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THE FEATURES YOUR PEERS REQUESTED

Developed with extensive user feedback, the SAE 
MOBILUS® platform features intuitive, easy search and 
navigation so engineers and students can focus on 
solving essential problems facing the mobility industry

The customizable dashboard keeps pertinent materials 
accessible by allowing saved searches, personal 
document annotations, and custom folder creation

Dynamic redlining visually represents revision tracking 
for standards, eliminating a tedious manual process

Improved, intuitive site search returns focused results 
with content snippets so you can preview the resource 
before you download 

COUNTER reporting provides administrators  
with accurate, timely content usage data to enable 
informed subscription decisions
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Instant access to  
SAE’s authoritative  
engineering standards, 
publications, and  
resources keeps your 
organization in the lead.
The pace of progress in ground vehicle and aerospace mobility engineering is 
accelerating. From emerging topics like vehicle cybersecurity and advanced 
manufacturing to the constant evolution of existing mobility processes and 
standards, the technical knowledge required is expanding rapidly.

That is why it is more important than ever to have a source you can depend  
on to keep you up-to-date on the latest innovations, trends, and standards. 

An evolving solution 
built exclusively for 
ground vehicle and 
aerospace applications.
When you subscribe to the SAE MOBILUS platform, you have access to 
explore, discover, and share more than 226,000 of SAE’s current and historical 
standards, technical papers, eBooks, magazines, and more — for the mobility 
industry. And, with intuitive search functionality and informative search results, 
you will quickly and easily locate content that is relevant to your specific task.

SAE’s content collection is the most comprehensive knowledge source for the 
mobility industry. For more than a century, we have connected the ground 
vehicle and aerospace engineering communities to develop the standards 
and leading publications that drive people, technology, and the industry 
forward. And with an average of more than 23 standards added each week, 
your organizational users will have the most recent and relevant information 
available at their fingertips.

40,000 USERS 
DEPEND ON THE SAE 
MOBILUS TECHNICAL 
RESOURCE PLATFORM.

SAE MOBILUS is a technical 
resource platform developed 
by SAE International. Based 
on direct end user feedback, 
it provides real-time access 
to authoritative engineering 
standards, publications, and 
resources through an intuitive, 
feature-rich interface. 

SAE MOBILUS gives your organ-
ization a critical advantage to 
develop the future of mobility 
engineering.
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STANDARDS
The technical standards in the SAE MOBILUS platform are internationally recognized 
as unsurpassed to globally optimize processes, practices, and products that promote 
the advancement of technology and direct the future of regulation and business in the 
mobility industry.

With a subscription to any of our standards packages, you can automatically  
receive updates and replacements as soon as they are updated. Subscribe to one  
or all of the topical packages to keep up with the latest changes in your field.

8,700+ 
SAE GROUND VEHICLE  
STANDARDS (J-REPORTS)
Critical documents pertaining to design, testing, and 
procurement activities for automotive and commercial vehicle 
manufacturers and suppliers around the world.

3,400+
SAE ITC ENGINE &  
AIRFRAMES STANDARDS
Standards and additional manufacturing and inspections 
requirements issued to ensure that products meet technical 
performance specifications. Includes reference sheets (RS) or 
technical specifications (TS) for engine, airframe fasteners, 
and electrical components. 

16,800+
AEROSPACE MATERIAL  
SPECIFICATIONS (AMS)
Materials, material tolerances and quality control procedures 
and processes related to engineered metals and alloys, 
special property, and reactive materials and chemical compo-
sitions. Includes highly detailed technical requirements.

13,000+
AEROSPACE  
STANDARDS (AS)
Aerospace Recommended Practices (ARP) and Aerospace 
Information Reports (AIR) ensure the safety, quality, and 
effectiveness of products and services throughout the global 
aerospace engineering industry.

