
DESKTOP ENGINEERING
is now

DIGITAL ENGINEERING
Deskeng.com is now
Digitaleng.news

Now our name matches our mission.

 d
ig

it
a

le
n

g
.n

e
w

s
 /

//
//

/ September 2016

Digital Engineering





September 2016

Why Digital Engineering? P.2

Electromagnetic  
Simulation P.26

Simulating the  
Connected Soldier P.36

SMART BATTERY DESIGN P.40
REMOTE COMPUTING  
FOR ENGINEERS P.42
CAD TO CAM P.22

 d
ig

it
a

le
n

g
.n

e
w

s
 /

//
//

/

Enter 
to Win a

3D Print Pack 
from Stratasys ®

P. 20

d
ig

it
a

le
n

g
.n

e
w

s

Digital Engineering

Driving TowardDriving Toward Toward
Digital Twins

P.14

SMART BATTERY DESIGN

REMOTE COMPUTING
FOR ENGINEERSFOR ENGINEERSFOR P.42

P.40

Enter
to Win

3D Print Pack
from Stratasys

DigitalDigitalDigitalDigitalDigitalDigitalDigitalDigitalDigitalDigitalDigitalDigitalDigitalDigitalDigitalDigitalDigitalDigitalDigitalDigitalDigitalDigitalDigitalDigital Twins Twins Twins Twins Twins Twins Twins Twins Twins Twins Twins Twins Twins
P.14

creo




SIMULATING SMART CONNECTED DEVICES

IoT holds great promise for everything from consumer devices and medical implants to
connected cars and industrial turbines. However, it also adds complexity to all aspects of
product development. Engineering simulation lets you both explore more design options
and verify your choices, bringing higher quality products to market faster. Our Simula-
tion-Driven Product Development can help you design the devices of tomorrow – today.

Learn more at ansys.com/IoT
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NO, YOU’RE NOT SEEING THINGS. This
issue of the magazine looks different. It even 
has a different name, but it’s really still the 
same DE. We’re not changing the contributing 

editors you’re used to reading. We’re not changing our 
mission either. We still exist to bring you the latest news 
and analysis of technology for optimal engineering de-
sign. So why the new look and new name?

Because just about everything else has changed since 
we launched our first issue in September of 1995. The 
technology used to achieve optimal engineering design 
has evolved significantly over the past two decades. The 
information in our magazine, newsletters, websites, 
blogs, webcasts, videos and research reports has naturally 
evolved to follow it. We are now at a point where com-

plexity and connectivity have made 
collaboration critical to product 
design and engineering. The desk-
top is still part of engineering, but 
it’s the “digital thread”—the flow 
of data back and forth through-
out the design cycle and product 
lifecycle—that drives engineering 
technology today. 

Complexity Continues to Grow
The convergence of mechanical and electronic engineering,
coupled with embedded software, has blown product and 
system design complexity through the roof. 

Here’s just one example: Ford says the 2016 F-150 has 
more than 150 million lines of code. To put that in perspective, 
a smartphone’s operating system has about 12 million lines of 
code and the space shuttle had about 400,000. Why so much 
software in a truck? According to the company, it’s part of 
the Ford Smart Mobility plan to be a “leader in connectivity, 
mobility, autonomous vehicles, the customer experience, and data 
and analytics.” Ford says it wants to be an “auto and mobility” 
company. Hardware is becoming software.

Many companies see technology as a means to redefine 
what it means to be a manufacturer. And, thanks to the growing 
popularity of the Internet of Things (IoT) in industrial and 
consumer products, design complexity shows no signs of slowing.

Connectivity Adds to Complexity
IoT-driven complexity begins by integrating sensors and
communications into products—many of which have been 
strictly mechanical or unconnected in the past. But that’s just 
the start. The data coming back from all of those connected 
products can serve multiple purposes, such as showing how 
and when products are being used, how they can better work 
together, and how they’re likely to break. The IoT represents 
a potential gold mine in real-world use data. When collected, 
filtered and analyzed, it could help you leap past the 
reliability of previous design iterations and make systems that 
are even easier to use and maintain.   

“Most people think of the Internet of Things as a way to 
connect, optimize and automate everyday products,” said Jim 
Heppelmann, CEO and president of PTC, during the LiveWorx 
2016 conference. “But we think that physical/digital convergence 
must expand to include how humans interact with it.”

Collaboration is Critical
To keep pace with the design of complex, connected products
requires engineers from different disciplines to work together 
closely on design, simulation, prototyping and testing. It 
also requires real-time input from co-workers outside of the 
engineering department. 

That type of collaboration requires a a workflow that 
makes information available in a way that will be embraced by 
all involved. The digital thread needs to contain engineering 
information just as much as it needs information from other 
stakeholders connected to the product lifecycle. It ultimately 
needs to connect the people who design and engineer products to 
the people using those products, and vice versa. That’s not an easy 
goal to achieve. To get there, the digital engineering technologies 
used to create optimal designs need to be ubiquitous, so they need 
to be easier to use, affordable for large and small businesses, and 
plugged into the wider enterprise.   

So that’s why we changed our name to match our 
coverage. You can call it convergence, democratization or 
the next Industrial Revolution. We call our coverage of the 
technologies used for optimal engineering design Digital 
Engineering. We hope you find it useful. DE

Jamie Gooch is editorial director of Digital Engineering.
Contact him at de-editors@digitaleng.news.

Why Digital Engineering?

“It’s the  
‘digital thread’ 
 ... that drives 

engineering 
technology 

today.”



Radiation pattern optimization SAR & OTA compliance verification

One Product - Multiple Solvers
Fully hybridized for optimal EM simulation efficiency

Learn more: altairhyperworks.com/FEKO

FEKO for Integrated Antenna Design

Using innovative solutions such as characteristic mode analysis (CMA) FEKO is the ideal tool for antenna 
virtual prototyping and design of multi-and broadband mobile phones, tablets, cameras, laptops and TV’s. 
 
The integration into the HyperWorks suite provides users with the richest variety of multiphysics solutions –  
ranging from electromagnetic to structural, CFD and system-level simulation. 
 
Join the thousands of Altair customers applying Simulation-driven Innovation to design the next generation  
of mobile devices.

Multiport antenna matching

creo




4  DE | Technology for Optimal Engineering Design         September 2016 /// digitaleng.news

||  PROTOTYPE

22 Bridging the Design-
Manufacturing Divide

The CAM market moves toward more automation 
and smoother interactions with design tools. 

By Brian Albright

|| SIMULATE

26 Integrate Electromagnetics 
into Upfront Simulation

On a scale of one to wow, today’s 
elctromagnetic simulation software packages 
are scoring high due to ever-improving 
capabilities. 

By Pamela J. Waterman

FEATURES

di
gi
ta
le
ng
.n
ew
s Sept./2016

Vol.22 • No.1

T E C H N O L O G Y 
F O R  O P T I M A L
E N G I N E E R I N G
D E S I G N

IN
SI
DE

ON THE COVER: Digital 
twins hold the promise 
of marrying data from 
the digital and physical 
worlds.  
Image credit: alex-mit/
iStock/Thinkstock

 COVER STORY

14   Driving Toward 
Digital Twins

Real-time sensor data adds a 
new facet to interoperability.
By Kenneth Wong

Digital Engineering

|| FOCUS ON MOBILITY

36   Keeping the 
Connected  
Soldier Connected

Simulation is playing a key role in the 
design and test of antennas used 
extensively on the communications, 
GPS and health-monitoring gear worn 
by today’s connected soldier.
By Beth Stackpole Stackpole

creo




creo




6  DE | Technology for Optimal Engineering Design         September 2016 /// digitaleng.news

40     Charging Up 
 Product Design

Smart batteries are offering engineers a new way to 
extend product life and improve applications.
By Jess Lulka

42    Navigating the 
 Remote Computing Jungle

Your roadmap through the acronym-infested remote 
computing landscape.
By Kenneth Wong

2 Degrees of Freedom
Why Digital Engineering?
By Jamie J. Gooch

8 By the Numbers: Mobility 
Facts, figures and forecasts.

10 Abbey’s Analysis 
Finite element analyis through the years.
By Tony Abbey

12 Making Sense of Sensors 
The answer is in the package.
By Tom Kevan

13 Consultant’s Corner: PLM 
PLM and competitive intelligence.
By Oleg Shilovitsky 

52 Editor’s Picks  
Products that have grabbed the  
editors’ attention. 
By Anthony J. Lockwood

53 Fast Apps  
Ericom supports remote CAD; Mentor  
helps address convection heating and  
cooling in tablets. 

53 Advertising Index

54 Briefings 
A look at the latest engineering news  
and new products. 

56 Commentary  
Your changing desktop.
By Anthony J. Lockwood

DEPARTMENTS

INSIDE cont.

PUBLISHER
Tom Cooney

EDITORIAL
Jamie J. Gooch | Editorial Director
Kenneth Wong | Senior Editor
Anthony J. Lockwood | Editor at Large 
Jess Lulka | Associate Editor
Sarah Petrie | Copy Editor

CONTRIBUTING EDITORS
Tony Abbey, Brian Albright, 
Mark Clarkson, David S. Cohn, John 
Newman,  Beth Stackpole, 
Pamela J. Waterman

ADVERTISING SALES 
Tim Kasperovich | East Coast Sales  
440-434-2629
Jim Philbin | Midwest/West Coast Sales  
773-332-6870

ART & PRODUCTION
Darlene Sweeney | Director
darlene@digitaleng.news

A PEERLESS MEDIA, LLC  
PUBLICATION
Brian Ceraolo  | President and 
Group Publisher

ADVERTISING, BUSINESS,  
& EDITORIAL OFFICES
Digital Engineering ® magazine

Peerless Media, LLC
111 Speen St., Suite 200,  
Framingham, MA 01701
Phone: 508-663-1500
E-mail:  de-editors@digitaleng.news
www.digitaleng.news

Kenneth Moyes  | President and CEO, 
EH Publishing, Inc.

SUBSCRIBER  
CUSTOMER SERVICE
Digital Engineering ® magazine
PO Box 677 • Northbrook, IL 
60065-0677
Phone: 847-559-7581 
Fax: 847-564-9453
E-mail: den@omeda.com

Digital Engineering®  (ISSN 1085-0422) is published monthly by Peerless Media, LLC, a division of EH Publishing, Inc. 111 Speen St., Suite 200 Framingham, MA 01701. Periodicals 
postage paid at Framingham, MA and additional mailing offices. Digital Engineering® is distributed free to qualified U.S. subscribers. SUBSCRIPTION RATES: for non-qualified; U.S. 
$108 one year; Canada and Mexico $126 one year; all other countries $195 one year. Send all subscription inquiries to MeritDirect, Digital Engineering®, PO Box 677, Northbrook, IL 
60065-0677Postmaster: Send all address changes to MeritDirect, Digital Engineering, PO Box 677, Northbrook, IL 60065-0677. Reproduction of this magazine in whole or part without 
written permission of the publisher is prohibited. All rights reserved ©2016 Peerless Media, LLC.Address all editorial correspondence to the Editor, Digital Engineering. Opinions 
expressed by the authors are not necessarily those of Digital Engineering. Unaccepted manuscripts will be returned if accompanied by a self-addressed envelope with sufficient first-
class postage. Not responsible for lost manuscripts or photos.

|| FOCUS ON MOBILITY

46    Ultrathin, Light  
 and Powerful

The HP ZBook Studio G3 earns kudos as the world’s  
first quad-core workstation ultrabook.
By David Cohn

49    Printing  
 on the Go

Engineers are demanding mobile printing.
By Jim Romeo



creo




8 DE | Technology for Optimal Engineering Design  September 2016 /// digitaleng.news

////////////////////////////////////////////////////////////////////
|MOBILITY

The number of devices managed in the
enterprise increased 72% from 2014 to 2015.

— Citrix, “7 Enterprise Mobility
Statistics You Should Know”

2014 2015

The worldwide public cloud services
market is projected to grow 16.5% in
2016 to total $204 billion, up from $175
billion in 2015. The worldwide x86 server
virtualization market is expected to reach
$5.6 billion in 2016, an increase of 5.7%
from 2015.

— Gartner, Inc.

In July, Apple announced
that it had recently sold its
billionth iPhone since being
introduced in January 2007.

58% of consumers would consider
eventually owning/riding in an
autonomous car.

— Deloitte 2015 Global Mobile
Consumer Survey

58%

16.5%

$

More than 1 Billion Served

Cloud Services
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The U.S. mobile worker population will increase from 96.2 
million in 2015 to 105.4 million mobile workers in 2020. 

Mobile workers will account for nearly three quarters (72.3%) 
of the total U.S. workforce.

— IDC, “U.S. Mobile Worker Forecast, 2015-2020”

72%72%

The

48%48%48%48%48%

Nearly half (48%) of 
consumers check their phones 
up to 25 times per day.

— Deloitte 2015 Global 
Mobile Consumer Survey

5 ,000,000,000

The number of connected devices worldwide will rise 
from 15 billion today to 50 billion by 2020.

— Cisco/DHL Trend Report, April 2015

86% of those ages 18-29 have a smartphone, as do 
83% of those ages 30-49 and 87% of those living in 
households earning $75,000 and up annually.

— Pew Research Center, Technology Device 
Ownership 2015

18-29 30-49

By 2020, 90% of cars will be online, 
compared with just 2% in 2012.
— Telefonica, Connected Car Report 2013

2%
2012

90%
2020

86%
83%

96.2M

105.4M

2015 2020

Mobile workers

Upwardly  
Mobile

Online Onramp
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|  A B B E Y ’ S  A N A LY S I S  |

by Tony Abbey

FEA

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

Editor’s Note: Tony Abbey teaches live NAFEMS FEA classes 
in the US, Europe and Asia. He also teaches NAFEMS e-learning 
classes globally.  Contact tony.abbey@nafems.org for details.

THIS EDITION OF THE MAGAZINE sees the 
transition from the Desktop Engineering title to Digi-
tal Engineering, after 21 years. The changes I have 
seen in the finite element analysis (FEA) commu-

nity reflect this change in emphasis. In 1995 the term “desk-
top engineering” was very topical; it was then possible to do 
serious analysis on an isolated computer sitting on the desk. 
We had progressed from mainframes, through minicomput-
ers to microcomputers. 

UNIX Dominance
Initially, most desktop FEA used UNIX-based machines. These 
had swept the board a few years earlier. Their performance en-
abled dramatic improvements in FEA modeling. The “computer 
center,” with its connected computer stations as the focus for all 
analysis work, became largely obsolete. However, the new “desk-
top” computers were big and heavy. This became a key factor 

for me when having to provide training at 
a hotel or remote client site. Transporting 
six computers was a demanding physical 
activity. A visiting U.S. colleague joked that 
we needed an SUV, or Support Utility Ve-
hicle, as he defined it! 

UNIX was (and is) a beast that needed 
taming. The user interface was demand-
ing, but UNIX shell scripts allowed good 
process integration. Early on, there was no 
sense of the internet playing an important 

role. It was very useful for downloading software patches and 
primitive email. However, the power of the internet was steadily 
growing.  On one early morning shift, I was startled to see a col-
league’s ghostly commands on an adjacent screen, launching an 
analysis from 5,000 miles away.

The Emergence of PC Solutions
The term “desktop engineering” became more applicable
with the Windows operating system and 64-bit based tech-
nology. However, the initial FEA-based solvers were not seri-
ous contenders. The general consensus was that desktop FEA 
meant UNIX. 

The subsequent migration from UNIX to Windows-
based FEA tools came very rapidly. It caught many by sur-
prise as we moved into the 21st century and the large UNIX 
boxes became obsolete at breathtaking speed. The new PC 
machines were now powerful, lighter and physically fit much 
better into the desktop environment. They also fit into the 
expanding desktop software environment. This included 
traditional word processing, spreadsheets, databases, etc., but 
also new sophisticated calculation tools. 

The FEA engineer could now operate autonomously for most 
work. Computer networks had remained vital for licensing, data 
transfer and remote launching of larger analysis jobs. Slowly, the 
evolving data transfer volume and speed of the internet enabled 
the next transition into a more ubiquitous digital world.

The Internet-Based Digital World
Today, my laptop is my main “virtual” desktop. It is powerful 
and very portable. I shuttle between two offices, each with 
workstations. My ambition is an integrated, non-redundant 
setup. I need to get rid of the workstations, but they have a 
large base of installed software. In a very simplistic way, digi-
tal engineering will allow me to transition out of my current 
desktop engineering stasis. I need to access software through 
the cloud. I store all my data there at present, so this should 
be a natural progression. I have had very good experiences 
with course material development and presentation tools that 
are subscription based and allow a virtual install. I hope to 
find the same with FEA software. 

In a wider context, the promise of digital engineering in-
cludes global sharing of data and its management. The ability 
to harness unlimited computing power with high-end analysis 
solutions on a subscription or pay-as-you-go basis is very at-
tractive. If used well, this will open up many productive areas 
of simulation to users that are cost prohibitive at present.

