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EXECUTIVE SUMMARY

As one part of its thrust to reduce large truck-related fatalities, the United States Department of
Transportation (DOT) is working closely with the trucking industry to promote voluntary
deployment of advanced safety technologies that can reduce fatal crashes of commercial motor
vehicles (CMVs). Several heavy commercial vehicle research programs sponsored by the DOT
have been focused on testing and evaluating the effectiveness of intelligent vehicle technologies
to reduce rear-end collisions, lane departures, rollovers, understeer and oversteer (yaw)

instabilities, and lane change/merge crashes.

In 2003, the DOT contracted with a team led by Freightliner LLC to undertake the Field
Operational Test of Electronically Controlled Braking Systems (ECBS) to collect field data
needed to demonstrate the benefits of onboard electronic safety systems in a real-world operating
environment. In parallel, the DOT contracted with Booz Allen Hamilton to serve as the
independent evaluator (IE) for the field test, i.e., to analyze the data collected by the conductor

team.

The overall goal of the DOT related to the ECBS Field Operational Test (FOT) was to develop
and demonstrate an improved understanding of ECBS and its enabled technologies in terms of
performance, reliability, durability, maintainability, and safety benefits in a real-world operating
environment. The DOT structured the program around “templates,” each designed to examine
different aspects of the performance of ECBS and its enabled technologies:

The Freightliner Team was selected to conduct the Template 2 and Template 3 FOT with the
specific objectives to design, implement, and conduct the FOT to collect data needed by the IE

and to demonstrate to truck fleets that these systems are reliable and can improve productivity.

The conductor team was led by Freightliner LLC and included Meritor WABCO (MW), Bendix
Commercial Vehicle Systems LLC (BDX), Wal x Mart*, Battelle, the U.S. Army Aberdeen Test
Center, with support from General Electric TIP, Great Dane Trailers, and Hendrickson.

! WalxMart® is a registered trademark of Wal-Mart Stores, Inc.
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The primary technology being investigated in this FOT was ECBS on tractors and trailers.
ECBS of both major manufacturers of brakes for Class 8 tractors and semi-trailers, Meritor
WABCO and Bendix, were evaluated. In addition, several other braking technologies were
present on some of the vehicles in the study:

e Next-generation antilock braking systems (ABS),

e Adaptive cruise control (ACC) with active braking on tractors,

e Yaw stability control on tractors, and

e Roll stability control (RSC) on tractors and trailers.

In addition to these electronic safety systems, the Freightliner Team also included air disc brakes
(ADB) in select vehicles to capture critical information on the compatibility of ADB when mixed

and matched with conventional drum brakes.

The Freightliner Team conducted the two templates in parallel in a Wal x Mart fleet operating
out of the Loveland, Colorado, distribution center. A total of 48 instrumented Freightliner
Columbia tractors and 100 instrumented Great Dane trailers participated in the combined
templates for 12 months.

e In Template 2, the Team fielded 40 tractors and 60 trailers in four configurations.
Template 2 was designed to examine issues of compatibility of different systems on
tractors and trailers, i.e., compatibility and performance of tractors and/or trailers
equipped with ECBS matched (married) with tractors and/or trailers equipped with ABS
or ECBS from different vendors, and

e In Template 3, the Team fielded eight tractors and 40 trailers with Meritor-WABCO
ECBS and advanced technologies. Template 3 was designed to examine issues of
performance and reliability of matched or optimized systems in which both tractor and
trailer were equipped with ECBS technology as well as enabled safety technologies such

as ACC, stability control, and roll stability for tractors and trailers.

In the day-to-day product delivery operations of Wal* Mart’s Loveland distribution center,

tractors returned to the base terminal upon completion of their local trips, and the geographic
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span of the field test was a defined area of Colorado and surrounding states, including a wide

variety of routes and terrain.

In the first part of the program, the Freightliner Team focused on planning and working out the
design and strategy for the program in collaboration with the DOT and the IE. The Freightliner
ECBS FOT Test Plan (Freightliner 2005) was developed, which provided a detailed outline of
the tests and work to be conducted to prepare the vehicles for the field test as well as to conduct
the FOT.

In the second part of the program, the Freightliner Team dedicated its efforts to conducting the
field test, including training of drivers and technicians, release of instrumented vehicles to
Wal * Mart, data collection for 12 months, FOT logistics management, and the reporting phases

of the program.

The Freightliner Team collected onboard driving data, maintenance and operational records, and
the opinions of drivers and mechanics.

o Over 4 million miles of onboard driving data relevant to brake system performance and
safety-related vehicle dynamics were recorded continuously at 10 Hz on both tractors and
trailers throughout the FOT. A total of 68 channels of data were collected from the
vehicle data buses (e.g., Society for Automotive Engineers, or SAE J1939 data bus),
analog sensors (e.g., pressure transducers), and digital inputs (e.g., headlights), providing
information on vehicle dynamics, system performance, driving environment, and driver
behavior

e Maintenance records related to brake systems and tires were also obtained by the
Freightliner Team and provided to the IE for use in estimating the reliability,
performance, and costs associated with the new technologies in comparison to
conventional technologies.

e Surveys of drivers and mechanics were conducted before, during, and after the FOT to

seek opinions on the reliability, maintainability, and safety impacts of the new systems.
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Upon completion of the FOT data collection, the DAS units and other instrumentation were

removed from the vehicles.