The optional 2D/3D graphic parts configurator for 500+ 
aerospace standards (AS) enables you to interactively 
configure standard part parameters, such as diameter, length, 
etc. In addition, the parts can be downloaded in many 2D/3D 
computer-aided design (CAD) and graphics formats for use 
within CAD or other downstream applications. 
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TECHNICAL PAPERS
The SAE MOBILUS® platform gives you access to more than 
143,000 Technical Papers — from the latest developments to 
the genesis of our industry in the back file, which dates back to 
SAE’s founding in 1906. 

Our peer-reviewed SAE Technical Papers:
• Present technically new, innovative, or constructive reviews 

of existing information

• Contain quality data and valid analytical techniques

• Provide sound conclusions

• Present clear and logical research findings

• Maintain a balanced paper free from personal bias 
or commercialism

SCHOLARLY JOURNALS
Download or annotate SAE’s entire collection of prestigious 
and practical Scholarly Journals in the SAE MOBILUS 
platform. Each SAE Scholarly Journal provides the latest 
peer-reviewed, actionable key findings on essential topics 
in the mobility industry to power academic research and 
engineering ingenuity.

• Use intuitive search to quickly locate recent key findings  
need from more than 6,700 articles

• Buy only the scholarly research you need — whether that  
is by volume or individual article

• Discover the latest insights on emerging topics in new 
Journals dedicated to Transportation Cybersecurity and 
Privacy, and Automated and Connected Vehicles

With ten titles added to the Web of Science and a more 
stringent, non-event-based, double-blind acceptance process, 
you can be sure that the research featured in each Journal 
represents the most accurate, timely, and relevant findings  
in your field.
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Figure 5. Schematic of geometric parameters for straight road

Parameters d, A, β, and α1 are described graphically in Figure 5 for a 

straight road.

For a curved road, the angle α can be obtained from

(15)

where α1 is obtained by

(16)

where Rr is the radius of the curved road. Parameters A, β, and α1 and 

the center point of the road curve (Xr, Yr) are described graphically in 

Figure 6 for a curved road.

Figure 6. Schematic of geometric parameters for curved road

It is a quite difficult to estimate TLC using the first method since it is 

required to determine several road geometry parameters. Instead, 

TLC can be simply approximated by the ratio between vehicle lateral 

distance to the lane and the vehicle lateral speed by

(17)

It has been shown in [13] that the TLC obtained by the approximation 

method is a tight overestimation of the first method and its accuracy 

increases as the TLC decreases.

In Equation (17), the dl and dr can be used as d for crossing the left 

lane and right lane, respectively.

V ALGORITHM DESIGN

The proposed sensor fusion algorithm for estimating time to lane 

crossing is shown in Figure 7. The vehicle trajectory information 

(vehicle speed and yaw angle) is obtained from (6) using an IMU 

sensor and a GPS receiver data. The lanes are detected from the video 

camera images and the vehicle distances to the right and left lanes are 

measured using image processing techniques such as Canny edge 

detector and probabilistic Hough line transform. Then, vehicle speed 

and yaw angle estimations and the vehicle distances to the right and 

left lanes measurements are fed into a Kalman filter for the lane 

tracking. Finally, the vehicle trajectory estimation (vehicle speed and 

yaw angle) and the vehicle distances to the right and left lanes 

estimations (  and ) are fed into Equation (17) to estimate time to 

lane crossing (TLC).

Figure 7. Proposed sensor fusion algorithm for estimating TLC using camera 

image, IMU measurement, and GPS data

Integrating IMU and GPS data improve the vehicle trajectory estimation 

compared to a single IMU or GPS measurement. By integrating them, 

the IMU biases can be estimated and the vehicle trajectory can be 

estimated where the GPS data is not available or is poor.

It should be noted that in situations when camera fails to detect lanes, 

the lane departure warning system can rely on the vehicle trajectory 

information (vehicle speed and yaw angle) and the previous (or 

predicted) vehicle distances to the right and left lanes in order to 

estimate the lane departure and TLC. Therefore, the proposed 

algorithm improves lane detection reliability compared to algorithms 

designed based on the camera image only.

