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Getting smarter
There is a reason why diversification is 
considered a desired characteristic in 
many business strategies. Just ask any 
company currently focused solely on min-
ing or agricultural equipment. Or even 
less than solely. 

Caterpillar and Deere are two compa-
nies with interests in mining and agricul-
ture, respectively, that are currently hurt-
ing financially due to the major slowdown 
(if not outright stoppage) in equipment 
sales in those two particular off-highway 
industries. While mining equipment may 
not be what the layperson associates 
right away with Caterpillar, agriculture is 
certainly what comes to mind first when 
considering Deere, and for good reason. 
Reuters reported in August that “farm 
and turf equipment sales account for 
more than two-thirds of [Deere’s] total 
revenue, [which] fell 24% to $5.41 billion 
in the third quarter [that] ended July 31.”

That said, it is not hard to project that 
other agricultural companies suffering 
through reduced new equipment sales 
and thus reduced revenue this year could 
only wish that their revenues would have 
dropped to $5.41 billion, as opposed to, 
say, dropped from. Deere is fortunate 
enough to have other interests such as in 
construction and forestry (which would 
have been even more fortunate if those 
two areas weren’t also down about 5% 
for the year), but most important, they 
have plenty of interests in engines and 
other systems.

The bottom line: if customers aren’t 
replacing their older equipment with new 
equipment, it then becomes ever more 
necessary to offer the proper systems and 
subsystems that could bring older equip-
ment closer into the realm of productivity 
of newer equipment, in essence allowing 
an old tractor to learn new tricks. 

Making equipment smarter is nothing 
new, especially in the agriculture industry. 
Ever increasing electronics content in 
equipment has enabled enormous in-
creases in functionality and productivity, 
as well as increased opportunities for au-
tomation. In this month’s feature, “HMIs 

extend beyond the cab” on page 14, it is 
made clear that smart and connected 
have become interchangeable. 

The feature’s author, Terry Costlow, 
observes how off-highway and commer-
cial vehicle developers are using commu-
nication technologies to make vehicles 
safer and more productive, and then he 
takes the point one step further via a 
quote by Manuela Papadopol, Marketing 
Director, Elektrobit. “Automotive HMIs 
focus on infotainment, in off-highway and 
commercial vehicles, safety and opera-
tions are more important. HMIs with con-
nectivity are now a key differentiator.”

It used to be that off-highway equip-
ment was only as smart and productive 
as its operator; that is, the operator was 
the differentiator. But now, off-highway 
engineers have changed the user experi-
ence such that “The ability to fix bugs or 
add new functions by simply reflashing 
memory in an ECU brings big benefits. 
Making it easier to update firmware in the 
field is a critical factor as software be-
comes more of a product differentiator,” 
writes Costlow.

The irony, of course, is that it would 
seem the easier it becomes to upgrade 
functionalities and thus technical capabili-
ties remotely in the field, the less neces-
sary it would be to buy new big-metal 
products to plow, construct, or mine with.

That is, of course, were it not for a variety 
of other technologies that continue to pro-
pel the off-highway industry forward via 
efficiency advances that will prove the ulti-
mate differentiators between competitors. 
The good news is that often differentiators 
aren’t grown from scratch, but via splices 
from other industries. One example of that 
in this issue is the feature “Lightweighting 
to improve off-highway emissions” on page 
21. Another example would be the article on 
page 6 that mentions how MTU engineers 
have leveraged some of the knowledge that 
their RRPS aerospace colleagues have 
learned along the way, and vice versa. 
Ultimately knowledge comes from one an-
other, the sharing of experience and the 
sharing of engineering.
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FPT plans engines for complex market

Expected in 2019, the impending European Stage 
V emissions regulations for off-highway engines 
will remain top of the agenda for FPT. EU regula-
tors will limit both particle number, or PN, as well 
as tighten the existing particle mass limits. Stage 
V also reduces NOx, HC, and CO limits. 

While these are stringent, it is also true that 
the EU market governed by Stage V is only a 
small part of the global market, according to 
Federico Gaiazzi, Vice President of Marketing & 
Product Management for FPT Industrial. Sharing 
his views with Off-Highway Engineering, Gaiazzi 
noted that these EU regulations may well affect 
how regulators approach their own national 
needs in other parts of the world. Gaiazzi be-
lieves it is likely that emissions regulations and 
fuel quality restrictions imposed in other coun-
tries will tighten in response to the EU actions. 

This means FPT will need to upgrade global 
engines to use similar advanced technologies 
needed for the EU market. “While working to-
ward the anticipated emissions standards, FPT is 
looking at solutions that will continue to increase 
engine efficiency and reduce total cost of owner-
ship, which is why we will not be deviating from 
our long-term high-efficiency selective catalytic 
reduction [HI-eSCR] only strategy,” he said. This 
technology, according to Gaiazzi, frees FPT’s en-
gines from using exhaust gas recirculation (EGR) 
in medium- and heavy-duty applications, simpli-
fying the engines and reducing costs.

He predicts that the next generation of FPT’s 
HI-eSCR aftertreatment solution will incorporate 
a diesel particulate filter (DPF) integrated on the 
SCR. Part of the SCR catalyst will be replaced by 

the DPF in this solution to avoid impacting the 
aftertreatment layout. This is a technology that is 
reportedly efficient in meeting both particle mass 
and PN emissions. In general, these combined 
SCR and DPFs reduce packaging and make it 
easier to manage the temperature needed for the 
SCR (See “The complicated future of off-highway 
engines,” OHE, August 2015). 

“The HI-eSCR system was originally developed 
at FPT’s R&D Center in Arbon, Switzerland, and 
was the first maintenance-free aftertreatment 
system, achieving NOx reductions of more than 
95%,” he said. Observations from others in the 
industry note that newer SCR technologies could 
achieve 97–98% efficiencies in reducing NOx, a 
key enabler in eliminating EGR. 

When asked what were the most important 
advanced technologies for achieving better fuel 
efficiency and total cost of operation, his answer 
reflected a broad perspective. 

“No one technological area will create a break-
through in improving fuel consumption or perfor-
mance in engine development,” he said. The key is 
increasing an engine’s brake thermal efficiency. “It 
is a challenge with no quick-fix technological 
breakthroughs on the horizon; instead, progress 
will be the sum of improvements to several as-
pects of the engine.”

 These include the optimization of combustion and 
air handling, reduction of power losses, the introduc-
tion of smart auxiliaries, and waste heat recovery in 
the exhaust line, as well as energy management 
controls in the engine, its related systems, and all 
elements of the vehicle that influence its fluid usage.

 Bruce Morey

Federico Gaiazzi, Vice President of Marketing & Product 
Management, FPT Industrial, notes that increasing brake 
thermal efficiency (BTE) of engines is important. He 
predicts FPT will improve the BTE of its range of industrial 
engines to 55% by 2020.

The current BTE 
of the FPT Industrial 

range of engines is 
approximately 46%, according to 
Federico Gaiazzi. Shown is FPT’s 

C13 two-stage construction engine.  
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MTU engines, and engineers, to reap benefit of new R&D test facility

In late July, a €40 million, 9000-m² (96,875-ft²) test facility in 
Friedrichshafen, MTU’s lead site and main R&D location, offi-
cially went into service. The new five-story test facility “was al-
ready at the planning stage before Rolls-Royce became sole 
owner of [MTU] and before we began intensive cooperation 
with other R&D units at Rolls-Royce. [Construction] began in 
spring 2013, and Rolls-Royce obviously supported this invest-
ment,” according to a company spokesman. “Since then, our 
operations have become fully integrated into the R&D activities 
of Rolls-Royce, and we both benefit from that collaboration.”

Rolls-Royce has two main business divisions, Aerospace and 
Land & Sea, the latter of which comprises Marine, Nuclear, and 
Power Systems. MTU, MTU Onsite Energy, Bergen Engines, and 
L’Orange are all part of Rolls-Royce Power Systems (RRPS). Of 
the 15,500 engineers that Rolls-Royce employs globally, about 
1600 work in the Power Systems segment.

MTU has R&D test stands that are similarly equipped in its 
Aiken, SC, plant, and RRPS has over 100 test stands in service all 
over the world used for R&D, series production, and repairs and 
engine overhauls. 

“This facility supplements existing capacities with new measur-
ing and analysis technologies,” Werner Hussal, Head of Test Stand 
Planning, RRPS, told Off-Highway Engineering. “Our test stands 
are manned by experienced engineers, researchers, and techni-
cians. For the new facility, certain staff have received targeted 
training to familiarize them with the new technologies and teach 
them to make the most of the potential that the systems offer.”

The company stresses that it intends to use the new facility 
not only to test further developments on existing engines, but 
to break into new territories, with one such new territory being 
R&D into a gas engine for mobile applications. 

Gas engines used continuously in stationary applications such 
as in MTU Onsite Energy’s combined heat and power modules 
are a proven technology. RRPS is now looking to develop a gas 
engine for use in ships, said the spokesman. This is a major chal-
lenge because the gas engine must not only be ecologically 
sound but offer as many of the advantages as possible as con-
ventional diesel engines. 

In this first phase of the facility, three stands for testing 2500-
kW (3350-hp) engines were set up. Construction is currently 
under way for a gas supply network for the gas engine research 
that is to go into service in mid-2016. Additional test stands can 
also be installed as future programs are identified.

For now though, the focus on meeting emissions standards is 
clear, and MTU believes that future emissions standards are go-
ing to be another tough technological challenge that will force it 
to think in terms of bigger systems, and systems integration. 
“For example, the way the engine interacts with the exhaust 
aftertreatment can be extremely complex,” said the spokesman. 
“Exhaust gas aftertreatment is one of five key technologies on 
which we focus very closely. We develop our own exhaust after-
treatment systems so that they can be perfectly tuned to our 
engines and their applications. We work closely with leading 
catalyzer and component manufacturers so that we can provide 

Rolls-Royce Power Systems will be using the new 
facilities at MTU to test new combustion processes, 
advanced technologies for electronic regulation and 
control, and from mid-2016, alternative fuels such as gas.

Sophisticated technologies come into play in the way the test stands themselves are run. In 
addition to conventional dynamometers, electrical gensets will also be used to simulate rapid 
load changes. The electrical power they deliver will be fed into the factory’s own power grid. 

TECHNICAL INNOVATIONS
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our customers a complete systems package from one source 
that has been qualified in-house. Developing exhaust aftertreat-
ment systems that optimally meet the needs of customers is 
one of the main missions of the new test facility.”

Even in this day and age of ever-increasing sophisticated sim-
ulation and virtual design tools, brick-and-mortar test facilities 
are as important as ever. “Equipment for the analytical configu-
ration and simulation of the thermodynamic processes that take 
place in an engine are essential tools for effective R&D, espe-
cially when it comes to large diesel engines. However, these are 
mathematical tools that can be used to back up high-level real-
life testing, but not replace it,” said Hussal. 

