
Mobility 
EnginEEring
Automotive, AerospAce, commerciAl vehicle

FALL/WINTER,  2013

Gaining control of damping
 the main challenges to the development 
of satisfactory general vibration damping 
methods and controls

Top new engines  
in development
the most significant internal-combustion  
powerplants of the new year and beyond

Engine boosting
pumping more air into the 
cylinder is key to solving 
the cAFe puzzle

A joint publication of sAe international and sAe india



SAE MOBILITY ENGINEERING2  NOVEMBER 25, 2013

19  Shifting gears smoothly SAE 
Richard E. Kleine, a 30-year veteran of Cummins Inc. and 
former SAE Commercial Vehicle VP, seeks continuity over 
change as he moves into the driver’s seat of SAE 
International. 

22  Top new engines in 
development POWERTRAIN

AEI editors highlight the most significant internal-
combustion powerplants of the new year and beyond.

 22 Technology expands the Ecotec’s reach
 24 EcoBoost offensive shifts to four cylinders
 26 2011 Pentastar is Chrysler’s new do-it-all V6
 28 Mazda readies Skyactiv engines

30  Engine boosting goes full bore 
POWERTRAIN

Pumping more air into the cylinder is key to solving the 
CAFE puzzle, and engineers are hard at work figuring out 
the best ways to do it with turbocharger and supercharger 
innovation.

19  Shifting gears smoothly SAE 
Richard E. Kleine, a 30-year veteran of Cummins Inc. and 
former SAE Commercial Vehicle VP, seeks continuity over 
change as he moves into the driver’s seat of SAE 
International. 

Features

Cover
General Motors’ Twin Turbo 
V6 in the 2014 Cadillac CTS is 
one of the latest examples of 
engine boosting going 
mainstream. Read more 
about the technology trends 
in our feature this month: 
“Engine boosting goes full 
bore” (p. 16).

follow us @SAEAutoMag

CONTENTS
22  Gaining control of damping 

HYDRAULICS
Strong nonlinearities of hydraulic systems and the 
unpredictable operating conditions of the specific application 
(e.g., uneven ground, varying loads) are the main challenges to 
the development of satisfactory general vibration damping 
methods and controls.

30  Riding on in-wheel motors CHASSIS
Researchers analyze passive concepts and new mechatronic 
suspension systems to ensure vehicle comfort and safety 
when using in-wheel motors with different torque require-
ments.

19  Shifting gears smoothly SAE 
Richard E. Kleine, a 30-year veteran of Cummins Inc. and 
former SAE Commercial Vehicle VP, seeks continuity over 
change as he moves into the driver’s seat of SAE 
International. 

2      FALL/WINTER, 2013



SAE MOBILITY ENGINEERING NOVEMBER 25, 2013  3  

We’ve perfected 
 the time machine.

ACCELERATING YOUR EXPERTISE

WXView (WeatherView)

An innovative data 
acquisition software 
providing remote 
access to view all 
test parameters

S3T

An online measurement 
system that provides actual 
temperatures of test 
specimens on exposure

RD-3T Holders

More efficient specimen 
holders that can reduce 
rack-loading time by 
more than 50%

Atlas can give you a glimpse into the future of your product’s 
performance. With the introduction of four new innovations to its 
Ci Series Weather-Ometers, that future can become more clear.

For more information on Ci Series Weather-Ometers visit www.atlas-mts.com

LS-200

An independent full-
spectrum monitoring 
device to verify 
compliance with 
performance-based 
test methods

MEASUREMENT & CALIBRATION
TECHNOLOGIES



SAE MOBILITY ENGINEERING4  NOVEMBER 25, 2013 SAE MOBILITY ENGINEERING4  NOVEMBER 25, 2013

Departments
4  Editorial

 5  Focus
 6  News
 7  Technology Report

7 DIS makes 3-D measurement possible in climatic 
extremes POWERTRAIN/ENERGY

11 Lightweight acoustic material from 3M makes hybrids 
more refined ELECTRONICS

15 GM, LG Chem license Argonne chemistry for next-gen 
lithium batteries INTERIORS

19 Schott in the dark for Mini BODY/CHASSIS

19 Schott in the dark for Mini MATERIALS

19 Schott in the dark for Mini 
TRESTING/SIMULATION

19 Schott in the dark for Mini 
REGULATIONS& STANDARDS

7 DIS makes 3-D measurement possible in climatic 
extremes POWERTRAIN/ENERGY

11 Lightweight acoustic material from 3M makes hybrids 
more refined ELECTRONICS

15 GM, LG Chem license Argonne chemistry for next-gen 
lithium batteries INTERIORS

19 Schott in the dark for Mini BODY/CHASSIS

19 Schott in the dark for Mini MATERIALS

19 Schott in the dark for Mini 
TRESTING/SIMULATION

19 Schott in the dark for Mini 
REGULATIONS& STANDARDS

SAE Mobility Engineering,® Month Day, 2013, Volume 121, Number x. 
AEI (ISSN 1543-849X) is published 4 times a year by SAE International,® 400 Commonwealth Dr., 
Warrendale, PA ,15096, and printed in Mechanicsburg, PA. Annual print subscription for
SAE members: fi rst subscription, $20 included in dues; additional single copies, $30 each North 
America, $35 each overseas. Prices for nonmember subscriptions are $115 North America, $175 overseas. 
Periodical postage paid at Warrendale, PA, and additional mailing o¤  ces. POSTMASTER: Please return 
form 3579 to Automotive Engineering International, 400 Commonwealth Dr., Warrendale, PA, 15096. 
SAE International is not responsible for the accuracy of information in the editorial, articles, and 
advertising sections of this publication. Readers should independently evaluate the accuracy of any 
statement in the editorial, articles, and advertising sections of this publication that are important to him/
her and rely on his/her independent evaluation. For permission to reproduce or use content in other 
media, contact copyright@sae.org. To purchase reprints, contact advertising@sae.org. Claims for 
missing issues of the magazine must be submitted within a six-month time frame of the claimed issue’s 
publication date. Copyright © 2013 by SAE International. The Automotive Engineering International and 
AEI titles and logos are registered in the U.S. Patent and Trademark O¤  ce, and feature articles are 
indexed and included in the SAE Digital Library.  For additional information, free demos are available at 
www.saedigitallibrary.org.

 13  Global Vehicles/
Vehicle Development & Systems

 13 Re-engineered Chrysler 300 looks, feels more 
upscale

 14 Vertrek concept previews 2013 Ford Escape 

 15 Chevrolet brings a Sonic boom to the global B 
segment 

 16 Bigger is better for new Passat

 17 Hyundai offers unique take on coupe with 2012 
Veloster

 34  Ad Index
 34  Companies Mentioned
 34  Classified Advertising
 36  Q&A India

CONTENTS

SAE MOBILITY ENGINEERING FALL/WINTER, 2013      4  



SAE MOBILITY ENGINEERING FALL/WINTER, 2013      5  

EDITORIAL

Autonomous driving needs V2X
In recent years, various semi-autonomous driv-

ing technologies have been trickling into premium 
vehicles, but fully autonomous driving is still a 
relatively new concept for the consumer. 
According to the  J.D. Power and Associates’ 
2013 U.S. Automotive Emerging Technologies 
Study released in April, while market price inter-
est rose slightly (21% in 2013 vs. 20% in 2012), 
overall acceptance has room to grow. There is 
greater interest in semi-autonomous modes—
maybe due to familiarity—such as emergency 
braking and steering (40%) and automatic park 
assist (32%) than in a fully autonomous mode.

“Fully autonomous driving is slowly working its 
way into the mindset of vehicle owners by way of 
those who utilize semi-autonomous driving fea-
tures with comfort and confidence,” said Mike 
VanNieuwkuyk, Executive Director of Global 
Automotive at J.D. Power and Associates. “While 
it will take more time for vehicle owners to em-
brace fully autonomous driving, the gateway for 
acceptance is under way given relatively strong 
interest in many semi-autonomous features.”

The active safety systems that are enabling 
semi-autonomous driving rely on input from a 
number of onboard sensors to monitor driving 
conditions and watch for situations that may 
cause accidents. A number of design teams are 
beginning to consider external inputs as a way to 
augment or even replace these sensors.

Some engineers are considering ways to ex-
pand the level of knowledge by combining data 
sent from GPS satellites with data from the ve-
hicle’s navigation system. Beyond GPS, more 
companies are studying vehicle-to-vehicle (V2V) 
and vehicle-to-infrastructure (V2I) communica-
tions, jointly abbreviated V2X, that use dedicated 
short range communications (DSRC) to provide 
data that usually can’t be collected by onboard 
sensors. V2X gives you non-line-of-site informa-
tion, something onboard sensors cannot, for in-
stance.

Though V2X isn’t yet near production, major 
on-highway trials are occurring around the world. 
Regulators will probably end up mandating some 
V2X equipment on vehicles, but many companies 
feel that the promise for improved safety and bet-
ter traffic flow (thus convenience and efficiency) 
is great enough that they are considering adopt-
ing this technology anyway.

Some recent industry data points to that trend. 
According to  ABI Research, global V2V penetra-
tion into new vehicles is forecast to increase from 

just over 10% in 2018 to 70% in 2027, with the 
European Union, U.S., and Japan as key regions 
adopting V2V in the mid-term.

The U.S. will decide whether or not to mandate 
V2X by the end of 2013, with implementation not 
expected before 2018. In Europe, the  CAR 2 CAR 
Communication Consortium (C2C-CC) has is-
sued a Memorandum of Understanding signed by 
major vehicle OEMs committing to deploying a 
pan-European standard called Cooperative 
Intelligent Transport Systems by 2015.

With overall awareness about the benefits of 
cooperative systems increasing, 2013 is clearly a 
pivotal year for the future of V2X and the use of 
reserved DSRC spectrum in particular. However, 
doubts have arisen about the desirability and fi-
nancial feasibility of deploying V2X communica-
tion and application technology platforms, with 
some touting LTE-Advanced as a viable alterna-
tive.

Still, V2X is a critical component—in combina-
tion with short-range radar-based ADAS and cel-
lular communication—to build proactive safety 
systems and ultimately realize the ambition of 
autonomous vehicles and a zero accident envi-
ronment.

