighted the 12 bolts in the Assembly. The parts 
categories are shown by the icons and labels. The material al-
located within SIMSOLID or inherited from the CAD model 
is appended to the label. You can toggle between the label 
given by SIMSOLID or the original part number. 

FIG. 4: Linear Analysis bolt and nut automatic contact setup.

FIG. 3: Bracket Assembly shown with bolts highlighted.

FIG. 5: The analysis features applied to the bracket.

FIG. 6: Bolt preload applied via the 12 nuts in the assembly.
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The parts can be checked for geometric errors, contacts, 
material properties and other features using the Right Mouse 
Button (RMB) and the Workbench Toolbar. The latter is the 
vertical menu to the right of the project tree. This menu region 
is context sensitive and adapts to the project tree level you are 
accessing. The part attributes such as material and contacts can 
be manipulated in various ways. 

The Contact Connections at this stage are generic—defining 
contact regions. The Connections can be reviewed by expanding 
in the Project Tree. The usual method would be to have these 
generated automatically based on tolerances created on CAD 
import. Connections can be created manually, edited or deleted 
using the in-context Workbench Toolbar. Both graphical and tab-
ular editing and review methods are available. I had 65 Connec-
tions in the model and found the tools easy to work with. A large 
assembly could contain many hundreds of connections. Checking 
and handling these is a realistic prospect in SIMSOLID. 

Special connections such as Seam Welds, Spot Welds and 
Virtual Connectors can also be added from this menu.

The next stage is to set up the analysis. The Main Menu Tool-
bar is shown in Figs. 2 and 3, spanning the top of the graphics 
area. The analysis creation icons are here and currently include: 
Linear Static, Nonlinear Static, Modal (normal modes), Ther-
mal, Transient Dynamics, Frequency Response Dynamics, and 
Random Response Dynamics. I selected Linear Static analysis.

The Contact Conditions appropriate for linear analysis are au-
tomatically created and can be reviewed in the Project Tree. Fig. 4 
shows bolt and nut connections created in SIMSOLID. 

I have added the visualization lines for clarity. The shank 
of the bolt contacts the three plate sections, consisting of both 
channels (25, 27) and the lug (26). For linear analysis, these are 
defined as sliding contacts; no separation is allowed and there 
is no friction. The contact regions under the bolt head (20) 
and the nut (21), which bear on the outer faces of the channels, 
are bonded. The nut is bonded to the bolt shank (24). This is a 
reasonable linear representation of the behavior of a clamped 
bolt. The bolt shank cannot “gap,” so bearing load paths and 
hence local stresses due to shear and bending will be incorrect. 
The solid bodies (lugs, channels and base plate) are also bonded. 
However, the primary intention of the linear analysis is to gain 
some understanding of overall load transfer in large assemblies.

Fig. 5 shows the analysis entities. The connection to ground 
is defined as a Hinge at each of the bolt hole faces (permitting 
rotation). The abutting faces are defined as a Slider (sliding in 
plane). This avoids over-constraining the abutting faces. 

The axial load of 5,000 lbf vertically is applied to the lug. 
The Project Tree also shows the other subcases set up in 

this Design Study: a linear static analysis with a 1,000 lbf lat-
eral load and two non-linear analyses representing the same 
load cases. Each of these subcases is created by copying the 
initial subcase and changing the loading and analysis types as 
appropriate. The analysis type is changed using the Settings 
object in the Project Tree.

The non-linear analysis can take several forms. If no bolt 
preload is required then only the bolt to nut needs to maintain 
a Bonded option; all the other contacts can use the Separating 
contact option. 

FIG. 8: Bolt forces for Design Study 1.

FIG. 7: von Mises stress and deformed shape for 
nonlinear vertical load, Configuration 1.

FIG. 9: Free body diagram created from selected 
Hinge reactions.
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If bolt preload is required, then the bolt shank must use a Slid-
ing contact option and the bolt head face and nut face contacts 
must use Bonded contact. The bolts revert to the linear setup as 
shown in Fig. 4. However, the solid bodies can use Separating 
contact. This latter effect improves the overall load path signifi-
cantly as the bodies can react with a natural “prying” action.

Fig. 6 shows the form used to set up the bolt preload.
For bolts with nuts, each nut is selected. There are 12 in 

this assembly. The bolt thread pitch is defined (0.036 in. here). 
There are three methods available, turning the nut, applying a 
torque or applying the force directly via a target axial force. I 
chose the latter with a load of around 80% of the bolt strength. 
A symbol appears on each nut to indicate preload is applied.