“By simulating components and processes, we can limit the 
number of time-consuming and expensive test runs we carry out 
and clearly demarcate test scopes in advance. But the intricacies 
of a highly complex process, such as, for example, the interaction 
between the engine and a specific exhaust aftertreatment system, 
can only be reproduced using simulation to a limited extent. A 
real-life test run helps us to verify and perfect the results of our 
simulations. Simulation and real-life testing go hand-in-hand.”

To highlight correlations from anything between two and 
eight parameters, and all the associated interactions, MTU uses 
DOE (design-of-experiment) methods in connection with mod-
el-based optimization. That way, the company minimizes test 
run expenditure and maximizes information gain.

“During the test runs, we only vary those performance and 
emissions-relevant parameters that were revealed as significant in 
simulations. This can be done automatically at the test stand,” 
said Hussal. “The results we then receive are mathematical mod-
els that describe engine behavior (e.g., emissions, consumption, 
etc.) as a function of the various input values. So in the engine 
test, a large number of parameter variations can be implemented 
very efficiently within a short space of time. In the model-based 
optimization that follows, we calibrate the engine optimally to 

achieve the desired levels of emissions and consumption accord-
ing to specific ambient conditions.”

A special feature of the new testing facility is what MTU refers 
to as a “gallery” that has been built above each test stand 
booth. “The gallery is a special platform above the engine that 
can carry its exhaust aftertreatment systems, such as SCR for 
reducing nitrates. These systems are often very bulky, and we 
did not have enough space for them on our existing test stands,” 
said Hussal. “We now have enough space to set up close-to-
reality testing and measurement scenarios using high-tech mea-
surement paths and calming sections.”

He added that another feature of the new building is a set-up 
hall outside the actual test stand area. It is there that engineers 
will build the test configurations on mobile platforms, keeping 
the time needed for preparations at the test stand itself to a 
minimum and improving operational efficiency.

Rolls-Royce does not split out its R&D spending by division, 
but the majority of that money is currently invested in 
Aerospace, mainly because the investment cycles are longer and 
more costly than they are in (non-nuclear) Land & Sea opera-
tions. That said, the spokesman estimated that in 2014 its R&D 
spend for gas turbines was ~£1 billion, and for reciprocating en-
gines (MTU and Bergen Engines) ~£150 million. 

Wherever the R&D investment money goes, Rolls-Royce has 
in place internal systems and processes that allow its engineers 
to share ideas and look for innovative solutions to common 
problems. Engineers in one part of the business are able to pose 
challenges that other areas of the business can comment on and 
suggest solutions for. For example, knowledge of material sci-
ence from its aerospace division has enabled it to develop new 
seals for marine, while automated manufacturing technology 
developed for marine propeller surface finishing is now being 
applied to aerospace fan blades.

Jean L. Broge

Dr. Ulrich Dohle, CEO of Rolls-Royce Power Systems, is shown presenting 
eco-friendly diesel engines from MTU. With the development of a gas engine 
for mobile use, Rolls-Royce Power Systems will be intensifying efforts on 
solutions to further minimize emissions levels.

Chilling machines, heat exchangers, steam generators, and various fuel 
formulations will allow a whole spectrum of engine operation scenarios 
to be simulated—from biting cold to tropical humidity. State-of-the-
art measuring and analysis systems support test stand technicians and 
development engineers in their work by enabling them to monitor results 
and replicate and document them precisely. 
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Physics-based robot simulation leverages stochastic optimization 
and game theory
For obvious reasons, conditions on lunar and planetary surfaces 
can understandably be hard to duplicate physically, even in the 
best case when they are “well understood,” if only from a dis-
tance. This makes digital simulations an essential tool during 
mission planning and development. Simulation can be used to 
study the effects of changes in terrain, lighting, reflectance, and 
other environmental factors on mission success. 

In a typical space mission, though, many conditions are poorly 
understood. There may, for example, be limited understanding 
of soil—or regolith—properties before contact on a lunar mis-
sion. Addressing this requires special conceptual and mathemat-
ical tools. Parameters must be randomized to capture potential 
outcomes, and results must be optimized to discover the corner 
cases and unexpected outcomes that could impact a mission. 
Energid Technologies Corp. has been funded by NASA to de-
velop a new robot simulation that accommodates uncertainty 
and discovers exceptional behaviors during mission planning, 
technology that will someday no doubt have more terrestrial 
applications. Energid Technologies specializes in the control, 
simulation, and sensing of complex systems for the aerospace, 
agriculture, transportation, defense, and medical industries. 

Actin provides powerful tools for camera, lidar, radar, and other sensors on all 
types of robots, from oil exploration to collaborative manufacturing, according 
to James English, CTO at Energid. The project with NASA will enable high-fidelity 
extensions for space environments and focus primarily on NASA’s KREX platform.

TECHNICAL INNOVATIONS

“Our approach is to apply concepts from game theory and sto-
chastic optimization to deeply simulate NASA’s robotic missions,” 
said Ryan Penning, Project Manager on the program. “The result will 
be a breakthrough ability to reason about uncertain environments 

http://JohnDeere.com/jdpower
http://JohnDeere.com/jdpower
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Actin will be tailored to the space environment by 
modeling lunar regolith with highly parallelized 
particle models implemented on GPUs, which 
allow execution of high-fidelity simulation in real 
time on common computer hardware. Actin will 
also be tailored to support the appearance of 
lunar and planetary surfaces.

TECHNICAL INNOVATIONS

and understand the extremes of what a ro-
bot can do.” Energid’s Actin software sup-
ports randomizing simulations of all types of 
robotic systems. It has physics-based models 
for articulated dynamics, contact dynamics, 
sensor simulation, and communications. In 

this effort, Actin, and its stochastic simulation 
capability, will be extended to specialize this 
capability for new NASA space applications. 

Some of Actin’s characteristics that 
make it particularly suited for such applica-
tions include automated reaction to dy-
namic workspaces, including collision 
avoidance; finely scripted velocity profiles 
of manipulated objects; and complex dex-
terous manipulation. Actin is built on what 
Energid says are “industry-leading” propri-
etary optimization codes that enable the 
robots to run some of the most challeng-
ing tasks in robotics today, all within a 
drag-and-drop interface. 

Actin will be tailored to the space envi-
ronment by modeling lunar regolith with 
highly parallelized particle models imple-
mented on graphical processing units 
(GPUs). GPUs allow execution of high-fideli-
ty simulation in real time on common com-
puter hardware. Actin will also be tailored to 
support the appearance of lunar and plan-
etary surfaces. This will allow high-fidelity 
simulation of cameras and other sensors. 

“Actin already provides powerful tools 
for camera, lidar, radar, and other sensors 
on all types of robots, from oil exploration 
to collaborative manufacturing,” said James 
English, CTO at Energid. “This project will 
enable high-fidelity extensions for space 
environments.” English told Off-Highway 
Engineering that this work in particular will 
focus primarily on NASA’s KREX platform. 

The technology will be further commer-
cialized by applying it to configure robotic 
systems and workcells on Earth. There is a 
pressing need for easier robotic program-
ming to lower costs and empower people 
and businesses untrained in robotics but 
familiar with application domains where 
robots can contribute. 

“Much of the cost of applying robots 
lies in configuring environments and 
workcells,” said Neil Tardella, CEO at 
Energid. “The prediction and simulation 
technology developed under this project 
will lower the cost of fielding robots and 
expand their application.” 

Jean L. Broge

http://www.cd-adapco.com
http://www.cd-adapco.com
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Human-machine interfaces (HMIs) are evolving in multiple 
paths—they’re becoming a more important product differen-
tiator while also expanding their control functions outside the 
vehicle. As connectivity moves deeper into the mainstream, 

HMIs are being redesigned to make it easier for operators to utilize the 
broad range of features and functions that come with telematics.

Fleet operators who have utilized connectivity to gain information for 
some time seek improved techniques for making some of this data 
available to operators, while those new to telematics want a wealth of 
basic functions. Tool providers note that off-highway and commercial 
vehicle developers are using communication technologies to make ve-
hicles safer and more productive.

“Automotive HMIs focus on infotainment; in off-highway and com-
mercial vehicles, safety and operations are more important,” said 
Manuela Papadopol, Marketing Director, Elektrobit, which makes HMI 
design tools. “HMIs with connectivity are now a key differentiator. Many 

HMIs extend 
beyond the cab

Telematic functions are 
being integrated into 
multi-function user 
interfaces.

by Terry Costlow

of the instrument clusters are very graphical.”
Handling communications from outside the vehicle is 

a logical extension of HMI capabilities. It highlights the 
central role that user interfaces play in making vehicles 
more useful and productive. HMIs play an important role 
throughout the vehicle’s life cycle.

“The HMI is already the central communication hub in 
many off-highway vehicles today,” said Christiana 
Seethaler, Product Development Director at TTTech 
Computertechnik. “Alternatively, it is also useful as a 
development and debugging interface during applica-
tion development.”

The tight link between HMIs and communication mod-
ules is following a common arc: once developers and 
users get comfortable with a few features, they start 
adding more functionality. 

Engineers at FEV are helping OEMs combine telematics and HMIs.

ELECTRONICS | OPERATOR INTERFACE FEATURE
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Many channels
Connectivity’s swift journey from a high-end offering to a mainstream 
option is now evolving to include a range of communications inter-
faces. It’s no longer uncommon for vehicles to have more than one 
outside link.

“Wireless connectivity options like Wi-Fi and mobile telecommunica-
tion options like GSM are becoming more prevalent in HMI devices as 
enablers for telematics solutions like remote assistance/maintenance 
and fleet management,” Seethaler said.

While this data often flows from vehicles to operation centers, 

HMIs in trucks and off-highway vehicles focus on safety and productivity. (Elektrobit)
bidirectional links often let operators access the Internet or 
their management system. That makes it easy for them to 
get detailed information to enable educated decisions.

“Operators are no longer limited to radio weather re-
ports,” said Stephan Tarnutzer, Vice President, 
Electronics, FEV North America. “Someone on a tractor 
can run an app when it’s raining to get information to 
help them decide whether to stop or continue planting 
seeds or spraying.”

The role of connectivity will continue to expand as 
developers find more ways to utilize remote links. The 
continued growth of electronic controls and software 
means that more data can be accessed by letting com-
munications modules transmit data gathered from a 
range of CAN buses. 

“We expect to see increased use of software to feed 
data to telematics systems in off-highway equipment,” 
said Kirk Lola, Business Development Manager, Parker 
Hannifin Electronic Controls Division. “Telematics allows 
for the owner to track machine usage and productivity, 
but also allows the service manager to view faults and 
performance to help reduce machine downtime.”