Governments aiming at mandating V2X face a 
complex challenge to implement safer and more 
sustainable transportation by enabling spectrum 
allocation, standardization, certification, interna-
tional cooperation, and cross-border compatibil-
ity.
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FOCUS

Shrikant R Marathe
SAE India President

Autonomous driving needs V2X
In recent years, various semi-autonomous 

driving technologies have been trickling into 
premium vehicles, but fully autonomous driv-
ing is still a relatively new concept for the con-
sumer. According to the J.D. Power and 
Associates’ 2013 U.S. Automotive Emerging 
Technologies Study released in April, while 
market price interest rose slightly (21% in 2013 
vs. 20% in 2012), overall acceptance has room 
to grow. There is greater interest in semi-au-
tonomous modes—maybe due to familiarity—
such as emergency braking and steering 
(40%) and automatic park assist (32%) than in 
a fully autonomous mode.

“Fully autonomous driving is slowly work-
ing its way into the mindset of vehicle owners 
by way of those who utilize semi-autonomous 
driving features with comfort and confidence,” 
said Mike VanNieuwkuyk, Executive Director of 
Global Automotive at J.D. Power and 
Associates. “While it will take more time for 
vehicle owners to embrace fully autonomous 
driving, the gateway for acceptance is under 
way given relatively strong interest in many 
semi-autonomous features.”

The active safety systems that are enabling 
semi-autonomous driving rely on input from a 
number of onboard sensors to monitor driving 
conditions and watch for situations that may 
cause accidents. A number of design teams 
are beginning to consider external inputs as a 
way to augment or even replace these sensors.

Some engineers are considering ways to 
expand the level of knowledge by combining 
data sent from GPS satellites with data from 
the vehicle’s navigation system. Beyond GPS, 
more companies are studying vehicle-to-vehi-
cle (V2V) and vehicle-to-infrastructure (V2I) 
communications, jointly abbreviated V2X, that 
use dedicated short range communications 
(DSRC) to provide data that usually can’t be 
collected by onboard sensors. V2X gives you 
non-line-of-site information, something on-
board sensors cannot, for instance.

Though V2X isn’t yet near production, ma-
jor on-highway trials are occurring around the 
world. Regulators will probably end up man-
dating some V2X equipment on vehicles, but 
many companies feel that the promise for im-
proved safety and better traffic flow (thus con-
venience and efficiency) is great enough that 
they are considering adopting this technology 
anyway.

Some recent industry data points to that 
trend. According to ABI Research, global V2V 
penetration into new vehicles is forecast to 
increase from just over 10% in 2018 to 70% in 
2027, with the European Union, U.S., and Japan 
as key regions adopting V2V in the mid-term.

The U.S. will decide whether or not to man-
date V2X by the end of 2013, with implementa-
tion not expected before 2018. In Europe, the 
CAR 2 CAR Communication Consortium 
(C2C-CC) has issued a Memorandum of 
Understanding signed by major vehicle OEMs 
committing to deploying a pan-European stan-
dard called Cooperative Intelligent Transport 
Systems by 2015.

With overall awareness about the benefits 
of cooperative systems increasing, 2013 is 
clearly a pivotal year for the future of V2X and 
the use of reserved DSRC spectrum in particu-
lar. However, doubts have arisen about the de-
sirability and financial feasibility of deploying 
V2X communication and application technol-
ogy platforms, with some touting LTE-
Advanced as a viable alternative.

Still, V2X is a critical component—in combi-
nation with short-range radar-based ADAS 
and cellular communication—to build proactive 
safety systems and ultimately realize the ambi-
tion of autonomous vehicles and a zero acci-
dent environment.

Governments aiming at mandating V2X 
face a complex challenge to implement safer 
and more sustainable transportation by en-
abling spectrum allocation, standardization, 
certification, international cooperation, and 
cross-border compatibility.
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MESSAGES
from Industry

Congratulations
In recent years, various semi-autonomous 
driving technologies have been trickling 
into premium vehicles, but fully autono-
mous driving is still a relatively new con-
cept for the consumer. According to the 
J.D. Power and Associates’ 2013 U.S. 
Automotive Emerging Technologies Study 
released in April, while market price inter-
est rose slightly (21% in 2013 vs. 20% in 
2012), overall acceptance has room to 
grow. There is greater interest in semi-au-
tonomous modes—maybe due to familiar-
ity—such as emergency braking and steer-
ing (40%) and automatic park assist (32%) 
than in a fully autonomous mode.

“Fully autonomous driving is slowly 
working its way into the mindset of ve-
hicle owners by way of those who utilize 
semi-autonomous driving features with 
comfort and confidence,” said Mike 
VanNieuwkuyk, Executive Director of 
Global Automotive at J.D. Power and 
Associates. “While it will take more time 
for vehicle owners to embrace fully au-
tonomous driving, the gateway for ac-
ceptance is under way given relatively 
strong interest in many semi-autono-

mous features.”
The active safety systems that are 

enabling semi-autonomous driving rely 
on input from a number of onboard sen-
sors to monitor driving conditions and 
watch for situations that may cause ac-
cidents. A number of design teams are 
beginning to consider external inputs as 
a way to augment or even replace these 
sensors.

Some engineers are considering ways 
to expand the level of knowledge by 
combining data sent from GPS satellites 
with data from the vehicle’s navigation 
system. Beyond GPS, more companies 
are studying vehicle-to-vehicle (V2V) 
and vehicle-to-infrastructure (V2I) com-
munications, jointly abbreviated V2X, 
that use dedicated short range commu-
nications (DSRC) to provide data that 
usually can’t be collected by onboard 
sensors. V2X gives you non-line-of-site 
information, something onboard sensors 
cannot, for instance.

Though V2X isn’t yet near production, 
major on-highway trials are occurring 
around the world. Regulators will prob-
ably end up mandating some V2X equip-
ment on vehicles, but many companies 
feel that the promise for improved safety 
and better traffic flow (thus convenience 
and efficiency) is great enough that they 
are considering adopting this technology 
anyway.

Some recent industry data points to 
that trend. According to ABI Research, 
global V2V penetration into new vehicles 
is forecast to increase from just over 10% 
in 2018 to 70% in 2027, with the 
European Union, U.S., and Japan as key 
regions adopting V2V in the mid-term.

The U.S. will decide whether or not to 
mandate V2X by the end of 2013, with 
implementation not expected before 
2018. In Europe, the CAR 2 CAR 
Communication Consortium (C2C-CC) 
has issued a Memorandum of 
Understanding signed by major vehicle 
OEMs committing to deploying a pan-
European standard called Cooperative 
Intelligent Transport Systems by 2015.

With overall awareness about the 
benefits of cooperative systems increas-
ing, 2013 is clearly a pivotal year for the 
future of V2X and the use of reserved 
DSRC spectrum in particular. However, 
doubts have arisen about the desirability 

Welcome
In recent years, various semi-autonomous 
driving technologies have been trickling 
into premium vehicles, but fully autono-
mous driving is still a relatively new con-
cept for the consumer. According to the 
J.D. Power and Associates’ 2013 U.S. 
Automotive Emerging Technologies Study 
released in April, while market price inter-
est rose slightly (21% in 2013 vs. 20% in 
2012), overall acceptance has room to 
grow. There is greater interest in semi-au-
tonomous modes—maybe due to familiar-
ity—such as emergency braking and steer-
ing (40%) and automatic park assist (32%) 
than in a fully autonomous mode.

“Fully autonomous driving is slowly 
working its way into the mindset of ve-
hicle owners by way of those who utilize 
semi-autonomous driving features with 
comfort and confidence,” said Mike 
VanNieuwkuyk, Executive Director of 
Global Automotive at J.D. Power and 
Associates. “While it will take more time 
for vehicle owners to embrace fully au-

Best Wishes
In recent years, various semi-autonomous 
driving technologies have been trickling 
into premium vehicles, but fully autono-
mous driving is still a relatively new con-
cept for the consumer. According to the 
J.D. Power and Associates’ 2013 U.S. 
Automotive Emerging Technologies Study 
released in April, while market price inter-
est rose slightly (21% in 2013 vs. 20% in 
2012), overall acceptance has room to 
grow. There is greater interest in semi-au-
tonomous modes—maybe due to familiar-
ity—such as emergency braking and steer-
ing (40%) and automatic park assist (32%) 
than in a fully autonomous mode.

“Fully autonomous driving is slowly 
working its way into the mindset of ve-
hicle owners by way of those who utilize 
semi-autonomous driving features with 
comfort and confidence,” said Mike 
VanNieuwkuyk, Executive Director of 
Global Automotive at J.D. Power and 
Associates. “While it will take more time 
for vehicle owners to embrace fully au-
tonomous driving, the gateway for ac-
ceptance is under way given relatively 
strong interest in many semi-autono-
mous features.”
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driving technologies have been trickling 
into premium vehicles, but fully autono-
mous driving is still a relatively new con-
cept for the consumer. According to the 
J.D. Power and Associates’ 2013 U.S. 
Automotive Emerging Technologies Study 
released in April, while market price inter-
est rose slightly (21% in 2013 vs. 20% in 
2012), overall acceptance has room to 
grow. There is greater interest in semi-au-
tonomous modes—maybe due to familiar-
ity—such as emergency braking and steer-
ing (40%) and automatic park assist (32%) 
than in a fully autonomous mode.

“Fully autonomous driving is slowly 
working its way into the mindset of ve-
hicle owners by way of those who utilize 
semi-autonomous driving features with 
comfort and confidence,” said Mike 
VanNieuwkuyk, Executive Director of 
Global Automotive at J.D. Power and 
Associates. “While it will take more time 
for vehicle owners to embrace fully au-
tonomous driving, the gateway for ac-
ceptance is under way given relatively 
strong interest in many semi-autono-

mous features.”
The active safety systems that are 

enabling semi-autonomous driving rely 
on input from a number of onboard sen-
sors to monitor driving conditions and 
watch for situations that may cause ac-
cidents. A number of design teams are 
beginning to consider external inputs as 
a way to augment or even replace these 
sensors.

Some engineers are considering ways 
to expand the level of knowledge by 
combining data sent from GPS satellites 
with data from the vehicle’s navigation 
system. Beyond GPS, more companies 
are studying vehicle-to-vehicle (V2V) 
and vehicle-to-infrastructure (V2I) com-
munications, jointly abbreviated V2X, 
that use dedicated short range commu-
nications (DSRC) to provide data that 
usually can’t be collected by onboard 
sensors. V2X gives you non-line-of-site 
information, something onboard sensors 
cannot, for instance.