The research program benefited the trucking industry and the general public by advancing

technologies that have a potential to enhance safety on our nation’s highways. Substantial field

data and experience were obtained on performance, reliability, maintainability, durability,

compatibility, and safety of ECBS, related enabled technologies, and ADB in real-world

environments:

Forty-eight (48) tractors and one hundred (100) trailers were outfitted with various
combinations of standard production and preproduction brake and safety systems
including ECBS, next-generation ABS, ACC, roll stability technologies, yaw stability
technologies, and ADB

The tractors and trailers were successfully fielded for 12 months in a normal operating
environment

ECBS, enabled technologies, and ADB integrated on the tractors and trailers functioned
with no major interruption or failure in several million miles and nearly 2 years of service
Technologies were activated in stages during the data collection period, and the enabled
technologies were implemented successfully

No incompatibility of advanced technology tractors or trailers with conventional tractors
or trailers was observed in several million miles and nearly 2 years of service

Over 4 million miles of engineering data were collected onboard the tractors and trailers
Maintenance operations of the fleet were recorded on the tractors and trailers for the
duration of the FOT, i.e., from the date the vehicles were placed in service to the end of
data collection, totaling 22 months of operation

Opinions of 34 technicians and 40 drivers were obtained

The Wal*xMart fleet, its drivers, and mechanics reported being satisfied with the

performance of the tractors and trailers.
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FINAL REPORT

Electronically Controlled Braking Systems (ECBS)
Intelligent Vehicle Initiative
Field Operational Test

Combined Templates 2 and 3:
Mixed and Optimized Tractor-Trailer

1.0 INTRODUCTION

1.1 Background

According to Federal Motor Carrier Safety Administration (FMCSA) statistics, “of the people
killed in motor vehicle crashes in 2004, 12 percent (5,190) died in crashes that involved a large
truck” (FMCSA 2003). Another 116,000 people were injured in crashes involving large trucks.
Only about 15 percent of those killed and 23 percent of those injured were occupants of large
trucks (NHTSA 2005). The fatality rate in 2004 was 2.16 fatalities per 100 million miles,
representing a decrease of 16.9 percent since 1997. Nevertheless, a priority goal of FMCSA is to
further reduce the large truck-related fatality rate to 1.65 per 100 million truck-miles by the year
2008 (Sandberg 2003).

To help reduce large truck-related fatalities, the United States Department of Transportation
(DOT) is working closely with the trucking industry to promote the voluntary deployment of
advanced safety technologies that can reduce fatal crashes of commercial motor vehicles
(CMVs). Over more than 8 years, several intelligent vehicle technologies have been tested to
determine their effectiveness to reduce crashes. These advanced technologies have focused on
advanced braking systems, lane departure warning systems, roll advisors and controllers, and
collision warning devices. In the area of heavy vehicles, DOT is specifically focusing its efforts
on systems that can reduce rear-end collisions, lane departure, rollover, understeer and oversteer

(yaw) instability, and lane change/merge collisions.
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Electronic onboard safety systems offer significant promise in reducing accidents because they
can sense an impending crash and react more quickly than can the most experienced drivers.
Electronically controlled braking systems (ECBS) provide an enabling platform for systems that
support controlled braking and vehicle stability in an impending crash and reduce the likelihood
of instability crashes such as rollover or jackknife. Fortunately, implementing electronic safety
systems on truck platforms to improve CMV safety is achievable on a broad scale. However,
commercial motor carriers operate on tight profit margins and need data on reliability,
performance, benefits, and costs of technologies before they will embrace and implement these
systems. The DOT also needs safety benefits data that demonstrate the reduction in crashes,
fatalities, and injuries offered by these systems to support policy changes that encourage their
adoption. In the autumn of 2002, the DOT issued a request for applications (RFA) to undertake
a field operational test (FOT) to demonstrate electronic safety technologies such as ECBS and to
collect critical performance data to support the adoption of such technologies (USDOT 2002). In
2003, a team led by Freightliner LLC was selected and contracted under Cooperative Agreement
Number DTFH61-02-X-00096 to undertake the Field Operational Test of Electronically
Controlled Braking Systems (ECBS) to collect needed data to demonstrate the benefits of
onboard electronic safety systems in a real-world operating environment. In parallel, the DOT
contracted with Booz Allen Hamilton to serve as the independent evaluator (IE) for the field test

to analyze the data collected by the conductor team.

Freightliner LLC assembled its team, including Meritor WABCO, Bendix Commercial Vehicle
Systems LLC, Wal * Mart, Battelle, and the U.S. Army Aberdeen Test Center, with support from
General Electric TIP, Great Dane Trailers, and Hendrickson, to develop and demonstrate an
improved understanding of the following safety technologies:

e ECBS on tractors and trailers

e ECBS-based and ABS-based adaptive cruise control (ACC) on tractors with active

braking
e Yaw stability control on tractors
e Roll stability control (RSC) on tractors and trailers

e Air disc brakes (ADB) on tractors and trailers.
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The Team conducted two parallel tests or “templates™?

operating from a Wal * Mart distribution
center in Loveland, Colorado. The two FOT templates were:

e Template 2: Mixed Tractor-Trailer, which fielded 40 Freightliner tractors and 60 Great
Dane trailers to evaluate the compatibility and performance of tractors and trailers
equipped with different braking systems.

e Template 3: Optimized or Matched Tractor-Trailer, which fielded eight Freightliner
tractors and 40 Great Dane trailers to evaluate tractor-trailer combinations equipped with
ECBS (from the same manufacturer) and advanced safety systems enabled by ECBS,
including ACC with active braking, electronic stability control (ESC), and roll stability

support (RSS).

This large FOT focused on improving the understanding of safety system technologies in terms
of their performance, reliability, durability, maintainability, and safety benefits in a real-world
operating environment. Data were collected in these FOT templates first with the systems turned
off, and then with the systems turned on, to compare safety benefits in terms of mitigating near-
crash or degraded situations. The Freightliner Team provided the data to the DOT and its IE for
detailed analyses. Three types of data were collected:
e Driving data, relevant to brake system performance and safety-related vehicle dynamics,
recorded continuously onboard the vehicles
e Fleet maintenance data, for use in evaluating reliability, performance, and costs
associated with the new technologies
e Surveys to capture opinions of drivers, mechanics, and operators on the performance,

reliability, and maintainability of the new systems.

The program was originally focused on ECBS and its enabled technologies, but was expanded to
include other brake technologies, such as new-generation ABS systems and disc brakes. The
brake technologies evaluated by this program are described in Section 2.0 of this report.