Taking control
Currently, remote technicians can look at data from the 
vehicle, but they can’t control the ECUs. That’s expected 
to change. Specialists in operation centers may be able to 
control some functions. That capability may be extended 
to personnel carrying tablets or even smartphones.

“Depending on the robustness of the telematics solu-
tion, they might even have the option to make adjust-
ments to the machine remotely or run automated func-
tions such as remote upgrades or geo-fencing,” said Kevin 
Faulds, Product Marketing Manager of Software Solution 
Services, Danfoss Power Solutions. “Bluetooth technol-
ogy allows operators to connect a phone or tablet and 
get status reports or make adjustments to the system 
without actually needing to be near the machine.”

Technicians at remote sites may soon be able to control some functions on vehicles, 
said Danfoss’ Fauld.

Parker Hannifin and others are helping operators reduce downtime 
by providing insight into potential faults.

HMIs extend 
beyond the cab
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Manual controls hold onto their popularity
Multiple flat panel displays are showing up in more and more cabs, with 
many of them featuring touch input technology. While touch is seeing 
significant growth, conventional knobs, buttons, and joysticks are evolv-
ing to remain relevant control technologies. 

Versatility has become an important factor for 
the input devices used in cabs. Screens and con-
trols alike must be capable of performing different 
tasks when vehicles are operating in different 
modes, such as transforming from infotainment to 
repair manual. 

“Many drivers know how to fix things, so the 
systems need to give them information that will 
help them make repairs,” said Manuela Papadopol, 
Marketing Director, Elektrobit. “Multi-function keys 
let operators control lights or radios at one time 
and drill down for more information when they 
need to fix something.”

Touch input devices are inherently versatile, 
making them a popular technology for providing 
operators with versatility while not quite displacing 
many longstanding control technologies.  

“Touchscreens are increasingly being used in 
off-highway equipment for operator input and 
menu manipulation,” said Kirk Lola, Business 
Development Manager, Parker Hannifin Electronic 
Controls Division. “However, we see operators still 
prefer mechanical HMI devices such as joysticks 
and levers for the control of the essential machine 
functions like boom control and ground drives. The 
use of capacitive touchscreens isn’t effective in 
cases where the operator needs to wear gloves.”

Often, knobs can be used to let operators scroll 
through menu items on an LCD. These screens are often located out of 
the operator’s reach. Knobs can be placed close to other manual con-
trols, making it simple for people to shift from one control to another.

“Because operators are not always able to interact directly with a 
screen, twist knobs allow them to make changes remotely,” said Kevin 

Faulds, Product Marketing Manager of Software Solution Services, 
Danfoss Power Solutions. “Additionally, knobs allow for convenient 
page-scrolling, function-switching, or fine-tuned adjustments.”

Joysticks are also letting operators do more 
tasks without removing their hands from one con-
troller. As these manual devices evolve, comfort is 
becoming more important. Preventing issues like 
carpal tunnel syndrome is an increasingly impor-
tant factor in designs.

“Joysticks have seen significant changes in the 
wide variety of handle designs that are available,” 
Lola said. “This has allowed joystick providers to 
offer a handle design the fits the ergonomic re-
quirements of the operator as well as the opera-
tional requirements of the application. In addition, 
more degrees of freedom of the joystick handle 
are being offered in a single joystick as well as 
mode selection in software that allows the same 
joystick to change operating modes when select-
ed by the operator.”

More commercial technologies like displays and 
touchscreens are expected to make their way into 
cabs. Most vehicle operators are quite familiar with 
tablets and smartphones, so it will be easy to con-
vert screen control and manipulation techniques 
from consumer to off-highway environments.

“The biggest operator interface advances are 
ideas borrowed from the mobile devices industry,” 
said Nick Keel, Group Manager for Automotive 
Applications, National Instruments. “Navigable 
menus, software hierarchy, and intuitiveness have 
all become significantly more important as the 

product complexity has grown. Software can now offer significantly 
more functionality without making the user experience more difficult, 
because customers now have a predefined expectation about how their 
software should behave.”

Terry Costlow

ELECTRONICS | OPERATOR INTERFACE FEATURE

Links between connected HMIs and CAN buses aren’t the only new 
connections showing up in man-machine interfaces. Commercial tech-
nologies like USB and Ethernet are expected to move into the off-
highway world.

“As the number of ECUs connected to the HMI increases, the required 
number of CAN interfaces also grows,” Seethaler said. “In addition, USB 
and Ethernet interfaces become more and more important. USB is typi-
cally used for software updates (not only to update the software of the 
HMI, but also to use the HMI as gateway for updating the ECUs con-
nected to the HMI device). Ethernet can be used as high bandwidth in-
terface to ECUs like our HY-TTC 580 HMI, which features an Ethernet 
interface, or to connect Ethernet cameras.”

Making it easier to update firmware in the field is a critical factor as 
software becomes more of a product differentiator. The ability to fix 
bugs or add new functions by simply reflashing memory in an ECU 
brings big benefits, so design teams are exploring many ways to sim-
plify updating.

“OEMs are going more to Android and Linux-based systems that pro-
vide them with the ability to deliver upgrades,” said FEV’s Tarnutzer. 
“It’s not mainstream, but it’s being more widely supplied.” 

HMIs from TTTech provide 
many wireless connections.

Joysticks from Parker meet ergonomic 
demands while providing many modes 
for control.
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Functional safety has become a watchword in many fields as reg-
ulators and product developers attempt to ensure that failures 
will be minimal, and that safety isn’t impaired when things do 
fail. ISO 26262 was developed for the automotive industry, and 

other standards like IEC 61508 are required in some fields. 
On another front, the AUTomotive Open System ARchitecture 

(AUTOSAR) is slowly gaining acceptance. It shifts software develop-
ment to a function-based system design, which helps companies man-
age the growing complexity of electronics by creating standard inter-
faces between hardware and software components.

Safety first
Some regulations already require compliance with functional safety 
standards, and more legislation is set to follow suit. That’s prompted 
many companies to make these concepts part of their design method-
ologies. Implementing risk assessment and other functional safety ideas 
is no small task.

Functional safety 
standards are starting 
to impact many 
development projects, 
while the auto 
industry’s AUTOSAR 
standard is being 
deployed to help 
enable software reuse 
and simplify designs. 

by Terry Costlow

“We have a whole department dedicated to checking 
safety standards,” said Steven Dumoulin, Team Leader 
for Controls at Dana Holding Corp. “It’s a huge job that 
has an impact from the highest to the lowest levels. Even 
memory, flash and RAM, has to have memory checks.”

Complying with the standard requires some changes 
to the design process, forcing developers to consider 
potential safety issues and remediate them. Additional 
hardware and code are needed to provide redundancy 
and diagnostics. Many companies say the extra elements 
will become the norm.

“ECUs are becoming more complex and costly as 
additional processors are required to monitor or work 
in conjunction with the existing application processor,” 
said Paul Brenner, Marketing Manager, Electronic 
Controls & Software and Mobile Piston Portfolio, Eaton. 
“The European Machinery Directive 2006/42/EC re-
quires compliance for machines sold within the EU. The 

Even memory chips in the 
control modules for Dana’s 

transmissions are selected with 
safety standards in mind.

Standards step forward 
in design of off-highway 
electronics
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controller to help design a SIL-compliant machine.”
Observers note that none of these functional safety standards were 

written for off-highway vehicles. That makes meeting the sometimes 
vague requirements written by committees even more difficult.

“In the U.S., we haven’t seen functional safety requirements like we have 
in Europe,” said Dave Rogers, Ricardo’s Commercial Director for Engines. 
“Things are carried over from automotive, but a lot of requirements in off-
highway don’t exist in automotive, things like power takeoffs.”

Secure the vehicle

European safety standards are 
having an impact in the U.S., 
according to Eaton’s Brenner.

The security breaches that plague commercial and consumer applica-
tions are quickly moving into the connected vehicle world. In response to 
highly publicized breaches, off-highway makers are joining the cyber 
security movement begun by automakers.

The volumes of off-highway vehicles with connectivity are small 
compared to consumer products and automotive, and the potential for 
financial gain is far less than if hackers focus on commercial networks. 
But as more vehicles become connected, some hackers will eventually 
focus on this field. 

Simple hacking may not be the biggest concern. Equipment makers 
must also consider the potential that extortionists will find a vulnerability 
and ask for a payout to prevent them from exploiting the breach. These 
threats are forcing design teams to start implementing protective strategies.

“In the past, most communications were customized, so security 
hasn’t become a big issue yet,” said Dave Rogers, Ricardo’s Commercial 
Director for Engines. “With generic tools that plug in and things like 
Bluetooth, cybersecurity is becoming more important. We are taking a 
look at encryption and validation techniques, ensuring that a device that 
asks for acceleration or deceleration is authorized to make that request.”

Strategies for safeguarding vehicle electronics must include nearly every 
facet of the electronic architecture. Security should be considered from con-
cept phases through end of product lifetimes. It’s no simple task to imple-
ment safeguards that are as effective when a vehicle’s 10 years old as when 
the first model rolls off the production line. Every node on the vehicle net-
work must be protected.

“Security touches everything, AUTOSAR, functional safety, and all 
other aspects of design,” said Tom Tasky, Manager of Controls and 
Functional Safety, FEV. “You have to assess the vulnerability of every 
entry point, CAN, Ethernet, Wi-Fi, Bluetooth, cellular. Every module has 
to have protection.”

Protective techniques must also account for intentional or uninten-
tional problems caused by operators or maintenance technicians. 

Electronic modules are mainstays of vehicles that must be protected 
against many types of alterations.  

“Even when machines are not connected to the Internet, it is still 
important to protect what information can be accessed, cleared, or re-
written on the machine,” said Kirk Lola, Business Development Manager 
at Parker Hannifin Electronic Controls Division. “For example, if an op-
erator can erase a log showing faults or dangerous operating conditions, 
an unsafe condition may continue to exist. If anyone can access and 
modify the application program itself, the machine may become inoper-
able or become unsafe.”

Terry Costlow

Security is 
becoming a 
critical factor 
in applications 
software written 
by Parker 
programmers.

trend is spreading to North America because compa-
nies don’t want to manufacture multiple models for 
different regions.”

Providing some level of redundancy while avoiding 
the high cost of dual everything is a key challenge. 
Multiple chips must monitor each other, adding commu-
nication and processing overhead. 

“Functional safety increases code size and CPU re-
quirements just as if you added more functions,” said 
Jason McConnell, Business Unit Director, Electrification & 
Hybrid, IAV Automotive Engineering. “You need some 
hardware to communicate and serve as a watchdog, 
which drive more requirements for memory and clock 
cycles. This watchdog can be a smaller microprocessor 
or a small ASIC [application-specific integrated circuit]. 
There are specific chips designed to be watchdogs.”