Though V2X isn’t yet near production, 
major on-highway trials are occurring 
around the world. Regulators will prob-
ably end up mandating some V2X equip-
ment on vehicles, but many companies 
feel that the promise for improved safety 
and better traffic flow (thus convenience 
and efficiency) is great enough that they 
are considering adopting this technology 
anyway.

Some recent industry data points to 
that trend. According to ABI Research, 
global V2V penetration into new vehicles 
is forecast to increase from just over 10% 
in 2018 to 70% in 2027, with the 
European Union, U.S., and Japan as key 
regions adopting V2V in the mid-term.

The U.S. will decide whether or not to 
mandate V2X by the end of 2013, with 
implementation not expected before 
2018. In Europe, the CAR 2 CAR 
Communication Consortium (C2C-CC) 
has issued a Memorandum of 
Understanding signed by major vehicle 
OEMs committing to deploying a pan-
European standard called Cooperative 
Intelligent Transport Systems by 2015.

With overall awareness about the 
benefits of cooperative systems increas-
ing, 2013 is clearly a pivotal year for the 
future of V2X and the use of reserved 
DSRC spectrum in particular. However, 
doubts have arisen about the desirability 

Welcome
In recent years, various semi-autonomous 
driving technologies have been trickling 
into premium vehicles, but fully autono-
mous driving is still a relatively new con-
cept for the consumer. According to the 
J.D. Power and Associates’ 2013 U.S. 
Automotive Emerging Technologies Study 
released in April, while market price inter-
est rose slightly (21% in 2013 vs. 20% in 
2012), overall acceptance has room to 
grow. There is greater interest in semi-au-
tonomous modes—maybe due to familiar-
ity—such as emergency braking and steer-
ing (40%) and automatic park assist (32%) 
than in a fully autonomous mode.

“Fully autonomous driving is slowly 
working its way into the mindset of ve-
hicle owners by way of those who utilize 
semi-autonomous driving features with 
comfort and confidence,” said Mike 
VanNieuwkuyk, Executive Director of 
Global Automotive at J.D. Power and 
Associates. “While it will take more time 
for vehicle owners to embrace fully au-

Best Wishes
In recent years, various semi-autonomous 
driving technologies have been trickling 
into premium vehicles, but fully autono-
mous driving is still a relatively new con-
cept for the consumer. According to the 
J.D. Power and Associates’ 2013 U.S. 
Automotive Emerging Technologies Study 
released in April, while market price inter-
est rose slightly (21% in 2013 vs. 20% in 
2012), overall acceptance has room to 
grow. There is greater interest in semi-au-
tonomous modes—maybe due to familiar-
ity—such as emergency braking and steer-
ing (40%) and automatic park assist (32%) 
than in a fully autonomous mode.

“Fully autonomous driving is slowly 
working its way into the mindset of ve-
hicle owners by way of those who utilize 
semi-autonomous driving features with 
comfort and confidence,” said Mike 
VanNieuwkuyk, Executive Director of 
Global Automotive at J.D. Power and 
Associates. “While it will take more time 
for vehicle owners to embrace fully au-
tonomous driving, the gateway for ac-
ceptance is under way given relatively 
strong interest in many semi-autono-
mous features.”
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TECHNOLOGY 
Report

Valve events are one of the few remaining 
major constraints on internal-combustion 
engine optimization. Eliminating those con-
straints is the aim of a new technology 
called Intelligent Valve Actuation (VCA), 
developed by U.K.-based Camcon. 
According to the company’s Technical 
Director, Roger Stone, IVA will play a major 
role in allowing OEMs to meet 2020 require-

Stone explained: “Engine designers 
have become conditioned to working 
within the restrictions of engine-driven 
camshafts. So a new mind-set is needed, 
whereby the designer considers what the 
engine requires at a particular load and 
speed condition, then specifies the appro-
priate valve events without having to 
work within the limitations of a traditional 
system.”

He sees two distinct groups of possibili-
ties for IVA application: “The immediate 
benefits from optimizing valve lift, timing, 
and duration across the load-speed map 
are improvements in torque, fuel economy, 
and emissions,” he said. Additionally, IVA is 
a potential enabler for advanced combus-
tion concepts such as homogeneous-
charge compression ignition (HCCI), 
switchable Miller cycle operation, and 
seamless switching between two- and 
four-stroke cycles.
 
Enabling advanced 
combustion strategies
Camcon’s development work has demon-
strated that even a “relatively straightfor-
ward” application to an existing engine 
would provide increased low-speed torque 
to allow higher gearing, deletion of the 
throttle to reduce pumping losses, and 
greater control of EGR (exhaust gas recir-
culation). Putting a figure on this, based on 
simulation and extensive rig testing, Stone 
estimates that such a level of implementa-
tion could provide at least 15% improve-
ment in fuel economy and CO2.

However, Stone is confident that appli-
cations of IVA offer far more and believes it 
could act as the enabler to facilitate alter-
native combustion concepts.

“Extending the inlet valve opening pe-
riod to give Miller cycle operation would be 
straightforward,” he noted. “IVA could also 
potentially overcome some of the chal-
lenges of HCCI implementation because at 
lower engine speeds we can accommodate 
multiple valve events during a 720° period. 
This allows us to follow the normal exhaust 
event with a separate, much smaller event 
during the induction stroke, which would 
induce the required volume of exhaust 
radicals.”

In view of recent trends within the 

POWERTRAIN

‘Valve-by-wire’ gives a lift to combustion technology 

ments for fuel consumption and emissions.
The basis of the system involves control 

technology that eliminates the mechanical 
connection between valve operation and 
crankshaft rotation, allowing valve events 
(lift, timing, and period) to be optimized 
for every speed and load combination and 
even varied from one cycle to the next, 
said Stone, a former Ricardo technical di-
rector for design.

IVA is claimed to overcome the limita-
tions of previous variable valve control 
systems via the combination of high-speed 
digital control with continuous, high-preci-
sion mechanical operation of the valve at 
every point in its movement. In effect, it is 
the creation of valve-by-wire technology.

Intelligent Valve Actuation: an open and 
closed case. Here, the valve on the right 
is open.

auto industry, IVA would also allow a more 
sophisticated cylinder deactivation strat-
egy than conventional methods. This 
would be by 
continually varying the cylinders that are 
shut down to avoid cooling of the inactive 
cylinders and emissions peaks at reactiva-
tion.

Because of its high response speed, the 
system would also permit two-stroke op-
eration at an engine speed of less than 
3000 rpm.

Despite the cutting-edge potential, 
Stone stresses that IVA is not based on 
unproven technology, but on a combina-
tion of compact mechanical desmodromic 
valve gear and Camcon’s multi-stable ac-
tuator.

The system is controlled via a Valve 
Control Unit (VCU) that operates consider-
ably faster than conventional engine con-
trollers used for ignition or fueling. 
Typically, a fuel or ignition ECU only has to 
calculate an output once every other revo-
lution for each cylinder; IVA monitors the 
valve position up to 100 times per event, 
requiring a 100 ms computing cycle.
 
Low power consumption
At the heart of IVA technology is a me-
chanical actuator patented by Camcon and 
based on its Binary Actuation Technology 
(BAT). The company’s present low energy 
actuator has two stable zero-power states, 
unlike a conventional solenoid which has 
only one, so it locks passively at both ex-
tremes of movement and only consumes 
power during the switching operation. 

Stone noted that for the IVA applica-
tion, engineers made the device multi-sta-
ble “by using a rotating permanent magnet 
to create a multi-pole rather than a two-
pole arrangement, like a compact ultra-
responsive electric motor.” He explained 
that to convert the rotary motion into high-
precision linear valve operation, the system 
uses a desmodromic cam pair and rockers 
for each valve. A third cam lobe operates 
an energy recovery spring, improving sys-
tem efficiency by recycling energy from 
one valve event to the next.

Combined with the high efficiency ro-
tary actuators, this makes the IVA system 
highly energy efficient and therefore ca-
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CHASSIS

Ductile iron/gray iron rotor from Sanluis 
Rassini debuts on new Corvette

The two-piece brake rotor 
from Sanluis Rassini is the only 
composite rotor in production 
that can accommodate a Drum In 
Hat (DIH), a rotor design in which 
the hat’s internal surface serves 
as a brake drum. Image shows a 
backside view of a rear rotor; the 
DIH feature is used on rear rotors 
only.

pable of operating within a conventional 
12-V electrical architecture, the company 
claims.

IVA has a low power consumption at low 
speed and low engine load, regarded as 
being critically important to its operation.

“Even at the other end of the range, 
power consumption will be of the same 
order of magnitude as a conventional sys-
tem,” added Stone. He reported testing has 
shown that refinement is “excellent” with 
“significantly lower noise than a conven-
tional camshaft and valvetrain.” When 
idling, fuel injection systems may become 
the dominant noise source on engines with 
IVA.

“It really is about time we brought en-
gine valve control into the digital age and 
freed ourselves from the restrictions of the 
last remaining mechanical system in the 
control of the combustion process,” Stone 
remarked.

Camcon is in discussion with several 
OEMs and one (unnamed) in particular, 
with which it has an established business 
relationship. At the point when sufficient 
interest in the system has been achieved, 
Camcon will seek a Tier 1 supplier to take 
the technology through to series produc-
tion, said Chief Executive Danny Chapchal. 
“Engines with IVA could be in production 
comfortably to meet the demanding 2020 
requirements for vehicle fuel economy and 

Camcon Automotive Technical Director 
Roger Stone believes IVA is a potential 
enabler for advanced combustion 
concepts including HCCI and switchable 
Miller Cycle operation.

Sanluis Rassini’s new two-piece rotor 
comprised of a ductile iron hat and gray 
iron brake plates provides an up to 18% 
weight savings and better NVH character-
istics than a conventional one-piece gray 
cast iron rotor.

With the physical separation between 
the hat and the braking surfaces, the dual 
cast iron rotor essentially acts as a floating 
disc to dissipate energy. In short, the inter-
action of the hat and the plates is akin to 
an internal friction system.

“The linkage between the hat and the 
plates provides an improvement in damp-
ing, which in turn enhances NVH,” Mauricio 
Gonzalez, Director of Engineering for 
Sanluis Rassini, told AEI.

The ductile iron/gray iron composite 
rotor also provides a more uniform heating 
surface in comparison to a traditional one-
piece gray iron rotor.