% The DOT proposed three tests or “templates” in its RFA for this program. The Freightliner Team was selected to
conduct Templates 2 and 3. The original Template 1 was not funded.
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This document is the final report of the Freightliner-led conductor team for the FOT. It provides
a summary of activities during the design, preparation, and implementation phase of the program
as well as the outcomes of the field test. It includes summaries of the technologies under
evaluation, as well as many details related to conducting a large-scale FOT including data
collection, data management, and data validation. The analysis of the data collected is beyond
the scope of this report; it will be performed and reported separately by Booz Allen Hamilton,
the IE for this FOT.

1.2 Goal and Objectives

The overall goal of the ECBS FOT is to develop and demonstrate an improved understanding of
ECBS and its enabled technologies in terms of performance, reliability, durability,
maintainability, and safety benefits in a real-world operating environment. The data and results
generated by this program are intended to provide both the DOT and the commercial trucking
industry with the information needed to make well-informed decisions concerning the

performance and benefits of these technologies.

Table 1-1 details the objectives of the ECBS FOT program specified by the DOT in its RFA. A
primary intent of the FOT was to gather data to evaluate and demonstrate the safety benefits of
these technologies in support of DOT’s mission to promote safety of vehicles operating on our
nation’s highways. Consequently, the DOT set out to show that the systems provide safety

benefits to support their broader implementation.

In addition, a critical element of the program was to demonstrate to truck fleets that these
systems are reliable and can improve productivity. While the trucking industry supports safety
improvements, truck fleets operate on tight profit margins and are reluctant to try new
technologies until they are convinced of both economic and safety benefits. Fleet operators want
to see results from one of their fellow fleets that has tested and evaluated new systems and

confirmed the systems are reliable and beneficial.
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Table 1-1. DOT Objectives for the Freightliner Team ECBS FOT

Page 5

Objectives of the original solicitation for the DOT ECBS FOT

Template 2

Template 3

Objective 1

To evaluate the overall safety of ECBS in terms of
performance, reliability, maintainability, and
durability in a variety of real-world environments by
collecting real-time braking event data and collecting
additional information from brake technicians and
drivers.

Objective 2

To evaluate the safety benefits of ECBS in terms
of mitigating near crash or degraded situations for
systems with advanced brake safety system
components.

Objective 3

To identify issues that affect the suitability of ECBS
technology in an over-the-road, revenue-generating
environment by documenting any problems or fault
codes with the systems, as well as the frequency
and circumstances of ECBS failures that would
result in braking control being “switched” to the
backup pneumatic system.

Objective 4

To assess the maintainability of ECBS relative to
scheduled and unscheduled maintenance
requirements, mechanic skill level impacts and/or
ability to diagnose and resolve problems.

Objective 5

To document driver information/experiences
resulting from ECBS use, focusing on driver
acceptance, feedback related to system use, and
behavior change.

Objective 6

Evaluate the compatibility of tractor and trailer
ECBS from different vendors with conventional ABS.

Objective 7

To evaluate the overall performance and
reliability of “optimized” ECBS technology for
tractor/trailer combinations where both tractor and
trailer have ECBS with advanced safety features
such as a high-speed network.

The program’s templates were designed by DOT to examine issues of compatibility of different

systems on tractors and trailers (Template 2) and to examine issues of performance and

reliability of matched or optimized systems in which both tractor and trailer have advanced
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technology systems (Template 3). Table 1-1 shows that most objectives are common to both
Template 2 and Template 3, with the exception of Objectives 6 and 7. Objective 6 focuses on
compatibility of vehicles equipped with different control systems in Template 2, while
Obijective 7 focuses on the overall performance and safety benefits of ECBS and enabled safety

technologies installed on married tractor-trailer pairs in Template 3.

Even if successful in their introduction into the marketplace, ECBS and other technologies tested
in this program will not replace the legacy of current systems (ABS or non-ABS) immediately,
but will enter the market at normal pace of replacement of tractors and trailers, which can span
anywhere from 4 to 20 years. The new systems will be mixed with legacy technologies for many
years to come and, therefore, must be fully compatible with existing technology. There will also
be a potential for tractors equipped with ECBS from one vendor to be paired with trailers
equipped with ECBS from a different vendor. As such, the objective of the Template 2: Mixed
Tractor-Trailer test is to evaluate the compatibility and performance of tractors and/or trailers
equipped with ECBS with tractors and/or trailers equipped with ABS or ECBS from different
vendors. In addition to these electronic safety systems, the Freightliner Team has included
evaluation of ADB in the Template 2 evaluation to capture critical information on the
compatibility of ADB when mixed and matched with conventional drum brakes.

The objective of the Template 3: “Optimized” or Matched Tractor-Trailer test is to evaluate
combination vehicles where both tractor and trailer are equipped with optimized and/or advanced
ECBS technology. The systems under test incorporate one or more advanced brake system
safety components to improve the vehicle’s crash avoidance capability. These systems include
ACC, ESC (understeer, oversteer, yaw and roll stability), and roll stability technologies for

tractors and trailers.

1.3 Freightliner Team

Freightliner assembled the following team to conduct an FOT of advanced brake systems and

related safety technologies:
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Freightliner LLC, a leading truck manufacturer in North America, the Program
Manager and Prime Contractor

Meritor WABCO and Bendix Commercial Vehicle Systems LLC (Bendix), the two
leading suppliers of advanced braking systems and advanced vehicle stability control
safety systems

Wal* Mart, the largest retailer in the United States, distributing products nationwide
with state-of-the-art fleet operations and maintenance tracking systems

Battelle, the team integrator, experienced at organizing and facilitating FOTSs as well as
collecting, compiling, and transferring data

Aberdeen Test Center, the field instrumentation provider, skilled at installing sensors

and providing and maintaining data acquisition systems (DAS) on-board vehicles.

Other significant contributors to the program include:

General Electric TIP, a unit of the General Electric Company, a leader in over-the-road
trailer services and supplier of the GE VeriWise™ asset tracking for trailers

Great Dane Trailers, the second largest trailer manufacturer in the world, recognized as
an industry leader in technology, innovation, and quality

Hendrickson, a leading supplier of air suspensions, axle systems, and metal bumpers for

the heavy-duty transportation industry.