Even a dinosaur like me needs to keep up with evolution! 
The new digital technologies are becoming vital for every 
engineer and we should see many important changes over the 
next few years as digital engineering matures. DE

Tony Abbey is a consultant analyst with his own company,
FETraining. He also works as training manager for NAFEMS, 
responsible for developing and implementing training classes, in-
cluding a wide range of e-learning classes. If your company is inter-
ested in a customized training class on any topics discussed contact 
tony.abbey@nafems.org.

Finite Element Analysis Through the Years

Evolving 
data transfer 
volume and 
the internet 

helped usher 
in a new  

age of FEA.
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IT’S BECOME INCREASINGLY DIFFICULT to distin-
guish between a chip, a board and a system. Design engineers
are blurring the boundaries of each of these electronic compo-
nents in attempts to meet shifting market demands.

To understand the forces driving this trend, you have to 
look at the proliferation of mobile devices and the emergence 
of the Internet of Things (IoT) and wearable devices. As 
these technologies gain traction, they place enormous pres-
sure on design engineers to push the limits of form, function 
and energy efficiency. This translates into putting more sen-
sors, memory and processing power into less space and sup-
porting all of these functions with a miserly energy budget.

Unlike previous generations of engi-
neers, today’s designers probably won’t 
find the answer to these dilemmas by 
reducing the size of electronic compo-
nents. The sad truth is that the days of 
making smaller and smaller ICs (inte-
grated circuits) are nearing the end. As 
a result, semiconductor manufacturers 
and device designers have turned to ad-
vanced packaging technologies to meet 
market expectations.

A New Era for Electronics
This new focus on packaging marks a

major about-face for the electronics industry, and it promises 
to trigger significant changes in design processes. Up to this 
point, the semiconductor package has been an afterthought. 
Now the industry sees it as a key part of the design process 
and a critical factor in the effort to extend Moore’s Law.

Yole Développement published a report titled Status of 
the Advanced Packaging Industry 2015 supporting this view 
and saying that 2015 marked the beginning of a new era for 
the electronics industry. The report’s authors contend that 
companies will increasingly embrace advanced packaging to 
achieve greater integration, with the ultimate goal of reduc-
ing production costs and enhancing system performance.

One of the leading technologies in the advanced packag-
ing arsenal is the system in package (SiP). This design ap-
proach enables the integration of heterogeneous, diverse and 
separately manufactured parts into a high-level assembly that 
bundles RF, processor, memory, sensing and power chips in a 
cohesive unit. 

In a SiP, multiple bare die reside on a common substrate,
which provides connectivity for all components on the die. 
The substrate and the components are then assembled in a 
single package. Using this approach, designers can incorpo-
rate a number of off-the-shelf die. This allows semiconductor 
providers to re-invent the device in the future by modifying 
or replacing individual die to deliver new functionality.

The SiP approach offers other advantages as well, such as 
smaller form factors, design flexibility and faster time to mar-
ket. This architecture also opens the door for the integration 
of MEMS (micro-electro-mechanical systems) sensors on 
separate die, providing a way to accommodate the expand-
ing sensor population brought on by the IoT while keeping 
footprints small.

Bringing Order from Chaos
Design engineers can reap SiP’s advantages using a variety of
assembly techniques, including 2D, 2.5D and 3D ICs. While 
these options provide the designer with greater flexibility, 
they also introduce an element of chaos that has up until now 
precluded SiP’s entrance into high-volume markets. There 
are simply too many package types and process flows.

In response to this challenge, the semiconductor industry 
has begun work on establishing roadmaps for the integra-
tion of heterogeneous multi-die devices and systems (goo.
gl/WIRWEn). This move has the support of IEEE’s Com-
ponents, Packaging and Manufacturing Technology Society 
(CPMT) and its Electron Devices Society.

As advanced packaging plays a more prominent role in the 
design process, engineers will face a raft of new challenges. 
The core issue lies in the fact that there are too many options 
and too little data to guide designers on what works best in 
terms of achieving consistent yield for economies of scale. 
Standards will help with this, but this metamorphosis will 
also require a more holistic view of the design process.

Decisions on how chips are packaged often affect other areas 
of the design in unexpected ways. For example: Even minor 
changes in the package can significantly alter the electrical or 
thermal characteristics of the system. As a result, collaboration at 
the system level becomes essential. Those who fail to adopt this 
approach will inevitably run into difficulties. DE

Tom Kevan is a freelance writer/editor specializing in engineer-
ing and communications technology. Contact him via de-editors@
digitaleng.news.

Companies 
will 

increasingly 
embrace 

advanced 
packaging to 

achieve 
greater 

integration.

The Answer is in the Package
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|  C O N S U LTA N T ’ S  C O R N E R  |

P L M
by Oleg Shilovitsky

Data generation is skyrocketing. In the past, a manufac-
turing company was creating documents and manufacturing
products ultimately shipped to customers. But, things are 
changing: Design, manufacturing, operations and custom-
ers all generate data that we want to retain and use. Indeed, 
data is one of an organization’s most valuable assets. The next 
big wave is to leverage the unlimited connectivity and stor-
age available to collect, aggregate, correlate and interpret all 
sources of information to improve our lives and enable enter-
prise to operate more efficiently.

In the past, software vendors were thinking about how to 
create an application and sell it to users. PLM (product life-
cycle management) was no different. There’s nothing wrong 
with that; selling CAD, PDM and PLM applications is still 
a profitable business. However, from the standpoint of PLM 
applications and sales, the elements of this process require 
some rethinking. 

Delivering the Data
The process of solution selling is changing, too. Once upon a
time, a company might succeed in business by building a prod-
uct—one that was better, faster or cheaper than a competitor’s. 
It was also important to create a better network of customers. 
Today, you need to do both and also somehow generate rev-
enue in a world where customers expect products for free. 

How is that related? Two ways: cloud and data. The first 
one allows for the creation of a unique product capable of 
operating at an unprecedented level of data integrity. This is 
not as simple as placing a PLM server in the Amazon Web 
Services cloud—this is a different level and involves much 
more than that. The second one, data, is about making all 
processes in engineering and manufacturing data driven. 

Think about future global manufacturing intelligence and 
the opportunity to bring a giant manufacturing system that can 
connect global system records about components, bill of materi-
als, supply chain, manufacturing resources, inventories and work 
orders. The storage is cheap and the ability to collect informa-
tion and place it separate from an application is now here. 

Building Intelligent Platforms
So, how it can the idea of manufacturing intelligence be ap-
plied in the CAD, PDM and PLM realm? Although many 
CAD and PLM vendors are still looking at how to sell a 
specific number of seats to a customer, a transformation is 
underway. The shift is toward building platforms capable of 
capturing manufacturing competitive intelligence. 

Data ownership by applications also brings a significant 
problem setting a boundary for data. For example, files, data-
bases, tenants, etc. Most of these boundaries are artificial and 
caused by existing technologies.

Extracting data out of applications and allowing data ac-
cess in ways engineers and applications can use poses a tre-
mendous challenge. Facilitating engineering data hand-off 
and making data independent can help improve communica-
tion and the effectiveness of engineering organizations.

Engineering and manufacturing organizations must be 
able to share data seamlessly. Designers, manufacturing en-
gineers, supply chain managers and contractors should all 
have access to information. Locking them into a specific data 
management systems or applications is not an option. The 
existing diverse set of applications will not be replaced, and 
for the next decade we will live in mixed heterogeneous cloud 
and desktop engineering applications. 

The future of manufacturing competitive intelligence 
will directly depend on the ability of manufacturing compa-
nies to use data. The era of local file management systems 
is coming to an end and the vendors that provide a platform 
capable of handling a diversity of easily sharable product 
data and who collaborate and gather intelligence will win. 
No company can afford to work in a disconnected mode. 
Future manufacturing platforms will be dependent on the 
ability to integrate all systems of records to drive product 
data intelligence. DE

Oleg Shilovitsky is CEO and co-founder of Openbom (openbom.
com). At Beyond PLM (beyondplm.com), he consults with compa-
nies in the engineering and manufacturing domain. 

PLM and Competitive Intelligence

D ATA IS THE NEW OIL: The importance of data is growing, it is all around us and is produced 
by individuals, companies and smart products. To stick with the oil analogy: Data is just like crude. 
It is very valuable, but when unrefined, cannot be put to good use. Crude has to be changed into 
gasoline, chemicals, plastic, etc., to become useful. The same is true of data; it must be analyzed, 

cleaned, linked and refined to be useful for decision making and to bring value to organizations.
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 The term “digital twin” gained wider renown after LiveWorx
2015, a conference hosted by IoT software company PTC. The 
company used it to describe a digital replica driven by a real-time 
sensor data feed from its physical counterpart. Using 3D digital 
models to represent yet-to-be-built products in manufacturing is 
a long-established practice. But a digital twin, as demonstrated by 
PTC, took the practice a step further. By linking the digital model 
of a mountain bike to web-streamed sensor data (such as speed, 
torque and steering angle) from a real mountain bike, the com-
pany showed that a digital model could be configured to replicate
the behaviors of a real product.

 The CAD model, which expresses a product’s shape, is just 
one aspect of the digital twin. It provides the outer shell, but it 
must be animated with inputs from enterprise resource planning 
(ERP) systems, product lifecycle management (PLM) systems, 
real-time monitoring apps, and active sensors. What is the plat-
form or environment in which a digital twin lives? There’s no 
easy answer to the question. It lives in the intersection of many 
software programs. Therefore, it spawns a whole new set of in-
teroperability issues.

More Than CAD
A digital twin is much more than the digital construct of a prod-
uct’s shape in curves, splines, surfaces and solids. It’s a dynamic 
digital model driven by real-time data coming from a product in 
the field, be it a mountain bike, a Humvee or a drone. The setup 
allows the virtual model to replicate the electromechanical behav-
iors of the physical counterpart. It’s a useful method to remotely 
monitor the health of the product, simulate its performance under 
hypothetical conditions, and even predict its potential failure.

 In PTC’s demonstration at LiveWorx 2015, Mike Camp-
bell, PTC’s executive VP of Vuforia Studio, used PTC Creo 
CAD software as the front-end for visualization. Sensor 
data from a real mountain bike was linked to the Creo CAD 
model via ThingWorx, PTC’s IoT software. “This demon-
stration illustrated how Creo can interact with the digital 
twin,” explains Francois Lamy, PTC’s VP of PLM solutions. 
“But CAD alone isn’t enough to build a digital twin. One of 
the main problems the digital twin needs to solve is to have a 
representation of the product as built, maintained and oper-
ated in the field.”

 In June, Siemens PLM Software introduced Simcenter, 
described as “a suite of simulation software and test solutions 
that help companies address the modern engineering challenges 
of today’s complex products.” In addition, Siemens released 
Simcenter 3D, described as “3D CAE for the digital twin.” Ravi 
Shankar, Siemens PLM Software’s director of global simulation 
product marketing, says: “It would be dangerous to think of a 
digital twin as a single model. The pieces of technology involved 
in constructing your digital twin may depend on the answer 
you’re looking for.”

Eliane Fourgeau, systems director of Dassault Systèmes’ 
CATIA, says: “You cannot replicate the behaviors of a real prod-
uct with hardware, software and sensors with a single environ-
ment. You need different technologies for different aspects of 
the digital twin. The sensors need to be modeled in a specialized 
modeling environment, the control software has to be modeled 
in another environment, and so on.”

 The shape of the digital twin, as authored in a CAD pro-
gram, could easily be transferred. Dassault Systèmes’ 3DEX-

BY KENNETH WONG

IN THE 2012 PAPER TITLED The Digital Twin Paradigm for Future NASA and U.S.
Air Force Vehicles, coauthors E. H. Glaessgen from NASA Langley Research Center and 

D.S. Stargel from the Air Force Office of Scientific Research wrote that the digital twin is “an integrated 
multiphysics, multiscale, probabilistic simulation of an as-built vehicle or system that uses the best available 
physical models, sensor updates, fleet history, etc., to mirror the life of its corresponding flying twin.”

 COVER STORY

Driving Toward 
Digital Twins
Real-time sensor data adds a new facet to interoperability.

Credit: alex-mit/iStock/Thinkstock
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PERIENCE Platform, PTC Creo
CAD program and Siemens PLM
Software’s Simcenter support
industry-standard 3D exchange
file formats, such as STEP, STL,

IGES, OBJ, JT and oth-
ers. That gives you the
appearance of the twin,

but not its soul—the
sensor data from the

field, simulation his-
tory, enterprise data and
product lifecycle data
that helps you predict

when the product might fail or
need maintenance.

The Data-Driven Soul
To keep the digital twin in sync with the real-time conditions of
its physical counterpart, the digital model must be linked to the
sensor readings from the field.

“What we’re talking about is a live connection between
the digital model and the real object in the field though some
type of sensors,” says Venkat Parameshwaran, VP of Product
Management and Business Development at Altair. “Our simu-
lation solvers in the HyperWorks and solidThinking Suites
can interact with sensor signals, like thermal data, acceleration
and such. But keep in mind that the data to feed the simula-
tion model has to come through the cloud, so our products
like Simulation Cloud Suites [for simulation lifecycle manage-
ment], PBS Works Suites [for high-performance computing
workload management] and ENVISION [for business intel-

ligence and analytics] will come into play.”
 PTC’s Lamy says: “The digital twin is delivered as a set of

applications on top of the ThingWorx platform. PTC’s digital
twin leverages information from PTC solutions, including Creo,
Windchill, Integrity and SLM (service lifecycle management)
solutions. It will also leverage information from other enterprise
systems such as CRM, ERP, etc.”

 “There’s no single file format for a digital twin, because it’s
made from a conglomerate of programs. Simulation data man-
agement is a critical part of the digital twin,” says Patrick Farrell,
senior marketing manager for Simulation and Test Solutions at
Siemens PLM Software.

Shankar adds: “What you want to be able to do is very
quickly pull together the right model, the right analysis
tools, and the right load cases to answer a question. That’s
why you need a solid data management backbone.”

 Simcenter 3D comes with out-of-the-box integration with
Teamcenter, the company’s data-management software. Perhaps
more importantly, it integrates with Teamcenter Simulation
Process Management. Currently Simcenter doesn’t have a
mechanism to integrate directly with ERP or supply chain sys-
tems. “But we are looking into introducing Big Data analytics, in
conjunction with simulation data,” explains Shankar.

The Tricky Link
At present, there’s no such thing as a standard sensor data format
that can readily be imported into a 3D modeler for animation or
simulation purpose. The void is a significant hurdle for those at-
tempting to use sensor data to give life to a digital twin.

 If the sensors in the field are capturing and transmitting raw
image files (as with webcams), the burden to process the visual
output and extract meaningful insight may rest with the data

tock/Thinkstock

In partnership with the engineering school Arts & Métiers ParisTech (ENSAM),

Dassault Systèmes’ Academia team developed a digital twin of an open-

source humanoid robot, dubbed Poppy. Image courtesy of Dassault Systèmes.
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management or PLM program. In that case, robust data analyt-
ics will play a crucial role in distinguishing noise from useful
patterns. If the sensors are collecting numeric values (such as 
hourly temperatures, speeds, acceleration and chemical buildup), 
they need to be sent to a simulation process management pro-
gram. In that case, the software must have a mechanism that 
transforms such data into simulation inputs, such as heat loads, 
pressures and forces marked with directions.

 “Once the data is transmitted to the cloud, it’s just a matter 
of translating it into a format understandable by a solver [in a 
simulation program],” says Altair’s Parameshwaran. “The miss-
ing piece is getting the data from the sensor to the [simulation
automation] infrastructure. Here technologies like solidThink-
ing EMBED (previously called VisSim) can help with its real-
time monitoring with CAN, OPC and other real-time data 
acquisition boards.” 

Colleague Stuart Sampson, VP of Modeling and Visualiza-
tion at Altair, adds: “Today the data transfer is pretty much man-
ual, whether it is ASCII file or binary file. Maybe in the future, 
there’ll be a live mechanism to push and pull data from the real 
world [captured by sensors] into the digital model.”

 Siemens PLM Software’s Shankar says: “The industry is still 

in the early stage of understanding how to bring sensor data into 
3D simulation. But I believe Siemens PLM Software has an ad-
vantage. We have expertise not just in building sensors but also 
in the data acquisition process, through our LMS brand.”

 The LMS portfolio is the outcome of Siemens PLM Soft-
ware’s acquisition of Belgium-based LMS, a developer of test 
and mechatronic simulation software. LMS Test.Lab offers the 
ability to incorporate high-speed multi-channel data acquisition 
into physical tests. Shankar added, “We can take the data cap-
tured in durability tests, such as those conducted by car makers,
then convert the data into load cases for simulation software.”