The SIMSOLID bolt preload method uses a different ap-
proach from traditional FEA, where a common method is to 
apply displacement constraint equations to nodes on either side of 
a split face. This effectively shortens the bolt. Instead, SIMSOLID 
applies a relative displacement to the bolt shank region at its inter-
face with the nut, stretching the bolt. A vertical shear load is hence 
transmitted between bolt and nut over this length (the engaged 
thread length), which balances the bolt axial load. The target axial 
load is achieved through iteration, as the clamped plates have an 
arbitrary stiffness. A higher accuracy can be achieved by increas-
ing the adaptive cycles in the analysis from the default value of 3.

Running the Analyses
The analyses can be run one at a time or launched together. In 
fact, all analyses can be launched across multiple Design Stud-
ies, if required. The linear analyses run very fast, even with a 
high adaptivity setting of 6. The nonlinear analyses take around 
2 minutes each on my 4GHz, 32GB RAM Dell workstation. 
Higher precision can be achieved by increasing the adaptivity 
level of the analyses. The default 3 can be increased to 9, but 6 
is the recommended limit. The analysis run times increase with 
adaptivity level.

In Fig. 7, the von Mises stress and deformed shape for the 
vertical nonlinear analysis is shown. 

I have set the maximum von Mises stress to 50,000 psi and 
the minimum to 0 psi to reflect the yield strength of the mate-
rial. This can be locked across all analysis results using an option 
on the Results toolbar. The bolts are ghosted in this view. The 
view can be bookmarked and the Bookmark Browser window is 
shown in the lower left of the figure. The Bookmarks are a use-
ful record and allow quick snapping between results visualiza-
tion settings.

The individual bolt loads can be checked as shown in Fig. 8. 
The axial force is very close to the desired 8000 lbf in each 

bolt. The table can be exported as a .csv file for processing in an 
external bolt strength calculator.

Fig. 9 shows a free body diagram and table used to investi-
gate how much load is reacted through the base plate, compared 
to the channels. 

In the figure I have selected, two Hinges form the left-hand 
connection between the base plate and ground. The combined 
vertical (Y) reaction is 881 lbf. The two-channel Hinge reac-
tions above this was also checked, and the load ratio is 881/1619 
for the base plate and channel per side. The base plate is inef-

ficient as a load path. This result led to later investigations into 
configurations that do not have a base plate. The free-body and 
bolt load tools illustrate the SIMSOLID focus on quick overall 
assessment of assembly load paths for redesign. 

At this point, the other CAD configurations are ready to be 
loaded from SolidWorks. Each of these inherits the contact and 
analysis settings in the Baseline Design Study when creating the 
new Design Studies.

Fig. 10 shows the montage of non-linear analysis vertical 
loading results for various configurations. 

It appears configuration 2, with 0.3 in. walls and 5/16-in. bolts 
is the best solution. The peak stress in the bracket is just below 
the 50,000 psi yield for this material. Many further configurations 
could be quickly explored. I looked at changing the bolt pitch and 
positioning and further wall and bolt sizes. I also explored remov-
ing the base plate and creating an integral fitting. As the geometry 
strays from the Baseline Design Study, the cloning becomes less 
effective. However, changing the Baseline to the integral fitting 
allowed variations in that scheme to be rapidly explored.

Ironically, I spent more time improving my CAD skills than 
learning the straightforward SIMSOLID interface for this over-
view! This highlights the linkage between design and analysis 
that SIMSOLID brings. I was able to explore design configura-
tions very rapidly—and this prompted further exploration into 
alternative configurations such as an integral fitting. 

I also found that SIMSOLID allowed my understanding 
of the structural load paths to develop. This was an interesting 
change from the usual focus on detailed stress analysis. The 
design evolved to a point where it was ready for more detailed 
strength and stiffness checks—and this is where a more tradi-
tional FEA program would take over.

There are several SIMSOLID design-oriented areas I hope 
to explore in the future such as the seam weld and spot weld ca-
pabilities, as well as the shell-like geometry representations. DE

Tony Abbey creates e-learning classes that are presented in 
partnership with NAFEMS. Check out the latest course and contents 
at http://bit.ly/FETraining_class_June.

FIG. 10: von Mises stress for four bracket stress 
configurations.
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PICKS

Each week, DE’s editors comb through dozens of new products to 
bring you the ones we think will help you do your job better, smarter 
and faster. Here are our most recent musings about the products 
that have really grabbed our attention.

Formlabs has introduced two models 
alongside the venerable Form 2: 
the Form 3 and the Form 3L. They 
launch a new approach to plastics 
printing. The big deal here is 
Low Force Stereolithography (LFS), 
a refinement of the stereolithography 
(SLA) lasers-and-resins method. LFS 

completely re-engineers the SLA 
process, reducing the forces exerted 
on parts during the print process. 
Formlabs says the redesign allows for 
lower print forces inside the build 
chamber.
MORE ➜ digitalengineering247.
com/r/22516

Improving Performance with SLA Printing
Formlabs launches two new printers for production workflows.