The algorithms proposed in this paper can be also applied for other 

applications. For example, the vehicle trajectory information obtained 

from (6) can be used to estimate the vehicle sideslip. Additionally, the 

vehicle trajectory information and the vehicle distances to the right 

and left lanes (  and ) can be used to reduce the latency of 

information embedded in the controls, so that the vehicle lateral 

control performance can be significantly improved during lane 

keeping in ADAS applications or in autonomous vehicles.

Figure 4. The systematic layout of the complete hybrid electric vehicle model 
and controller in the dSPACE and MicroAutoBoxII
The signals between the Simulator and MicroAutoBoxII are transmitted through CAN Bus and analog signals. The vehicle and individual component controller models are running in dSPACE Simulator at the rate of 0.01 seconds and the hybrid controller is running in the MicroAutoBoxII at the rate of 0.001 seconds for the purpose of better control effect. For the plant model running in the Simulator, 10ms step size is used instead of 1ms because it’s inherited from the original Autonomie model.

The signal exchanges between the dSPACE Ecoline Simulator and MicroAutoBoxII are listed in Table 2 and Table 3. The signal description and the numerical range of these signals are also listed. All the requirement for the timeliness of these signals is considered when determining the signal resolution etc.

Table 2. The List of Signals Transmitting from Simulator to MicroAutoBoxII

Table 3. The List of Signals Transmitting from MicroAutoBoxII to Simulator

Figure 5. The ControlDesk layout for the real-time monitoring of the hybrid electric vehicle HiL setup

Cheng et al / SAE Int. J. Passeng. Cars – Electron. Electr. Syst. / Volume 10, Issue 2 (August 2017)
279

Figure 8. The degradation of SOH over the US06 driving cycle with the cell 
temperature of 20 °C

In the paper by Cheng et al. [17], the aging performance of the lithium 
ion cobalt oxide battery pack of a single shaft parallel hybrid electric 
vehicle under different ambient temperatures is studied. A single shaft 
parallel hybrid electric vehicle model is built by integrating 
Automotive Simulation Model (ASM) from dSPACE and AutoLion-
ST battery model from ECPower to realize the cosimulation of HEV 
powertrain in the common MATLAB/Simulink platform. It is found 
that the range of the voltage response of the battery pack is wider 
under lower temperatures indicating an increase in internal resistance.

Figure 9. The thickness of the SEI layer of the battery cell operating under 
different temperatures

Figure 10. The capacity of the battery cell operating under different 
temperatures

Figure 11. The battery pack voltage response under different temperature

Cheng et al / SAE Int. J. Passeng. Cars – Electron. Electr. Syst. / Volume 10, Issue 2 (August 2017) 281
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MAGAZINES
Access the entire world of mobility engineering as it evolves — 
right from the SAE MOBILUS® platform. With a subscription to 
the SAE magazine library, you will never miss a transformative 
breakthrough, an influential trend, or a probing interview with 
some of your most innovative peers. Search the magazine 
archive to read articles about the history-making pioneers 
and their research to develop the transportation vehicles and 
systems that shaped the way we live.

Access a growing selection of complimentary content with all 
SAE MOBILUS subscriptions.

Subscribe to SAE Magazines by sector:
• Aerospace Magazines

• Automotive Magazines

• Off-Highway Magazines

Or subscribe to the entire SAE Magazine database to download 
each of the 50 annual issues the moment they are published. 