 The Simcenter portfolio also offers tools to create 1D sys-
tem diagrams. “LMS Imagine.Lab Amesim is the 1D simulation
tool within the Simcenter portfolio. To exchange simulation 
models between different authoring tools, we use the FMI, or 
Functional Mockup Interface [a standard for model exchange 
and co-simulation of dynamic models using XML-files and 
compiled C-code]. LMS Imagine.Lab Amesim supports two 
versions of this standard. In addition to FMI, LMS Imagine.
Lab Amesim supports direct model exchange with MathWorks’ 
Simulink and can also perform co-simulation with Simulink and 
NI’s LabVIEW,” says Farrell.  
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A House for the Digital Twin
The visual representation of the digital twin will most likely be
delegated to some type of 3D software. Standard CAD packages, 
simulation programs or lightweight 3D viewers might fit the bill, 
depending on the volume of data and degree of details involved.

  “[The visualization program you use] really depends on the 
level of details you want to see,” says Altair’s Sampson. “If [the 
digital twin] is a full vehicle model, I would imagine you’d need 
something like HyperMesh/HyperView and HyperGraph. But if 
the model is more localized—a part or subsystem kept on a local 
machine—maybe SimLab or Inspire would be more appropriate.” 

Non-experts may want to visualize the data in a lightweight 
viewer, but the industry has yet to adopt a single viewer that 
will show geometry and detailed simulation results, Altair’s 
Parameshwaran says. 

 “The idea is to have a representation that’s as close to the 
real thing in the field as possible,” Lamy says. “PTC Creo fits 
the purpose quite well, because it can consolidate several com-
ponents of the product from different CAD formats into a sin-
gle model. Some people might not want to use an engineering 
tool like CAD to view a digital twin. PTC Creo View or Vuforia 
can provide a lightweight representation.”

 In late 2015, PTC acquired Vuforia, an AR platform, from 
a subsidiary of the telecom giant Qualcomm. The company ex-
plained the purchase as part of its strategy to provide “technolo-
gies and solutions that blend the digital and physical worlds.”

“Together with partners of the European MODELISAR 
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“To start with, you’ve got to look at the fundamental 
differences between systems,” notes Phoenix-based 
CAD consultant Evan Yares. Many CAD packages 

still have minor problems exchanging fundamental 2D 
CAD data. Yet two-dimensional data is relatively simple 
when compared to the 3D modeling data exchange neces-
sary to drive the downstream applications of FEA, rapid 
prototyping, and numerical control. These errors often 
occur because of the way different modelers handle the 
intersections between NURBS.

— “Full CAD Data Exchange is Still a Goal,”  
DE, October 1998

creo
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project and the Modelica Association, we developed the FMI 
standard,” says Dassault Systèmes’ Forgeau. “With this stan-
dard, you can have a virtual representation of a complex system, 
including its multibody kinematics, deformations, mechanics, 
hydraulics, etc. and electronics. That’s the interface to connect a 
CATIA digital model to real-time sensor data.”

Open Data Exchange
Most vendors advocating or championing the digital twin 
paradigm have figured out ways to support and maintain such 
a model within their own software offerings, usually in a mix of 
CAD programs, system modeling tools and data management 
tools. But in reality, the model will most likely need to reside 
in a mixed-software environment where the underlying data 
structure is supported by software from a number of competing 
vendors and some custom codes developed in-house.

 “Engineers can leverage Simcenter 3D’s best-in-class simu-
lation modeling as a centralized pre- and post-processing envi-
ronment to support Simcenter 3D’s own solvers (NX Nastran, 
LMS Samcef, Simcenter Thermal, Simcenter Flow, Simcenter 
Motion, Simcenter Acoustics BEM) as well as external solvers, 
like Abaqus, ANSYS, LS-Dyna and MSC Nastran,” says Farrell. 

 PTC’s Lamy says: “We can use CAD and PLM interop-
erability tools to bring the required information into the 
PTC solutions first and then leverage this information to 
create the digital twin representation.” 

The fact that a digital twin is a composite portrait cre-
ated from various data sources (sensors, PLM, ERP, CAD 
and CAE) presents an interoperability conundrum. It means 
there’s no easy way to transfer a digital twin in its entirety 
from one environment to another. You may, however, transfer 
different aspects of the model using the appropriate tools. 
For example, using 3D exchange formats to transfer the ge-
ometry, using XML formats to transfer the PLM and enter-
prise data, and so on. 

Until the industry figures out a way to package such a model 
into a software-independent format with all of its history and 
parameters intact, the digital twin can’t travel. It will have to live 
where it’s created. Therefore, your choice of home for the digital 
twin is a commitment that warrants careful consideration. 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.

At LiveWorx 2015, PTC demonstrated its digital twin 
concept using the PTC Creo 3D CAD program for front-end 
visualization. Sensor data from the real bike was connected 
to the CAD model via PTC ThingWorx software. Shown here 
is a lightweight version of the digital twin presented in an 
augmented reality app. Image courtesy of PTC.

INFO ➜ Altair: Altair.com

➜ Dassault Systèmes: 3DS.com

➜ PTC: PTC.com

➜ Siemens PLM Software: Siemens.com/PLM

For more information on this topic, visit digitaleng.news
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Over the past several years, CAM companies have been tar-
geted for acquisition by other CAM providers, by CAD systems 
vendors and other companies—accelerating consolidation. In 
2014, 3D Systems acquired Cimatron (which had already ac-
quired GibbsCAM). In 2013, Autodesk acquired Delcam (and 
previously acquired HMSWorks), which has since been treated 
as an independently operated subsidiary. Hexagon, meanwhile, 
bought Vero Software, providing a link between metrology and 
manufacturing planning, and HCL Technologies bought Geo-
metric earlier this year.

Initiatives such as Industry 4.0, or smart manufacturing, are 
driving design-focused companies to more closely integrate with 
manufacturing technologies, but what effect the acquisition activ-
ity is having on CAM is unclear. In some cases, these acquisitions 

have not necessarily led to any sort of closer integration between 
the design side of the business and the manufacturing tools. 

There is an evolution in CAM software, however, that will re-
sult in closer integration with CAD, more automation and multi-
tasking, and greater efficiency in programming and machining.

At this month’s IMTS 2016 conference, Autodesk plans to 
outline a broader vision and software portfolio to support manu-
facturers. The portfolio will include its CAM tools along with 
Autodesk’s 3D design and manufacturing offerings.

FeatureCAM 2017, for instance, has been updated to reduce 
programming time while increasing consistency. The new ver-
sion includes the ability to import and view product and manu-
facturing information directly from a model to help visualize 
design specifications, in addition to other features. The previous 
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The CAM market moves toward 
more automation and smoother 
interaction with design tools.

BY BRIAN ALBRIGHT

CAMWorks has “Machining to the Mean” 
capabilities, which work to eliminate issues 
surrounding differences among design practices. 
Image courtesy of Geometric.  
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release incorporated Autodesk 360, which 
improved project collaboration. Part-
Maker 2017, which enables high-precision 
part manufacturing with Swiss-type lathes, 
is available within the FeatureCAM 2017 
Ultimate product tier.

Efforts to combine CAD and CAM 
have met with mixed success, but accord-
ing to Mike Galinac, senior vice president 
of GTI Precision Components, having a 
CAD interface to use when healing mod-
els, moving holes and building geometries 
can make a world of difference in a machine shop. “When you 
see the power of the two systems working together under the 
same roof, it’s incredible,” he says. 

Still, the two systems are very different animals. “There’s a 
natural benefit to combining some of these [CAD and CAM] 
functions, but there are some natural drawbacks as well,” says 
Ben Mund, senior market analyst at CNC Software. CNC’s 
Mastercam is primarily focused on CAM functionality, but 
the company does offer a CAD tool as part of its Mastercam 
X8 offering. “CAM, despite what anyone wants to tell you, 

requires a tremendous amount of skill at the machine.”
Mund says CNC has focused on forging partnerships with 

CAD vendors and tool manufacturers. “We have to be open to 
everybody,” Mund says. “Whatever CAD system they use, we 
have to be able to flawlessly machine those parts because that’s 
what the shops have to do. Even with our own CAD product, we 
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are really focused on getting the part off the machine quickly.”
According to Jim Foster, VP of Global Channel Sales & Mar-

keting at Geometric, one area where greater interaction between 
the CAD and CAM world is beneficial is in enabling companies 
to go drawing-less. Instead of relying on the drawings to get in-
formation about critical dimensions, tolerances and other data, 
machine shops could manufacture directly from the CAD model.

Earlier this year, Geometric demonstrated this functionality at 
SOLIDWORKS World. Called “Machining to the Mean,” the fea-
ture helps eliminate issues surrounding differences among design 
practices and machining needs. “Instead of making a 2D drawing, 
you can put the critical information on a 3D model and ship that 
off. With SOLIDWORKS, we can read the critical data off the 
SOLIDWORKS model for tolerances, surfaces and other informa-
tion, and use that to directly drive automated toolpath generation,” 
Foster says. “That’s a big change. You aren’t doing all that extra 
work for documentation, and you can save huge amounts of time.”

The new feature extracts manufacturing features from the 
model, and then automatically picks the tools and sets the feeds 
and speeds to automate toolpath generation. “It automates that 
entire aspect of manufacturing,” Foster says. “It reduces the time 
it takes to program the part and improves quality and consis-
tency. Having that information in the model that can go directly 

to a manufacturing tool, it’s easy to see the value in that. Other-
wise, someone has to keep notes next to them to figure out what 
they are doing to do when they select the tools for the project. 
With automation, none of that is required.”

CAD Capabilities Improve Machining 
Atlanta-based GTI specializes in complex aircraft parts and 
high-tech applications, and operates two five-axis machining 
centers. When the company first invested in five-axis machines, 
they used a less expensive CAM system that unfortunately did 
not provide enough toolpath accuracy and lacked the sophisti-
cated CAD capabilities that Galinac was looking for. The shop 
had difficulty creating, modifying and repairing models.

GTI switched to a high-end CAD system that was too 
expensive and too complex given the size of the shop, and 
lacked enough CAM functionality to make it workable. “It 
was killing me that CAD systems had such a nice interface, 
and CAM just didn’t keep pace,” Galinac says. “I wanted a 
modern, CAD-like feel but in the CAM solution so we could 
stay in one environment.”

Eventually, the company deployed TopSolid, which includes 
design features as well as the postprocessors GTI needed in the 
shop. “One of the things that attracted me was the approach you 
have in programming the process,” Galinac says. “You have real-
time stock model updates.”

One key advantage is also that it is relatively easy to bring the 
model back into the process if there is a major design revision. 
“When you start a job you are immediately into the machine,” 
Galinac says. “From the moment you put down the first tool-
path, you can see things like travel limits and material removal. 
You get immediate feedback and can make decisions based on 
where the part is relative to the stock. We’re getting something 
useful so much faster. We are making fewer mistakes.”

Improved Efficiency
Both Mund and Foster agree that the industry is focusing on 
reducing the time it takes to program and machine a part.

Mund says there is a rapidly growing interest in mill-turn 
machines that allow shops to finish an entire part with one 
setup, which is a huge time saver. That is evident in the mul-
titasking machining support available in products like SINU-
MERIK Operate 4.7 from Siemens.

Improved simulation is also improving efficiency, in much the 
same way they do in design. “Simulation gives the machinist the 
ability to turn more parts because they can run a complicated part 
through a variety of setups quickly to see how they can do a por-
tion of a part that might not be obvious,” Mund says.

Using TopSolid, Galinac at GTI says he is able to use the 
simulation features in the programming environment. “You 
get all of the feedback right from the beginning,” Galinac 
says. “It can make decisions based on the condition of the 
stock relative to the finished part model. When you combine 
that with the simulation of the tools and the machine, you 
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To integrate or not to integrate? That is the ques-
tion manufacturers, machine shops, and pro-
duction groups face regarding the use of CAD 

and CAM technologies. Many product developers 
have chosen to implement integrated CAD/CAM solu-
tions to not only improve productivity, spark innova-
tion, and accelerate time to market, but also because 
failing to so would put them at a distinct competitive 
disadvantage and maybe even out of business. 

For many years, CAM software vendors defined 
“integration” as the ability to use, take in, or import 
3D CAD models and design data for the purpose of 
generating toolpaths and automating manufacturing 
processes. But once geometry was imported into the 
CAM package, it became completely removed or disas-
sociated from the CAD system. For a CAM application 
to be truly integrated with CAD software, it must support 
seamless, single-window integration and be completely 
associative with the CAD system. In other words, the 
CAD program must be embedded as the modeling and 
geometry engine of the CAM system itself.

— “Making the Job Easier,” 
DE, November 2006
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really have a different experience than just seeing the tools 
zipping around a model.”

There are also advances that can make the machining pro-
cess itself more efficient. CNC Software has introduced a con-
cept called dynamic motion that leverages advances in comput-
ing power to develop complex, almost erratic looking toolpaths 
to increase the speed of the machining process. “The motion is 
always changing to make sure there is a constant chip load on 
the tool,” Mund says. “It’s much faster and much easier to use.”

And while CAM is associated with subtractive processes, 3D 
printing and additive manufacturing capabilities are also having 
an impact. “You can produce things that were un-producible 
before,” Mund says. “That’s the beauty of additive.”

Some hybrid applications are emerging that use additive pro-
cesses to create a rough shape, while incorporating subtractive 
techniques to finish a part. “The machine programming is not 
very problematic, because at its core the basic concepts are really 
the meat and potatoes of what CNC manufacturing has been 
doing, which is controlling the motion of a head,” Mund says. 
“Whether that head is laying down material or removing mate-
rial doesn’t make a difference.”

These innovations, and the transition to smart manufacturing, 
will drive what Business Advantage Group says is a 37% usage 

increase in CAM software according to the company’s 2016 CAD 
Trends Survey. According to the survey, 70% of CAM users think 
the use of 3D CAD models to automatically generate machining 
instructions will be important, and 60% want to see software de-
velopers to better integrate CAD and CAM.

“There are significant efforts in smart manufacturing and In-
dustry 4.0,” Foster says. “Companies are trying to change manu-
facturing to be more modern and effective in many areas. The in-
dustry is pushing for more integration and really trying to change 
the status quo. That’s going to be a good thing for end users.” DE

Brian Albright is a freelance journalist based in Columbus, 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 ➜ Autodesk: Autodesk.com

➜ CNC Software: Mastercam.com

➜ Geometric: CAMWorks.com

➜ GTI Precision Components: GTIPrecision.com

For more information on this topic, visit digitaleng.news
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Good thing there are so many re-
sources to help. Even compared to two 
years ago (see “Electromagnetic Simula-
tion Collaborations,” digitaleng.news/
de/?p=18953), EM simulation tools now 
include more solvers, better meshing 
techniques, additional materials, easier 
ways to handle multiphysics and an in-
tense focus on electromagnetic compat-
ibility (EMC) and electromagnetic inter-
ference (EMI) concerns.

The (Field) Lines are Blurring
Designing products with EM functions

requires making the device work as speci-
fied while minimizing any problems it 
causes for other parts, systems, devices 
or people. Larry Williams, director of 
Product Management at ANSYS, points 
out that leaving EMI considerations until 
the tail-end of the design process creates 
major problems; the entire design process 
must consider the effects of ground loops 
and resonances, starting with the smallest 
interconnect or component on a printed 
circuit board (PCB). 

Nowadays, fortunately, the tools for 
evaluating EMI and EMC are within 

most EM software packages, addressing 
conduction or radiation issues or both. 
However, for a given frequency range, the 
applications, goals and necessary simula-
tion capabilities may be more tailored. 
High-frequency analysis software cre-
ates models for strip antennas, parabolic 
antennas, PCBs, waveguides, radomes 
and wireless propagation (e.g., through 
the dielectric bumper of a car, inside a 
house or across a city). Low-frequency 
applications include motors, transform-
ers and induction heaters. Electrostatic 
simulations help with today’s touchscreen 

Integrate
Electromagnetics  
into Upfront Simulation
On a scale of one to wow, today’s electromagnetic simulation software 
packages are scoring high due to ever-improving capabilities.

Simulation model of an antenna radiation field from 
a cell-phone, including influence of fingers. Analysis 
performed with SPEAG SEMCAD X Matterhorn 
software. Image courtesy of SPEAG.

BY PAMELA J. WATERMAN

ELECTROMAGNETIC (EM) DESIGN PROBLEMS used to involve fairly straightforward questions. Will
the antenna have sufficient gain and a good beam pattern? Will the motor ramp up to its highest rpm without 
vibration issues? Does the cable harness need extra shielding? But the ever-present project goals of better/faster/
cheaper, combined with the newer demands of higher frequency operation and always-on connectivity require 

simulation software that handles both fine details and high-level system issues. And there are always the more exotic appli-
cations, from lasers and electron beam guns to MEMS (micro-electro-mechanical systems) devices and maglev trains.
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devices while magnetohydrodynamics 
software addresses esoteric plasma con-
tainment systems.