Though compliance must come at the system level, 
many suppliers are certifying their components and sub-
systems to make life easier for OEMs. 

“The advent of Safety Integrity Level 2, or SIL2, con-
trollers are being specified by more customers looking 
for SIL compliance,” said Kirk Lola, Business 
Development Manager at Parker Hannifin Electronic 
Controls Division. “This allows the machine designer to 
use the certification and the reliability data for a certified 
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Simplifying software
Off-highway equipment developers are tracking another automotive 
trend, adopting the AUTOSAR standard. Now roughly a decade old, it 
provides a common structure for basic system functions and func-
tional interfaces, letting teams focus on higher level applications in-
stead of interfaces.

“AUTOSAR provides a convenient way to compartmentalize pieces 
of software,” said Tom Tasky, Manager of Controls and Functional 
Safety, FEV. “Using a standardized interface lets you reduce size and 
ensure that software is portable. Our software platform is built on the 
foundations of AUTOSAR. We can adapt if customers are not using 
fully compatible versions.”

Implementing a new software architecture isn’t an easy task, so 
AUTOSAR won’t be showing up for a while. Though many companies 
are employing limited aspects of the standard, they still expect to gain 
meaningful benefits.

“Almost all of our early development work for ECU in the 2019-2020 
timeframe have some level of AUTOSAR requirements,” said IAV’s 
McConnell. “Legacy technology is a challenge, but using this software 
architecture as part of a development enables you to have better con-
trol over the system life cycle. AUTOSAR lets software reuse happen.”

Not so fast
While standards bring many benefits, vehicle manufacturers are often 
slow to adopt them. It’s often time consuming and expensive to devise 
a transitional strategy. 

“In the off-highway industry, only the very big OEMs are investigating 
the use of AUTOSAR,” said Marc Weissengruber, Product Marketing 
Manager, TTControl. “For small and mid-size OEMs, the effort and cost 

Only large OEMs are investing in AUTOSAR, said 
TTControls’ Weissengruber.

More customers are asking Parker to 
design ECUs to meet safety integrity level 
requirements.

Standards step forward 
in design of off-highway 
electronics

is currently too high compared to the benefit.”
Others note that the need to maintain proven software 

prevents many companies from adopting the standard. 
However, some ideas used in AUTOSAR are being used 
in conjunction with legacy programs. 

“Everyone has something they’re already using, so 
unless they’re going to a fully new software platform, it’s 
difficult to use AUTOSAR,” Ricardo’s Rogers said. 
“There’s piecemeal usage, people take part of it and cre-
ate software abstraction layers. They create a big map 
for variables, it acts like a big library that lets one mod-
ule play with another.”

Tier 1s who must implement the standard for large 
OEMs are implementing it throughout their new designs. 
Many companies are using their own versions rather than 
spending time to develop fully compliant technologies, 
feeling that the concepts bring significant benefits. 

“Reuse is the reason we started exploring AUTOSAR,” 
said Dana’s Dumoulin. “We didn’t want to rewrite soft-
ware over and over. We now have proven software that’s 
reusable across platforms. Its structured approach also 
improves maintainability, when a change is requested, 
we can easily see whether it can be done and what the 
impact will be.”

The structured approach required by the standard also 
helps companies comply with safety regulations that are 
rapidly altering the industry. These standards must be 
considered from the outset of a project, so they are of-
ten complementary.

“Using an AUTOSAR framework helps us comply with 
functional safety standards like ISO 26262,” FEV’s Tasky 
said. “Functional safety has a huge impact on hardware and 
software development, customers need to understand their 
safety requirements early in the concept phase.” 



OFF-HIGHWAY ENGINEERING October 2015  21

In many segments of the ground-vehicle industry, lightweighting is a 
hot topic, and yet the off-highway segment lags behind in terms of 
more eco-friendly vehicle design. However, legislative pressures are 
inspiring change.

Automobiles are thought to be responsible for around 12% of total EU 
emissions of CO2, the main greenhouse gas. In response, EU legislation 
has set mandatory emissions reduction targets for new cars—by 2021, 
the fleet average of CO2 to be achieved by all new cars is just 95 g/km, 
a reduction of 40% when compared with the 2007 fleet average; an 
engineering challenge not new to the off-highway industry. 

Lightweighting is one answer to the emissions problem and the auto-
motive industry has been quick—and able—to respond, with multiple 
new products and solutions. Ford has recently announced its collabora-
tion with DowAksa and the U.S. Department of Energy to “develop 
manufacturing innovations in automotive-grade carbon fiber for use in 
future products,” and the Mercedes GLC is constructed from “a high 
percentage of lightweight parts, with high-strength steel and aluminum 
used extensively in the chassis and suspension.” 

Modern steels, despite receiving less press than other solutions, re-
main a popular option for weight reduction. General Motors’ Chevy 
Malibu, for instance, demonstrates 300 lb (136 kg) of weight savings, 
more than a third of which comes from the redesigned body structure, 
which utilizes thinner, high-strength steel components in some areas.

Lightweighting engineering challenges
While lightweighting has long been a popular option for reducing emis-
sions in the automotive sector, it continues to be less so in the design of 
off-highway vehicles, and there are many reasons for this. One is that the 
duty cycles of off-highway vehicles tend to be unpredictable because the 

 Lightweighting 
          to improve 
      off-highway 
         emissions

Where systems engineers
can gain efficiencies in
off-highway equipment
is agnostic, they’ll take it
anywhere, and so they should,
but one of the ways, often underestimated,
is through the use of strong and lightweight advanced materials.

applications the owner uses them for are so wide ranging. 
One example is telescopic handlers, which are designed 

for pick and place operations but can be used for many 
diverse applications from shoveling material to driving in 
posts. Even if OEMs were able to design for every possible 
application, the resulting product would be unfeasibly ex-
pensive to produce. However, there is a balance to strike. 

Farmers need products that meet all of their needs—a 
Swiss Army knife approach. The key is developing a ve-
hicle that is as capable as efficient design and engineer-
ing allows and demonstrating to buyers this range of 
abilities. In comparison, automotive designers can work 
to very specific requirements. Drivers understand the 
limitations of their vehicles and work within them. 

Another reason is the unpredictable nature of the 
loads themselves, due to the range of operations a sin-
gle machine may be used for in its lifetime. Without pre-
dictable loads it is difficult to use simulation to accu-
rately predict stress levels and hence to ensure that the 
equipment would be able to stand up to all conceivable 
tasks. The same is true for the unpredictability of the 
conditions these vehicles work in. 

Due to the large variety of applications of off-highway 
vehicles, in the past there was very little legislative require-
ment for the performance of this equipment, with the ex-
ception of safety regulations in roll-over and falling-object 
protection systems (ROPS and FOPS). In comparison, au-
tomotive design is extensively legislated—for example, 
crash performance—which leads to an understanding and 
expectation of the loads on a vehicle structure. This is a 

MATERIALS FEATURE



OFF-HIGHWAY ENGINEERING 22  October 2015

benefit as all vehicles have to meet the same standards. 
In addition, a lot of attention has been diverted away 

from reducing weight in off-highway vehicles due to the 
large amount of investment needed over the last few years 
in getting engines up to Tier 4 standards. These regula-
tions, phased in over the period of 2008-15, required that 
PM and NOx emissions be further reduced in new off-high-
way diesel engines by around 90%. For many companies it 
is only now that they are able to free up the level of invest-
ment needed for researching and developing lightweight-
ing. Since next-stage environmental legislation will be 
harder to reach, engine manufacturers, OEMs, and other 
system suppliers must find other ways to differentiate 
themselves and gain competitive advantages over rivals. 

But while the off-highway sector has tended to lag 
behind, there are a number of ways in which it could 
learn from the more technologically advanced automo-
tive industry. A tool that has been used in automotive 
for 20 years and which could offer learning to the off-
highway sector is multi-body dynamics, an analysis tool 
that allows engineers to study the dynamics of moving 
parts and predict the forces in mechanical systems. 

This tool is starting to be used in off-highway, but 
progress is slow because there isn’t yet a reliable model 
for one of the key parts of off-highway durability 
cycles—the soil-bucket interaction model. The modeling 
of soil is in itself a complicated process. The loading put 
on the vehicle by cutting through the ground is hard to 
calculate, and since excavators will be expected to dig a 
whole range of different materials—from sand to clay to 
rock—there is also a large disparity between the loads 
exerted by these materials. 

A key focus for the off-highway industry as it strives to 
meet potentially stricter “Tier 5” emissions targets will be 
formulating the soil models needed to exploit multi-body 
dynamics to optimize the vehicle and catch up with ad-
vanced automotive models, which take into account both 
loads and the ride and handling of the vehicle.

The right materials
NVH (noise, vibration, and harshness) optimization is another example 
of an area of study that is carrying over from one discipline to the other. 
A key focus for the industry is designing vehicles that feel more like a 
car to drive, both reducing strain on the operator and offering compa-
rable performance on all terrains, whether that’s on road between fields 
or off-road across them. 

A recent example of this work is the new JCB Fastrac 4000 where 
one of the design challenges was to design a vehicle that is more com-
fortable for the driver. With this in mind, the chassis had to be opti-
mized to reduce vibration, and the operator cab was completely re-
worked to allow for a significant increase in glazed area to give better 
visibility. For this purpose, optimizing the stiffness of the chassis struc-
ture was an important focus area. 

The challenge with improving driver comfort and vehicle durability is 
to increase the chassis stiffness without adding weight to the vehicle, 
which would compromise meeting emissions targets. To meet these 
multiple and often conflicting objectives, clever design is required to 
improve the vehicle without adding weight. Reducing parasitic mass is 
a common area of study for off-highway designers. 

A key focus for the industry is reducing strain on the operator and offering automotive-comparable 
performance on all terrains. A recent example of this work is the new JCB Fastrac 4000, the chassis 
stiffness of which was optimized to reduce vibration.

While multi-body dynamics—which allows engineers 
to study the dynamics of moving parts and predict the 
forces in mechanical systems—is starting to be used in 
off-highway, progress is slow because there isn’t yet a 
reliable model for one of the key parts of off-highway 
durability cycles—the soil-bucket interaction model.

As weight is reduced in the structures of off-highway vehicles, designers can look 
to a more automotive manufacturing process, utilizing pressing and folding to 
reduce the amount of welding.

Lightweighting 
to improve off-highway

emissions
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While weight is needed in certain parts of 
the vehicle, either for stability or to react to 
digging loads, there are also areas where 
gains can be made. An example of this is 
the arm of an excavator, which can be con-
sidered as parasitic mass as its prime func-
tion is to support the loads from the bucket. 