Bringing Digital Workflow to AM Processes
3YOURMIND unveils Agile MES software for additive manufacturing.

The 3YOURMIND Agile 
Manufacturing Execution System 
(MES) software analyzes the 
proposals to identify use cases with 
the best potential for success with 
3D printing. 3YOURMIND calls 
their application an Agile MES 
system, because it shortens the time 

it takes to understand and prioritize 
potential projects. When AM jobs 
are created, the system automatically 
suggests which parts to assign to a 
specific printer and—perhaps more 
importantly—when to assign them. 
MORE ➜ digitalengineering247.
com/r/22492

Improve the Drafting Experience
IntelliCAD Technology Consortium Version 9.1 adds digital signatures, direct to PDF. 

In the IntelliCAD 9.1 update, the 
new feature with the most value may 
be the ability to digitally sign .DWG 
files. Those who receive signed 
drawings can trust the contents. 
Related to the new digital signatures 
is the ability to export drawings 
directly to PDF, without needing 

a secondary printing utility. ITC 
9.1 also offers a new Block Editor, 
making it easier to create and insert 
blocks. There’s also a new type of 
selection grip for users working with 
schematic drawings.
MORE ➜ digitalengineering247.
com/r/22459

AM, Simulation and AR Inside 3D CAD
PTC Creo 6.0 keeps a legendary design tool on the cutting edge.

PTC’s Creo 6.0 update offers real-time 
simulation, extends Creo’s utility in 
creating augmented reality content and 
adds new features for working with 
additive manufacturing/3D printing. 

Creo Simulation Live is simulation 
technology integrated into the Creo 

modeling environment. PTC says it 
gives results in seconds, running in the 
background during design sessions. 
Engineers can now test design options 
iteratively while working.
MORE ➜ digitalengineering247.
com/r/22427
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Rosemary Mendel is the organiza-
tion’s executive director. We spoke to her 
to her about the program. 

Digital Engineering: Can you pro-
vide an overview of the competition? 

Rosemary Mendel: BEST Robotics 
is the pathway that connects students to 
careers in STEM. Our hands-on program 
coupled with ongoing collaboration with 
higher education, industry and corpora-
tions, creates a direct pipeline for student 
success and workforce development. By 
incorporating coding, programming, 
math, engineering design and creativity, 
robotics gives students a tangible result 
of the STEM applications they are using. 
The competition is the culmination of the 
BEST Robotics after-school program.

Founded in Texas in 1993 by two 
Texas Instruments engineers, BEST Ro-
botics has grown from a very grassroots, 
volunteer-driven efforts into a high-per-
forming nonprofit contributing to efforts 
to have a positive impact on the future 
technology workforce. 

Because the program is delivered at 
no cost to schools or students, BEST is 
able to uphold its values of accessibility, 
inclusion and diversity. As such, everyone 
is able to participate regardless of a school 
district’s location in a rural or inner-city 

area, or the economic circumstances of 
the community. Due to BEST’s relation-
ship with its higher education partners, 
the BEST curriculum is reflective of the 
priorities that higher education has for 
incoming students. As a result, BEST stu-
dents develop skills and proficiencies that 
will make them attractive candidates for 
recruitment into STEM majors. 

DE: Who will be participating? 
Mendel: Our participants are middle 

and high school students representing 17 
states. Our reach continues to grow as new 
hubs are added each year.

In 2018, 45% of our participant base 
lived in rural areas, 29% were from urban 
communities and 26% resided in the 
suburbs. Across our footprint, 80% of our 
teams were hosted by public schools. More 
than 50% of the schools participating have 
less than 800 students in total enrollment 
and approximately 30% have less than 400 
students in total enrollment.

DE: How many participants have you 
had or are you expecting? 

Mendel: We annually engage ap-
proximately 20,000 students with the 
help of more than 30 universities and 
about 4,500 volunteers and mentors from 
industry and higher education.

Last year, 48% of our student par-
ticipants identified as non-Caucasian and 

were from segments of populations identi-
fied nationally as being under-represented 
in the STEM workforce. The largest seg-
ment among this group includes roughly 
25% of students from Hispanic origin.

The gender ratio for our teams varies 
throughout our footprint and includes 
dozens of all-female teams. Overall, we’ve 
seen a continuous year-over-year increase 
in the number of female students par-
ticipating. Last year, more than 35% of 
students were female. DE

Jim Romeo is a freelance writer based in 
Chesapeake, VA. Send e-mail about this ar-
ticle to de-editors@digitaleng.news.

Contest Helps Spur Student Curiosity in STEM
BY JIM ROMEO

BEST (Boosting Engineering
Science and Technology) 
Robotics is a national science, 
technology, engineering and 

mathematics (STEM) education 
nonprofit serving middle and high school 
students in 47 locations across 17 states. 
The organization sponsors a six-week 
student design competition that takes 
place during an after-school program. 