General Purpose, Multiphysics EM
Many companies design complex, multi-
component systems, from cars to satellites 
to airplanes. For them, general purpose 
EM software with multiphysics and multi-
domain capabilities may be best, with the 
former supporting EM/mechanical/ther-
mal/fluid simulations and the latter pro-
viding co-simulations of EM with vibra-
tion or acoustics. Possibilities in this group 
include packages from Altair, ANSYS, 
CD-adapco, Cobham Technical Services, 
Computer Simulation Technology (CST), 
COMSOL and Livermore Software Tech-
nology Corporation (LSTC).

Over the years, Altair has acquired 
and integrated a number of EM-related 
software packages into its HyperWorks 
product to address broad requirements. 
HyperWorks now includes FEKO for 
high-frequency work on antenna design/
placement on structures, radar and mi-
crostrip. Ulrich Jakobus, Altair vice presi-
dent for EM Solutions and developer of 
FEKO, says that to expand the company’s 
EM capabilities, it has improved the al-
gorithm of the asymptotic ray launching 
solver, and has also acquired AWE Com-
munications with its WinProp software. 
With the latter, users will be able to model 
a car with multiple electronic systems, see 
the effect on those systems of nearby cars, 
and evaluate the EM performance of the 
car in an urban networked environment, 
for example. At low frequencies Altair also 
offers Flux for EM/thermal simulations of 
rotating machines, actuators, transformers, 
sensors and cables that can be combined 
with Altair’s OptiStruct for NVH (noise, 
vibration and harshness) evaluation. 

If you’re looking into ANSYS EM 
simulation tools, you might want to speak 
to Williams about the various solvers and 
multiphysics/multi-domain solutions that 
form the core of ANSYS Workbench, 
such as ANSYS HFSS, with its new shoot-
ing and bouncing ray technology. Wil-

liams explains, for example, that ANSYS’ 
hybrid EM solution techniques—combin-
ing finite element methods (FEM) with 
integral equation (IE) and finite element 
boundary integral (FEBI) methods—lets 
users both design an antenna and assess 

its performance within a radome or on a 
vehicle. A second major application in-
volves advancements in high-speed chip/
package/board analysis supported by the 
ANSYS Electronic Database that imports 
smart information about 3D components. 

“Users increasingly want to simulate their devices as an integrated system, 
rather than as a series of disconnected components. This approach means that 
after you have setup your model geometry, you can use different solvers ...”
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An evanescent-mode cavity 
filter is modeled in COMSOL 
Multiphysics. The example is 
resonant at a frequency lower 
than its original fundamental 
mode frequency, and is 
accomplished by creating an 
internal discontinuity. Image 
courtesy of COMSOL.

Model of a rail gun as analyzed with LS-DYNA EM module from Livermore Software Technology Corporation. 
Current flowing between the rails and projectile generates a magnetic field (fringes) and Lorentz forces that 
accelerate the projectile. Image courtesy of LSTC.

SIMULATION ||| Electromagnetics

It delivers electrical, thermal and structural 
analysis, even analyzing solder joints for 
reliability. A third area of expertise and im-
provement is ANSYS’ approach to design-
ing efficient motors that minimize noise 
and vibration through better drive-signals. 
The latter employs a new, 10x-faster, pat-
ent-pending simulation technology called 
Time Decomposition Method (TDM).

CD-adapco offers EM capabilities 
within its multiphysics, multi-domain 
STAR-CCM+ product, recently brought 
into the Siemens Simcenter portfolio. Be-
ginning with 2D applications such as for 
electric machines (ferromagnetic and non-
ferromagnetic), with a full range of static, 
steady-state, transient and sliding motion 
conditions, the company also added a 
comparable 3D finite volume formulation 
for non-ferromagnetic materials. Stefan 
Holst, CD-adapco application manager, 
says the latest STAR-CCM+ (v11.04) now 
offers a 3D finite element formulation 
that performs steady state and transient 
analyses on ferromagnetic materials and 
will soon handle eddy currents and rela-
tive motion between EM parts. Analysis 
of low-frequency conducting EMI is also 
supported. All of this, combined with CD-
adapco’s thermal CFD (computational 

fluid dynamics) simulations, means that 
users can thoroughly investigate classic 
EM designs as well as those involving the 
flow of a conducting fluid through a mag-
netic field (magnetostatics and magneto-
hydrodynamics).

Cobham Technical Services is the de-
veloper of OperaFEA, a multiphysics FE 
suite with modules that analyze systems 
involving electrostatics, magnetostatics, 

space charge and low- and high-frequency 
electromagnetics, coupled to thermal and 
structural considerations. Design effi-
ciency and automation are key goals across 
the product line, and recent developments 
have continued to address them. 

“We implemented parallel processing 
to come to a solution more quickly than 
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Electromagnetic analysis of a 2010 Toyota Prius 8-pole rotor, 48-slot 
stator interior permanent magnet (IPM) motor, analyzed with Infolytica 
MotorSolve simulation software. Image courtesy of Infolytica.

before, and are using special elements with 
reduced dimensionality to cut the number 
of elements required whilst achieving 
comparable results to the full 3D ele-
ments,” says Nigel Atkinson, business de-
velopment manager at Cobham. 

Two examples he gives are the addi-
tion of a Thin Sheet Boundary Condition 
for modeling of long and thin structures 
(like the walls of an MRI shield) and the 
capture of induced eddy currents using a 
Surface Impedance Boundary Condition 
that eliminates the need for a fine mesh 
on the surface of conductive materials. 
Cobham has also implemented Python so 
customers can automate design processes, 
as well as a drag-and-drop interface to 
eliminate data transfer issues within mul-
tiphysics analyses.

CST Studio Suite is the centerpiece 
of EM simulation products from Com-
puter Simulation Technology (CST). The 
company is to be acquired by Dassault 

The Innovative 
Optimization 
Environment 
with Modular, 
Profile-based 
Access

2016
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Mentor Graphics HyperLynx Full-wave Solver offers 3D 
meshing of PCBs, including vias. The company says it 
eliminates occasional passivity issues and also improves 
accuracy for complex structures without an appreciable 
penalty in simulation speed.  
Image courtesy of Mentor Graphics.

Systèmes this year. Covering static, low-
frequency, microwave and RF cases, the 
suite includes packages dedicated to PCBs, 
cable harnesses and EM/circuit co-simu-
lation. Stephen Murray, technical writer at 
CST, says the fundamental CST solvers 
are integrated into a single user interface. 

“Users increasingly want to simu-
late their devices as an integrated 
system,” Murray says, “rather than as 
a series of disconnected components. 
This approach means that after you 
have set up your model geometry, you 
can use different solvers for different 
parts of one application.”

For example, users can simulate an air-
craft-mounted antenna using CTS’ gen-
eral purpose transient solver for the fine 
details in feeds and radomes then calculate 
the fields around the whole aircraft using 
an asymptotic solver; the latter is more ef-
ficient for really large objects. To address 

EMC issues on densely packed PCBs, 
CST has also strengthened its System As-
sembly and Modeling (SAM) functionality, 
enhanced high-performance computing 
capabilities and added an electronics cool-
ing solver for multiphysics analysis. 

Addressing multiphysics from the be-
ginning has been the hallmark of COM-
SOL software, with new solver technology 
always in development. That capability is 
reflected—and being used more often—in 
each of the COMSOL EM-related add-
ons. Magnus Olsson, COMSOL Elec-
tromagnetics product manager, sees users 
placing increasing importance on com-
bining traditional EM with heat transfer, 
structural deformation and fluid flow. 

“One example,” he says, “is our recent 
addition of methods for combining ray 
optics with thermal expansion to see how 
focal points are distorted by thermal ef-
fects in laser systems.” 

To simplify multiphysics even for non-
experts, Olsson says COMSOL also offers 
a set of preconfigured user interfaces for 
common physics combinations, such as 
microwave heating, thermal expansion 
and swelling in PCBs due to moisture. 
Low-frequency analysis is covered by the 
COMSOL AC/DC Module; microwave 
and RF by the RF Module; full-wave 
optical phenomena by the Wave Optics 

Module and very high frequencies or large 
structures by the Ray Optics Module. 

General purpose LS-DYNA FEA 
(finite element analysis) software from 
Livermore Software Technology Corpo-
ration (LSTC) offers an EM module that 
supports coupled mechanical/thermal/
electromagnetics simulations of systems 
that operate via current flowing through 
solid conductors. “The module uses a 
finite element method (FEM) for the 
solid, coupled with a Boundary Element 
Method (BEM) for the surrounding air, 
avoiding the need to mesh the air and 
allowing simulations with moving and/
or deformable conductors,” says Pierre 
L’Eplattenier, senior scientist at LSTC. 

Targeted applications include EM 
sheet metal forming that can also be 
coupled with conventional deep-drawing 
(stamping) processes, as well as magnetic 
pulse welding, resistive spot welding and 
complex sliding-contact simulations (e.g., 
in rail guns). When the EM solver is cou-
pled with LS-DYNA’s CFD solver, users 
can simulate surprisingly complicated 
phenomena such as water boiling due to 
an electric heat source. 

Antennas and TX/RX Systems
A specialized EM tool that is just one part 
of a vast array (no pun intended) of soft-

Propagation paths for automotive, forward-looking radar in an automatic 
cruise control scenario using WinProp EM simulation software from Altair. 
The operation is at approximately 76GHz. Image courtesy of Altair.

“A smartphone 
simulation may use 
5GB of RAM, while 
a 77GHz automotive 
radar may take 40GB.”
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ware design products from MathWorks 
is the company’s Antenna Toolbox. Ken 
Karnofsky, senior strategist for Signal Pro-
cessing at MathWorks, says the Antenna 
Toolbox allows users to design, analyze 
and visualize antenna elements and ar-
rays with just a few lines of MATLAB 
code, making it an easy process for experts 
and non-experts alike. The software uses 
method of moments (MoM) to calculate 
such properties as port impedance, current 
and charge distribution on a surface, and 
near-field and far-field radiation patterns, 
in 2D and 3D; the operating frequency 
range is 10kHz to 200GHz. 

“Updates in the latest MathWorks 
Release (2016a),” explains Karnofsky, 
“provide more accurate antenna modeling 
by allowing users to specify the dielectric 
substrate.” He adds that design results 
obtained with Antenna Toolbox can be 
directly integrated in full system-level 

simulations of the latest multiple-input/
multiple-output (MIMO) wireless com-
munication systems and radar.

By acquiring AWR Corp. in 2011, Na-
tional Instruments (NI) added EM design 
software for ICs (integrated circuits), pack-
ages and modules to its line-up of modular 
test equipment and LabVIEW software. 
Now termed the NI AWR Design En-
vironment, this suite includes AXIEM, 
based on MoM, for 3D planar EM 

analysis and Analyst, based on full-wave 
EM techniques, for 3D FEM analysis. 
A third product, Microwave Office, sup-
ports design/layout of RF and microwave 
circuits ranging from integrated micro-
wave assemblies to monolithic microwave 
integrated circuits (MMICs). AXIEM can 
solve 100K or more unknowns in less than 
30 minutes per frequency point using fast 
solver technology and adaptive meshing, 
according to the company. A quasi-static 

ANSYS HFSS, with its new Shooting and Bouncing Ray technology, 
is suited for design and simulation of automotive radar systems. 
Image courtesy of ANSYS.
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solver is being added in the next release
for more accurate DC solutions. The full
AWR Design Environment, according to
David Vye, director of Technical Market-
ing, NI AWR group, “has been developed
specifically to address high-frequency elec-
tronics primarily used in communications
and aerospace applications.” Optional An-
alyst-MP supports multiphysics analysis of
particle accelerators, waveguides, cavities
and resonators, and the EM Socket allows
easy integration with third-party solvers.

Remcom focuses on antenna design
and analysis. The name of its flagship
XFdtd package comes from using a
frequency-domain/time-domain (FDTD)
approach, particularly effective for simula-
tion of non-linear materials. “Consider
a device like a smartphone,” says Jeff
Barney, product marketing manager at
Remcom. “In order for a simulation to
match measured results from a lab, the
computer model needs to include all the
details. XFdtd includes the phone case,
screen, speakers, battery, multi-layer PCB,
antennas, etc. We don’t necessarily model
the function of all the components (e.g.,
battery, chips or speaker) but we need to
include their physical dimensions and EM
properties in order to accurately compute
dissipated power and radiated fields.”

Remcom recently released an electro-

static solver for touchscreen design and a
Circuit Element Optimizer (CEO) feature
for determining which components should
be plugged into the matching network
layout on the PCB. The latter used to re-
quire manual operation and was limited to
a dozen permutations. “Now,” says Barney,
“XFdtd lets designers run an optimization
that considers 10,000-plus combinations
in a fraction of the time.”

Though alphabetically toward the
end of a list, the Swiss-based company
Schmid & Partner Engineering AG
(SPEAG) should rank high when you’re
evaluating full-wave 3D EM simulation
software. SPEAG’s SEMCAD X Mat-
terhorn package handles DC to light ap-
plications, including antenna design and
optimization, 5G systems, wireless power
transfer, microwave and millimeter-wave
waveguide devices, EMI/EMC, dosim-
etry and safety assessments. Combining
FDTD, FEM and Mode Matching Tech-
nique (MMT) approaches, SEMCAD X
Matterhorn offers simulation speed-ups
through use of NVIDIA GPUs (graphics
processing units) and can run locally or
in the cloud. The software features 64-bit
kernels and parallelization, and supports a
structure-adaptive, sub-gridding scheme
for small-featured, non-rectangular vol-
umes. SEMCAD X Matterhorn users who

Challenges for
EM Simulation
Software

Of course, because

design engineers (or

perhaps their marketing

managers) are always looking for

more, they are keeping simula-

tion software developers busy.

Jeff Barney, product marketing

manager at Remcom, says that

commercial applications like 5G

and automotive radar are driv-

ing the use of higher frequen-

cies (24, 28, 60, 77GHz). “New

devices at these frequencies,”

explains Barney, “have stricter

design requirements than for

designing devices for Wi-Fi or

LTE. For simulation, these higher

frequencies mean more RAM.

A smartphone simulation may

use 5GB of RAM, while a 77GHz

automotive radar (analysis) may

take 40GB.”

At Mentor Graphics, Andy

Haas, product marketing

manager for the HyperLynx

Full-Wave Solver, sees similar

challenges with users asking

for much higher data rates,

form-factor miniaturization and

reduced margins in both timing

and noise. His company’s soft-

ware addresses these challeng-

es in the world of PCBs with

efficient 3D extraction of chip/

package/board interactions.

Other concerns listed by

developers at SPEAG add to this

list: slimmer and smaller devices,

minimal power consumption,

integrated wireless power trans-

fer, EMC/EMI hostile environ-

ments and an increasing number

of safety/exposure standards.

— PJW

NI’s AWR Design Environment includes
AXIEM, a method-of-moments (MoM)
solver for 3D planar EM analysis. It
meshes conductors only and uses
Green’s functions to calculate the effect
of conductor currents on each other.
Image courtesy of National Instruments.
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upgrade to the Sim4Life platform from
Zurich MedTech AG, have the additional 
option to investigate multiphysics effects 
on human models.

The PCB World
It’s hard to think back to a time when
integrated circuits were new and printed 
circuit boards (PCBs) comprised mostly 
discrete components. But decades ago, 
software companies were already em-
bracing the power of simulation with 
innovative products like EEsof, originally 
developed by HP and improved by cur-
rent owner Keysight Technologies. The 
Keysight EEsof EDA software suite sup-
ports communications product design 
with 11 different system-, component- and 
physics-level design tools. Electromagnetic 
Professional (EMPro) is a 3D modeling 
and simulation package for components 
involving RF and microwave, high-
speed digital and RF/mixed-signal ICs. 

Solvers are based on FDTD, FEM and 
MoM approaches; electromagnetics and 
electro-thermal analyses are supported. 
Applications include cell phones, wireless 
networks, radar, satellite communications 
systems and high-speed digital wireline 
designs.

Another option in this field comes 
from Mentor Graphics, with its HyperL-
ynx Full-Wave Solver (originally based on 

the Nimbic nWave product). It solves the 
full 3D Maxwell equations, without ap-
proximations, and covers chip-, package- 
and board-level simulations from DC to 
40+GHz. Andy Haas, product marketing 
manager for the HyperLynx Full-Wave 
Solver, says recent updates include im-
proved port modeling, removal of artificial 
plane resonances, multi-process solver 
parallelization, accurate volumetric DC 

Throwback

CELEBRATING 20 YEARS
ANNIVE

RSARY

ANNIVERSARY

While you may concern yourself daily with nuances of timing dia-
grams, Spice-type simulations, EMI concerns, or parts hunting, 
changes in the big picture are shining in the spotlight on three 

broad topics whose effects will indeed filter down to desktop designers: 
• Design reuse based on marketable intellectual property (IP) cores
• Collaboration engineering via the Internet
• Co-verification of hardware and software
The three areas are interrelated in a number of ways, but certain com-

panies and aspects stand out in each one. 
— “Changing the Way we Design Electronics, Part 1,” DE, September 1998

creo
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solutions for complex low resistance struc-
tures (such as 3D analog packages), and
true 3D meshing for improved accuracy
without large simulation-speed penalties.
The package also supports transient and
steady-state EMI investigations.