“Our dual cast rotor’s capacity to with-
stand higher temperatures is due to the 
fact that the design inherently has almost 
zero thermal transient deformation. This 
design feature allows the rotor to maintain 
a higher degree of rotational perpendicu-
larity relative to the caliper/friction materi-
als, providing a more homogenous heating 
pattern,” explained Gonzalez.

The dual composite rotor has a unique 
I-beam cross-sectional shape where the 
body of the “I” is oriented in the circumfer-
ential direction, essentially being parallel to 
the brake plates. Small fins extend perpen-
dicular from the body to the interior of each 
brake plate. According to Maureen Hayes, 
Sanluis Rassini’s Vice President Sales & 
Engineering, “The I-beam design promotes 
airflow through and around the extension, 
thereby mitigating the heat-sink effect.”

During the rotor’s development, the 
heat-sink phenomenon—an outgrowth of 
assembling the two pieces of the rotor—
was a significant engineering challenge.

Noted Gonzalez, “We mitigated this 
unwanted effect by changing the design of 
the extension from a solid structure to a 
ventilated structure with an I-beam shape. 
Through a variety of analysis tools, includ-
ing Dassault Systèmes’ Abaqus and 
Magma GmbH’s MagmaSoft, we deter-
mined that the heat-sink effect was cre-
ated by the high mass of the solid exten-
sion of the hat into the braking surface.”

Going with an I-beam extension design 
also enabled Sanluis Rassini to meet 
General Motors’ specific brake system re-
quirements for the 2014 Chevrolet 
Corvette Stingray. The two-piece compos-
ite rotor debuts on the Stingray’s Z51 high-
performance package. 

According to Hayes, although the park-
ing brake application is the same as other 
Drum In Hat (DIH) rotors, “the distinguish-
ing feature is this is the only composite 
brake rotor capable of being used as a DIH 
rotor. All other composite rotors used on 
current production passenger cars have 
aluminum hats. Aluminum composite ro-
tors are not able to be used for DIH appli-
cations due to the tribological characteris-
tics between the friction material on the 
brake shoe and the aluminum hat.”

The dual composite rotor will be pro-
duced in Sanluis Rassini’s Puebla, Mexico, 
facility, which features an integrated found-
ry with machining, coating, stress relief, 
and ferritic nitro-carburizing processes.

“The most important part of the com-
posite rotor manufacturing process is pre-
paring the hat for the merger with the core. 
We are able to produce this new product 

TECHNOLOGY 
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There are many things that must be con-
sidered in the design of a battery system 
for use in vehicle electrification (EV, PHEV, 
or HEV), such as the power capacity of the 
battery system, cell selection, cell and 
module packaging constraints, pack archi-
tecture, volumetric and gravimetric energy 
densities of the pack, cost, structural dura-
bility of the battery system under various 
loadings, limiting ambient temperatures, 
etc. 

“Thermal management of the battery 
packs is just one of many important con-
siderations,” said Technical Specialist Kim 
Yeow, a member of the advanced simula-
tion technology team at AVL’s technical 

is too low, it needs to be warmed up be-
cause low cell temperatures limit the pow-
er draw.” The maximum cell temperature 
and the maximum differential cell tempera-
ture are crucial factors to cell safety and 
durability.

For an internal R&D project to adapt a 
gasoline-powered car to an electric vehicle 
and range extender (EVARE) demonstra-
tion platform, the team at AVL was chal-
lenged to develop the battery pack con-
figuration that would provide the most effi-
cient battery cooling at the lowest possible 
cost. Key to this was a good understanding 
of what was happening inside the pack. 

Good correlation of an indirect air-cool module under continuous  
discharge-charge condition. 

as the efficiency of various cooling meth-
ods. “One Li-ion battery is not like another, 
so for different cell types—whatever the 
geometry or chemistry—the cell geometric 
information and performance are inputs to 
our subroutines. This allows us to charac-
terize the different cells,” Yeow said. 

The team’s battery modeling typically 
starts with a quick 1-D simulation. “This 
gives us a sense on how the pack will work, 
on the basis of which we can dial in the cell 
selection and the cooling system require-
ment,” Yeow said. Once the full information 
on the pack’s cooling system is available, 
AVL performs a detailed 3-D assessment, 
beginning with electro-thermal analysis of 
the modules. 

“Initially we assume good contact and 
hence good heat transfer paths between, 
say, the cooling plate and the cells,” Yeow 
said. “Abaqus is very good with contact, 
and all these components are touching 
each other. As the design matures, we’ll 
simulate the assembly condition to find out 
where there might be gaps and find ways 
to minimize those gaps, and re-evaluate 
how gaps in certain areas would impact 
the cooling of the battery cells.”

The complexity of the cell structures 
themselves adds more challenges to the 
task. Based on the cell capacity, a cell 
might have up to 50 pairs of thin anode-
cathode layers, with the thickness of each 
layer on the order of 200 microns. “With 
96 cells or more in a battery pack, it’s not 
practical to model the cell in such detail 
from engineering and production stand-
points,” Yeow said. “So we approximate 
with one to three equivalent cell layers per 
cell and use the equivalent composite 
properties to characterize the behavior of 
the batteries at a macro level. 

“Complicating things is the search for 
accurate material data,” he adds. “It’s al-
ways about solving the mystery. The cell 
manufacturers supply us with some ball-
park numbers, but we often end up doing 
literature searches, or turning to other re-
searchers, to get more accurate figures. 
Oftentimes we end up with a range of ma-
terial values.

“It all trickles down to the model re-
sults,” he said. “The validity of that assump-
tion will be measured against tests.”

Despite the many challenges, Yeow 
notes that they are seeing good correlation 
of their models to actual lab measure-

SIMULATION

AVL using Abaqus for thermal modeling of Li-ion batteries 

center in Plymouth, MI. “From the battery 
performance and safety standpoint, we 
would like to maintain an optimal operating 
temperature range for the battery pack 
regardless of the ambient temperatures 
and operating conditions. We need to cool 
the batteries when they become too hot 
and to warm them up when their tempera-
tures are too low.”

With 3-D FEA modeling, individual cell 
temperature patterns throughout the bat-
tery pack can be evaluated. The FEA model 
can identify the cell temperature distribu-
tions within the pack, which provides guid-
ance in placement of temperature sensors 
in monitoring the operating temperatures 
of the battery pack. “The pack power capa-
bility is affected significantly by tempera-
tures of the cells in the pack,” Yeow said. “If 
the temperature of a cell is too high, the 
power draw from the total pack must be 
reduced to prevent that cell from overheat-
ing. On the other hand, if the temperature 

“We needed a tool for analyzing the ther-
mal behavior in a battery system, and the 
electro-thermal capabilities in Abaqus FEA 
[from SIMULIA, Dassault Systèmes] were 
a good fit to our need,” Yeow said. The 
software was already employed widely 
throughout AVL for conducting thermal-
mechanical analyses on the engine compo-
nent as well as non-engine work. 

Because the tool was not specifically 
designed for battery simulation, the team 
at AVL wrote special subroutines and cou-
pled them to Abaqus. “A good feature of 
the software is its ability to interface with 
user-written subroutines,” he said. “So we 
were able to capture the characteristics of 
the Li-ion cells using our own software and 
link them to the FEA model within 
Abaqus.”

The special subroutines developed for 
the EVARE project now enable AVL to 
evaluate the thermal behavior of assorted 
cell geometries and configurations, as well 

TECHNOLOGY 
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“Downsizing for fuel economy is hot. 
Everybody has got to do it. And 
boosting is really the way to do it.” 

That quote would be equally true regard-
less of who from what automaker said it. As it 
happens, it came to AEI from Ford’s Robert 
Wade, Boosting Technical Specialist in charge 
of design requirements for all boosting sys-
tems in North America. Nearly every vehicle 
model sold by the Dearborn automaker has a 
version with a turbocharged, direct-injected 
(DI) gasoline engine. 

Similarly, every engine family at General 
Motors has a boosted version, according to 
Rick Balsley, Engineering Group Manager for 
Charging. “Boosting is a pretty big portion of 
our business these days, and it’s definitely an 
area where there’s a lot going on,” he told AEI. 
Engine design at GM begins with a boosted 
version from which a naturally aspirated one is 
subsequently derived. 

Engine boosting 
goes full bore

Pumping more air into the 
cylinder is key to solving the 
CAFE puzzle, and engineers are 
hard at work figuring out the best 
ways to do it with turbocharger 
and supercharger innovation.

by Patrick Ponticel

General Motors’ Twin Turbo V6 in the 2014 
Cadillac CTS employs vacuum-actuated 
wastegates with electronic control valves 
to produce 12 psi (0.8 bar) of boost.

Boosting itself is not a fuel-saver, Wade noted. Fuel savings comes 
from engine downsizing—i.e., reducing the cylinder displacement and/
or reducing the number of cylinders to reduce pumping losses. 
Boosting simply puts back into the engine power that was lost in elimi-
nating cylinders. Divorced from downsizing, boosting is a fuel-gobbler. 

Because ever stricter fuel economy regulations are being implement-
ed around the world, boosting is a global solution. The consulting firm 
IHS Automotive Consulting forecasts that the percentage of new light 
vehicles equipped for turbocharging will jump from 31% in 2013 to 44% 
in 2020. In the U.S., the penetration rate will climb even faster—from 
9.3% to 34%. Supercharging will see limited use. 

“Automakers are really stuck between a rock and a hard place,” said 
Bruce Harrison, Managing Director, IHS Automotive. “They have to con-
tinue to produce vehicles the consumer wants while meeting the fuel-
economy requirements they must meet legislatively. And turbos have a 
big role in that.” 

AUTOMOTIVE  POWERTRAIN

SAE MOBILITY ENGINEERING14      FALL/WINTER  2013
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Boosting with DI has been a mainstream technology for a relatively 
short time in the U.S. compared with Europe, according to Phil Gott, 
IHS Automotive Senior Director of Long Range Planning. He noted that 
the technology got its head start in modern light-duty diesels, enabling 
them to meet European emissions standards beginning in the 1990s 
and reinvigorating the diesel in general.  

GM’s Balsley noted that the automaker’s U.S. operation for a time 
relied largely on the expertise of its European partners. “My group [in 
the U.S.] was put together in 2007 and has tripled in size [by number 
of employees],” he said. “We went from basically borrowing help once 
in a while to now a full-time group with three technical specialists and 
all kinds of engineers and some really talented people.” 