Another area is in the design of ROPS. 
While strength in these parts is essential 
for safety, most of the time it is dead 
weight. OEMs in the off-highway industry 
are working to better understand the im-
pact of parasitic weight and how reducing 
10 kg (22 lb) from the boom, for instance, 
would improve fuel efficiency. 

One key factor steel suppliers have 
been quick to recognize is that using the 
right material in the right place is an im-
portant way of optimizing vehicle design. 
While lighter, more modern materials 
such as carbon fiber and aluminum have 
their part to play, particularly when trying 
to reduce weight, for the foreseeable fu-
ture steel will still account for 80% of the 
structure of off-highway machinery such 
as backhoe loaders. 

In some cases, the steel will need to be 
highly abrasion-resistant steel for applica-
tions such as construction, aggregates, and 
quarrying. For example, steels with 400 
and 450 Brinell hardness that can work at 
temperatures down to -40°C (-40°F) 
would be suitable for tough mining and 
quarrying conditions. Such steels could be 
used in thinner sections to replace conven-
tional steels, in dump trucks and dustcarts 

Manufacturing knowledge
Reducing weight in the structure is just a 
starting point, however, and opens up a 
whole host of opportunities for improv-
ing processes throughout the manufac-
turing cycle. As weight is reduced in the 

Tata Steel’s new tube product, Celsius 420, has a 
range of applications, including in lattice booms 
in cranes, chassis and structural applications 
in agricultural vehicles, and vehicle axles and 
cab systems in construction and quarrying 
equipment. With a yield strength of 420 MPa, 
this material can again be used as a thinner 
section, affording weight savings of up to 17%.

for instance, providing an effective way of 
reducing weight. Also, in many applications 
a steel can be chosen with a low carbon-
equivalent value, making it easily weldable 
and allowing high-strength components to 
be produced without changing standard 
weld procedures.

MATERIALS FEATURE
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7th AVL LARGE 
ENGINES TECHDAYS
“SYSTEM INTEGRATION – WAY TO CO2  
REDUCTION AND PERFORMANCE OPTIMIZATION“

19th-20th April, 2016 in Graz

Save the date & your “early bird fee“

From marine to off-road, from stationary  
power generation to rail traction - all applica-
tions of the large engine industry are under 
high pressure to reduce costs and emissions. 
Engines with a much higher degree of com-
plexity, completely new engine concepts and 
the optimisation of the entire system are  
required by implication. The popular AVL  
Large Engines Conference is focusing on  
these new industry challenges. OEMs, ope-
rators and suppliers are meeting in Graz, to 
discuss potential solutions in order to meet 
the trade-off of facing complex and challen-
ging individual development topics and - at 
the same time - facing the need of a holistic  
system optimisation.

Do not miss the conference and register now:
www.avl.com/-/7th-avl-large-engines-techdays

MATERIALS FEATURE

structures of off-highway vehicles, designers can in turn look to 
a more automotive manufacturing process, utilizing pressing 
and folding to reduce the amount of welding. The automotive 
industry uses spot welding that is high quality and well under-
stood. In general it is the case that spot welding is independent 
of material grade and allows for the upgrading of steel to ad-
vanced-high-strength steel (AHSS) without any joining issues. 

In comparison, the off-highway industry uses MIG welding 
designed to the BS7608:2014 standard—a more conservative 
approach. The benefits of using higher-strength steel are not 
reflected in an extension to the weld fatigue life. 

What is needed is for off-highway manufacturers to establish 
a less conservative welding design environment based on un-
derstanding stresses more accurately through detailed analysis 
and an extensive test program of “real loading cases and joint 
configurations.” This deeper understanding of the weld stresses 
is required to fully exploit the advantages of AHSS and move 
toward lighter-weight structures utilizing the benefits of AHSS 
and lean engineering.

The steel industry itself is committed to reducing emissions 
and one initiative, HIsarna, has received a significant boost re-
cently, in the form of a €7.4m funding boost from the EU. The 
HIsarna project is testing a new iron-production process that is 
being developed at Tata Steel’s IJmuiden steelworks in the 
Netherlands. If the technology is viable and can be scaled up, 
steel companies would be able to use a wider range of raw ma-
terials, including recycling materials, and the technology would 
lead to 20% lower CO2 emissions. 

Learnings from one industry often influence development in 
another, and in that sense the automotive, aerospace, and off-
highway industries have all benefited or been inspired in some 
way, big or small, from the other. With the pressure now on for 
off-highway OEMs to meet strict Tier 5 emissions standards, the 
focus on lightweighting these traditionally heavy weight vehicles 
will come to the fore. 

This article was written for Off-Highway Engineering by Derick Smart, 
Customer Engineering Manager, Tata Steel.

The HIsarna project is testing a groundbreaking new iron-production process 
being developed at Tata Steel’s IJmuiden steelworks in the Netherlands.

Lightweighting 
to improve off-highway

emissions
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Durability

Eco-Friendly

Reliability

We value what you value...Engines that have been tested over time and proven themselves 

in extreme conditions like Antarctica with temperatures of -80c. Used in applications for their 

reliability and durability everyday. We understand your concerns about the environment and why 

advanced technologies matter to keep you going. With more than 300 North American Service 

Dealers to support you locally, we will continue to build what matters to you for the future.

Call now for an update on all the Tier 4 Finals ready today!

Four things that helped create over 
20 million ISUZU Diesel Engines Worldwide

www.isuzuengines.com
Isuzu Motors America, LLC :: 46401 Commerce Center Drive, Plymouth MI 48170
734 582.9470

4L Series
15 - 49 kW (66 HP)
U.S. EPA Tier 4 Final
Displacement 2.2L
5 Year / 5000 hour warranty

4J Series
30 - 84 kW (95 HP)
U.S. EPA Tier 4 Final
Displacement 3.0L
5 Year / 5000 hour warranty

4H Series
70 - 140 kW (173 HP)
U.S. EPA Tier 4 Final
Displacement 5.2L
5 Year / 5000 hour warranty

matters

6 Cylinder Series*
150- 400 kW (200-536 HP)
U.S. EPA Tier 4 Final
Displacement 7.8L
5 Year / 5000 hour warranty
*includes the following ranges:
6H (150-210 kW), 6U (240-270 kW),  
6W (320-400 kW)
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PRODUCT  
BRIEFS

Current sense resistor
KOA Speer Electronics intro-
duced the new SLN3 molded 
current sense resistor, featuring 
a 3-W power rating in 4528 size. 
The SLN3 is a molded resin re-
sistor that provides excellent 
dimensional accuracy, mount-
ability, and shock resistance. 
Due to its metal plate terminal 
electrode, it also offers en-
hanced terminal strength, heat 
and shock resistance, and sol-
derability. KOA Speer’s SLN3 resistor has low TCR (temperature 
coefficient of resistance) available down to ±75 ppm with resis-
tance tolerance as low as 0.5% and an operating temperature 
range of -55 to +180°C (-67 to +356°F). It will be offered in resis-
tance values of 5 mΩ up to 110 mΩ. The AEC-Q200 qualified re-
sistor is a surface-mount type with flameproof UL94V0 molded 
case. Used primarily for current detection, SLN3 current sense 
resistors are suitable for transportation, industrial, and consumer 
electronics markets in applications such as dc-to-dc conversion, 
automotive modules, motor control and power supplies. Lead 
time for the SLN3 is 12 weeks; samples are available upon request.

SPOTLIGHT: TESTING EQUIPMENT

Strain measurement
Instron offers the AVE 2 
second-generation ad-
vanced video extensometer, 
using patented measure-
ment technology in an ac-
curate noncontacting strain 
measurement device that 
conforms to rigorous test-
ing standards. The fully in-
tegrated device adapts to 
the normal fluctuations of 
environmental conditions 
and can be adapted to any 
testing machine that uses a 
±10 V analog input. 
Designed to reduce errors 
from thermal and lighting 
variations common in most 
labs, the AVE 2 uses a real-
time 490-Hz data rate 
while achieving 1 µm accu-
racy. The versatility allows 

for testing under multiple environmental conditions and can 
be used for advanced strain measurement with digital image 
correlation. The AVE 2 measures both modulus and strain-to-
failure of most materials including plastics, metals, composites, 
textiles, films, and bio-materials.

Automated data collection

DTS’ TSR data logger line includes a ±20 g sensor range. With 
built-in X-Y-Z accelerometers that eliminate the need for sen-
sor hook-up, an internal battery, and simple software, the TSR 
makes it easy to start collecting data. The device can capture 
up to 2000 transient shock events or run as a continuous data 
recorder for seconds to days. Data writes directly to 1 GB flash 
memory and is downloaded via USB. Several bandwidth op-
tions and sensor ranges, from ±20 to 6000 g full scale, are 
available. The rugged TSR is suited for high-impact applica-
tions such as sled testing, blast measurement, and drop test-
ing. An advanced motion detection mode saves battery life 
and makes the TSR also suitable for unattended monitoring of 
high value equipment.

Voltage drop simulator
EM Test now offers the VDS 200Q Series, 
a four-quadrant voltage drop simulator 
that can source and sink current using a 
programmed voltage in both positive and 
negative polarities. The amplifier gener-
ates dips and drops, short interruptions, 
and voltage variations to simulate a wide 
range of phenomena occurring on a ve-
hicle wiring harness. With unlimited op-
eration from -15 V to +60 V, this dc voltage 
source simulates a wide number of battery 
supply waveforms for international quality 
standards. The VDS 200Q Series are fast 
bipolar amplifiers that operate across all four quadrants that 
sink as well as source current. This allows the new simulators to 
drive capacitive loads and absorb energy feedback from the 
DUT up to the nominal current. A source impedance of less than 
10 mΩ and a high bandwidth of 150 kHz (full signal) enables 
these new sources to support low voltage drop, class-leading 
inrush current, and extremely fast recovery. The QuickStart fea-
ture allows parameters to be adjusted during test to evaluate 
the DUT’s susceptibility level. Test routines are programmed us-
ing the intuitive front panel with menus and function keys.
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The FPT Industrial range of engines currently achieves a brake 
thermal efficiency (BTE) of approximately 46%, which is higher 
than comparable engines on the market today. However, 
through a series of detailed updates and continuous innovation, 

the aim is to improve this well beyond 50% by 2020. 
Alongside various technologies, waste heat recovered from exhaust 

by means of an Organic Rankine Cycle (ORC) will play a significant role 
to reach this ambitious target. Simulations suggest that by tapping mul-
tiple heat sources, up to 5% improvement in engine efficiency is pos-
sible. A simplified system harvesting heat from only EGR and exhaust 
gas will allow up to a 2.5% increase of BTE. 