Sonnet Software’s Sonnet suite offers
high-frequency 3D planar EM analysis
for planar circuits and antennas. Design
applications include packaged chips, mi-
crostrip, stripline, co-planar waveguide,
PCBs (single- and multi-layer) and com-
binations with vias, metal trace layers and
vertical metal sheets in stratified dielectric
material. Sonnet uses a highly accurate
full-wave MoM approach that incorpo-

INFO Altair: Altair.com

ANSYS: ANSYS.com

CD-adapco: CD-adapco.com

Cobham Technical Services:
Cobham.com

Computer Simulation Technology
(CST): CST.com

COMSOL: COMSOL.com

Infolytica: Infolytica.com

JSOL: PowerSys-Solutions.com

Keysight Technologies: Keysight.com

LSTC: LSTC.com

MathWorks: MathWorks.com

Mentor Graphics: Mentor.com

National Instruments: NI.com

Remcom: Remcom.com

Sonnet Software: SonnetSoftware.com

SPEAG: SemCAD.com

Zurich MedTech AG:
ZurichMedTech.com

For more information on this topic, visit
digitaleng.news.
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New NSF Initiative for Advancing
Wireless Communications: PAWR

The National Science Foundation recently announced a new

public-private consortium for researching next-generation wire-

less technologies and services, some of which promise up to

1000x-throughput improvements over current wireless networks. The

program is called Platforms Enabling Advanced Wireless Research

(PAWR) and will include research in dynamic spectrum bands sub-

6GHz as well as millimeter-wave bands above 26GHz. National

Instruments and Keysight Technologies are two of the industry part-

ners. Learn more at US-Ignite.org/wireless. — PJW

A patch array antenna
simulated in fine detail with
the CST Transient Solver from
Computer Simulation Technology
(CST). Image courtesy of CST.

rates parasitic, cross-coupling, shielding-
enclosure and package resonance effects.
Considering today’s design challenges,
Brian Rautio, lead research engineer at
Sonnet, notes that modern circuits are
more complex and higher frequency than
were imagined even five years ago. “One
of the biggest issues that we have found,”
he says, “is modeling very thick metals.
With the metal aspect ratios being pushed
to limits in current designs, loss models are
taxed more than ever.” He explains that
better loss models were added in Sonnet
v16, and improved ones are coming in v17;
version 16 also includes an improved dy-
namic range for port calibrations.

The Low-Frequency Realm
As is the case for many engineering ap-
plications, some EM software addresses a
more focused set of capabilities via a tar-
geted GUI (graphical user interface).

Infolytica is one such case. Chad
Ghalamzan, Infolytica marketing manager,
has seen how advancements in high per-
formance computing and cloud resources
have made it possible to run simulations
that would have been impractical before.

But “it’s not just ‘now we can do the
same faster,’ it’s ‘what more can we

add to the picture’— we see a
lot of that,” he says. Infolytica
has taken on this challenge
by enhancing the physics
capabilities of its fundamental

3D simulation packages ElecNet
and MagNet; both packages can now link
to Infolytica’s ThermNet software, which

supports multiphysics thermal analyses.
Designers can also now work with Motor-
Solve, a package that automates the FEA
process for designing electric machines.

JMAG from JSOL represents another
FE analysis software suite designed for
low-frequency applications. Its high-
speed solvers handle multiphysics effects
(magnetics, electrostatics, structural, ther-
mal) as well as multiple domains (NVH
and control systems). Automated meshing
combined with shared- and distributed-
memory parallel processing contributes
to extremely fast solution speeds. The
extensive suite includes JMAG-Designer
(general purpose FEA for EM design),
JMAG-Express (a motor design tool) and
JMAG for CATIA V5 (EM field analysis
embedded in CATIA) as well as a flexible
interface to third-party packages. DE

Contributing Editor Pamela Waterman,
DE’s simulation expert, is an electrical engi-
neer and technical writer based in Arizona.
Contact her via de-editors@digitaleng.news.
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The combination of multiple radios, wearables like smart-
watches and glasses, biosensors, GPS equipment and commu-
nications devices are just some of the gear arming soldiers with 
life-saving information and creating unprecedented visibility into 
their surroundings. These technology-enhanced fighters benefit 
from constant contact with their command units and troops, gain 
more situational awareness, and are able to collaborate on mission 
next-steps all with the goal of striking the best defense.

“Our current and future soldiers are only as good as the 
communications that’s shared with them,” says Jean Louis 
DeGay, of the U.S. Army Natick Soldier Research, Develop-
ment and Engineering Center (NSRDEC), who likens today’s 
soldiers as “F-16s on legs” because they have access to compa-
rable capabilities found on aircraft or other military platforms. 
“The sharing of the information wins the fight, not the biggest 
or best bullet. We are looking at a soldier as a communications 
intelligence platform, not just a person with a weapon system.”

DeGay says work is underway on new intelligent body 

gear that among other things includes on-board computers 
that allow soldiers to chat online during missions and to tie 
into key defense networks to tap into intelligence. Soldiers 
will also be able to share mission data, watch mission-related 
video clips, and even exchange surveillance intelligence with 
nearby military vehicles, aircraft or other troops. The onboard 
computing power will also monitor the soldier’s physiological 
status via biosensors to provide a clear picture of their vitals 
and their performance, alerting nearby medics to potential 
problems.

Of course, the key to this vision of a connected soldier is 
the connectivity itself. Yet, there are numerous communica-
tions and networking obstacles related to the harshness of the 
battlefield and the density of the radio frequency environment. 
Hundreds of control, communications, computers and surveil-
lance systems, buoyed by thousands of antennas, sensors and 
RF (radio frequency) circuits, are vying for RF signals within 
a limited RF spectrum. The sheer volume of communications 
presents a daunting challenge for each unit to operate simulta-
neously without bumping up against other nearby systems, ac-
cording to Robert Harwood, global industry director for Aero-
space and Defense at ANSYS, which is actively exploring how 
simulation and modeling can help mitigate radio frequency 
interference (RFI) on the battlefield.

Keeping the 
Connected 
Soldier 
Connected

Simulation is playing a key role in the design and test of antennas used 
extensively on the communications, GPS and health-monitoring gear 
worn by today’s connected solider.
BY BETH STACKPOLE

M ODERN-DAY SOLDIERS ARE ENTERING 
the battlefield not only with weaponry, but 
also with an electronics command and control 
center built on the sensors, antennas and com-

munications capabilities of the Internet of Things (IoT).



digitaleng.news /// September 2016          DE | Technology for Optimal Engineering Design  37

“As we go down the path of the connected soldier, the 
design problem becomes a lot more complicated and the 
design space much harder because there are so many more 
sensors and not just radar or frequency,” he explains. “All of 
a sudden, everything is connected and you have many pro-
liferating systems.”

A Focus on Antenna Design
ANSYS put its simulation muscle to work on antenna design, 
as a way to come up with innovative shapes that could accom-
modate the proliferation and mobility of modules as well as to 
address durability in what is often an extreme and unforgiving 
landscape. In addition, because the connected soldier has to co-

One of the big challenges is designing antenna technology 
that allows soldier and vehicle radios to operate in concert 
without causing radio frequency interference.
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ANSYS EMIT was used to model complete scenes to 
detect RFI and the root cause and well as to explore 
suitable measures for mitigating interference.

     Simulation was used to investigate the 
electromagnetic fields generated from the various 
antennas on the soldier and highlight possible RFI 
between them. Images courtesy of ANSYS.
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exist with other assets and equipment on the battlefield—other 
troops, tanks and unmanned air systems—and oftentimes in the 
presence of hostile forces, simulation is the most effective way 
to test the interactions and explore different antenna designs to 
mitigate potential RFI, Harwood says.

“Electromagnetics is not a new problem, but it just got more 
complicated,” he says. “There are a whole number of antennas 
on a given soldier and if you think of how many scenarios that 
person is operating within—there could be a Humvee driving 
past or a drone flying overhead—it’s difficult to assess how that 
will perform. In a virtual environment, you can run through the 
design trade off space very quickly. To do that physically would 
be very time consuming, impractical and costly.”

For the exercise, the ANSYS team leveraged the High Fre-
quency Electromagnetic Field Simulation (HFSS) tool to model 
the various communication systems and antennas on the soldier, 
including smartwatches, smartglasses and a UHF manpack 
operating at 300MHz, which serves as the link back to nearby 
military vehicles. On the vehicle side, the radios were modeled 
to operate over multiple bands from low VHF to L-band.

ANSYS EMIT, which simulates RFI in complex environ-
ments, worked in tandem with ANSYS HFSS to predict the 
effects of RFI in the simulated battlefield’s multi-antenna, 
multi-transmitter/receiver environment. By modeling the 
complete scene, EMIT computed the interactions between 
the various systems and found that some of the vehicle radios 
caused the soldier to lose contact with the nearby Humvee. 
The combined analysis tools suggested several root causes 
of the RFI in addition to the associated path of interfering 
signals. With this simulation-driven workflow, ANSYS was 
able to demonstrate how engineers could obtain diagnostic 
information leading to filtering, frequency planning and other 

operational design decisions that in turn would ensure that all 
antennas and communications systems could co-exist and per-
form as required.

The ANSYS team went even further, using simulation to 
explore communication connectivity failure possibilities in the 
event a bomb detonated or a communications module was hit, 
Harwood says. Using ANSYS Explicit Dynamics, the team 
examined the response of an antenna on a Humvee in simula-
tion, to determine its potential for survival upon impact. For 

Throwback

CELEBRATING 20 YEARS
ANNIVE

RSARY

ANNIVERSARY

O ver the past few years, technological 
improvements have made wireless modems 
a reliable means of transmitting engineer-

ing data. Improved transmission quality, interference 
filtering and error correction have all contributed 
to making wireless communications an essential 
resource for engineers. 

Two common methods of wireless data transmis-
sion are cellular modems and modem connectors 
to cellular telephones. The cellular network used by 
these two methods consists of a low-power (typi-
cally 0.5 to 3 watts), high-frequency transmission 
device that initiates the data or voice transmission. 

— “Wireless Modems,”  DE July/August 1996

Wearables, including smart glasses and watches, are among the devices that require antennas  
that will aid in soldier communications.
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the simulation, the group worked using an impact velocity of
slightly over 100 m/s, which is on the lower range of the typi-
cal fragment velocity resulting from a nearby bomb explosion.
In this case, the simulation found that the antenna would be 
severely deformed, but not necessarily broken.

Confronting Complex Challenges
ANSYS isn’t the only simulation platform being tapped for the
design of the connected soldier. Altair’s FEKO electromagnetic 
analysis software is being used by Canada’s Department of 
National Defense to explore a variety of issues related to an-
tenna design for wearable radio transmitters worn by military 
personnel there. FEKO is being used to explore how to design 
an antenna that can cover multiple software radios in a single 
unit; operate across a span of frequencies, from low megahertz 
to high gigahertz; and is embedded into the soldier’s clothing 
or body armor. FEKO is also being used to explore electro-
magnetic interference (EMI) between antennas when operat-
ing in scenarios where there are multiple, uniformed person-
nel in close proximity such as soldiers in formation, says C.J. 
Reddy, vice president, business development electromagnetics, 
Americas at Altair.

Simulation becomes a critical part of the design process, 

Reddy contends, given the complexity of the antenna design
problem in this environment. “These are not back of the en-
velope calculations,” he says. “You need realistic calculations
and you need CAD models of the human body on which to do 
numerical analysis. When you’re looking at electromagnetics 
problems, it’s hard to do with paper and pen.”

When faced with complex design challenges like the con-
nected soldier, ANSYS’ Harwood maintains a full simulation 
suite, not just individual analysis tools, is critical for achieving 
the best results. “With simulation, it’s not a one-sized-fits-
all approach to the different phenomena,” he says. “To solve 
these complicated problems, you need a comprehensive 
simulation environment.” DE

Beth Stackpole is a contributing editor to DE. You can reach her
at beth@digitaleng.news.

INFO ➜ Altair: Altair.com

➜ ANSYS: ANSYS.com

➜ U.S. Army: Army.mil

For more information on this topic, visit digitaleng.news
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fight, not the biggest or best bullet.”
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“The idea behind [the smart battery] was that many different 
chemistries appeared,” says Isidor Buchmann, CEO of Cadex 
Electronics. In having more communication among different 
battery components, standardization would ensure that the cor-
rect charging algorithm would be applied for optimized usage.   

The capabilities of batteries are also changing, Buchmann 
notes. Some battery chemistries are now capable of being 
charged to a higher voltage without experiencing damage. With 
a smart connection, the charger is able to instruct the battery for 
longer runtimes and an increased voltage count.  

For a battery to be classified as smart, it must meet the re-
quirements of the Smart Battery Data Specification (SBDS). 
This specification defines the data that flows across the SMBus 
(system management bus) between the Smart Battery, SMBus 
host, Smart Battery Charger and other devices, according to 
Neil Oliver, technical marketing manager at Accutronics, a 
manufacturer, designer and developer of batteries and chargers 
for medical devices. This gives a certain level of communication 
between the equipment and user.   

“Using smart batteries means that most of the heavy lifting is 
done within the battery itself—the device can simply request the 
information it needs and little or no math needs to be done on the 
device side,” Oliver says.

The classification system has several requirements to separate 
them from standard batteries. Smart batteries will have a chip to 
set the correct charging algorithm. The measures below are de-
signed to add extra safety and security. 

• Fuel gauging: The battery fuel gauge contains an accurate 
ADC (analog to digital converter) to measure voltage, current 
and temperature. The smart battery monitors charge going 
in and out of the battery to predict its capacity. For this, most 
manufacturers will offer IC (integrated circuit) chips. 

• Charge control: The battery broadcasts its charging volt-
age and charging current requirements to a compatible smart 
charger. The charger responds accordingly. The battery may 
amend its requirements during the charge phase depending on 
the environmental conditions. 

• Protection: Although not part of the smart battery stan-
dard, most smart batteries have active protection systems to en-
sure the battery remains safe during charge, discharge or storage.

• Authentication: Many knockoffs will use low-grade com-
ponents and corners may be cut in design and manufacture. 
Unfortunately, when the device being copied is a complex energy 
storage device such as a battery, the safety implications can be se-
vere. OEMs can protect themselves from using copycat batteries 
through SHA-1 (secure hash algorithm) authentication.  

Some batteries may also include the ability to measure the 
amount of energy that the battery can take and release—also 
known as a coulomb count—that allows engineers to effectively 
measure the state of health for the battery. 

Additionally, having a charging algorithm (or charge control) 
enacted provides a greater layer of safety, says Buchmann. “[It 
helps] the battery not be stressed by applying a false charging 
algorithm. Most importantly, you only charge the battery until 
full, and every charger has to have a shutoff mechanism so the 
battery doesn’t overcharge [or] overheat,” he says. 

Design Integration
Beyond taking advantage of these different functions, designers 
must figure out how to integrate the battery into a product. When 
specifying the proper battery, look at qualities such as cost, safety, 
component availability, regulatory compliance and aesthetics.  

Additionally, it is imperative to understand the power budget 
of the device while examining the background current, current 

Charging Up 
Product Design
Smart batteries are offering engineers a new way to 
extend product life and improve applications.

BY JESS LULKA

CONSUMERS LIVE IN A WORLD surrounded by smart products—from phones to cars to 
homes. But sometimes, it’s not just the devices that have the smarts. Ever since the standard for 
smart batteries was created in the ’90s, engineers have been able to provide power more  
efficiently and gain lifecycle data in the process—but the standards aren’t always followed. 
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peaks, operating environment temperature, expected lifetime 
and even serviceability of the battery. 

According to Oliver, designers need to take a holistic ap-
proach to consider the battery as part of the system and not treat 
it as an inconvenience. If it’s not integrated as part of the upfront 
design process, teams run the risk of it being an afterthought—
resulting in an underperforming battery. 

Standard Variations 
Even with the SBDS, more manufacturers are finding variation 
among smart batteries to fit different types of medical, aerospace 
and consumer devices. While custom battery designs may offer a 
better energy usage and design integration, companies may find 
it more cost-effective to use already available designs. Even so, 
engineers must consider long-term availability of components 
when creating a device because the variety of available compo-
nents is constantly changing.  

“Ten years ago, battery companies would design the cell 
that would go inside the battery, they were all standard sizes, 
and you would design them to an international standard,” says 
Oliver. “In the rechargeable market, there are certain cell sizes 
readily available, but the newer cell sizes that are coming on 

the market are very much driven by the needs of consumer 
electronic products.”  