Key trade-off parameters
Until recently, “boosting was strictly a performance play” among en-
thusiasts, said Balsley, noting that this niche market was relatively tol-
erant regarding reliability and durability. The first imperative in transi-
tioning the technology from niche to mass market was “getting the 
robustness up.” 

Refinement was another transitional challenge. “I’ve never had 
somebody call me up and say, I’m displeased with your turbocharger 
because I’m missing a half point of compressor efficiency,” Balsley said. 
Rather, the turbos’ overall acoustic signature was a major source of cus-
tomer dissatisfaction. 

“Turbochargers traditionally have made some strange noises. You 
have the wastegate sounds, you have the recirculation valve popping 
off,” he said. “Those are strange noises that bother people. We had to 

Engine boosting 
goes full bore

Ford’s EcoBoost engines are a benchmark 
in the industry’s reinterpretation of 
turbocharging from performance to fuel 
efficiency, according to IHS Automotive’s 
technology experts. Shown are two cutaways 
of the 1.0-L triple that employs a Continental-
supplied turbocharger customized by the 
OEM-supplier team for the application.

AUTOMOTIVE  POWERTRAIN
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Engineers from all automakers are trying to 
eke out advantages over competitors in how 
the largely custom-made boosting devices are 
designed so they can deliver the optimal 
amount of airflow and pressure in the most 
efficient way for the particular powertrain sys-
tems in which they are to be integrated. Once 
treated essentially as “hang-on devices,” tur-
bochargers now require “a ton more” integra-
tion work to make them effective for fuel 
economy, said Balsley. 

Meanwhile, the competition among tech-
nology suppliers is heating up. The relatively 
small group of longtime turbocharger ven-
dors, including  BorgWarner,  Honeywell, and 
 IHI, have been joined by two recent start-ups: 
 Continental and  Bosch-Mahle. 

Opportunities for improvement 
It’s fair to wonder to what extent the law of 
diminishing returns is considered in the alloca-
tion of automaker resources for the “half point 
of compressor efficiency” that customers, as 
Balsley implied, may not even be aware they 
are missing. 

“I don’t think we’re even close to being 
done with [boosting],” Balsley said. He does, 
however, express some doubt as to how much 
more turbochargers can give in terms of inter-
nal aerodynamics.

“I don’t want to undersell them, but turbo-
chargers aren’t new. People have been work-
ing on the aero side of [them] for a long time.” 
On the other hand, he added, “analysis tools 
are  getting smarter. Certainly we can push fur-
ther than we have in the past.” 

A major area of interest for GM’s Balsley is 
electronics. “Electrification of the turbo allows 

work quite a bit on refinement.” 
With robustness, reliability, and refinement now price-of-entry items, 

engineers are exploring and deploying discrete technologies aimed at 
maximizing boosting’s fuel-economy potential. The overarching goal 
is to “widen the compressor map” so engineers have more room to play 
with the key trade-off parameters of pressure ratio and mass airflow 
that correlate to power and lag, he said. 

September webcast focuses 
on engine boosting
The tough global CO2 and fuel-economy regulations slated for 2017-
2025 are driving innovative new engine technologies from OEMs and 
suppliers. Boosting systems will play an expanded role in further en-
gine downsizing and in the trends toward downspeeding and lean/
dilute combustion. New concepts in supercharging (for fuel economy 
as well as performance) are challenging the turbocharger incumbents. 
Complementing their work are creative new developments “in cylin-
der,” all of which (including high-energy ignition) are helping trans-
form the “pressurized” ICE for 2025 and beyond.

In AEI’s Engine Boosting webcast on Sept. 19, experts from the su-
percharging, turbocharging, and engine-systems fields will present their 
companies’ latest developments with an eye toward the future. 

Participants include: Grant Terry, Business Development Manager,  Eaton 
Supercharger Division; Frank Zwein, Global Director, Application 
Engineering–Valve Seats and Guides,  Federal-Mogul Powertrain; and 
Scott Makowski, Manager–Global Large I4 Programs,  Ford.

Webcast attendees will be invited to interact with the experts dur-
ing a Q&A segment. Register at www.sae.org/webcasts.htm.

Scott MakowskiGrant Terry Frank Zwein

Sponsors:
Hosted by SAE International’s:

The rotating group of Eaton’s TVS R-series superchargers. Read an article 
(with a video link) on Eaton’s supercharger efforts at www.sae.org/mags/
aei/12091.
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us to control it much more precisely. 
That allows us to tickle the limits a 
little bit more so we don’t have to 
get as conservative as far as how 
close we can go to the maximum 
speed of the turbo and some of the 
other operating points.” 

There are “huge” opportunities 
for improvement in both the hard-
ware and software/control aspects 
of boosting, said Balsley, each of 
which involves trade-offs in cost 
and/or other parameters. For ex-
ample, the use of ball bearings is 
under consideration at GM to reduce 
friction, but it’s not yet been deter-
mined whether the pros outweigh 
the cons. In another example, the 
company has decided benefits out-
weigh costs in using compressor 
wheels made of forged aluminum 
billet for speed and robustness. 

Various boosting configurations 
also are being explored, such as dual 
boosting systems to get “tons of 
pressure ratio” from the turbo and 
“zero lag” from the supercharger, 
Balsley said. If only there were no 
pesky trade-offs. But of course there 
are, which explains his conflicting 
assessment of dual systems: “It’s re-
ally the kind of thing to look at—but 
it’s also a really expensive solution, 
and some of the benefit is lost in the 
packaging.” 

Balsley added that turbochargers 
and superchargers “are becoming 
more similar to each other” so that 
the final decision as to which tech-
nology or technology pairing to use 
in a particular application is one that 
requires a systems approach. 

Turbo-superchargers, 
electric blowers
Diminishing returns are of little con-
cern to Ford’s Wade at the moment, 
who noted that after 110 years of ef-
fort automotive engineers are still 
coaxing greater returns out of the 
internal-combustion engine.
“We’ve gotten serious about modern 
boosting really only in the last six 
years,” Wade said. “So, you could say 
we’re only 6% of the way down the 
path to boosting being as mature as 
the base engine is.” 

Reducing the inertia of rotating parts in the turbocharger is a major area of 
focus, he explained. One thing engineers have done is design a scalloped 
“back disc” of the turbine wheel that removes some mass at the higher radi-
uses, enabling the wheel “to spin up to speed faster and reduce turbo lag.” 

Ford’s practice is to select a turbocharger that, based on its test-stand air-
flow rating, best matches what’s needed for a particular engine. “Then we 
work [with our suppliers] on features that reduce inertia of that compressor 
and turbine combination.” 

Another advance at Ford is use of a nickel-based superalloy, MAR-M246, for 
the turbine wheel. It allows for higher temperatures—and better turbo perfor-
mance—than the Inconel it replaces. 

Other engine-boosting alternatives are under investigation and in some cases 
are in use across the industry. Turbo-supercharging or some other combina-
tion of boosting technologies is on the offing at Ford, Wade revealed. He not-
ed that some engineering consulting companies have said that two boosting 
devices are probably needed to get to 50% engine downsizing.

Electric supercharging is another option being investigated at Ford and 
among other automakers. Ford currently uses conventional supercharging very 
sparingly, on its large-displacement V8s aimed at performance vehicles. 
Turbo-compounding is yet another concept that historically has seen use in a 
variety of applications (most recently in  DDC’s latest heavy-truck diesel) and 
could emerge in light-duty gasoline engines, experts said.  
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Building aircraft may be one of the most complex manufactur-
ing tasks ever undertaken. Not only are they physically com-
plex vehicles, making the factories and assembly halls equally 
complex, but they also are served by vast, multi-tiered supply 

chains. Dennis Pegden, CEO and founder of Simio, also notes that 
many aircraft programs, especially in defense, require national offsets. 
This is where a country generally requires manufacturers to build some 
part of an aircraft within its borders as a condition for purchase. “As a 
result, the aircraft OEMs use parts produced all over the world, and they 
need those production schedules meshed together to ensure that air-
craft production schedules happen on time,” he said. 

It seems natural for aerospace manufacturing professionals to use 
factory and supply-chain simulations to understand how best to adjust 
to these changes. “A traditional strength of  
[operations] simulation has been in manufacturing and logistics, two 
applications critical to aerospace,” said Pegden. He speaks from over 
30 years of experience. Simulation tools he helped build include SLAM, 
SIMAN, and Arena. 

Commercial aircraft demand is up even 
while sequestration and other forces are 
forcing scale-backs in defense-related 
programs. From managing complex supply 
chains to improving scrap rates in casting, 
digital simulation is proving a valuable aid.

by Bruce Morey

This is an example of using RobotExpert for the 
simulation and programming of a deburring 
application. Off-line programming of robots 
is an important tool in understanding how 
robots could increase efficiencies in aircraft 
manufacturing. (Siemens PLM)

MANAGING  
MANUFACTURING 
CHANGE

Traditionally, simulation successfully mod-
els factories during their planning stages, prior 
to construction. Historically, simulation proj-
ects require a significant time investment to 
produce good results. Pegden’s latest product, 
Simio, leverages object-oriented technology 
to support rapid model building while improv-
ing modeling detail and flexibility. This makes 
it more effective for answering questions such 
as: When should we increase capacity? When 
should we open up or build new work cells? 
Should we schedule overtime next month?

“We wanted to expand, to help production 
planners deal with day-to-day operations by 
making their schedule more robust and provid-
ing insight into the things that might go wrong. 
To that end, we combined discrete event, finite 
capacity scheduling (FCS) with stochastic anal-
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ysis to support risk-based planning and sched-
uling (RPS),” he said. He explained that while 
stochastic analysis is traditional in design-type 
analysis, by combining the two in its factory 
planning tool, “we can project a good sched-
ule.” This also helps evaluate its potential weak-
nesses. The output, for example, is a traditional 
Gantt chart showing the “best case” schedule—
he calls it the “happy path”—with a probability 
of actually meeting that schedule. 

“By adding a Monte Carlo approach to sim-
ulation, we can do a better job of identifying 
the effects of supply chain disruptions, break-
downs, and help identify non-value-added 
constraints,” he explained. Another unique 
feature of Simio’s model is that its inputs in-
clude not only 3-D CAD models of the layouts 
with a dynamic model, but also data from the 
manufacturer’s ERP (enterprise resource plan-
ning) system, using actual manufacturing 
data. “We put a significant investment into 
these interfaces to allow Simio to read data 
from wherever it naturally exists,” he said.