As a proof-of-concept, AVL and FPT Industrial launched a joint proj-
ect with the aim to develop a cost-effective mechanical waste heat re-
covery (WHR) system for an Iveco Stralis Euro VI truck. 

EGR evaporator

WHR box

expander

condenser

Simulation and experimental 
tests were used to dimension 
the components. The WHR 
system was then designed and 
virtually integrated on an Iveco 
Stralis Euro VI vehicle.

Stationary testbed setup of the WHR system using an Iveco Stralis vehicle frame.

A WHR system 
based on an organic 

Rankine cycle has been 
developed for a long-

haul Iveco Stralis truck.

Waste heat recovery 
for the 

long haul

Project targets were to demonstrate: the performance 
of the WHR technology, an ROI (end-user price) of ≤2 
years, a vehicle fuel-consumption reduction of ≥3%, and 
an integrated system into the engine/vehicle, packaged 
on the Stralis.

At the beginning of the project, a thorough assess-
ment of the most appropriate fluids, architecture, and 
available sub-component technologies was carried out. 

Technology assessment
The study was initiated with thermodynamic ORC calcula-
tions for ethanol, water, and R245fa in view of the operat-
ing fluid selection. The boundary conditions for the cycle 
calculation were chosen based on realistic conditions for a 
real-world cycle of a long-haul truck in Europe. 

The temperature of the hot reservoir (exhaust gas) 
was set to 348°C and the cold reservoir (cooling water) 
was set to 70°C in the calculation. Results of the ORC 
cycle calculations reveal that ethanol has the highest 
power output compared to water and R245fa, but also 
the highest condenser cooling power needed. Water has 
a considerable lower power output, but with a slightly 
higher ORC efficiency. The major advantage of water is 
the low condensing cooling power requirement.

Based on the temperature levels available in the long-
haul truck application, ethanol is considered as the best 
choice due to the highest power output enabling the 
highest overall efficiency of the complete combustion 
engine and WHR system. 

For system architecture, investigations showed advan-
tages for a parallel compared to an in-series exhaust and 
EGR heat exchanger setup, enabling highest waste heat 
into the system with lowest complexity for the given 
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temperature levels. The researchers rated system perfor-
mance, safety, complexity, maturity, cost, and package-
ability when determining the architecture.

The main challenge for the choice of components is 
the lack of standards for the WHR technology within the 
commercial-vehicle industry. Component suppliers are 
currently still struggling with the diverse market situa-
tion referring to the selection of operating fluid, safety 
standards, and the exact lifetime requirements for the 
individual components. After the definition of the fluid 
and the base architecture, an assessment of available 
prototype components was carried out (supported by 
steady state simulations).

Simulation and experimental tests were used to di-
mension the components. The system was then de-
signed and virtually integrated on an Iveco Stralis Euro 
VI vehicle. The expander machine is mounted on the 
engine and the torque is mechanically transferred to 
the engine PTO via a belt drive and an intermediate 
shaft. The condenser is put on the truck frame side. 
Main components like exhaust evaporator (+ bypass 
valve), high-pressure feed pump, and reservoir tank (+ 
reservoir pressure control valve) are located in a com-
pact box (WHR box) placed directly after the exhaust 
aftertreatment system.

Simulation activities
The steady-state simulation tasks were started with ORC 
simulations using ethanol, first without detailed compo-
nent input from the suppliers. The target of these simu-
lations was a parameter identification study where the 
influence of each individual parameter was analyzed. 
This information was useful for the later supplier discus-
sions leading to the choice of the best available compo-
nents for our specific concept. All simulations were per-
formed with temperature and pressure dependent prop-
erties of ethanol for each calculation step.

The parameter identification showed that of the 14 
WHR parameters chosen, the heat source enthalpy (tem-
perature and mass flow) and the expander isentropic ef-
ficiency have the highest influence on the WHR power 
output. Additionally, the parameter identification showed 
only linear dependence between the WHR power output 
and the 14 parameters indicating less challenges with re-
gard to complete system control and optimization. 

After the initial supplier discussions, the steady-state simulations 
were extended with detailed component characterization input from 
the suppliers. A comparison was made between steady-state simula-
tion and testbed measurement at A25, A50, and A93. Two approaches 
were used for the simulations: Prediction—only measured engine ex-
haust data taken for WHR simulation input, all other input data from 
supplier maps (expander, heat exchanger); and Recalculation—mea-
sured engine exhaust data and measured expander intake pressure 
taken for WHR simulation input, all other input data from supplier 
maps (expander, heat exchanger).

Good correlations between measurement and simulations were 
shown for temperature and pressure. For expander power and WHR 
B-Efficiency, the recalculation and measurement were slightly lower 
especially at operating point A93. The main reason for the differences 
are the slightly lower expander efficiency for the measurements com-
pared to the supplier maps at this specific load point. 

For proper prediction of fuel economy under real-life driving condi-
tions all interdependencies and interactions between vehicle subsys-
tems had to be taken into consideration—i.e., all transient energy fluxes 
(mechanical, thermal, hydraulic, electrical) have to be simulated. 

Therefore, a complete vehicle system model consisting of engine 
model, powertrain model, and simplified control logic for the auxilia-
ries was built within a vehicle modeling environment. A thermal model 
of the engine structure, cooling system, and lubrication system was 
created in Mentor Graphics’ Flowmaster to appropriately simulate the 
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engine transient thermal response of the engine. A thermal model of 
the exhaust aftertreatment system was set up to calculate the waste 
energy available for the ORC. 

A transient simulation model for the WHR system was set up in 
MathWorks’ Simulink by combining steady-state performance data 
and transient response of components provided by the hardware sup-
pliers. A semi-physical approach was adopted to keep the computa-
tional effort of multi-phase simulation within the requirement of long 
cycle simulations. 

Each system is coupled over energy flows across system boundaries 
and run in co-simulation. 

The vehicle model was validated with wind tunnel measurements per-
formed at Mahle test facilities. Good agreement of both cooling system 
and exhaust system was achieved, with deviations mainly caused by 

small differences in the control strategy of cooling auxilia-
ries and necessary simplifications introduced in engine 
thermodynamic and exhaust aftertreatment modeling. 

The validated model is used for fuel economy simula-
tion on real-life cycle, as plant model for the develop-
ment and optimization of WHR control software func-
tionalities, and for hardware sensitivity investigation. 
Non-trivial dependencies such as interaction between 
WHR power generation and parasitic loss of auxiliaries 
can be evaluated and an optimal trade-off is determined. 
The simulation results contribute to the definition of re-
quirements for each of the WHR components.

The current status of the transient simulation results 
predict slightly less than 3% fuel-consumption reduction 
for the Stralis Euro VI truck during the real-world driving 
reference cycle utilizing waste heat from both the EGR 
and exhaust evaporator. However, the transient simula-
tion also shows a potential of increasing the fuel-con-
sumption reduction to around 3.5% by applying further 
realistic cost-effective measures such as efficiency im-
provement of the ethanol pump and expander, vehicle 
cooling system and fan control strategy improvements, a 
separate 60°C cooling system for the WHR condenser, 
as well as enabling under-pressure conditions.
Performing the calculation with a typical U.S. real world 
transient cycle results in up to 5% fuel-consumption re-
duction due to the higher load profile in the U.S. com-
pared to Europe.
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The compact “WHR box” is placed directly after the exhaust aftertreatment system.
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Testing activities
Three major test series were planned in the overall proj-
ect: stationary testbed testing (detailed here), transient 
testbed testing, and vehicle testing on road.

For the stationary test bed setup, an FPT Cursor 11 
Euro VI engine (including exhaust aftertreatment sys-
tem), WHR components, and required measurement 
equipment were all integrated to an Iveco Stralis vehicle 
frame and put on a testbed pallet system. Using this ap-
proach, very similar component packaging can be 
achieved compared to the demo truck, leading to similar 
system behavior of e.g. thermal inertia, heat losses, or 
pressure drops. 

The positive effect of the WHR system on fuel con-
sumption is evaluated by means of the engine torque 
measured on the engine dyno and precise fuel-con-
sumption measurement. Optionally, the expander torque 
is also measured using a strain gauge-based system.

The stationary testbed testing was split into the fol-
lowing work packages: engine start-up and initial WHR 
system operation; WHR control system application; pa-
rameter variation and mapping; component character-
ization; mechanical development and safety; and fuel-
economy measurements and influence on overall perfor-
mance and emissions.

The testing activities were performed in close interac-
tion with simulation, thereby enabling the optimum op-
eration of the WHR system with the given boundary 
conditions.

Stationary measurements at 1200 rpm (A-speed) with 
exhaust as the only heat source confirmed the simulated 
fuel-consumption reduction of more than 5 g/kW·h.

The fuel-consumption reductions with the WHR sys-
tem were achieved without any significant changes to 
the emission or performance of the combustion engine. 
This is due to the closed-loop air path control together 
with the fact that the increased backpressure of the ex-
haust evaporator (<30 mbar) is well within the range of 
the backpressure differences experienced during the 
loading of the diesel particulate filter (DPF).

ROI and outlook
With the prototype system, the ROI target of ≤2 years can be met con-
sidering only direct material cost. Until start of mass production of the 
WHR system, however, further cost-reduction effort is required to allow 
for sufficient cost margin. This depends very much on the final econo-
mies of scales for WHR components. 

First results from bench testing indicate a final fuel-economy gain 
around 3.5% for the Stralis Euro VI truck during the real-world driving 
reference cycle utilizing waste heat from both the EGR and exhaust 
evaporator. 

At the time of this paper’s publication, transient testbed tests will be 
performed at AVL continued by vehicle tests under real-life driving con-
ditions at CNH Industrial by end of 2015.

The authors thank all of their partners and suppliers in the project 
(Amovis, Mahle-Behr, Norgren, Magna). 

This feature is based on technical paper ICPC 2015 - 5.1 written by P. 
Krähenbühl and F.Cococcetta of FPT Motorenforschung AG; I. Calaon of Iveco; 
and G. Gradwohl, M. Tizianel, M. Glensvig, and H. Schreier of AVL List GmbH. 
Copyright © 2015 AVL List GmbH, CNH Industrial N.V., and SAE International

Stationary measurements at 1200 rpm with exhaust as the only 
heat source.