In addition to working with these important Freightliner Team stakeholders, the Freightliner

Team worked closely and collaboratively with the DOT (the Federal Highway Administration,
or FHWA; FMCSA; and the National Highway Traffic Safety Administration, or NHTSA) and
its IE, Booz Allen Hamilton. In particular, the Freightliner Team worked in collaboration with

DOT and its IE to develop a comprehensive, integrated approach for conducting the combined
Template 2 and Template 3 FOT.

1.4  Freightliner Team Approach to Meet the Objectives

In Template 2, the Team fielded 40 tractors in four configurations and 60 trailers in four

configurations to address Objectives 1 through 6, relating to performance, reliability,
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maintainability, durability, and compatibility of tractors and trailers from different vendors with
advanced and conventional braking and safety systems. Inthe Template 3 test, the Team fielded
eight tractors and 40 trailers with Meritor Wabco ECBS and advanced technologies to capture
performance, reliability, and safety benefits data for Objectives 1 through 5 and 7. The two
templates were conducted in parallel in a Wal x Mart fleet operating out of the Loveland,
Colorado, distribution center. A total of 48 instrumented Freightliner Columbia tractors and 100

instrumented Great Dane trailers participated in the combined FOTs for 12 months.

Since many objectives and activities were common to both templates, conducting both templates
in parallel provided benefits and cost efficiencies for the overall program in terms of planning,
engineering design, data collection, equipment installation, equipment checkout, reporting, and
briefings. Furthermore, joint conduct of Templates 2 and 3 by the Freightliner Team yielded a
more comprehensive data set, with more opportunities for comparisons and safety benefits
analyses than if the templates had been performed by different teams, with different technologies

and different fleets.

1.4.1 Technical Approach

The Freightliner Team conducted the ECBS FOT program in two parts with five tasks as defined
by the DOT:

Part 1: Program Planning, Vehicle Construction, and Instrumentation
e Task 1: Generate FOT Plan
e Task 2: Assemble Test Vehicle with ECBS
e Task 3: Conduct ECBS and DAS Check Out Testing

Part 2: Field Test and Data Collection
e Task 4: Conduct FOT

e Task 5: Project Reports and Deliverables.
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The first part of the program focused on planning and working out the design and strategy for the
program in collaboration with the DOT and IE in Task 1, as well as on preparation of the
vehicles for the field test in Tasks 2 and 3. The Freightliner ECBS FOT Test Plan (Freightliner
2005), which provides a detailed outline of the tests and work to be conducted, was developed.
The Freightliner Team combined Tasks 2 and 3, in which it built the tractors and trailers,
integrated the safety systems on board, installed DAS, and conducted shakedown testing. The
Team followed a structured build and check-out plan for ECBS, safety technologies, and DAS
consisting of (1) Pilot Vehicle Design and Testing, (2) Check-Out Testing, (3) Shakedown
Testing, and (4) Construction and instrumentation of the FOT Vehicles. Each step progressively

built upon previous activities.

The second part of the program was the field test, including training of drivers and technicians,
release of instrumented vehicles to Wal * Mart, data collection for 12 months, FOT logistics
management, and the reporting phase of the program. The field test involved naturalistic, day-
to-day product delivery operations of Wal * Mart operating out of its Loveland, Colorado,
distribution center. All FOT vehicles were operated on similar road types, for similar average
trip mileage and trip durations. The data collected included onboard driving data, i.e., data
relevant to brake system performance and safety-related vehicle dynamics recorded continuously
on the vehicles throughout the FOT; fleet operations and maintenance data; and surveys and
interviews. Data collected onboard the vehicles were manually transferred at truck terminals by
trained, designated individuals who removed and replaced the solid-state storage devices in the
DAS. Following completion of the data collection, summary statistics generated during the FOT
were compiled for this final report to the USDOT.

Further details of the program approach are provided in Section 3.0 of this report.

1.4.2 Program Schedule and Work Breakdown

The schedule for this program, which was initiated on May 1, 2003, is shown in Figure 1-1. Five

primary tasks were described in the original solicitation.
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e Tasks 1 to 3, conducted from May 1, 2003, through April 30, 2005, were dedicated to
pre-FOT activities, focusing on FOT planning as well as vehicle, systems, and DAS
design, implementation, and testing.

e Task 4, conducted for a period of 12 months from May 1, 2005, through April 30, 2006,
was the FOT itself, under which the tractors and trailers were deployed in operating
service and data were collected.

e Task 5 consisted of the reporting activities for the program. The final reporting phase

spanned approximately 5 months from May 1, 2006, through November 30, 2006.
The original schedule was revised in November 2004 to reflect delays encountered in material

and parts supply for manufacturing, instrumentation of tractors and trailers, as well as readiness