Mass production + complex 
product
Zvika Weissman, A&D and Machinery Business 
Development Director for Siemens PLM 
Tecnomatix division, observed that simulation 
and digital manufacturing best serves com-
plex products that need to be mass-pro-
duced—an increasingly apt description of to-
day’s aerospace. He noted that this simulation 
started in the automotive field before migrat-
ing to aerospace. 

He also believes that aircraft manufactur-
ing is, in many ways, a conservative industry. 

Simulations of aircraft 
assembly factories 
allow engineers to 
better understand 
bottlenecks and 
increase efficiencies. 
(Simio)

A Gannt chart by itself is useful in understanding production schedules. 
Attaching probabilities to tasks is useful in identifying areas to spend time 
and energy. (Simio)

Until recently, prevailing practice was to use these tools not to define a 
manufacturing process, simulate different alternatives, or validate a 
mature process: “Instead, they were defining production operations—
route cards—for the shop floor technicians,” he said. Taking digital 
manufacturing to the next level would mean that such instructions 
would be a byproduct of a larger effort at simulating and validating 
production processes.

The Tecnomatix tool can simulate a full plant in 3-D—dynamically. 
These simulations include machines, humans, robots, and parts. Human 
ergonomics are modeled. Machine instructions are created and down-
loaded virtually, such as for robots or CAM programs in G-code for ma-
chine tools. 

While a number of simulations provide this, Siemens has expanded the 
notion of “digital manufacturing simulation” by enabling better collabora-
tion between design and manufacturing engineers. It provides tools that 
aid in converting engineering Bills of Materials (eBOM) into manufacturing 
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A meshed surface from CAE (upper right) highlights ply coverage in the 
analysis model. The jagged ply boundary (green curve) is smoothed 
(blue curve) using Fibersim 13. Fibersim 13 allows information from the 
analysis model to be reviewed, modified, and imported, enabling simple 
communication between product development tools.

The GANTT shows the dependency between various manufacturing operations within the robotics work cell, providing an intuitive 
means to understand the bottlenecks and shorten the cycle time. (Siemens PLM)

Bills of Materials (mBOMs), and mBOMs into Bills of Processes (BOPs). 
The BOP is where it all comes together, according to Weissman. These are 
definitions of the processes used to actually manufacture and assemble 
the aircraft defined in the mBOM. “It defines each operation, their dura-
tions, the tools required, skills of individuals, and what operations are rel-
evant for each variant of the product,” he explained. 

Ideally, users derive all of these processes from a single data reposi-
tory, such as Siemens provides from its Teamcenter. This is important in 
aerospace. “A significant portion of our aerospace customers focus on 
this eBOM to BOP process,” he said. The time saver here is that an ani-
mated set of work instructions is derived easily and naturally. Validated 
through simulation, the work instructions represent the best-known 
means of manufacturing the product efficiently. “The big benefit then 
comes in a product change cycle that impacts the BOP and work instruc-
tions, as with Siemens Teamcenter; the whole update process is workflow 
controlled and straightforward,” he said.

MANAGING 
MANUFACTURING 
CHANGE

Digital manufacturing + CAE 
process simulation
“Increasing rate of production often means 
automating,” said John O’Connor, Director of 
Product and Market Strategy of Siemens PLM, 
previously of Vistagy, the simulation company 
recently purchased by Siemens. Two impor-
tant products they brought to Siemens for 
aerospace are Fibersim for composite parts 
and Syncrofit for simulating airframe assem-
bly, along with fasteners. 

With increased levels of automation—and 
higher rates in general—O’Connor believes 
engineers need to know what impact that 
would have on the design. Moving from hand 
layup to an automated fiber placement or 
automated tape laying machine requires ac-
commodating the unique capabilities of 
those machines. Engineers may even need to 
change the geometry. They certainly need to 
plan ply orientation and laydown carefully.

O’Connor notes that to increase through-
put, many companies are no longer buying 
off-the-shelf automated machinery, but de-
signing unique machinery for their needs. “A 
specialized machine for a wing increases rate 
above what a general purpose machine can 
do,” he said. Fibersim can help, according to 
O’Connor, by designing the part concurrently 
with designing the production process.

Another speed constraint is the vast number 
of fasteners airplanes require, even those with 
many composite parts. “Companies are invest-
ing more in automated hole-drilling and fas-
tener installation machines,” said O’Connor. The 
rate limitation is drilling precise holes and filling 
them. Automation is replacing these once prev-
alent manual operations. Since it is too expen-
sive to pre-drill hundreds of thousands of holes 
to the tolerances required, companies mate 
parts and then drill. Planning that sequence—
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and influencing the design for maximum effi-
ciency—is a key service Syncrofit provides. 

Improving scrap rates
Simulation also helps manufacturing by pro-
viding tools that operate in the intersection 
between design and process manufacturing. 
Traditional CAE models that use continuum 
mechanics are just as important as discrete 
event factory planning tools, according to 
Michael Bloor, CEO of ESI Group North 
America. ESI provides three such CAE tools 
for aerospace work: composites, sheet metal 
forming, and casting.

Studies using simulation for manufactur-
ing and forming processes are especially 
useful even for parts already in production. 
“For example, when you think of airframes 
increasing production, you have two engines 
on it,” said Bloor. “They have to build twice 
as fast as the aircraft.” Engine parts are high-
ly complex and intricate, with exacting toler-
ance standards. “They have a real problem 
with scrap rate. In some categories of cast 
parts there is a 30-50% scrap rate,” he said. 
ESI Group helps engine manufacturers un-
derstand the intricacies of casting complex 
parts, reducing such high scrap rates and 
speeding the process. 

“Minor, corrective adjustments to the pro-
cess can greatly enhance throughput simply 
by reducing scrap,” he said. Simulations help 
identify such parameters as allowable variabil-
ity of materials, ambient temperature 
bounds—even plant humidity. Precise casting 
simulation requires simultaneous CFD, ther-
modynamics, heat transfer, phase transition 

Air-Stair superplastic forming process. (Superform)

Infusion simulation of a fuselage panel with 
PAM-RTM (simulation + real part). (EADS 
Innovation Works)

models, and stress analysis. Such simulation regimes also extend to 
composites made through forming rather than automated placement 
machines, such as Resin Transfer Molding. Precise sheet metal forming 
also has many of the same requirements.
 
Is it worth it?
Using simulation tools for plant setup can reduce initial cost by 30%, 
said Marc Halpern, Research Vice President for Gartner, citing data from 
a number of industries he has studied. He confirms that an especially 
valuable emerging trend is validating programming logic of robots, au-
tomation equipment, and PLCs in simulation. This allows adjustments to 
be made inexpensively, without building physical test cells or factories 
and reducing iterations during the physical startup phase.

At the same time, he offers some cautions, especially for massive fac-
tory-wide simulations. Initial cost can be significant. For example, an au-
tomotive company he is familiar with spent 52 man-years to set up one 
factory simulation. While an extreme case, he reasons the costs for aero-
space are comparable, especially for large, complex plants. Catching 
even one significant issue prior to installing real equipment would pro-
vide a payback. “But the risk is that the model may not provide anything 
of real value,” he explained. These risks include wrong assumptions or 
the fidelity of the model may be too low.

He sees a better business case for simulation in new “greenfield” or 
major modifications to “brownfield” factories. There are fewer alterna-
tives to identifying key issues and solving them prior to investing vast 
capital expenditures. 

For existing factories, the business case is less clear. Why? There is an 
alternative—industrial engineers can observe operations first-hand, on 
the shop floor. “There better be a darn good reason for spending the 
money to model an existing factory,” he said.

The easy solution to that problem would be reducing cost of simula-
tion and model setup. That is something every company interviewed 
stressed. More intuitive user interfaces and ways of reducing complexity 
is vital to making simulation easier to use, allowing it to be used more 
widely, and helping industry squeeze even more efficiencies out of as-
sembly and fabrication processes. 
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GAINING CONTROL 
OF DAMPING

Mobile hydraulic machines are typically affected by vibrations 
of the machine structure that have to be controlled to im-
prove operator’s comfort, machine life, and controllability. 
Moreover, international standards regulate the permissible 

vibration level for the operator’s health protection. 
Vibrations arise from several features of the system dynamics, such 

as: oil compressibility, hose compliance, and discontinuous functioning 
of some components (hydraulic domain); mechanical structure elastic-
ity, end-stops, and static friction (mechanical domain); and particular 
boundary conditions dependent on specific applications (e.g., handling 
of hanging load, drive on uneven ground). Those systems’ features 
highlight the main challenges of their vibration damping, namely the 
nonlinear nature of hydraulic and mechanical systems as well as the un-
predictable features of boundary conditions. 

Strong nonlinearities of 
hydraulic systems and the 
unpredictable operating 
conditions of the specific 
application (e.g., uneven 
ground, varying loads) are 
the main challenges to the 
development of satisfactory 
general vibration damping 
methods and controls.   

Drawing of the Atlas reference 
crane and picture of the 
experimental setup at Maha 
(crane and control station). 
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Although research on damping methods for 
hydraulic systems began decades ago, the 
problem still persists, especially in mobile hy-
draulic applications. The techniques currently 
used present significant room for improve-
ment. In fact, today’s vibration damping meth-
ods are designed for specific applications, and 
sufficient levels of comfort and controllability 
are achieved just for a limited range of operat-
ing conditions. 

Damping methods
Existing pure hydraulic (PH) methods are 
based on resistive effect, capacitive effect, or 
the combination of the two. Resistive effect is 
directly responsible for energy dissipation, 
and in some cases it may produce system 
slowdown. Capacitive effect is directly respon-
sible for system slowdown, and it may indi-
rectly produce energy in some cases. 
Additionally, PH methods are designed for a 
specific operating condition of the machine, 
while for other conditions their control effec-
tiveness is inevitably reduced because of the 
inherent nonlinearity of fluid power systems. 

Among the many examples of applications 
of PH methods based on resistive effect, the 
case of machines using load-holding valves is 
one of the most significant. 