Buchmann says compatibility issues between the batteries and 
chargers exist in the industry today. “They had really good ideas 
in the 1990s, but then the protocol wasn’t strongly enough man-
aged and now we have different versions—a very basic level one, 
level two and level three. So there is some compatibility, but not 
total compatibility,” he says. 

To address this, there are a number of hybrid chargers out on 
the market that can work with both smart and regular batteries. 

Processing Data 
Just as engineering teams are dealing with data generated from 
connected designs, there are still challenges when addressing 
smart battery data readings. “There are quite a few batteries that 
have been smart for a long, long time, but the smart is not [neces-
sarily] being used,” says Buchmann. “We see a lot of medical ap-
plications where the battery has a two-year usability, but when we 
replaced it after two years, they still had over 90% capacity left.” 

To help engineers collect more accurate data, Cadex is de-
veloping the Battery Parser, which establishes the production of 
intrinsic battery data for an accurate state of function reading. 
What this would do, Buchmann explains, is deliver a threshold 
of how much energy the battery could actually hold—poten-
tially providing a longer lifecycle and a more accurate reading 
on when it is best to replace the battery. “We’re proposing put-
ting the intelligence in the charger,” he notes. 

Rechargeable batteries are key to sustaining the march toward 
more mobility in markets ranging from wearable consumer elec-
tronics to electric vehicles. By specifying smarter batteries and 
using their in-field data to improve designs, engineering teams 
can continue to create in demand, innovative mobile products. DE

Jess Lulka is associate editor of DE. Send email about this article to 
de-editors@digitaleng.news.
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Accurately predicting the operating tempera-
tures of critical electronic parts at the com-
ponent-, board- and system-level, however, 

often presents a daunting challenge, even with pow-
erful simulation technologies like computational fluid 
dynamics (CFD) based thermal analysis software. 

One major reason for this challenge is the general 
shortage of reliable models for important components 
such as ICs, heat sinks, and fans. Even when thermal 
models do exist, the models are usually derived from 
one set of test conditions that may not represent the 
actual operating environment of the device. 

— “Simulation for Better Device Design,”  
DE, September 1999

The design process for a smart battery is pictured. 
Illustration courtesy of Accutronics. 

INFO ➜ Accutronics: Accutronics.co.uk

➜ Cadex Electronics: Cadex.com
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But the volume of data in 3D CAD was a difficult challenge
to overcome. It’s one thing to transmit and interact with light-
weight 2D images, alphanumerics and text strings in the cloud 
from a browser—but quite another to work with detailed 3D 
assemblies with hundreds or thousands of subcomponents in the 
same fashion. Early incarnations of cloud-hosted CAD (like the 
short-lived Alibre ASP in the ’90s) were hampered by unreli-
able connectivity and lag time, leading CAD users to conclude 
remote computing was not yet for them.

 But, the latest advances in virtualization technologies and 
hosting hardware are changing the outlook. Some workstation 
vendors now include technology components that make remote 
computing easier. For example, HP Z-series workstations come 
with HP Remote Graphics, which let you “access share, and 

broadcast your Windows and Linux workstation apps” to light-
weight devices and mobile tablets. Under the brand NVIDIA 
GRID, GPU (graphics processing unit) maker NVIDIA offers 
hardware for hosting GPU-enabled virtual workstations. Remote 
computing for engineers is no longer a pipe dream, but has be-
come a practical solution.

Remote vs. Virtual
Every virtual workstation is remotely accessible, but not every
remote workstation is virtual. “Both the virtual workstation and 
remote workstation are in the data center. But with virtual ma-
chines, you add a layer of software to split up the resources [from 
a single piece of hardware] for multiple users. With a remote 
workstation, the user retains 100% of the resources in the remote 

Navigating  
the Remote  
Computing
Jungle

BY KENNETH WONG

PREVIOUSLY, REMOTE COMPUTING eluded engineers, mainly due to the compute-intense 3D modeling software
that they use. Software programs for enterprise resource planning (ERP), customer relationship management (CRM) 
and product lifecycle management (PLM) have, for the most part, been re-engineered for remote computing and the 
cloud. It’s a reflection of the general tech consumers’ preference to work from anywhere, on any device.

Your roadmap through the 
acronym-infested remote 
computing landscape.
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machine assigned to him or her,” says Hector Guevarez, worksta-
tion portfolio manager at Lenovo.

 A remote workstation is supported by a real workstation 
located offsite. It’s usually a one-to-one setup (one machine 
to support one user), so the user has access to all the comput-
ing resources and attributes of the remote machine—CPU, 
GPU, memory, OS and preinstalled software. It’s no different 
from a dedicated workstation sitting inside a cubicle, except the 
hardware is located in the cloud or a server room far away. You 
communicate and control the remote workstation through some 
kind of network connection. For example, workstation maker 
Dell currently partners with Teradici to offer what it calls PC 
over IP (PCoIP) solutions for a remote workstation setup.

 A virtual workstation, on the other hand, doesn’t really exist. 
It’s created from the computing resources of a server designed 
to support a number of users. In other words, an IT administra-
tor divided the CPU, GPU and storage capacities of a piece of
hardware into the equivalent of several workstations, assigned 
to a number of users. With this one-to-many setup (one piece 
of hardware supporting many users), administrators can create 
different classes of virtual machines (VMs) for different users: 
for example, one class of VMs with just enough CPU and GPU 
horsepower for casual CAD users; another class of VMs with 

generous CPU and GPU firepower for heavy CAD and simula-
tion software users. The setup is often referred to as VDI, or
virtual desktop infrastructure.

 “The VDI lets you maximize the number of users [you can 
support] on a single piece of hardware, especially if the users don’t 
require a lot of computing resources. You may also allocate the 
hardware’s resources among only a small set of users so they could 
get a higher degree of computing capacity,” Guevarez says.  

 A remote workstation is not easily expandable. Its comput-

Throwback
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While workstations featuring RISC chips and 
Unix once owned the number-crunching 
and graphically intensive engineering 

fields, “Wintel” machines are now crowding the play-
ing field and the horizon. The Unix boxes that have 
dominated FEA, CFD, CAD/CAM and 3D modeling 
have long been priced out of the reach of individu-
als and engineering consultants, as well as many 
small-to mid-sized companies. With Wintel, however, 
manufacturers are putting together solutions averag-
ing at or even under $5,000. 

— “PC Workstations,” DE, May 1997
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ing power is finite; therefore, it’s important to select the kind of 
hardware appropriate for your usage paradigm. In a VDI, the 
administrator can allocate more computing resources to you 
or switch you to a more powerful VM when you need to tackle 
a rendering or simulation job. Of course, this approach works 
only if the backend hardware has additional resources to spare. 
If not, increasing resource allocation to one VM must be offset 
by a reduction of capacity in another. Because of this flexibility 
to adjust computing power, VDI can offer an economic advan-
tage in firms with fluctuating numbers of contractors or projects 
with revolving computing needs.

 Bandwidth issues and poor interconnects can hamper both 
remote workstations and VMs. If the linkage between the users 
and the hosting hardware is not designed to accommodate high-
speed data transfer, the remote machine and VMs will suffer from 
lag—a noticeable delay in the software’s response to the user’s 
commands. Lag-time issues could determine whether a workforce 
decides to adopt or reject a remote workstation solution.

Cloud: Public or Private? 
In some ways, the pros and cons of the private and public cloud 
mirror those of the remote workstation and the virtual machine. A 
private cloud is an internal network supported by a piece of server-
class hardware owned and operated by a company, protected by the 
company’s firewall. A public cloud, on the other hand, is a virtual 
network hosted on a cloud service provider’s server, maintained and 
protected by the vendor. Some vendors like Penguin Computing 
offer hardware for hosting both private and public clouds.

 Whether used for data storage or computing, the private 
cloud is limited by the capacity of the hardware that supports it. If 
the private cloud can no longer cope with the increase in demand, 
it must be expanded with additional hardware. On-demand public 
cloud solutions—by contrast—are much easier to expand; they’re 
offered by vendors who maintain data centers with sufficient 
resources to host the needs of many clients. Adding capacity to 
a public cloud product typically involves paying for more CPU, 
GPU or server space based on the vendor’s service plan.

 Firms with IP (intellectual property) sensitivity tend to favor 
private cloud solutions because they have the final say in security 
measures. Startups, small businesses and mid-sized firms will 
more likely use public clouds because the solutions usually don’t 
require an upfront investment in hardware, payment is incremen-
tal and the capacity can be adjusted based on project needs. 

SaaS vs. Subscription
SaaS, or Software-as-a-Service, is typically delivered through a 
browser and sold via subscription. But not all subscription soft-
ware is SaaS or browser-based. The newcomer Onshape, founded 
by former SOLIDWORKS executives, exemplifies SaaS CAD. Its 
flagship parametric modeling program is delivered from a browser 
and sold as a monthly subscription. Big name design software ven-
dors like Autodesk, Siemens PLM Software, Dassault Sytèmes and 
PTC offer some full-fledged 3D CAD software under subscription 

Some new vendors in simulation, like SimScale (shown 
here), deliver their solution from a browser. Image 
courtesy of SimScale.

With HP’s Remote Graphics Software (RGS), you can 
remotely access and work with your workstation-
installed applications from a mobile tablet. Image 
courtesy of HP.

Because Onshape’s parametric CAD program runs 
from a browser, it eliminates the need for a high-end 
system traditionally associated with CAD software. 
Image courtesy of Onshape.
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licensing, but they’re not browser-based solutions. To use them, 
you must install the program on a local machine. Therefore, typical 
hardware and system requirements still apply.

 The SaaS model has also crept into the simulation and 
computer-aided engineering (CAE) market. Looking for a 
way into a market dominated by established vendors, relatively 
new vendors like Simscale set themselves apart by introducing 
cloud-hosted, browser-based CAE products, sold via subscrip-
tion. But in CAD and CAE, SaaS is not yet the norm, like it is in 
enterprise resource planning (ERP) and customer relationship 
management (CRM) markets.

The emerging CAE app vendors, such as AweSim, also sug-
gest CAE’s migration to the on-demand model. By offering 
solution packages that contain “domain-specific knowledge, spe-
cialized software and computational resources,” AweSim appeals 
to manufacturers seeking a fast track to simulation adoption. 
“Our software services free end users of all the non-modeling 
and simulation tasks involving running such software locally, 
such as maintaining a license server, applying operating system 
security patches, installing application updates, and ensuring 
data is backed up,” points out Alan Chalker, director of AweSim.

 One appeal of SaaS is the flexibility in hardware. With a 
standard desktop CAD and CAE program, you need a profes-
sional workstation to get good performance. Some high-end 
CAE programs can push the limits of even a topline worksta-
tion. With SaaS, you only need a standard web browser to run 
the software; therefore, you may choose to run the software 
from a mobile tablet or consumer PC. The Achilles heel in SaaS 
is bandwidth—the data pipeline connecting you to the cloud-
hosted software. Previously CAD vendors argued SaaS CAD 
couldn’t match the experience of desktop-installed CAD. But 
vendors like Onshape disproved them. The key in SaaS CAD or 
CAE is robust compression and caching algorithms that allow 
graphics-intense program components to be delivered over a 
standard internet connection with no noticeable lag time.

Hardware-as-a-Service, Desktop-as-a-Service
The latest phenomenon is the rise of vendors who offer on-demand 
access to hardware. Rescale offers what it calls a “turnkey platform 
for running high-performance computing and simulations in the 
enterprise.” It targets companies in automotive, aerospace, oil & gas 
and other industries that routinely run complex simulation jobs, but 
may not want the burden of owning and maintaining the necessary 
hardware infrastructure to support such workflows.

 Others like NaviSite and Fra.me offer what’s called Desk-
top-as-a-Service (DaaS) solutions, starting from as little as $12 
per user per month. Because the purchase price of a professional 
workstation is usually around $1,500 to $2,500, the on-demand 
virtual machine stands out as an attractive option. IP sensitivity, 
security concerns and general distrust of the cloud currently 
keep many engineers from on-demand hardware, virtual ma-
chines and browser-based products. But their cost-effectiveness  
may outweigh the risk factors—real or imagined. 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: Autodesk.com

➜ AweSim: AweSim.com

➜ Dell: Dell.com

➜ Fra.me: Fra.me

➜ Lenovo: Lenovo.com

➜ NVIDIA: NVIDIA.com

➜ Onshape: Onshape.com

➜ Penguin Computing: PenguinComputing.com

➜ PTC: PTC.com

➜ Rescale: Rescale.com

➜ SimScale: SimScale.com

➜ Teradici: Teradici.com

For more information on this topic, visit digitaleng.news

/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /
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This new 15.6-in. system comes housed in a magnesium/alu-
minum alloy chassis wrapped in a beautiful skin. A dotted pattern 
surrounds an HP logo on the lid; a recessed diamond pattern on 
the bottom and a band of rubber, makes it easy to hold and helps 
keep it from sliding around. Aesthetics are nice, but it was the 
ZBook Studio’s size, weight and performance that won us over.

The HP ZBook Studio measures 14.76x10.04x0.71 in. and 
our evaluation unit weighed 4.66 lbs. The 150-watt external 
power supply, which at 6.0x2.56x0.87 in. is actually slightly 
thicker than the laptop itself, weighs 0.95 lbs. with cables, bring-
ing the total travel weight to just over 5.5 lbs.

Raising the lid reveals a spill-resistant 85-key backlit keyboard 
that is comfortable to use, though the thin chassis results in fairly 

shallow key travel. A fingerprint reader is positioned to the lower 
right corner of the keyboard. A pair of speakers connected to a 
superb Bang & Olufsen sound system flanks the keyboard, while 
the responsive 4.5x3.1 in. touchpad is centered below the space-
bar. Although the touchpad lacks dedicated buttons, it does sup-
port gestures for zooming and scrolling. You can also tap near the 
lower-right corner to right-click and double-click in the upper-
left corner to toggle the touchpad on and off—with an amber 
LED indicating when the touchpad is off.

Ultrathin, 
Light and 
POWERFUL
BY DAVID COHN

IT IS ALWAYS EXCITING WHEN WE RECEIVE A NEW HP Z-series workstation to review. Last September, we 
looked at the HP ZBook 14 G2 (see digitaleng.news/de/?p=26005). A few months later, we were in New York when HP 
unveiled its next generation of Z-series workstations, including its ZBook Studio, billed as “the world’s first quad-core 
workstation ultrabook.” 

The HP ZBook Studio G3 earns  
kudos as the world’s first quad-core 
workstation ultrabook. 

Throwback

CELEBRATING 20 YEARS 2ANNIVE
RSARY

ANNIVERSARY

— “The HP Visualize P500 Workstation: More 
Affordable High-End Graphics,” DE, June 1999

Features Overview: HP Visualize P500
• Price: $7,505 (configuration tested) 
• Size: 8.25x16.25x15.75 in. mini tower
• CPU: 500MHz Pentium III (supports two)
• Chipset: Intel 440 BX AGPset
• Memory: 256MB RAM; 512KB L2 cache
• Hard Disk: Seagate Cheetah 9.1GB SCSI 
• Floppy: 3.5-in. floppy 
• Optical: CD/RW drive

INFO ➜ HP: HP.com

HP ZBook Studio G3
• Price:  2,999 as tested ($1,999 base price)
• Size/Weight: 14.76x10.04x0.71 in. (WxHxD) notebook/ 4.66 lbs. 
• CPU: Intel Xeon E3-1505M v5 2.8GHz quad-core w/ 8MB cache  
• Memory: 32GB DDR3 2133MHz ECC 
•  Graphics: NVIDIA Quadro M1000M w/4GB GDDR5 and Intel  

HD Graphics P530 
•  Hard Disk: 512GB PCIe M.2 SSD (room for two internal SSDs) 
• Floppy/Optical: None 
•  Audio/Video: Bang & Olufsen HD audio with integrated stereo 

speakers and microphone/720p HD webcam 
•  Network: Integrated Intel i219-LM gigabit network; 

integrated dual-band wireless 802.11a/b/g/n/ac Wi-Fi; 
Bluetooth 4.0 

•  Other: Three USB 3.0 (one with charging), HDMI 4.1, 
microphone-in/headphone-out combo, A/C power, RJ-45, two 
Thunderbolt 3.1, smart card reader 

•  Keyboard: Integrated 85-key backlit keyboard 
• Pointing device: Integrated touchpad with multi-touch

/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /
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There is no separate numeric keypad, but you can toggle 
Number Lock to use the embedded number keys. Another func-
tion key mutes the built-in microphone. The Caps Lock, Number 
Lock and Microphone keys have their own tiny LEDs to indicate 
when they are selected. LEDs on the left front edge of the case 
indicate wireless, power, charging status and hard drive activity.