of the DAS data collection boxes.
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WBS Task Mame Start Finizh 002 5005 5005
alM[JlJals[oN[D]J[FmfamlJlslals[oNID[J[FMaMII[I[a{sS[oINID]I[FIM]alM]I])[a[S[OIN]D
1 Task 1 - Generate Field Operational Test Plan with DOT Approwval 51103 g/131/04
1.1 Review and Updats FOT Strategy with Input from DOT, IE and FOT T=am 103 12131003
1.2 Rewvize and Finalize FOT Te=t Plan 1/1/04 4/30/04
1.2 Request Internal Review Beard (Human Subjectz) ApprovalExemption 121103 2431704
2 Tasks 2 & 3 - Assemble Test Vehicles with ECBS and Conduct ECBES and DAS Check-out Testing 91003 4/4/05
2.1 Specify & Build Baze Pilot Tractorz and Trailers 5M1/03 2127104
2.2 Inztall and Tezt ECES and Adv Technologies on Pilot Wehicles 204 531704
2.2 Inztrument Pilot Tractorz and Trailers with Sen=zorz and DAS 34 3104
2.4 Conduct Track and Onread Shakedown Tesgting of Filot Vehicles 341/04 730004
2.5 Rewvize Vehicle, Inztrumentation and Walidation Planz bazed upon Testing 34104 7130/04
2.5 Selection and Az=ignment of Driverz, Mechanics and Supervizors Finalized 71504 71504
2.0 Inztrument Oriver Profiling Tractors (exizting) 7504 SM/04
2.2 Build FOT Tractorz and Inztall ECBS and Advanced Technologiss 91704 12531/04
2.5 Build FOT Trailerz and Install ECES and Advanced Technologies g1/04 21105
210 Inztrument FOT Tracters and Trailers with Senzorz and DAS and Checkout 3M1/04 4/4/05
2.1 Build and Test Electronic Data Harvesting and Tranzafer System S04 4/4/05
212 Develop Plans and Procedures for Operationz and Maintenance Data Colliection and Tranzfer S04 £/4/05
2.13 Develop Planz, Materialz and Procedures for Field Training and Support W04 414105
4 Task 4 - Conduct Field Operational Test 9M04 0 11030006
21 Template 3 Phaze 0 (PreFOT Driver Profiling) Data Collection 41704 H405
L2 Conduct Field training - Driverz, mechanicz and flest management 21105 £M705
L2 Preparation of FOT Tractors and Trailers by Wal-Mart 22105 £/4/05
4.4 Final Preparation and Validation of FOT VYehicles 2I2I05 414105
45 Final Data Harvesting, Cellection and Tranzfer Checkout 2I2/05 414105
4.5 Template 2 Onboard Data Collection and Assessment 5105 4730006
221 Template 2 Phaze 1 - 8 mos - Technologies Turned OFf 21105 1212105
4582 Template 2 Phaze 2 - § mos - Technelogies Turned On 12114005 4/30/08
4.7 Template 3 Onboard Data Collection and Assessment 51105 4130006
471 Template 3 Phaze 1 - & mos - Technelogies Turned Off 105 12112105
272 Template 2 Phaze 2 - & mos - Technologies Turned On 12114105 4130/06
4.8 Conduct Pericdic Driver/Mechanic Surveys JT0E 8M5/08
3.8.1 Bazeline Surveys HTI0S 21105
3.8.2 Phaze 1 gurveys 108 315/08
383 Final Surveys 21/08 2/15/06
4.9 Maintenance and Operations Data Collection and Assessment EMi05 930406
3.9.1 Phaze 1 maintenance data 21105 121405
382 Phaze 2 maintenance data 1202105 9/30/08
410 Tranzfer Data to IE Q24 11/30/08
211 Decomizzioning follewing Data Collection Phaze /06 11430405
212 Freightliner Team Diata Takbulation and Drafting Final Report SM/06 11530/05
5 Task 5 - Project Reports, Progress Reports and Deliverables 1440003 14/30008
5.3 DOT Project Briefings 1110003 11/9/06
58 Final report 1120006 | 11/30/08

Figure 1-1. Field Operational Test Schedule
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2.0 TECHNOLOGIES EVALUATED

The FOT was designed to support observation of technologies in operating service. In all cases,
these newer technologies can be compared with conventional approaches to achieving the same
end. The primary focus of the study was ECBS, which were compared with both standard and
modern pneumatic brake control systems. A number of safety-enhancing technologies that are
enabled by the advanced brake control systems were also evaluated. Finally, the foundation
brakes themselves were being evaluated. For this, some trucks were equipped with S-cam drum
brakes and some with ADB. This section provides a description of all the technologies under
evaluation: foundation brake technologies, brake control technologies, and enabled safety
technologies, as they were integrated onboard the FOT vehicles. The technologies installed on
vehicles are listed per vehicle type (tractor or trailer) and configuration in Table 2-1. Several
vehicles were equipped with identical technologies, hence defining groups or configurations.

Additional details are provided in Section 3 and in appendices.

Table 2-1. Technologies Installed on Tractors and Trailers,
Defining Vehicle Configurations

V(_ahicle_ Foundation Brake Control Enabled
Configuration Brakes
& Type* Drum | Disc | ABS | ECBS | ABS6 | ACC | RSC | ESC | RSS | TRSP
Tractors ) () ) )
T2C1
Trailers °
Tractors ) ) ) )
T2C2
Trailers ) )
Tractors [ ) ® PY Py
T2C3
Trailers ° ° °
Tractors ) °
T2C4 _
Trailers ° PY °
Tractors ) ° PY Py
T3 _
Trailers ) ® °

* Configurations of vehicles in Template 2 are referred to throughout this report by the corresponding Template
number (T2) and group, or configuration, number (C1, C2, C3, C4). All vehicles in Template 3 are referred to by the
Template number (T3) alone.
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2.1 Foundation Brake Technologies

Drum brakes and disc brakes are the two most common mechanisms for generating brake forces
in heavy vehicles. Both were in use in this study (Table 2-2). Drum brakes were not actually

evaluated, but they were on trucks in control groups as a basis for comparison.

Table 2-2. Foundation Brakes Installed on FOT Tractors and Trailers

Template 2 Template 3
Configuration  Tractors Trailers | Configuration Tractors Trailers

O
O

Configuration 1 Profiling

O
T3 O
O
O

Configuration 2

Configuration 3
Drum Brakes

Configuration 4 Disc Brakes

0000
Q000

2.1.1 S-cam Drum Brakes

Conventional S-cam drum brakes are found today on the majority of North American CMVs.
These brakes were installed on the new tractors and trailers for Configuration 1 in Template 2 as
a control group. This is also the standard type of brake used by Wal* Mart for its vehicles.
Drum brakes were installed on the pre-existing Wal * Mart trucks (both tractor and trailer) for

profiling the drivers in Template 3 (Phase 0).
S-cam drum brakes are mature products with a long history of effective service, and they are
understood by all truck mechanics. However, they are subject to fade at high temperatures as the

drum expands away from the shoes.