Vibrations in those applications are often 
damped by setting the load-holding valve’s 
opening pressure way higher than what is 
necessary to hold the load or to balance aid-
ing load conditions, thus introducing excessive 
energy dissipations. Examples are represented 

For sake of clarity, only the 
part of the hydraulic circuit 
pertinent to the performed 
tests is presented in this 
hydraulic schematic ( ISO 1219 
standard of representation). 

by the standard circuit of hydraulic cranes or other construction ma-
chines like aerial boom lifts. Another example of a PH method is repre-
sented by the use of the insertion of dynamic orifices in the pilot lines 
connecting the pilot stage and the main stage of piloted flow control 
valves. The addition of such orifices reduces oscillatory behavior by 
slowing down the dynamics of the hydraulic system. 

A common example of damping based on capacitive effect is the 
introduction of accumulators in the main transmission line connecting a 
power supply unit to the actuator. The additional capacitance of the 
accumulator increases the time required to build up the pressure, slow-
ing down the dynamics of the machine. This effect is not always de-
sired, and therefore in some cases additional semi-active control is ob-
tained by the introduction of on/off valves to exclude the accumulator 
when the operator requires faster dynamics of the machine. However, 
along with those valves, energy dissipations are introduced. 

Electrohydraulic (EH) technology is used to damp vibrations by 
sensing a feedback signal related to the oscillation extent and evaluat-
ing the proper command signal for the EH control valves. 

EH methods, combined with PH methods, have potential to reduce 
the influence of PH on the system and consequently of their typical 
drawbacks. Additionally, EH solutions can be designed in a way suitable 
to adapt the control parameters to the entire range of operating condi-
tions to have maximum control effectiveness over the entire function-
ing range of the machine. 

Feedback on control 
Although much work has been published regarding EH methods for 
fluid power systems, very few examples can be found for industrial ap-
plications such as earthmoving equipment or cranes, since many of the 
proposed methods are not feasible in practice. In particular, feedback 
sensors of proposed EH methods often suffer high installation cost or 
reliability issues. 

Moreover, they often use control methods whose parameter tuning is 
not guided by well-defined rules, and the theoretical results are in many 
cases not supported by adequate experimental validation. 
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Pressure feedback control schematics: a) 
implementation on the machine; b) practical 
implementation, which highlights that the 
control logic has to take into account that 
the feedback signal is an indirect measure of 
oscillation.

Control implementation: the adaptive 
algorithm is implemented using the gain 
scheduler controller. 

For example, several methods are based on tracking control (TC) of 
linear displacement sensors or accelerometers mounted on the oscillat-
ing parts. This method was successfully implemented in several lower-
power applications, including active suspensions, earthquake simula-
tors, vehicle braking systems, hydraulic robots, active damping seats, 
and other applications. 

The use of pressure feedback (PF) control, based on pressure sen-
sors giving information related to the pressure in the actuator cham-
bers, seems to be a more viable solution to reduce the drawbacks of 
TC-EH solutions. This is because pressure sensors can be located in a 
protected area of the machine, such as in proximity of the flow control 
valves manifold, which is convenient in terms of reliability and cost of 
installation. The pressure signals are used to indirectly sense the oscilla-
tion of the machine and to enable appropriate EH valve commands to 
damp the system vibrations. 

Considering the typical range of undesired oscillations (below 10 
Hz), an implementation of PF techniques using traditional, low band-
width flow control valves already on many machines is realistic. 

This technology has been applied sparingly to traditional valve-con-
trolled systems and to displacement-controlled systems. But the main 
reason why PF has still not found significant industrial application is 
due to the much greater complexity of the control algorithm formula-
tion compared to TC since the oscillation is measured only indirectly 
through pressure feedback. 

Past effort in PF methods attempted to determine a transfer func-
tion between the feedback pressure and the machine oscillation. To 
make possible the determination of the objective function with models 
easily usable by the controller, a high level of system simplification is 
necessary. The lack of provided experimental results made this simplifi-
cation questionable in practice. 

But recently, researchers from Purdue University developed an in-
novative, non-model-based formulation of PF control. In particular, 
the relation between feedback pressures and machine vibration was 
evaluated by means of a formulation of the extremum seeking (ES) 
theory. 

An optimization algorithm was implemented to determine through 
an automatic procedure the parameters of a nonlinear gain scheduler 
(GS) controller. The adaptability of the GS controller was used to ex-
tend the control effectiveness to the entire range of operating condi-
tions of the machine. 
 
A study in booms
Purdue’s proposed control method was applied to the case study of a 
midsized Atlas hydraulic crane instrumented at its Maha Fluid Power 
Research Center. 

The crane was equipped with pressure sensors, flow meters, and ac-
celerometers. The experimental setup also has the capability of moni-
toring the electrical signals provided to the EH valves. The ES optimiza-
tion algorithm to tune the controller parameters was performed on a 
multidomain simulation model of the crane, although the concept be-
hind the proposed optimization method could have been entirely based 
on actual experiments performed on the crane. The controller was im-
plemented in a standard industrial unit operating at a maximum fre-
quency of 333 Hz (Parker IQAN MC-2). 

Finally, the control method was tested on a real crane and compared 
with the standard control. The hydraulic system of the crane utilizes a 
proportional directional valve working with a constant input flow rate 

GAINING CONTROL  
OF DAMPING

A

B
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set to 45 L/min (12 gal/min) containing open 
center directional EH valves to control each 
actuator. 

The crane consisted of a main boom, outer 
boom, and five telescopic stages. The swing 
cylinder performs the rotation of the crane; 
the main boom cylinder performs the relative 
motion between main and outer boom; and 
the outer boom cylinder performs the relative 
motion between outer boom and the tele-
scopic stage. The crane was rigidly connected 
to a stand, representing a simplification with 
respect to what occurs in applications in 
which hydraulic machines are supported by 
flexible elements (e.g., shock absorbers of a 
truck-mounted crane). 

Due to the complexity of the problem, the 
researchers’ focus was the study of the main 
boom control only. However, all crane actua-
tors are similar systems and the control meth-
odology can be applied to any of them. 

Although the outer boom was held in posi-
tion during the test cycles, its hydraulic circuit 
contributed in determining the overall dynam-
ics. In fact, due to the compressibility of the 
fluid in the outer boom cylinder and the elas-
ticity of the structure, the outer boom may 
oscillate when the main boom is operated. 

The oscillatory tendency of the “open loop 
controlled” crane was damped exclusively 
through the pure hydraulic method of the ad-
ditional resistance introduced by the energy 
dissipative settings of the over-center valves 
and pressurizing valve. 

It is important to point out that the origi-
nal open-loop crane already included facto-
ry-tuned pure hydraulic resistive type meth-
ods to reduce the oscillations and make the 
machine usable. Therefore, the effectiveness 
of the proposed control methods will be 
shown in respect to a solution representative 
of the state of the art. However, in future 
work more energy-efficient settings, in terms 
of valve pilot ratios and spring preloads (that 
usually promote instabilities), will be investi-
gated so that the functionality of the ma-
chine will be ensured by the oscillation 
damping introduced exclusively by the pro-
posed control. 

Open loop vs. proposed control 
Given that the control strategy was non-
model based, an objective evaluation of the 
vibration damping effectiveness had to be 
based on experimental results.  

Testing proved that the additional system 
damping introduced by the proposed control 

method was a viable solution to reduce, in most applications, the 
losses due to energy dissipative settings aimed to increase the stabil-
ity of the system. 

Three representative operative conditions were tested: 
• Raise without load: The outer boom was fully retracted. The main 
boom raises, and the angle it forms with the vertical to the ground 
increased from 30 to 90°. 
• Stop after raise: This operating condition proved that the control 
was effective for different operations of the crane, even when the op-
erator was not commanding any movement of the machine. 
• Raise with load: The outer boom was fully extended, which acted 
like an additional load for the main boom cylinder. The main boom 
was raised, and the angle it formed with the vertical to the ground 
increased from 90 to 135°. This operating condition proved that the 
controller was adaptable and robust to varying loads and geometrical 
configurations. 

A number of tests were performed in the above-mentioned operat-
ing conditions. For each operating condition, the following was mea-
sured:
• Tangential acceleration: measured using an accelerometer installed 
to the end of the main boom. 
• Centripetal acceleration: measured using an accelerometer installed 
to the end of the main boom. 
• Feedback pressure: measured using a pressure sensor installed at 
the workport which delivered the flow to the raise chamber of the 
main boom cylinder. 

Significant oscillation damping was observed in case of raise with-
out load (about 30% reduction of overshoot and settling time). Even 
larger improvements in the case of raise with load (about 35% reduc-
tion of overshoot and settling time) proved that the adaptive control 
was suitable to manage variations in the load and geometrical con-
figuration. 

Even the stop-after-raise condition showed high improvements 
(about 35% reductions of overshoot and settling time) proving that 
the control was suitable to damp oscillations even when the operator 
did not command any movement and the open loop control would 
keep the directional valve spool in central position. 

This feature of the proposed control was suitable not only to re-
duce oscillations of the machine after the movement stops but also to 
stop the oscillations of a suspended load. 

In general, the use of pressure feedback control allows easy, low-
cost, reliable applicability, being based on pressure sensors that can 
be placed in convenient locations of the machine (such as on the 
valve block, usually a well-protected zone of the system). 

The combined use of adaptive, non-model-based techniques to de-
termine the control parameters make this technique potentially appli-
cable to damp oscillations of any kind of hydraulic machine. 

Future work will be the demonstration of the energy savings of the 
proposed control. In particular, it will be proved that the proposed 
control method is capable of introducing the system damping re-
quired to get rid of the energy dissipative settings of the valves in 
most machines used to stabilize the machine. 

This article is based on SAE International technical paper 2012-01-2035 
by Davide Cristofori, Andrea Vacca, and Kartik Ariyur, Purdue University.
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The competitive marketplace would be 
enough of a reason for the 2014 Acura 
MDX, the third generation of the seven-
passenger crossover, to be built on a new 
platform. But the U.S. engineering team for 
the Honda luxury model had a wide range 
of engineering objectives, led by the com-
mitment to meet the small overlap barrier 
crash test of the IIHS (Insurance Institute 

small overlap test energy of a 40-mph (64-
km/h) impact with a rigid barrier, such as a 
utility pole, by just 25% of the driver’s side 
frontal area.

The front bumper beam is tied into each 
side rail and each body side, which includes 
the stiffener ring of the door frame and 
A-pillar so that the energy of the small 

(1725°F), where they are formed and 
quenched in the hot-stamping process, to 
produce the ring.     