MORE ➜ BestInc.org

More than 20,000 students are engaged by Best Robot-
ics each year. Image courtesy of Best Robotics.
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Prepare for Reshoring

Reshoring is the transferring of a business operation that 
was moved overseas and then back to its country of origin. 
In this case, U.S. manufacturers are bringing their services 
home from other manufacturing economies, such as Asia.

What’s Driving this Change?
Impending regulation by the International Maritime Organi-
zation (IMO) has mandated a reduction in fuel emissions in a 
bid to lessen the environmental impact of ships. The regula-
tion goes into effect in January 2020 and is predicted to rapidly 
drive up demand for higher quality fuels for shipment.

 Increasing the cost of transporting goods across seas, the 
regulation means it will become more cost effective for goods 
typically made in China—20% of the world’s manufactur-
ing output—to be sourced from homegrown or near-shore 
manufacturing facilities. Sounds great, doesn’t it?

 Headlines suggest that manufacturing is coming home. 
However, a renaissance of America’s industry would never 
be that simple, particularly for small- and medium-sized 
manufacturers.

 Back in the 1970s, when the U.S. produced 18% of 
the world’s total goods, the industry looked a lot different 
from the sector we know today. Although automation and 
robotics were present in some factories, the technology 
was certainly not common. One of the arguments on why 
Asia is ahead in the global manufacturing race is due to the 
region’s aggressive deployment of automation.

 China, for example, is the world’s largest market for 
industrial robotics, boasting sales close to the combined 
volume of Europe and both North and South America in 
2016. The U.S. is certainly not averse to automation, but 

use has been limited to large-scale facilities. As the manu-
facturing renaissance begins, this must change.

 Small- to medium-sized manufacturers have no doubt 
heard of the smart factory movement. However, one would 
be remiss to think investing is too expensive. Investing 
doesn’t require an entire systems overhaul; industrial parts 
suppliers are helping manufacturers to make small incre-
mental changes to automate production.

 Consider this example. A manufacturer of peripheral 
products for automotive production, such as electrical con-
trol and security products, may already use a Selective Com-
pliance Assembly Robot Arm (SCARA) to assemble circuit 
boards. However, the facility may not have an adequate pro-
grammable logic controller (PLC) to control the robot and 
any associated automation, such as a conveyor, effectively.

 By investing in new technology to complement au-
tomation, the manufacturer could reap significant pro-
duction rewards. In this instance, the PLC system could 
completely synchronize the conveyor and SCARA, and 
allow circuit boards to be assembled without pauses in 
production.

 Should the IMO’s fuel emission regulation cause in-
creased costs for overseas imports, improved productivity 
in U.S. facilities will be essential. America cannot seed
entirely new production facilities to replace the large 
amounts of manufactured goods we currently import from 
Asia. However, manufacturers can prepare to increase ca-
pacity by using automation.

 When large organizations are hit with larger invoices 
from overseas suppliers, the U.S.’ small- and medium-
sized manufacturers must become the go-to guys. For this 
to succeed, these businesses’ access to the technology that 
will allow them to manufacture as efficiently and quickly 
as their overseas predecessors must be readily available. DE

 Mark Howard is U.S. country manager for EU Automation 
(euautomation.com). Jonathan Wilkins (pictured) is a director 
at EU Automation. The company specializes in the fast delivery 
of new, used and refurbished industrial automation parts to 
manufacturers across the United States.

R ESHORING IS A HOT TOPIC in the United 
States. The practice promises an increase in jobs 
for workers, profits for manufacturers and a re-
vival of the Made in America movement.  I’d like 

to address how small- to medium-sized manufacturers can 
prepare for a manufacturing resurgence driven by reshoring 
and regulatory changes. 
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TRX+ features a two-day agenda 
focused on Qualification & Certification. 

Engineers, decision makers, and executives 
will network and engage around technical 

project content and focus areas.

Members and Non-members are welcome!

Learn more and get registered! 

www.americamakes.us/trx-niar/
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Industry engineers and researchers are accelerating 
product development by building numerical simulation 
apps and deploying them throughout their organizations. 
COMSOL Multiphysics® enables you to build specialized 
apps and COMSOL Server™ helps you distribute them 
to the right contributors at the right time in your product 
development workflow.

The COMSOL Multiphysics® software is used for 
simulating designs, devices, and processes in all fields of 
engineering, manufacturing, and scientific research. See 
how you can apply it to product development.

Develop better products — faster.

comsol.blog/product-development

An example of a simulation app in the COMSOL Server™ app library. 
App users can find an optimal heat sink design without having any 
knowledge of the underlying mathematical model.
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