The drum brakes installed on tractors and trailers were manufactured by Meritor.
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2.1.2 Air Disc Brakes

Most of the trucks and trailers in the study were fitted with ADBs. The ADBs were
manufactured by Bendix-Knorr, model ADB22X, and by Arvin Meritor, model DiscPlus™
EX225 (Figure 2-1). The Arvin Meritor products were installed only on trailers in Template 2,
Configuration 2 with spring suspension. The Bendix products were installed on tractors and on

trailers also equipped with air suspension.

Figure 2-1. Bendix-Knorr, Model ADB22X (left) and
Arvin Meritor DiscPlus™ EX225 (right) Air Disc Brakes

Disc brakes have certain advantages over drum brakes. Disc brakes are known to generate a
linear brake torque output, to be consistent, stable, and resistant to fade. Indeed, in disc brakes,
not only does thermal expansion bring the disc in closer contact with the pads, but also the
exposed friction surfaces provide better thermal dissipation than is available with drum brakes.
Maintenance costs of ADB are expected to be lower than for drum brakes because the
components are more accessible. The primary disadvantage of disc brakes is that they require
more force to generate the torque output than do drum brakes (because disc brakes have no self-
energization, as do drum brakes). Also, the exposed friction surfaces are more sensitive to

contamination and moisture than are drum brake surfaces.

Bendix product literature claims that the hysteresis of their ADB is under 10 percent. This

improved consistency over drum brakes allows better steering control during stops. In Federal
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Motor Vehicle Safety Standard (FMVSS) 121 tractor test stops from 60 mph, Bendix has
measured the stopping distance to be 77 ft less for a typical 56,470-1bs gross vehicle weight
tractor equipped with ADB and coupled to a control trailer (non-braked) than a comparable
vehicle with drum brakes. The same size brake unit can be mounted on all axles of a truck

and/or trailer, and borrowing wheel hubs of sufficient size are used.

2.2 Brake Control Technologies

Three kinds of brake control technologies were used in this study. One group of vehicles had
conventional ABS, which are the minimum required on new heavy vehicles in the United States.
Another group was equipped with ECBS. A third group of tractors had ABS6, which is the next
generation of Bendix ABS. Table 2-3 below summarizes the brake control system that was

installed on each vehicle in the FOT.

Table 2-3. Brake Control Technologies Installed on FOT Tractors and Trailers

Template 2 Template 3
Configuration Tractors Trailers | Configuration Tractors Trailers
Configuration 1 ABS ABS Profiling ABS ABS
Configuration 2 ABS ABS T3 ECBS ECBS
Configuration 3 ECBS ECBS
Configuration 4 ABS6 ECBS

221 ABS

Air brake systems are required by FMVSS 121 to have ABS capability. ABS was the standard
brake control technology on some of the trucks in this study and on Wal* Mart standard fleet
tractors and trailers. The basic function of ABS is to prevent wheel lock during severe braking

by monitoring wheel speed and modulating air pressure in the brake chambers. Tires can
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provide higher lateral forces (and hence better stability) when they are rotating than when they
are locked and sliding on the road surface.

The benefits of ABS include:
e Enhanced steerability under emergency braking
e Enhanced stable stopping on icy or wet roads, and in curves
e Reduced stopping distance
e Reduced potential for tractor-trailer jackknifing

e Reduced potential for tire damage.

The ABS was manufactured by WABCO, and had 6S/4M and 4S/2M functionality® on tractors

and trailers, respectively.

2.2.2 ECBS

The basic function of ECBS is similar to that of ABS, i.e., ECBS prevents wheels from locking
during high-demand stops on reduced-friction surfaces. However, ECBS controls actuation of
the foundation brakes with electronic signals rather than pneumatic control lines. The energy
that actually applies the brakes is pneumatic (air pressure), so the brakes are still air brakes; in
ECBS only the control is electronic. In fact, ECBS requires no change to the foundation brake
itself. The friction material (drum or disc), slack adjuster (on drum brakes), and brake chamber
are identical to those on trucks with pneumatically controlled brakes. Pneumatic control lines

are still present to serve as a backup control system in case of failure of the electronic control.

Replacing the pneumatic logic of controlling and proportioning the brakes with electronic
hardware and software enables integration of the brakes with the other electronics on the vehicle,
making possible many of the “enabled technologies” described below. ECBS shortens the
response time required for the brake pressure to build up on all axles. It improves brake force

® Modern ABS all feature the following major components: Electronic Control Unit (ECU), modulator valves, wheel
speed sensors, and ABS malfunction indicator lamp(s). ABS configuration is defined by the arrangement and
number of sensors and modulator valves used. The most common configurations for tractors are: four sensors/four
modulators (4S/4M), six sensors/four modulators (6S/4M), and six sensors/six modulators (6S/6M). Common
configurations for trailers are 25/1M, 2S/2M, 4S/2M, and 4S/3M.
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distribution and equalizes lining wear. The logic allows optimization of road adhesion and better
proportions the braking demands between the tractor and the trailer. All of these effects provide

better stability and shortened stopping distances.

ECBS also improves the driver’s ability to control vehicle deceleration. In conventional
pneumatically controlled braking, the brake treadle force applied upon driver demand determines
the control pressure. By compensating for brake hysteresis, ECBS replaces driver-selected
pressure control with driver-selected deceleration control. ECBS does change the feel of the
pedal when fade is present. When connecting a tractor with ECBS to a trailer with ECBS, the
driver must join an extra seven-pin connector. Aside from that, the driver does not need to take

any special actions to use ECBS.

Electronic control allows improvements in the operation of the brakes and braking system, which
can enhance safety and reduce driver workload. For example, with a conventional braking
system, the driver must apply more brake pressure to stop a heavier load than required for a
lighter load. In contrast, ECBS controls vehicle deceleration, such that, for a given brake pedal
position, ECBS vehicles will decelerate at a fixed rate, regardless of the load on the tractor and
trailer. This potentially reduces the stress on the driver and the need for constant adjustment for
truck load and brake condition. At the same time, ECBS can improve the vehicle stability and
braking performance through wheel-by-wheel adjustment of braking in response to changing
conditions including load shift, road friction, and hysteresis. The capability of ECBS systems to

diagnose themselves can also reduce maintenance costs.