Radiator coolant
temperature

Exhaust gas temperature at SCR
outlet

Exhaust temperature upstream
EGR cooler

Simulation
Radiator out
Radiator in

Measurement
Radiator out
Radiator in

Exhaust System
Measurement
Simulation

EGR System
Measurement
Simulation

100

90

80

70

60

50

40

30

20

Te
m

pe
ra

tu
re

 (°
C

)

400

350

300

250

200

150

100

Te
m

pe
ra

tu
re

 (°
C

)

600
550
500
450
400
350
300
250
200
150
100

Te
m

pe
ra

tu
re

 (°
C

)

Time (s)
0                                            500                                         1000                                       1500                                         2000                                         2500                                       3000

Time (s)
0                                            500                                         1000                                       1500                                         2000                                         2500                                       3000

Time (s)
0                                            500                                         1000                                       1500                                         20                                                                                           3000

Wind tunnel validation, performed at Mahle test facilities.

1200 rpm Exhaust Evaporator Only
A25

Δ 2 g/kWh

BS
FC

 [g
/k

W
h]

Baseline fuel consumption

WHR fuel consumption (exhaust evaporator only)A35

A50

A75 A93Δ 5.1 g/kWh

Δ 5.2 g/kWh

Dyno Torque [Nm]
0             200           400          600           800          1000         1200         1400         1600         1800        2000         2200        2400

Re
tu

rn
 o

f I
nv

es
tm

en
t [

 y
ea

r ]

0                       2000                    4000                    6000                     8000                  10000

BSFC Reduction [ % ]

Additional Cost [ € ]

5

4.5

4

3.5

3

2.5

2

1.5

1

0.5

0

Assumptions:
Long haul  Truck,
160.000 km/y,
33 l/100 km,
1.7 €/l, incl.
maintenance &
depreciation CV

1% 2% 3%

4%

5%

6%

7%
8%
9%

10%

ROI target range.



TECHNICAL 
INNOVATIONS

OFF-HIGHWAY ENGINEERING 32  October 2015

SIMULATION

Advanced simulation aids heavy-truck aerodynamics

There is more pressure than ever on heavy-truck engineers to 
find and create significant improvements in fuel economy and 
reduce tailpipe greenhouse gas (GHG) emissions. This is being 
driven primarily by two factors. First, customers are looking for 
ways to improve their business model by reducing fuel con-
sumption. Diesel fuel prices in the past few years have been vol-
atile, ranging from $2.931/gal (Sept. 6, 2010) up to $4.159 (Feb. 
25, 2013) and back down to $2.561 (Aug. 24, 2015), according to 
U.S. Retail Diesel Price data from ycharts (http://ycharts.com/
indicators/us_diesel_price), showing the need to be prepared 
for possible upswings in fuel costs of 50% or more. Additionally, 
regulations are driving fuel-economy improvements and GHG 
reduction to unprecedented levels. 

To compound the challenge of these customer and regulatory 
pressures, the low-hanging fruit for these gains is already long 
gone. Aerodynamic enhancements have historically offered the 
biggest opportunity, but finding significant improvements today 
requires a shift in testing and development to be efficient and 
successful, and new advancements in CFD may be the key. The 
aerodynamic challenge with heavy trucks is that they’re pulling 
a brick-like shape that has a flat wall at the end. The closing of 
the airflow at the end of that brick creates a wake, and inside 
that area is extremely low pressure that pulls on the surface, 
creating about 40% of the pressure drag of the entire tractor 
and trailer. Pressure drag is about 90% of total drag on a truck 
and trailer combination, thus, a key target for refinement. 

Exa Corp. has been working with several truck and component 
manufacturers in the heavy-truck industry, and has shown how its 
CFD software, PowerFLOW, can evaluate and quantify small 
changes without expensive and time-consuming prototype builds 
or wind tunnel testing. PowerFLOW also offers an Optimization 

Solution, which uses algorithms to test hundreds and even thou-
sands of variations, literally overnight, between a baseline design 
and end parameters set by the engineering team.

Designs can be morphed quickly using CFD, and unlike physi-
cal testing where the design has to be modified for the consecu-
tive tests, users can easily and accurately return to the baseline. 
Additionally, wind tunnels cannot accurately address how the 
moving road surface and spinning tires affects airflow; this is 
critical now as many opportunities for aero improvements—
skirts, under-vehicle panels, and wheel covers—are parts of the 
tractor and trailer that are close to the pavement.

Exa recently worked with Laydon Composites on a trailer skirt 
solution that explored which design would provide optimum re-
sults. In addition to looking for the best aerodynamics to enhance 
fuel economy, the team also found that with the right design they 
could achieve U.S. EPA SmartWay Elite status without a boat tail. 
This can have large operational and cost advantages for a fleet.

“Anyone can put a fairing under the trailer and get a 2-5% 
improvement,” said Doug Hatfield, Managing Director, Heavy 
Vehicles, Americas, at Exa. “We developed one with extensive 
simulation and achieved a 9.3% improvement in fuel economy.”

Even with improvements in fuel economy through the opti-
mized design of a trailer fairing, Exa believes there are more op-
portunities. Simulation provides insight into the airflow so engi-
neers have more control to influence it. For example, through sim-
ulation and analysis, better integration of the airflow under the 
truck and trailer combination can be achieved to maximize the 
fuel-economy gain. Already popular in Europe, there is more talk 
in the U.S. about matching truck and trailer systems for better 
aerodynamics, but it would require fleet homologation to make it 
more realistic for the U.S. business model.

Exa recently worked with Laydon Composites on a trailer skirt solution 
that explored which design would provide optimum results. The result 
of extensive simulation was a 9.3% improvement in fuel economy, and 

achieving U.S. EPA SmartWay Elite status without a boat tail.
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There are also aerodynamic opportuni-
ties with active grille shutters, which are 
becoming common in passenger vehicles. 
Active grille shutters allow more airflow 
for cooling, but can close (forcing airflow 
around the engine compartment instead 
of through it) when not needed. Exa has 
found that closing off the grille to airflow 
results in about a 1% improvement in fuel 
economy overall with current design of 
tractors, and that there’s potentially a 
3-5% gain on the table if the tractor de-
sign is optimized to make use of active 
grille shutters. This would require a para-
digm shift in tractor design and manufac-
turing. Vehicle manufacturers may be 
more willing to embrace these shutters 
as pressure for improvement from cus-
tomers and regulations increase. 

Even without active shutters, with simu-
lation software it is possible to explore the 
front-end design to reduce the frontal 
area but still provide what’s needed for 
cooling. There are opportunities with 
trucks designed for specific routes to opti-
mize the front-end design to balance air-
flow for cooling and reduced frontal area 
for cooling. For example, today all trucks 
are designed for worst-case heat scenari-
os: pulling full CGVWR (combined gross 
vehicle weight rating) at a grade at ambi-
ent temperatures above 100°F (38°C). But 
if the customer will never operate the ve-
hicle in those extreme conditions, then it 
will never need that much cooling capac-
ity, and the front-end design could be 
swayed to favor aerodynamics.

Complex underhood airflow 
management is key when 
determining proper cooling of critical 
components. Through simulation, 
truck manufacturers can evaluate 
and design efficient airflow and 
cooling for various situations such 
as drafting/platooning virtually. 
(SuperTruck image courtesy of Exa/
Peterbilt/Cummins.)

It also will be interesting to watch as 
technology for self-driving trucks evolves. 
Truck platooning, for example, presents an 
interesting mix of opportunity for fuel-

economy improvement and unique cool-
ing challenges. The rear trucks in a draft 
will have better fuel economy, but it will 
have increased cooling needs. Exa has 
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High-integrity, low-cost aluminum 
components produced by semi-solid 
casting
Semi-solid casting is a near-net shape casting process that is ca-
pable of producing extremely high-quality castings. It differs from 
all other casting processes as it does not use fully liquid metal to 
produce the castings, instead using a feed material that is prefer-
ably about 50% solid and 50% liquid. The high solid fraction of 
the feed material results in a slurry that acts like a highly viscous 
liquid, and while a semi-solid slug is rigid enough to maintain a 
cylindrical shape, it is still soft enough to be cut by a spatula.

Semi-solid casting is a modified die casting process that uses a 
high-pressure die casting machine to inject this viscous semi-solid 
slurry into a hardened, reusable steel die. Semi-solid casting main-
tains many of the advantages of conventional die casting such as the 
production of complex, near-net shape components with thin walls, 

Semi-solid slug at the casting temperature.

TECHNICAL 
INNOVATIONS

already done simulation work on platooning and found significant 
gains in fuel economy with 50 ft (15 m) of following distance even 
without unique aerodynamic design. 

While the future has many variables, one certain thing is that 
utilizing advanced simulation tools for development and testing 
will be critical to efficiently identifying the next wave of fuel-
economy improvements.

Cole Quinnell on behalf of Exa Corp. wrote this article for Off-Highway 
Engineering.

External aerodynamic 
simulations of complex, 
fully detailed tractor and 
trailer combinations can 
provide fleet owners 
insight into ways to achieve 
maximum fuel efficiency. 
Exa’s simulations can 
include complex real-world 
effects such as rotating 
tires, moving ground, and 
realistic wind conditions. 
(Image courtesy of Exa/
Peterbilt.)
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TRUCK & BUS

cosmetic surfaces, and close dimensional 
tolerances. However, while conventional die 
castings often suffer from high levels of re-
sidual porosity (up to 1% porosity, or more) 
that limits their usage in structural applica-
tions, the high viscous feed material used 
with semi-solid casting provides controlled 
filling of the die cavity that essentially elimi-
nates residual porosity and other defects. 
Semi-solid castings, therefore, can have ex-
ceptionally high component integrity, which 
provides excellent mechanical properties 
and allows them to be used in structural, 
pressure-tight, and welded applications.

SEED process
Numerous methods have been proposed 
for the production of semi-solid castings, 
but many of these processes treat the liquid 
metal in a turbulent manner that can intro-
duce detrimental oxides and entrapped 
gasses during the production of the cast-
ings. To produce high-quality components 
capable of meeting the quality require-
ments for safety-critical and pressure-tight 
applications, it is crucial that such defects 
be avoided, and so a semi-solid casting 
process must be used that treats the metal 
gently. The SEED (Swirled Enthalpy 
Equilibrium Device) process was designed 
to prevent the formation of defects that can 
be pervasive in other casting processes.

In the first step of the SEED process, a 
tilted crucible is gently filled with fully 
liquid aluminum. In the second step, the 
crucible is gently swirled to uniformly 
distribute the solid particles. Within a 
minute or so, the alloy has cooled to the 
appropriate solid fraction, and the cru-
cible is transferred to a high-pressure die 
casting machine, where the slug is ejected 

Schematic of the SEED rheocasting process.

from the crucible into the shot sleeve. 
Finally, the slug is injected into the die 
using a controlled injection process.

Once the die cavity is filled, the plung-
er continues to apply high pressure 
throughout the solidification process, so 
that solidification shrinkage can be com-
pletely eliminated. A commercial SEED 
system contains several crucible systems, 

to match the high production rate achiev-
able with the semi-solid casting machine.