SAE BOOKS
From powertrains to avionics, design to the environment, 
SAE books are written by industry experts for those en route 
to becoming industry experts. Leverage the latest thought 
leadership pertaining to traditional and emerging technologies 
by subscribing to the entire collection, or choose individual 
titles or technology bundles, including:

• Aeronautics and 
Commercial Aviation

• Brakes

• Composite 
Materials Handbook

• Electronics

• Engine Testing

• Engine & Powertrain  
Systems

• Fundamentals

• Hybrid and Electric Vehicles

• Lightweighting 
and Advanced 
Performance Materials

• Safety

• Vehicle Dynamics and 
Chassis

NOW AVAILABLE FROM SAE WILEY AEROSPACE AND AUTOMOTIVE COLLECTIONS 
Innovate new and exciting ways to move the mobility 
industry forward with the Wiley Aerospace and Automotive 

Collections, now offered as eBook packages and easily 
accessible through SAE MOBILUS®.
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Fundamentals 

of Engineering 

High-Performance 

Actuator Systems

Kenneth W. Hummel

About the Book

Actuators are the elements that make everything 

around us move, increasingly by remote control 

through software commands, providing motion in a 

safe, controlled manner.

As defi ned in this book, actuator design is a subset 

of mechanical design. It involves engineering the 

mechanical components necessary to make a 

product move as desired. This includes defi ning 

loads, move profi les, associated mechanisms and 

prime movers. 

Fundamentals of Engineering High-Performance 

Actuator Systems was written as a text to 

supplement actuator design courses, and a 

reference to engineers involved in the design of 

high-performance actuator systems. It highlights 

the design approach and features that should be 

considered when moving a payload at precision 

levels and/or speeds that are not as important in 

low-performance applications. 

The main topics covered in this book are:

• Fundamentals of actuator design and performance 

assessment

• Loads the actuator must accommodate

• Constraints 

• Design margin applied to components of any 

given design 

• Environment including the interactions between 

the product and the conditions in which it needs 

to perform

• Component strength and sti� ness to ensure 

predictable operation and safety

• Maintainability

• Reliability

• Costs

Hummel

Author Name
Author Name

R-459
ISBN: 978-0-7680-8362-0 

9 780768
083620

About the Author

The author grew up in rural, 

Northern Ohio, USA. As a child, 

his parents could not understand 

why he dismantled his toys to use 

their parts to make something 

di� erent. He moved on to bigger 

“toys” in his teenage years as he revived an old 

car and a Jeep to drive through the woods and 

fi elds. His fi rst engineering position was in the 

Advanced Products Group of FMC engineering 

developing cranes and excavators in Cedar Rapids, 

Iowa. When the downturn in the construction 

equipment industry developed, he transferred 

to the Northern  Ordinance Division, which later 

became part of United Defense and BAE Systems 

in Fridley, Minnesota. There he worked on recoil 

and ammunition handling system programs such 

as the Mk 13 missile launcher, Mk 45 gun mount, 

Advanced Field Artillery System, Crusader self-

propelled howitzer, Non-Line-of-Sight Cannon for 

the Future Combat Systems Program, and Medium 

Mine Protected Vehicle. Still true to his rural 

Midwestern roots, he currently lives on a small farm 

in Wisconsin and works for Cummins Emissions 

Solutions in Stoughton, Wisconsin, as the high 

horsepower product line technical advisor.

Ken Hummel holds a B.S. degree in engineering 

from The Ohio State University and an M.S. degree 

in engineering from the University of Minnesota. He 

is a registered Professional Engineer in Wisconsin 

and Minnesota. He currently has seven patents 

related to his work on automated loading systems 

and high horsepower emission systems.

Kenneth W. Hummel

Fundamentals 

of Engineering 

High-Performance 

Actuator Systems

R-459.indd   1

11/1/16   2:39 PM

5Ceramic Matrix 
Composites

COMPOSITE MATERIALS HANDBOOK VolumeComposite Materials Handbook   Volume 5

5
Volume

Ceramic Matrix Composites

The fifth volume of this six-volume compendium publishes technical guidance and 
properties on ceramic matrix composite material systems. The selected guidance 
on technical topics related to this class of composites includes material selection, 

processing, characterization, testing, data reduction, design, analysis, quality control, 
application, case histories, and lessons learned of typical ceramic matrix composite 
materials. 

Volume 5, which covers ceramic matrix composites, supersedes MIL-HDBK-17-5 of  
June 17, 2002.