While these benefits are valuable on their own, electronic controls provide substantial additional
benefit by serving as an enabling platform for other advanced safety systems that have the
potential to reduce the likelihood of rollover, jackknife, or loss of control from understeer and
oversteer in a curve. ECBS also enables the use of an integrated ACC system that controls
vehicle speed and following distance with foundation brakes, as well as throttle control and

engine brake, which again has the potential to reduce driver workload.
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Manufacturers such as Meritor WABCO and Bendix provide a software diagnostics tool to read
faults codes and their descriptions, to test components, and to display system data. With these
diagnostic tools, ECBS helps mechanics by continuously monitoring the brake system for
performance, wear, and air leaks. The diagnostic tool can also interrogate the pressures,

voltages, the gap of the wheel speed sensors, and diagnostic codes.

The ECBS installed on the tractors in this FOT had 4S/4M ABS capability and were
manufactured by Meritor WABCO. The Meritor WABCO ECBS also included automatic
traction control (ATC), generally described below under Enabled Technologies. The ECBS
installed on the trailers had 4S/2M ABS capability and were manufactured by Meritor WABCO

and Bendix.

Indicator lamps were installed in the tractor dashboard to inform drivers in the event of a fault
with the system and to notify drivers if a particular technology was active (Figure 2-2).

All tractors equipped with ECBS in the FOT were equipped with the Meritor WABCO ECBS.
The trailers in Template 2 Configuration 3 and Template 3 were equipped with Meritor WABCO
ECBS. The trailers in Template 2 Configuration 4 were the only vehicles in the FOT equipped
with the Bendix ECBS product, TEBS4 (TEBS = Trailer Electronic Braking System), or Trailer
ECBS Module Gen 4. When installed on trailers, the ECBS provided a single electronic brake
control with a single pneumatic backup circuit. However, when the trailers equipped with the
Meritor WABCO ECBS were paired with a tractor having Meritor WABCO ECBS, the vehicle
had full ECBS functionality. As noted above, a second trailer connector was required to provide

this added functionality.
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When the indicator(s)... ... is/are lit:

Indicates faults with ECBS

Indicates faults with ABS

() If equipped with appropriate enabled technologies :

Indicates ATC, ESC or LWC faults

() Pneumatic backup mode

If equipped with appropriate enabled technologies :
Indicates ATC or ESC is active

... is blinking:

If equipped with appropriate enabled technologies :
Indicates ATC deep snow and mud mode is active

Figure 2-2. Indicator Lamps for Drivers on Tractors Equipped with
Meritor WABCO ECBS

Figure note:  ECBS — Electronically controlled braking system;
ABS — Antilock braking system; ATC — Automatic traction control;
ESC - Electronic stability control; LWC — Lining wear control.

2.2.3 ABS6

ABSG is the next generation of ABS technology for tractors offered by Bendix. ABS6 actuates
brakes through pneumatic control signals like conventional ABS, but it can also provide

enhanced capabilities not found in conventional ABS.

The ABSG6 is available commercially in three configurations: standard, premium, and advanced.
The premium level, which was evaluated in this FOT, was installed on the Template 2
Configuration 4 tractors. It allowed greater diagnostic and prognostic capabilities than earlier

Bendix products. The Premium level ABS6 included conventional ABS capability (in this FOT,
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6S/4M), and ATC, generically described below under Enabled Technologies. Premium ABS6
had the authority to adjust the engine torque when necessary. All commercial versions have

architecture, including sensors and relays that are similar to those in conventional ABS.

Special features of the Bendix Premium ABS6 include the ability to blend the brake force
between the two wheels on the steer axle to reduce the side pull when the friction under the two
wheels is significantly different. When the vehicle is in thick mud or other special conditions,

the driver can select an “off road” ABS mode, which allows the wheels to lock during braking.

2.3 Enabled Technologies

Modern braking systems can perform functions beyond merely stopping the vehicle. For
example, they can help the driver maintain control of the vehicle in adverse driving conditions.
They can also adjust the brake pressure according to the conditions of the individual brake

linings. Many of the capabilities enabled by recent developments were evaluated in this FOT.

Some of these enabled technologies (i.e., ACC, RSC, and ESC) are designed only for the tractor.
Two technologies that assist with roll stability are designed for trailers: RSS and the Trailer Roll
Stability Program (TRSP) ™ (Bendix). Two distinct systems for monitoring the physical
conditions of the brakes—brake performance monitoring (BPM) and lining wear sensing and
control (LWS&C)—uwere deployed on various vehicles in the FOT. In addition, some tractors
were equipped with ATC, because the technology was bundled with other enabled technologies.

ATC per se was not evaluated in this FOT.

Training materials for the safety-related systems caution the driver that no technological device
can prevent all accidents of a certain type and that the driver must remain fully in charge of the

vehicle’s safety.

Table 2-4 below summarizes which cruise control technology, if any, was installed on the

vehicles as a function of template and configuration.
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Table 2-4. Configurations for Examining Cruise Control Technology

2.3.1 Adaptive Cruise Control

Template 2 Template 3
Configuration Tractors Trailers | Configuration Tractors Trailers
Configuration 1 ACC - Profiling - -
Configuration 2 ACC - T3 ACC -
Configuration 3 ACC -

Configuration4 | CCC : 6CC - Gonventonal ruise control

Adaptive cruise control (ACC) helps the driver maintain a safe following distance behind the

vehicle ahead of the truck or maintain a pre-set constant speed (Figure 2-3). It uses a radar

(Figure 2-4) to sense other vehicles ahead and, when necessary, slows the truck.