In addition to the energy management 
of the front-end and body-side design, the 
front wheels also participate. They are alu-
minum and, unlike steel wheels that would 
maintain approximate shape and be 
pushed back into the cabin, they simply 

2014 MDX re-engineered to pass IIHS test, reduce NVH

for Highway Safety). Although the MDX 
first was revealed in March at the New 
York Auto Show (http://www.sae.org/
mags/aei/11962), it is just going into pro-
duction at the Lincoln, AL, plant and will 
be on sale in July. 

All other Acura models introduced in the 
past year have passed the test, but the 
MDX—the largest and heaviest vehicle in the 
lineup, with much more crash energy to 
safely disperse—was a greater challenge. It 
required going beyond just a later variant of 
the Honda light-truck platform and also 
dictated a new edition of Honda’s ACE 
(Advanced Compatibility Engineering) ap-
proach to crash management.
 
Stiffener ring for door 
frame 
On the MDX, the ACE structure includes 
an innovative “stiffener ring” at the front 
door frame to accept and help diffuse the 

overlap impact is distributed through both 
rail and body side. The stiffener ring con-
sists of four separate high-strength-steel 
parts, using tailor-welding of thicker blanks 
where needed. Then the assembled parts 
are placed in an oven heated to 940°C 

collapse on the impact. Mark Pafumi, Chief 
Engineer, Honda R&D Americas, said its 
small overlap test results were so good, the 
front doors still could be opened. As a re-
sult, Honda has full confidence the MDX 
will get a top rating. 

The 2014 Acura MDX is 2.0 in (51 mm) 
longer, but 275 lb (125 kg) lighter, than its 
predecessor. A front-drive model is newly 
available.

Bumper beam ties into side frame 
rail and body side structure (red), 

leading into front door stiffener 
ring (yellow). 

Side view shows how body structure, including stiffer wheelhouse (red), ties into 
new front pillar and door stiffener ring (yellow).

Global
VEHICLES
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In a head-on collision (full frontal), the crash energy is trans-
ferred from the bumper beam into Y-branched rails at each side 
and a center Y that flares into each of them and also goes down 
the center of the underbody. 

The MDX, at 193.6 in (4917 mm) overall, is 2.0 in (51 mm) lon-
ger than its predecessor. But even with the new ACE structure for 
the safety enhancements, weight reduction was possible. The 
2014 Super-Handling All Wheel Drive model has a mass range of 
4255-4332 lb (1930-1965 kg), an average of 275 lb (125 kg) less 
than the 2013 model.

The body, thanks to a 55% high-strength-steel content, con-
tributes 123 lb (56 kg) to the reduction. Seats are 44 lb (20 kg) 
lighter, front and rear subframes and rear suspension combine to 
chip in with a 41-lb (18.6-kg) saving, and the aluminum steering 
hanger beam was replaced by magnesium for a 7.5-lb (3.4-kg) 
drop. There is also a front-drive-only edition of the MDX, to be 
marketed in southern, snow-free areas as a lower priced, more 
fuel-efficient alternative. It tips the scales at 4025-4103 lb (1826-
1861 kg). 

NVH changes throughout 
Based on customer feedback, a major effort was made to lower 
NVH. The increase in body stiffness of the new platform itself 
certainly helped, but a lot more was done. A rigorous study of 
body sealing led to a two-thirds reduction in air leakage paths 
through the body, noted Pafumi. The door openings were fitted 
with triple sealing, which compared with double-sealing further 
reduces the turbulence from air blowing in and exciting the vol-
ume of air between doors and body, he added. 

In addition, 22 custom-designed structural foam inserts are 
clipped on, inside the pillars, and when the body is baked in the 
paint shop the foam expands to fill. This is more efficient than 
foam injection, Pafumi told AEI. 

Tire noise, he said, is a major issue, and it’s both air and struc-
ture borne. Improved sealing of the wheelhouse openings helped, 
but engineered upgrades to stiffen the structure of the openings 
were even more important, Pafumi said. 

All exterior glass, he said, contains a layer of PVB (polyvinyl 
butyral) acoustic material, including the windows, and in addition, 
the glass panels are thicker. 

Active noise control is used, but the MDX also incorporates a 
number of components to reduce powertrain- and suspension-

induced NVH, including 28-V vibration-canceling engine mounts 
for the new direct-injection 3.5-L V6. 

The front suspension is on a lighter but more rigid subframe, 
and the shock absorbers have a triple-path mounting to better 
diffuse road surface inputs to the body. The steering shaft now is 
a single piece, providing a level of rigidity that raised the natural 
frequency of vibration into the body from 47 to 80 Hz, outside 
the sensing range. The damper coupling previously used was 
eliminated, as engineers found that the electric motor system 
provides a similar effect. 

The rear suspension also makes a considerable contribution to 
reduced vibration into the body. The trailing arm with five mount-
ing points per side was replaced by a multilink, with just three, 
but to locations that are 67% more rigid. Additionally, the sub-
frame mounts’ locations are much stiffer, and at two points incor-
porate liquid-filled (glycol) bushings. The rear subframe also in-
corporates stays (metal brackets) in four locations to reduce axle 
“float” during steering inputs, so the new MDX tracks better. 

Further, the rear shock absorber mount was relocated from 
the relatively thin wheelhouse (even with a stiffener) to the very 
rigid frame. 

Trim levels wouldn’t appear to be a factor, but the Advanced 
level on the MDX gets such NVH-lowering additions as a thicker 
rubber noise barrier layer in the carpeting and use of more noise-
reducing insulation, including in the fender liner. 

The body pan’s Y-shaped rails at side and down the center 
(red) contribute to frontal crash management. 

Twenty-two structural foam inserts expand to fill the MDX pillars. 
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Steel’s role in 
reaching 54.5
“You can’t get to 54.5 mpg with powertrain improvements alone; 
you can’t sell enough battery-electric vehicles or plug-ins to get 
the fleet all the way to 54.5 mpg—you must have weight reduc-
tion to make up that gap,” stressed Dr. Blake Zuidema, Director 
of Automotive Product Applications, ArcelorMittal Global R&D, 
during his presentation at the recent Great Designs in Steel 
(GDIS) seminar in Livonia, MI.

The steel supplier recently conducted a comprehensive study 
based on modeling used by the U.S. EPA and NHTSA (National 
Highway Traffic Safety Administration) to assess fuel-economy-
enhancing technologies and to set the new 2012-2025 standards. 
The purpose of ArcelorMittal’s study was to evaluate the various 
lightweighting materials’ abilities to help OEM fleets meet the 2025 
target.

The results look “very encouraging for steel,” said Zuidema, 
adding that it’s not just about meeting 54.5 mpg—it’s about getting 
there at the lowest cost and the lowest carbon footprint. AEI 
Associate Editor Ryan Gehm spoke with Zuidema following his 
GDIS presentation.

Under what scenarios can steel help to meet 54.5 mpg?
Perhaps the most difficult case is all weight reduction coming 
from the body-in-white (BIW), with no help from any of the 
other components. Under these circumstances, if we are able to 
get to the level of powertrain efficiency improvements forecast 
by the EPA, steel gets you to 54.5 mpg. It provides adequate 
weight reduction to close that gap… In a scenario where pow-

Dr. Blake Zuidema, Director of Automotive Product 
Applications, ArcelorMittal Global R&D

Q&A
ertrain technologies fall way short of the EPA predictions, not 
even aluminum or carbon fiber will get you to 54.5 mpg. So 
there’s a whole continuum; what we found is unless you have 
a very narrow range of totally unlikely conditions come to-
gether, steel still can get you to 54.5 mpg. And if you look at 
cost-effectiveness, nothing comes close to steel in terms of 
the value of improving fuel economy. In most cases, the cost 
difference [between steel vs. aluminum or carbon fiber] was 
approaching or exceeding $1000 per vehicle.

What future steel technologies will help with this push?
Third-generation steels [which are under development and 
expected to be ferritic or multi-phased steels with enhanced 
strength and formability] provide additional weight reduction 
in non-stiffness-limited components. When we did our S-in 
motion study [in 2010], we started with today’s grades, and 
then we told the designers, ‘Throw away the portfolio. You tell 
me what properties you need to make parts lighter.’ What they 
found is about 20-30% of the parts were still not stiffness-lim-
ited even at 1500 MPa, so by going to 1800, 1900, 2000 MPa, 
we can get additional weight reduction in these areas. S-in 
motion showed that as you go from today’s grades to the 
grades that we’re working on for tomorrow, there’s at least 
another 5% weight reduction. That’s just in the gauge and 
grade [2-G approach]; if we can geometry-optimize as well 
[3-G, which considers load-path efficiency in the equation], 
there are synergies to get even more. These 3-G approaches 
provide far and away the greatest opportunity for weight re-
duction. So with design optimization and with emerging AHSS 
grades, I’m pretty confident we can get at least a 25% BIW 
weight reduction [relative to a 2009 baseline].

What’s your view of the multi-material vehicle?
With the information that I have based on publicly available 
sources, it is not cost-effective to go to a multi-materials ve-
hicle. I’ve looked at many multi-material vehicle strategies, and 
in every case they met 54.5 [mpg] but they increased the cost 
relative to an all-steel bodied vehicle. In no case did a multi-
material solution end up with a lower cost than the all-steel so-
lution. As soon as you go to these other materials, you increase 
the cost and more importantly you increase the carbon foot-
print. Now, in other non-body areas, absolutely [there will be 
other lightweight materials]. Interior trims, seats—we’re going 
to need weight reduction wherever we can get it. To me, the 
multi-material solution is a steel body, steel closures, and the 
other parts as necessary get that additional weight reduction 
[from aluminum, CFRP, etc.].

What is the time frame for meeting 2025 regulations?
If a vehicle launch is today, it’s getting refreshed in about five 
years. When a vehicle launches in 2021, that vehicle will still be 
built by the OEM in 2025—it’s going to count toward its 54.5 
mpg. Now back up: they’re probably designing 2021 vehicles 
right now in the advanced-vehicle stage, but at least three 
years before start of production we have design freeze—all of 
the materials and all of the manufacturing strategies are 
locked in place. So by 2018, all of the materials decisions for 
vehicles launched in 2021 will be made. That’s why the timing 
is so critical; there are less than two vehicle cycles between 
now and when we have to produce 54.5-mpg vehicles. 

Ryan Gehm