The rectangular power button is located in the upper-left, 
above the keyboard, and glows white when the computer is on. 
To the upper-right of the keyboard are dedicated buttons to 
toggle the built-in wireless capabilities and mute the speakers.

Our evaluation unit came with a beautiful UHD UWVA 
3840x2160 IPS (in-plane switching) anti-glare LED-backlit 
display. HP also offers 1920x1080 FHD displays with or with-
out touch capabilities as well as a DreamColor version of the 
3840x2160 panel. A 720p HD webcam is centered above the 
display, flanked by a pair of microphones as well as an LED that 
glows white when the webcam is active.

The HP ZBook Studio provides ample ports (see “Info” on 
opposite page). Unlike most other HP mobile workstations, the 
ZBook Studio is a closed system—the bottom is not removable 
and users cannot replace the batteries.

Great Performance
HP equipped our ZBook Studio G3 with an Intel Xeon E3-1505M 
v5 Skylake CPU, a quad-core 2.8GHz processor (3.7GHz max 
turbo) with a 4MB cache and 45-watt thermal design power (TDP) 
rating. In spite of its light weight and slim ultrabook proportions, 
the HP ZBook Studio still delivers power commensurate with its 
designation as a mobile workstation. The four-cell 64WHr Li-
ion prismatic battery kept the system running for 5 hours and 18 
minutes in our demanding battery run-down test.

On the SPEC Viewperf test, which focuses on graphics, the 
ZBook Studio performed admirably. Although it lagged behind 
systems equipped with more powerful GPUs, it surpassed the 
performance of other thin, lightweight systems. On the new 
SPEC SOLIDWORKS 2015 benchmark, the HP ZBook Stu-
dio G3 also trailed a bit behind some of the larger mobile work-
stations we’ve tested recently—but again outperformed all other 
comparable lightweight systems.

The ZBook Studio also turned in good results on the de-
manding SPECwpc benchmark with scores comparable to other 
mobile workstations. And with an average time of 76.8 seconds 

to complete our AutoCAD rendering test, the HP ZBook Stu-
dio outperformed the other 15.6-inch mobile workstations.

Throughout our tests, the HP ZBook Studio was practically 
silent, averaging 29dB at rest and peaking at 39dB under the 
most extreme compute loads. HP preloaded Windows 10 Pro 
64-bit. Windows 7 and FreeDOS 2.0 are also available. Like all 
of its other workstations, the ZBook Studio G3 is ISV (inde-
pendent software vendor) certified and backed by a three-year 
warranty that covers parts, labor and onsite service, including 
replacement of the battery. It is also built tough and has passed 
14 tests under MIL-STD 810G testing.

The HP ZBook Studio G3 sets a new standard as the lightest, 
most powerful quad-core mobile workstation currently available. 
As tested, our unit had a total cost of $2,999. At that price, the HP 
ZBook Studio G3 has the beauty to impress all who see it and the 
brawn to make a believer out of anyone who uses it. DE

David Cohn is the technical publishing 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 DE 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.

The new HP ZBook Studio   
 G3 delivers workstation   
   performance in an  
    ultrabook that is 18mm  
     thick and weighs just  
      over 4.5 pounds.  
        Image courtesy of HP. 

Shown here is an articulated humanoid 
robot leg, built by researchers at the Drexel 
Autonomous System Lab (DASL) with a 
Tormach PCNC 1100 milling machine. To 
read more about this project and other 
owner stories, or to learn about Tormach’s 
affordable CNC mills and accessories, visit 
www.tormach.com/desktop. 

PCNC 1100 Series 3

PCNC 770 Series 3

Mills shown here with 
optional stand, machine 
arm, LCD monitors, 
and other accessories.

www.tormach.com/desktop

Personal CNC
Shown here is an articulated humanoid 

Personal CNC

www.tormach.com/desktop
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HP ZBook 
Studio G3
15.6-inch   

2.8GHz Intel Xeon 
E3-1505M v5 

quad-core CPU, 
NVIDIA Quadro 

M1000M,  
32GB RAM, 

512GB PCIe SSD

Lenovo  
ThinkPad P50

15.6-inch 
2.8GHz Intel Xeon 

E3-1505M v5 
quad-core CPU, 
NVIDIA Quadro 

M2000M,  
16GB RAM, 

512GB PCIe SSD

Lenovo  
ThinkPad P70

17.3-inch 
2.8GHz Intel Xeon 

E3-1505M v5 
quad-core CPU, 
NVIDIA Quadro 

M4000M,  
16GB RAM, 

500GB PCIe SSD

Dell Precision 
7710

17.3-inch 
2.9GHz Intel 

Xeon E3-1535M 
quad-core CPU, 
NVIDIA Quadro 

M5000M,  
32GB RAM, 

512GB SATA HD

Eurocom  
Sky X9 

17.3-inch 
4.3GHz Intel Core 
i7-6700K quad-
core CPU, NVIDIA 
Quadro M5000M, 
64GB RAM, two 

256GB PCIe SSDs 
and two 2TB 
SATA HDs

Dell Precision 
M3800 G2
15.6-inch 

2.3GHz Intel 
Core i7-4712HQ 
quad-core CPU, 
NVIDIA Quadro 

K1100M, 1 
6GB RAM, 

256GB SSD

Price as tested $2,999 $2,353 $3,623 $3,890 $6.781 $2,109

Date tested 3/9/16 3/21/16 2/12/16 1/23/16 1/23/16 5/25/15

Operating System Windows 10 Windows 10 Windows 7 Windows 10 Windows 10 Windows 8.1

SPECviewperf 12 (higher is better)

catia-04 35.30 42.44 80.54 75.57 102.23 15.16

creo-01 32.36 43.01 66.69 55.78 84.55 15.36

energy-01 3.08 4.12 6.39 9.00 10.52 0.34

maya-04 29.50 33.08 54.93 43.43 75.56 13.85

medical-01 14.46 18.53 27.23 31.21 40.75 4.30

showcase-01 21.04 22.02 46.70 48.07 45.87 8.55

snx-02 28.55 60.01 112.86 63.33 87.30 15.30

sw-03 55.23 64.70 88.04 82.02 121.63 25.41

SPECapc SOLIDWORKS 2015  (higher is better)

Graphics Composite 2.92 3.56 4.62 3.88 6.07 1.85

Shaded Graphics Sub-Composite 2.27 2.89 2.41 2.40 4.36 1.70

Shaded w/Edges Graphics Sub-Composite 3.05 3.63 3.42 3.21 5.58 2.27

Shaded using RealView Sub-Composite 2.32 2.95 3.41 2.85 5.07 1.57

Shaded w/Edges using RealView Sub-Composite 4.03 4.92 5.89 4.93 8.36 2.76

Shaded using RealView and Shadows  
Sub-Composite

2.13 2.68 3.87 2.94 5.17 1.38

Shaded with Edges using RealView and  
Shadows Graphics Sub-Composite

3.49 4.30 6.19 4.85 8.11 2.29

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

3.19 3.30 7.97 5.70 6.81 1.12

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

4.62 5.01 12.01 8.74 10.28 1.74

Wireframe Graphics Sub-Composite 3.16 3.26 3.02 2.99 3.76 2.36

CPU Composite 2.82 2.51 3.47 2.56 3.03 2.41

SPECwpc v2.0 (Higher is better)

Media and Entertainment 2.29 2.43 2.60 2.57 3.38 1.22

Product Development 2.22 2.05 2.32 2.73 3.16 1.08

Life Sciences 2.46 2.49 2.56 3.18 3.91 1.12

Financial Services 1.15 1.15 1.14 1.19 1.40 0.96

Energy 2.22 1.86 2.27 2.66 3.13 1.09

General operations 1.31 1.25 1.41 1.48 1.70 0.82

Time

Autodesk Render Test  (in seconds, lower is better) 76.80 82.80 50.00 85.60 64.90 79.38

Battery Test  (in hours:minutes, higher is better) 5:18 4.37 5:15 5:30 2:17 5:34

  Numbers in blue indicate best recorded results. Numbers in red indicate worst recorded results.

Mobile  
Workstations  
Compared
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In Mitsubishi’s case, they practice concurrent engineering, 
which entails designing products as you build them. As they do 
so, they need to incorporate changes from the field. Moving the 
design process from the desk to anywhere demands capabilities 
that are not as critical when working at the office—including the 
ability to print designs from mobile devices. 

For engineers, it’s a necessary capability that allows for their 
designs to be analyzed, discussed, submitted and revised. For 
print device manufacturers, it means developing software and 
devices to meet the demand presented by engineers on the go 
who use mobile devices to complete their work.

Engineers On The Go
Mobile engineers are loading their devices with 3D modeling soft-
ware that draws from offsite data repositories. They are now doing 
this with tablets, smartphones and sometimes switch between a 

mobile device and desktop workstation. Because they’re used to 
plotting views, the capability to print from their mobile device is 
key. An ability to print an assembly view or a “what if” component 
greatly enhances the ability to communicate designs quickly. 

“Engineering professionals have increasingly collaborative 
and mobile work requirements and as such need to share, view 
and print large format documents from a variety of locations 
using mobile devices like the Apple iPad, iPhone and other tab-
let devices,” says Bob Honn, director of Marketing Support at 
Canon Solutions America. “Mobile print applications make this 
collaborative approach easier by leveraging the mobile device’s 
internet connection in conjunction with third-party software to 
access and print to large-format enabled printers. By doing so, 
mobile professionals can share, manage and print content.”

An Emerging Market for Wireless Printing
According to the research firm IDC, 35% of smartphone users 
and 34% of tablet users want to print, but don’t know how. Print-
ing has traditionally been conducted from a desktop at the home 
office. IDC says mobile printing will grow dramatically within 
the next two years due to an overall increase in access to digital 
content. This influx of demand seems to be fueling an emerging 
market for wireless printing. 

The research firm Technavio confirms this trend and says 
demand for wireless printing over the next few years will be 
catalyzed by the bring-your-own-device (BYOD) culture within 
the workforce. According to Technavio, about 34% of the global 
workforce is mobile. This demand is fueling the global wireless 
printer market, which is predicted to reach $73 billion by 2019. 

This is particularly true for engineers who can develop sub-
assembly designs on a tablet and include details right down to 

Canon Solutions America’s imageRUNNER ADVANCE 
C5560i multifunction color system, shown here 
with the External Finisher. Image courtesy of Canon 
Solutions America.

BY JIM ROMEO

M ITSUBISHI MAHINDRA AGRICULTURAL 
MACHINERY CO. LTD., like many innova-
tive technology companies, seeks to expedite its 
design practices. They want the best practices 

to create effective designs with speed and flexibility. This war-
rants best practices along with tools and technology that offer 
the ability to wirelessly print from mobile devices.

Printing 
On the Go
Engineers are demanding mobile printing. 

According to IDC, 35% 
of smartphone users 
and 34% of tablet 
users want to print, but 
don’t know how.35%

34%
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the thread count on a fastener. They can bring the tablet to a 
client meeting and fire off a print at the client’s facility to leave 
them with several dimensional views for final approval. 

“By deploying wireless technology to share files, printing 
service providers are offering managed print services to compa-
nies through outsourced third-party vendor arrangements,” says 
Navin Rajendra, lead market research analyst for Hardware and 
Semiconductor Research at Technavio. “It not only saves 30% 
of the total cost of printing but also provides better integrated 
and secured document solutions. As per the key findings of this 
market forecast, the growing popularity of wireless docking 
stations among electronics consumers will augment wireless 
printer sales during the forecast period. This market analysis 
also indicates a decline in prices of wireless docking devices over 
the next four years as technology improves.” 

Such a trend makes way to a host of solutions from many 
print device manufacturers: Devices and software that are small 
and mighty with many specialized features.

From Cloud Repository To Print Device
Brother Mobile Solutions, Inc. (BMS), which offers mobile wireless 
printing solutions, is a wholly-owned subsidiary of Brother Interna-
tional Corporation. The company recently launched its PocketJet 
7 mobile printer, a full-page mobile printing solution. With mobile 
devices, designers are using hybrid IT: A combination of the tradi-
tional desktop, a mobile device and cloud computing. 

 Xerox is developing useful tools for mobile devices and mul-
tifunction printers as well. Several of its tools will make it easier 
for remote workers to use the same workflows they would in 
an office—even though they’re working remotely. Workers can 
securely send documents from their mobile device to colleagues 
or the cloud, as well as print to just about any printer. 

“Working on the go often brings unneeded complexity and 

workflow jams like when you can’t connect to a local printer or 
your company’s cloud repositories,” says Jim Rise, senior VP, Of-
fice and Solutions Business Group at Xerox.  

Flexibility for Any Time, Anywhere 
Brückner, a company that specializes in film stretching technol-
ogy, relies on a cloud repository of digital data. One of their plants 
manufactures special machinery for the processing of plastic film. 
The company has used Siemens PLM Software’s Solid Edge 
3D/2D CAD software system, often on tablets.

At least 100 of the 600 or so Brückner employees work with 
Solid Edge—not only in development, engineering and design, 
but also in technical sales, marketing and documentation. On 
release of the Solid Edge drawings, an automatic conversion into 
the TIFF format is initiated. This allows drawings for manufac-
ture and assembly to be sent to an individual server and on to an 
intelligent plot management system PLOSSYS, from SEAL Sys-
tems, to produce a supply of drawing printouts for production. 

Clayco Engineering also actively embraces design collabora-
tion using tablets and the cloud for its construction engineering 
work. The company uses Autodesk BIM 360 with tablets at the 
point of construction. Field staff use tablets to access project-
management workflows, such as quality assurance, quality control, 
commissioning, issue creation and sign-off, job tracking and 
safety, as well as a project-based document library.

Field teams turn to iPads to complete checklists at the job site, 
add digital photos to markup observations, and share that data 
with the entire project team. All actionable items are tracked in 
one database that everyone uses to eliminate data silos. 

With the advent of printing technology for mobile devices, 
engineers are better able to take advantage of all cloud-based data 
depositories from anywhere. It makes today’s design engineer 
more nimble and flexible. They have more options to draw from 
data in the cloud, design and fabricate concurrently if they desire, 
and be more efficient and effective in their design practice. 

Canon’s Honn says flexibility is driving printing technology 
for today’s mobile engineering designer. Flexibility is key: print 
the latest product design update from anywhere. DE

 Jim Romeo (JimRomeo.net) is a freelance writer based in Chesa-
peake, VA. Contact him via email at de-editors@digitaleng.news.

Throwback

CELEBRATING 20 YEARS 2ANNIVE
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Many engineers, for example, started their 
plotting careers using electrostatic or pen 
plotters. Now comes Internet plotting sys-

tems, which extend production plotting by letting 
you post design files directly to the Internet via dedi-
cated web pages that are accessible through specif-
ic URL (uniform resource locator) addresses. Imagine 
being able to have a global design conference call 
to review a design minutes after it has all been com-
pleted. Using the Internet as a delivery mechanism, 
this will become a part of your future collaboration. 

— “Plotting on the Web,”  
DE, November 1998

INFO ➜ Autodesk: Autodesk.com

➜ Brother Mobile Solutions: Brother-usa.com

➜ Canon Solutions America: CSA.Canon.com

➜ IDC: IDC.com

➜ Siemens PLM Software: Siemens.com/PLM

➜ Technavio: Technavio.com

➜ Xerox: Xerox.com

For more information on this topic, visit digitaleng.news
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Don’t Miss Out
Upcoming Editorial Webcasts!

JANUARY 2017: Optimal Design 
Technology Outlook 
We’ll discuss the results from our optimiation 
survey and explain how your peers are optimizing 
design enigneering via technology optimization and 
democratiation.

MARCH 2017: Incorporating Sensor Data 
into System Engineering 
How the growth of the Internet of Things ushers in 
new demands for design engineers to make use of 
the data being collected from connected sensors to 
improve system design.

Available On-Demand 
 
Don’t Drown in Data
DE’s Senior Editor Kenneth Wong moderates a panel 
of experts as they discuss how companies make use 
of the engineering data they already generate, and 
how they plan to collect and filter more data so that it 
can be introduced into the design cycle.

digitaleng.news/de/bigdata

Supercomputing for the Rest of Us
Join DE’s Senior Editor Kenneth Wong in this online 
discussion of how design engineers from companies 
of all sizes can benefit from new initiatives to simplify 
access to supercomputing power.

digitaleng.news/de/supercomputing

Digital Engineering

DE EDITORIAL WEBCAST DISCUSSION SERIES — 
INSIGHTS, INSPIRATION AND INFORMATION

Augmented reality, virtual reality, digital 
twins, generative design, machine learn-
ing, and more -- these buzzwords sound 
futuristic and inconceivable, but are any 
of them ready for prime-time in design 
engineering? 

DE’s Kenneth Wong will moderate a 
panel of experts as they discuss futur-
istic technologies that are already being 
implemented, and how to evaluate them 
for use in your engineering workflow.