Performance and 
applications
Semi-solid casting utilizes many of the same 
alloys as conventional casting processes, 
including A356 (Al-7%Si-0.35%Mg) and 357 

http://laddinc.com
http://laddinc.com
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Examples of semi-solid castings used in structural and pressure-tight applications: a) automotive suspension control arms, b) various mounts, 
c) fuel rails and master brake cylinders.

a) b) c)

(Al-7%Si-0.55%Mg). Typical mechanical 
properties of components semi-solid cast 
from these alloys are listed in Table 1. Of spe-
cial interest are the extremely high elonga-
tion values achievable with semi-solid cast-
ing, which is due to the low levels of defects 
such as porosity and oxide inclusions.

Semi-solid castings also exhibit extreme-
ly good fatigue properties, primarily as a 
consequence of their low defect (porosity 
and oxide) content. Data measured by 
Cummins comparing the fatigue behavior 

of semi-solid cast 319S-T6 against both 
wrought and cast alloys reveals that not 
only is fatigue strength of the semi-solid 
cast 319S significantly better than other 
casting alloys, it is comparable to compo-
nents produced by forging. A turbocharger 
impeller is a good example of a complex 
geometry part used in a fatigue application.

As semi-solid castings contain extremely 
low levels of residual porosity, they can also 
be used in applications that require high 
levels of pressure tightness—5000 psi (345 

bar) or higher. Examples of semi-solid cast-
ings used in pressure-tight applications in-
clude fuel rails and master brake cylinders.

Production costs
Conventional high-pressure die casting is 
generally considered the lowest-cost meth-
od for producing complex, 3D shaped alu-
minum components. Due to the similarity 
of the process equipment, it is expected 
that semi-solid casting should be capable 
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of similar low-cost production. This is confirmed by recently pub-
lished data, which presented a detailed comparison of the manu-
facturing costs associated with several casting processes (Table 2). 
The results of this analysis confirm that semi-solid casting is only 
slightly more expensive than conventional die casting, but signifi-
cantly lower cost compared with competing foundry processes.

As described above, semi-solid aluminum castings have been 
used in a range of applications and markets. Commercial com-
ponents range in size from a few ounces to as large as 20 lb (9.0 
kg) or more, and can be used in both automotive and non-auto-
motive applications.

Pascal Côté of Québec-based STAS, Steve Midson of Denver-based The 
Midson Group, and Giovanni Pucella of STAS wrote this article for Off-
Highway Engineering.

Table 2: Summary of cost analysis for several casting processes, recently 
published by Alan Koch, 2013 NADCA Die Casting Congress, T13-011ppt.

Table 1: Typical mechanical properties of semi-solid castings.

TRUCK & BUS

Data measured by Cummins 
comparing the fatigue behavior of 

semi-solid cast 319S-T6 against both 
wrought and cast alloys. A semi-solid-

cast turbocharger impeller (right) is 
an example of a complex geometry 

part used in a fatigue application.
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Samsung test-drives ‘see-through’ truck

Peeking around a semi-trailer truck in an attempt to pass it on a 
two-lane highway or road can be an unsettling experience for 
drivers—edging toward the dashed center line only to swerve 
back behind the truck to narrowly avoid an oncoming vehicle. 

To help ease drivers’ tensions in these circumstances, 
Samsung engineers have developed a “see-through” solution 
for trucks that they expect will reduce accidents and ultimately 
help to save lives. The Safety Truck prototype consists of a wire-
less camera attached to the front of the truck, which is connect-
ed to a video wall made out of four exterior monitors located on 
the back of the trailer. The monitors provide drivers behind the 
truck with a view of what is going on ahead, even at nighttime. 

Such functionality makes overtaking a truck on two-lane 
roads a far less-strenuous activity for drivers. Another advan-
tage that Samsung points out is that the technology could re-
duce the risk of accidents caused by sudden braking—for ex-
ample, if an animal crosses the road just ahead of the truck, the 
driver following could see it and respond sooner. Of course, 

advanced driver assistance systems (ADAS) are coming on-
board that can automatically assist drivers in such situations.

The Safety Truck was tested in Argentina—where the number 
of traffic accidents is among the highest in the world, the com-
pany notes—but can obviously find application on roads around 
the globe.

Samsung led the prototype development, providing large for-
mat display samples and conducting a test with a local B2B cli-
ent; however, the prototype truck is not currently in operation. 
After initial testing, Samsung was able to confirm that the tech-
nology functions properly and that the concept “can definitely 
save the lives of many people.”

The next step for Samsung is to perform the corresponding 
tests to comply with existing national protocols and to obtain 
the necessary permits and approvals. The company says it is 
working with NGOs (non-governmental organizations) and gov-
ernments to fulfill these requirements.

Ryan Gehm

The Samsung Safety Truck 
prototype features a video wall 
made of four exterior monitors 
located on the back of the trailer.

The built-in wireless camera upfront feeds video to the 
monitors at the rear.

The monitors provide drivers behind 
the truck with a view of what is going 
on ahead, even at nighttime.
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AD INDEX



“Electrification, use of 
batteries, use of alternative 
powertrains are all tools in 
our toolbox for developing 
powertrain systems which 
are reliable and efficient,” 
said PACCAR’s Dr. Phil 
Stephenson, shown here at 
last year’s ComVEC.

Electrification, autonomy 
present challenges, 
opportunities
PACCAR Technical Center works closely with all of the company’s 
truck divisions—DAF in Europe, Peterbilt and Kenworth in North 
America and globally—and has two major missions, according to Dr. 
Phil Stephenson, General Manager of the division, and co-chairman 
for the SAE 2015 Commercial Vehicle Engineering Congress 
(ComVEC). One is to serve as the central testing and validation cen-
ter for Kenworth and Peterbilt to ensure products meet customer 
requirements before released into production. The other major activ-
ity involves being “a big part” of PACCAR’s powertrain organization, 
together with DAF in Europe. Dr. Stephenson recently spoke with 
Off-Highway Engineering about a variety of pressing technical issues 
facing both on- and off-highway companies, to be discussed in 
greater detail at the ComVEC event from October 6-8 in Rosemont, 
IL. For the full transcript, visit http://articles.sae.org/14328/.

What are some mutual challenges facing both the on- and 
off-highway sectors?
Certainly we have different detailed requirements at the vehicle level, 
but a lot of the tools, a lot of the technologies that go into them can 
be common. The theme that we’ve defined for the ComVEC event is 
Quality, Technology, and Innovation: Pillars of Global Success…With 
so much more focus for on- and off-highway commercial vehicles on 
use of embedded software, more electronics, the need to diagnose 
problems automatically in the vehicle, we’ve chosen to have the ex-
ecutive panel on quality focus on software quality—how do we de-
sign systems, how do we validate them, how do we ensure that as 
we add complexity, we don’t create complexity for our customer. So 
that’s [one] area...If we look at emissions from vehicles, certainly 
some vehicles are running at highway speeds, and other equipment 
is perhaps running in a PTO mode all of its life off the road, but they 
both make emissions and they both need to be optimized. So [at 
ComVEC] we’ll talk about engine emissions, aftertreatment systems, 
whole powertrain integration—and while the applications are differ-
ent, a lot of the engineering and science behind it is something that 
we can share and we can learn from each other.

One expert panel discussion centers on 24-V electrification for 
on-highway CVs. What’s at issue here? 
24 V is the standard for Europe and other regions of the world. 
And of course in North America we have a 12-V standard. There 
are some advantages to 24 V; for example, lower gauge wiring 
is possible in some applications. There is a great deal of mo-
mentum behind 12 V in the U.S., and there’s a great deal of mo-
mentum around 24 V in other countries. And there has been 
some progress in developing components which are compatible 
with either standard, but there remain challenges to do so with-
out either adding additional cost for systems that can operate at 
either voltage, or adding additional complexity to having 12- 
and 24-V systems. So I think it will be a great set of discussions 
about technical opportunities, about other ways of navigating 
this dual standard that we have around the world, and poten-
tially someday getting to better commonality. 

Could you discuss the trend toward self-operating vehicles, 
which is also a topic at ComVEC?
I see autonomous vehicles as part of a continuum that we’ve al-
ready started down. There’s sort of an underlying requirement any 
time you want to have autonomous vehicles that they have sens-
ing and communication with systems so that they know where 
they are, what they’re doing, who else is around, are able to react 
to stimuli and correct what they’re doing. If you look at current 
on-highway vehicles, there are already some of these assistance 
systems which are on that continuum—for example, lane keeping 
assistance, adaptive cruise control, vehicle-to-infrastructure com-
munication about the health of the vehicle. And if you look at off-
highway, for a long time now there’s been farming equipment 
which can use GPS to steer their way and to communicate their 
status...So there are a lot of pieces of technology already in place; 
as we go further down the road and start to think about more au-
tonomous driving of commercial vehicles, particularly on the road, 
we will need to bring those technologies closer together to make 
use of multiple sets of information types, multiple sets of ways of 
communicating. Think about GPS, cellular, Wi-Fi, vehicle-to-vehi-
cle, Bluetooth, in order to implement it in a way which is safe, reli-
able, and brings the benefit that autonomous driving [promises], 
in terms of better traffic density, better speeds, better safety, bet-
ter transport efficiency, and finally even to help us deal with the 
industry issue of shortage of qualified drivers to operate CVs. 

What about cybersecurity concerns, now and moving forward?
There’ve been some articles in the press recently…about demon-
stration of the capability to, with some tools, get into the vehicle’s 
network and operate it remotely. That’s very concerning to any 
vehicle OEM; it’s something that we need to address. It’s an area 
where I think we can reach out across multiple industries, not just 
commercial vehicle, not just automotive, but certainly other indus-
tries like telecommunications and the military deal with these 
types of threats. It’s something we’ll have to take very seriously 
and address, in a robust way. But on the other hand, other systems 
rely every day on cybersecurity and have very good reliability 
rates...If we come together, learn from each other, apply those se-
curity algorithms and methods appropriately, it’s something that 
we can overcome in time and provide a product which is secure.

Ryan Gehm

Q&A
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POWER SYSTEMS
To find out more please visit our website  www.jcbpowersystems.com

The JCB EcoMAX engine is designed without compromise.  

From Tier 2/Stage 2 to Tier 4/Stage 4, whatever your industry we have 

the products, knowledge & network to provide the right solutions for 

your equipment. Let JCB work for you!

DURABILITY 
• Designed for off highway 
• Simple & robust design 
• Proven in the field

CLEAN BURN TECHNOLOGY 
• No DPF 
• Ultra low fuel consumption 
• Increased up-time

VERSATILE
• Common footprint  T2/St. 2 - T4/St. 4 
• De-tier calibration option 
• High torque at low engine speed
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