The Composite Materials Handbook, referred to by industry groups as CMH-17, is  
an engineering reference tool that contains over 1,000 records of the latest test data  
for polymer matrix, metal matrix, ceramic matrix, and structural sandwich composites. 
CMH-17 provides information and guidance necessary to design and fabricate end 
items from composite materials. It includes properties of composite materials that meet 
specific data requirements as well as guidelines for design, analysis, material selection, 
manufacturing, quality control, and repair.

The primary purpose of the handbook is to standardize engineering methodologies 
related to testing, data reduction, and reporting of property data for current and emerging 
composite materials. It is used by engineers worldwide in designing and fabricating 
products made from composite materials.

Metal Matrix Composites

CMH-17

R-426
ISBN: 978-0-7680-7815-2

9 780768 078152

R-426_CMH17_v5_fp.indd   1 6/23/17   2:38 PM
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Automotive Vehicle Assembly Processes and Operations ManagementHe (Herman) Tang

Proven technologies and processes are explored in this examination of modern automotive manufacturing. Fundamentals and applications, as well as new advances are discussed as the author bridges the gap between academic research and industrial practice. Having held positions as both a university professor and as a lead engineering specialist in industry, the author presents a concise understanding that refl ects both technical and managerial perspectives with the aim of providing improvement through practical methods.
Each chapter includes review questions and research topics, and, in addition, analysis problems are often included that comprehensively address:• Automotive Industry and Competition• Manufacturing Operations 

• Joining and Paint Processes
• Production Operations and Quality Management• Performance Improvement

Directly extracted and summarized from automotive manufacturing practices, this book serves as a fundamental manual. The subject is complemented by the author’s second book, Manufacturing System and Process Development for Vehicle Assembly, which provides even greater depth to the subject of modern automotive manufacturing. 

About the Author:
He (Herman) Tang is a professor at Eastern Michigan University (EMU). Before joining EMU, he was a lead engineering specialist at Fiat Chrysler Automobiles. Dr. Tang has been working in various areas of automotive assembly since 1993. His focus has been on improvement of both productivity and quality, including manufacturing development for fi ve new vehicle programs. He has led specialist team evaluations and analyses to help improve system performance and capabilities in the areas of body, paint and general assembly. His team leadership and engineering knowledge have led to support of seven product launches at assembly plants. His technical expertise is in the areas of assembly system development, process planning, tooling development management, lean manufacturing, dimensional quality control, welding, and project management. 

R-456
ISBN: 978-0-7680-8338-5 

9 780768 083385

R-456._Print_Cover.indd   1
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KNOWLEDGE HUBS
INCLUDING

Cybersecurity
Knowledge Hub

Advanced
Manufacturing
Knowledge Hub

DESIGN YOUR SAE MOBILUS  
SUBSCRIPTION
PLATFORM-WIDE SUBSCRIPTION
Full access to the entire collection of technical resources  
on the platform

FULL DATABASE ACCESS
Unlimited downloads from the database of your choosing

SMALLER PACKAGED SUBSCRIPTIONS
Flexible subscription options to fit your budget and 
technology-specific needs

  (Italy) Reseller uthorizedA :
INFODOC
Tel.

 
  www.infodoc.it Web:

 servizi@infodoc.it; Email: 26108; (0535) +39 
 S.r.l. 

Visit sae.org/saemobilus

Enable in-house expertise in critical topics 
facing our industry with SAE MOBILUS® 
Knowledge Hubs for single-click access to 
definitive research, SAE publications, news,  
and thought topic leaders. 

SAE MOBILUS Knowledge Hubs provide 
everything you need to know about 
emerging mobility technologies. They serve 
as an access point to the best industry 
resources, training, and insights.
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THE SAE MOBILUS® 
TECHNICAL RESOURCE 
PLATFORM PROVIDES A 
CRITICAL ADVANTAGE TO 
DEVELOP THE FUTURE OF 
MOBILITY. CONTACT US 
NOW TO GET STARTED.
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