DECEMBER 13, 2016 @ 2 PM

Register at: 
digitaleng.news/de/nextgen

A Roundtable Talk on:

Moderated by 
DE’s KENNETH WONG

Expert panelists will discuss:

• Topology optimization and generative design software that 
suggests design options

• Virtual reality, augmented reality, digital twins and machine 
learning

• Sensor-equipped factories of the future and their effect on 
design engineers

Next-Gen 
Technologies  
Now
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Each week, Tony Lockwood combs 
through dozens of new products to 
bring you the ones he thinks will help 
you do your job better, smarter and 
faster. Here are Lockwood’s most 
recent musings about the products 
that have really grabbed his attention.

Mastercam 2017’s line-up has pack-
ages for 2- through 5-axis routing,
milling and turning, 2- and 4-axis wire 
EDM (electrical discharge machining), 
2D/3D design, surface and solid model-
ing as well as Swiss machining. There’s 
a version for programming parts di-

rectly in SOLIDWORKS, and there’s
a range of CAD translators so that you 
can open and work with most any file.

The software sees new and improved 
functionality across the board, including 
a new ribbon interface. 
MORE ➜ digitaleng.news/de/?p=31820

Mastercam 2017 Launches
Newest edition focuses on increased speed, automation and efficiency.

TransMagic Releases Version 12
The software now handles complex annotations for enhanced MBD and PMI. 

TransMagic comprises an array of ap-
plications for CAD file translation, 
data conversion, geometry repair, file 
comparison and validation as well as ex-
tended capabilities like automatic batch 
translations, assembly management, 
viewing and reporting/communicating 

with 3D PDFs or on the web.
Release 12 expands model based 

definition (MBD) and product manufac-
turing information (PMI) capabilities to 
support section views with all annota-
tions, cutting planes and model features.
MORE ➜ digitaleng.news/de/?p=31717

Remcom Updates XGtd
Co-site analysis functionality has been added for users.  

 The XGtd application is part of Rem-
com’s suite of wireless propagation and 
electromagnetic simulation software for 
modeling propagation with devices in 
real-world scenarios. The applications all 
work together and provide what you need 
to model EMI and electromagnetic com-

patibility, radar and scattering.
The key new enhancements are 

several co-site analysis features. These 
let users calculate paths and coupling 
between transmitters and receivers for 
EMI  assessments.
MORE ➜ digitaleng.news/de/?p=31578

Arcam Announces New 3D Printers
Control software for accurate beam control is also now offered.
As successors to earlier models, the
Arcam Q10plus and Q20plus 3D print-
ers have been enhanced with new tech-
nologies such as an X-ray based technol-
ogy for high-precision auto-calibration 
and all new control software. Both have 
been optimized for handling metal 
powders efficiently, and their software is 

ready for volume production.
The supply chain for Arcam’s stan-

dard metal powders—Cobalt-Chrome 
ASTM F75, Inconel 718 and three 
types of Titanium—is validated, and 
each batch of powder is fully traceable, 
which is a big deal. 
MORE ➜ digitaleng.news/de/?p=31469
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Remote Access 
to CAD Without 
Latency 
How the proper remote  
IT infrastructure can help 
advance your engineering team.
BY MENDY NEWMAN

Mobility and devices such as laptops, tablets and smartphones 
have made it significantly easier to conduct business from just 

about anywhere. In most cases, email and office productivity tools are the 
standard applications along with remotely accessing enterprise software 
solutions. However, the CAD world is different.

Engineers, architects, and other designers are often limited in how 
they can take advantage of mobility, primarily because of the computing 
horsepower and bandwidth needed to manage CAD files remotely. By 
providing the ability for designers to collaborate and work on projects 
regardless of physical location, mobile technology, specifically remote access 
solutions, can make the process of creating even more efficient.

Mobile technology can be a game-changer for architects, engineers, 
and designers. However, there’s just one small issue to consider: CAD.

Though CAD software and models save time and costs for designers and 
their teams, there are cases in which access to CAD can actually hinder the 
process from design to production. In particular, integrating mobile technology 
into the design process can be a tenuous experience, especially when dealing 
with large files and unreliable network connections.

MORE ➜ digitaleng.news/de/?p=31630
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Breaking Down the Thermal 
Management Challenges in 
Forced Convection Tablets 
Today’s smart products bring on new design  
methods for heating and cooling.
BY WILLIAM MALTZ AND JOHN PARRY

Accommodating higher performance computing in small form-
factors such as a tablet is a thermal management challenge. Touch 

temperature is as important as processor temperature. Cooling by natural 
convection alone isn’t enough for the higher power density of a high-
performance tablet, instead forced convection has to be used. This article 
examines the thermal management challenges of forced convection in a 
tablet form factor.

Electronic Cooling Solutions (ECS) first took apart tablets from different 
vendors, then focused on one particular tablet from a company in Cupertino, 
CA. We did a thorough teardown and analysis of that particular device. We 
even depopulated the board to understand the amount of power that was 

➜ For the full application stories, visit digitaleng.news/de/fastapps

used by the processor. We used the 
Mentor Graphics thermal transient tester, 
T3Ster, to get a better understanding of the 
thermal stack-up so that we could come 
up with an effective power number and an 
understanding of how it contributed to the 
thermal load in that particular tablet.

This initial study helped us to understand the limits of what you 
could do with given volumes in natural convection. It also increased our 
understanding of the effect of realistic spreading versus ideal spreading. 
We also learned more about the components that make up a tablet. A 
fundamental understanding of heat transfer is good, but it needs to be 
coupled with a good understanding of the actual products for which we’re 
designing cooling solutions.

Recently, we have been taking a look at another class of tablets, the 
business class of tablets that provide more performance than typical 
natural convection tablets. This time we focused on a product from a 
company located in Redmond, WA

MORE ➜ digitaleng.news/de/?p=31557
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News and New Products 

Seebo Accelerates a 
Path to IoT Products
Creating products for the Internet of Things (IoT) 
is the next big design challenge for engineers, 
and Seebo, a new Software-as-a-Service 
offering, is being promoted as way to help 
companies accelerate the development of new 
smart products while significantly reducing costs.

Officially introduced earlier this year, Seebo 
bills itself as an end-to-end platform that makes 
it easier to design and prototype IoT devices, 

initially targeting consumer products, but more 
recently expanding into the industrial sector. 
Buttressed by 18 patents, the Seebo platform 
lets designers spec out the IoT features of their 
product using drag-and-drop functionality, 
reducing the number of IoT experts needed on 
the development staff.

MORE ➜ digitaleng.news/virtual_
desktop/?p=12059

Phelps Sports 3D-Printed 
Shoes at Olympics
Take a gander at the special 3D-printed custom 
shoes that Under Armour has created for veteran 
Olympic swimmer Michael Phelps.

The new shoes include 3D-printed midsole 
technology that the company released this year 
as part of its UA Architech brand. As an extra 
bit of personal customization, the footprint of 
Phelps’ son Boomer is included on the insole.

MORE ➜ rapidreadytech.com/?p=10691

Formlabs Raises $35 
Million in Funding
A recent round of Series B funding has raised 
$35 million to support new company initiatives, 
and to further extend its global reach.

“With the new investment, we’re excited to 
develop more powerful tools to enable anyone 
working with 3D content to create remarkable 
things,” said Max Lobovsky, co-founder and 
CEO of Formlabs. “Formlabs will continue to 
grow the stereolithography business and bring 
new tools to the world to advance our goal of 
making digital fabrication more powerful and 
accessible.”

The largest investors in this round of 
funding include Foundry Group and Autodesk. 
Formlabs’ board will now include Brad Feld, 
co-founder of Foundry Group. Autodesk and 
Formlabs have agreed to work together to 
develop new tools for additive manufacturing 
(AM) software integration, including joint 
marketing initiatives.

MORE ➜ rapidreadytech.com/?p=10704

EcoDesigner Available 
for Autodesk Inventor
In 2012, Ohio-based life cycle analysis 
(LCA) software developer Trayak released 

EcoDesigner for Solid Edge, a plug-in to 
calculate environmental impact based 
on CAD geometry. Recently the company 
launched a version of the same plug-in for 
Autodesk Inventor (priced at $3,000). The 
software is now listed in Autodesk app store.

Installing the software adds the 
EcoDesigner tab into the CAD program. 
EcoDesigner works on both parts and 
assembly files. The LCA calculation is based 
on material info, production method selected, 
means of transportation, and supplier 
locations. EcoDesigner displays LCA impact as 
acidification, total energy, eutrophication and 
global warming.

MORE ➜ digitaleng.news/virtual_
desktop/?p=12026

➜ For more coverage of new products 
for design engineering teams, visit  
digitaleng.news/de/products

GPU Makers Target  
AR/VR Market
The SIGGRAPH Conference brought graphics 

gurus, digital daredevils, 3D wizards and 
pixel pushers to Anaheim, CA, in July. Conference 
chair Mona Kasra from University of Virginia 
hailed the event as “an interdisciplinary point of connection, interaction and collaboration among 
scholars, creatives and artists, researchers and industry professionals …”

Anticipating the rising demand for VR content, NVIDIA introduced what it calls “simultaneous 
multiprojection” in its PASCAL GPUs (graphics processing units). The feature is expected to speed 
up VR content creation by rendering the left-eye view and right-eye view in a single pass. The 
company is also releasing updates to its Iray rendering engine for 3dx Max, Maya, Rhino and 
Cinema 4D. Iray is NVIDIA’s GPU-based rendering engine. It’s developed to produce photorealistic 
imagery by computing the behavior of light and materials.

MORE ➜ digitaleng.news/virtual_desktop/?p=12071



NAFEMS congratulates DE on 21 years of serving the simulation and design community.

To celebrate 21 years of DE, NAFEMS is offering a
special 21% discount on our world-renowned
Basic Finite Element Analysis e-Learning course.

Register today by visiting

nafems.org/DE

Join the live interactive sessions
or view streaming recordings at
your own convenience.

Start Date: October 4th 
Length: Five-Sessions (2.5 hours each)

CPD Credit: 12.5 hours

New to FEA and concerned about
how to use it in the real world?
This course gives you practical
advice with a minimum of theory.

Course Instructor -
DE Contributing Editor Tony Abbey
Author of the popular FEA article series

The course offers excellent guidance on how to assess
and plan the task of carrying out a structural analysis
using FEA.  Validation and interpretation of results are
vital for delivering safe, effective products. A process is
shown which presents confidence in FEA and aims to
provide conservative, reliable and qualified analyses. 

Content Includes:
• Background to Finite Element Analysis
• Your Analysis Objectives and Planning 
• Making Healthy Models
• Real-World Constraints and Loading
• Engineering Assessments – is your model realistic
• Integrating with CAD and Geometry
• Checking the Answers – guilty until proven innocent!

e-LEARNING
21 YEARS OF DE MAGAZINE
21% DISCOUNT FOR DE READERS

NEW TO FEA? GET A HEAD-START. 
BASIC FINITE ELEMENT ANALYSIS E-LEARNING FROM NAFEMS. REGISTER TODAY & SAVE 21%
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Your Changing Desktop

THIS IS AN ANNIVERSARY ISSUE FOR DE, so 
the editors asked me—DE’s founding editor and sil-
verback—to bloviate about what the future holds in 
store for design engineering hardware and software.

Well, it beats me; although I bet it’ll be amazing.
But I can tell you that, over two decades ago, the cover story 

of the first-ever issue of Desktop Engineering was “Your Changing 
Desktop.” Its deck was “Micros have forever changed engineer-
ing. But the big changes have just begun.”

“Micros” is a bit quaint these days. Yet its meaning remains 
strong. It’s the disruptive technology that made it possible for you 
to leverage the engineer’s toolkit to create and ma-
nipulate designs, data sets and simulations unimagi-
nable by millennia of engineers who preceded you.

In that first cover story, DE editors (um, I, he 
modestly admits) solicited the thoughts from some 
of the day’s leading hardware and software in-
novators about the future of the design engineer’s 
toolset. The give and take was all handled through 
email—a way-phat approach back then.

They spoke of emerging and far-fetched tech-
nologies residing on or reaching out from your 
desktop computer that became this century’s norm: 3D solid 
modeling, FEA (finite element analysis) and CFD (computa-
tional fluid dynamics) simulations with millions of elements, 
PCs as instrumentation platforms that rivaled benchtop units 
and that you could graphically (!) reprogram to meet new chal-
lenges, collaborative engineering, the internet bringing new 
communications habits, digital workflows where heterogeneous 
applications seamlessly share data and more.

And they were mostly right. See, we all missed one thing: 
Our changing desktop.

The Medium is the Workstation
Really, what’s your desktop today? Is it (sorry Tom Wolfe) a multi-
GB kandy-kolored tangerine-flake streamlined baby tricked out 
with tons of storage and what’s really an embedded computer 
crunching numbers and producing astonishing 3D graphics? 
Maybe it’s a thin client wired to your company’s HPC (high-
performance computing) system. Is your desktop a notebook with 
more brawn and snazzier graphics than the big iron, “real” com-
puters of yore? Do you use it to link up over the internet to a soft-

ware on-demand service? 
Or is your desktop a tablet 
or smartphone with apps wirelessly tethering you to the head of-
fice’s systems and software so that you can work productively and 
securely from a table at a beachside bar in Maui?

Odds are your desktop is already—or will soon be—all of the 
above. And that means your desktop no longer exists as the only 
medium enabling your engineering toolkit. It’s been assimilated 
into a construct that incorporates many vital components: work-
stations, thin clients, smartphones, tablets and software. They’re 
all linked through networks and the internet into a digital engi-
neering workflow that pushes boundaries and constraints further 

out. Your desktop now is whatever medium you 
use to access and interact with your digital data at a 
given moment.

Subtly over time, this structural change revolu-
tionized engineering software and workflows. This 
transmogrification means you need to understand, 
manage and exploit the design engineer’s digital 
workflow and all its hardware and software in new 
ways. To focus on the desktop-confined workflow 
misses the forest for a tree. We’re beyond that era.

Spare Some Change
When DE’s honchos asked me to scribble this diatribe, they 
said—warily for I’m cranky—that they were changing the “D” 
in DE from “Desktop” to “Digital” as in digital engineering. I 
said: “Go for it.”

You see, that first cover article used three simple words—your 
changing desktop—to plant a flag and a seed. The flag meant that 
DE would provide you the news and information about the latest 
engineering technologies that you need to succeed in your career 
and business ventures. The seed was the promise that DE would 
evolve alongside your evolving design engineering workflow. 

Where’s that workflow going tomorrow? Beats me. But I 
know that the big changes have just begun and that DE will be 
there with you for the ride. 

Thanks, Pal. — Lockwood

Yeah, this guy Anthony J. Lockwood really was DE’s founding edi-
tor and still is a cranky curmudgeon. He now works for himself out of 
a home two dogs and a cat let him share. He’s a regular contributor to 
DE. You can contact him care of de-editors@digitaleng.news. 

You need to 
understand, 
manage and 
exploit the 

digital 
workflow.
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The new one-step solver from LS-DYNA  
provides excellent results:
Fast, robust and easy to use
•  Job finishes in minutes or seconds

Application:
•  Initial blank size prediction for stamping process

•  Advanced formability assessment including thickness  
reduction, plastic strain

•  Material cost estimation

•  Forming effects model initialization for crash safety,  
NVH, and durability simulations

Feature:
•  Support multiple parts

•  Support for a tabulated and anisotropic plasticity model

•  Support for a under integrated and fully integrated  
quadrilateral shells

•  Support draw beads and friction

•  Damage predictions

•  Rigid body motions are automatically constrained

 Upcoming Training Classes at LSTC
in California
•  Oct 3  Intro to LS-PrePost
•  Nov 1-4  Intro to LS-DYNA
•  Nov 7-8  NVH & Frequency  

Domain Analysis

in Michigan
•  Oct 25-28  Optimization,  

Probabilistic Design Using LS-OPT
•  Dec 8-9  Adv. Impact
•  Dec 12  Intro to LS-PrePost
•  Dec 13-16  Intro to  LS-DYNA Unfolded (flat) blank size

Contours of plastic strain
max ipt. value
min=0, at elem# 3008783
max=0.46, at elem# 3210698

One-step Solution:  
Fast Computational Speeds & Simplicity of Input

Contours of shell thickness
min=0.538193, at elem# 3209452
max=0.974493, at elem# 3211511

For More Information and/or a 30-day LS-DYNA demo license
email: sales@lstc.com



MULTIPHYSICS FOR EVERYONE 

The evolution of computational  
tools for numerical simulation of 
physics-based systems has reached  
a major milestone. 

Custom applications are now being 
developed by simulation specialists 
using the Application Builder in  
COMSOL Multiphysics®. 

With a local installation of  
COMSOL Server™, applications 
can be deployed within an entire 
organization and accessed worldwide.

Make your organization truly benefit 
from the power of analysis. 

comsol.com/application-builder
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