Without target vehicle

Constant Speed A | Host Vehicle
<l:| =]
Om©© ©©
With target vehicle
Target Constant Following ‘ .
- Host Vehicl
Vehicle Interval 3 ost Vehicle
g < OO eil®

Figure 2-3. Principle of Operation of Adaptive Cruise Control
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Figure 2-4. Radar Antenna Mounted Near the Front Bumper without (left) and
with Cover (right)

The driver operates the system in a manner similar to conventional cruise control (CCC). Rather
than selecting a constant speed for the truck to automatically maintain, with ACC, the driver is
actually selecting a maximum speed, which the truck will maintain when there is no lead vehicle
in the lane on front of the truck. A display screen to the right of the steering wheel (shown in
Figure 2-5) keeps the driver apprised of the system’s status. It tells the driver when the system is
active and what the maximum set speed is. If a lead vehicle is detected, the system tells the
driver of the other vehicle’s presence, its speed, and the gap between the two vehicles. If the
truck is closing on the lead vehicle, the system will reduce the vehicle speed to match that of the
lead vehicle and maintain the following distance. To do so, the system will first decrease engine
torque, apply a retarder, downshift the transmission (if it is automatic), and apply the foundation
brakes (up to 0.25¢) as it deems necessary. If the vehicle is closing rapidly, the system will alert
the driver through audible and visual signals. When there is a fault, the display also informs the

driver, and the system shuts down.
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Figure 2-5. ACC Display Installed in the Tractor Dash

Tractors equipped with ACC also have a collision warning system (CWS). The CWS sounds an
alarm and displays a warning indicator (Figure 2-6) if the system detects another vehicle too
close in front of the tractor. CWS is merely a warning system; it does not slow the truck. The
collision warning function is always operating, regardless of whether the cruise control is
activated.
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ACC set sreed:

55 B mrh

Figure 2-6. Warning Indicator Displayed by the Collision Warning System
when ACC is On (top) and Off (bottom)

The key to the ACC system is a radar with a detection range of approximately 20 to 450 ft. It
operates at 76 to 77 GHz. An Electronic Control Unit (ECU) gathers the information collected
by the radar and, if the data are indicative of the presence of the lead vehicle within the detection
range, the system ECU calculates the distance to the lead vehicle and the relative speed of the
two vehicles. The radar can measure the azimuth (direction) of target vehicles. It combines that

information with the road curvature, which is estimated from the tractor’s measured yaw rate, to
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determine whether a target is in the same lane as the truck. The ECU communicates with the rest
of the vehicle through the Society of Automotive Engineers (SAE) J1939 bus*, which is now

virtually universal on high-end commercial vehicles.

ACC was manufactured by Meritor WABCO and installed on all tractors equipped with
WABCO ABS or Meritor WABCO ECBS. While the way foundation brakes are applied differs
between the vehicle platforms, the functionality of ACC is the same on tractors equipped with
ECBS and ABS. On a tractor equipped with ABS, ACC applies the brakes by activating the
solenoid valve for the ATC. On a tractor equipped with ECBS, ACC applies the brake by
sending an electronic control signal using the ECBS network. As such, ACC can more directly
and readily control the foundation brake applications when the vehicle is also equipped with
ECBS.

Several technologies installed on the FOT tractors and trailers were designed to enhance vehicle
stability, i.e., reduce the risk of stability-based incidents such as rollovers and jackknifes.
Table 2-5 below summarizes which enabled stability-based technology, if any, was installed on

the vehicles as a function of template and configuration.

Table 2-5. Configurations for Examining Stability-Based Technology

Template 2 Template 3
Configuration Tractors Trailers | Configuration Tractors Trailers
Configuration 1 RSC - Profiling - -
Configuration 2 RSC - T3 ESC RSS
Configuration 3 ESC RSS RSC — Roll stability control

ESC - Electronic stability control
. . RSS - Roll stability support
Configuration 4 - TRSP TRSP — Trailer Roll Stability Program™

* SAE J1939 is a series of SAE Recommended Practices that define architecture and protocol for a serial control and
communications network (i.e., a data bus) for various equipment types. Similarly, SAE J1587 is a joint SAE/Truck
Maintenance Council (TMC) Recommended practice for electronic data interchange between microcomputer
systems in heavy-duty vehicle applications.
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2.3.2 Roll Stability Control

Roll stability control (RSC) was one of several systems in the FOT that could apply one or more
brakes to help improve the stability of the vehicle and avoid various kinds of single-vehicle
crashes. RSC is a Meritor WABCO product that operates on tractors with conventional ABS.
The RSC continuously monitors a tilt sensor (an accelerometer) contained in the ECU, which is
normally mounted on the vehicle frame. When the RSC senses that the vehicle is in danger of
rolling over, most likely from rounding a curved exit ramp too fast, it slows the truck. The RSC

automatically engages when needed; the driver does not have to take any action.

When the RSC activates, it always first de-throttles the engine, and then may apply the retarder,
and engage the foundation brakes on the tractor’s drive axles and on the trailer. As with Meritor
WABCO’s ACC on conventional ABS tractors, the brakes are applied by activating the solenoid
valve for the ATC.

RSC partly senses and estimates the roll threshold of the vehicle by estimating the mass of the
combination vehicle and inferring the height of the trailer’s center of gravity. The ECU

communicates with the tractor through the J1939 bus.

The driver is notified of the presence of the RSC when the tractor is turned on, and it
momentarily lights the ATC lamp while it is engaged. A continuously lit ATC lamp indicates to
the driver that the ATC or RSC has a fault (Figure 2-2).

2.3.3 Electronic Stability Control

Electronic stability control (ESC), like RSC, can apply the brakes to slow the truck and reduce
the possibility of rollover. In addition, it can apply tractor brakes individually to support steering
stability and prevent yaw-induced instabilities. ESC is a Meritor WABCO product that was
installed on the tractors in the FOT equipped with Meritor WABCO ECBS.

As with the other stability-enhancing systems (RSC, RSS, TRSP), the driver does not operate the

ESC. The ESC activates in an appropriate manner when necessary and informs the driver,
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through an indicator lamp, that it is doing so. Of course, the driver may also sense the slowing of
the vehicle, or the reduced engine torque, retarder, or service brakes. The software tools
provided to the mechanics for diagnosing faults with the ECBS include features for

troubleshooting the ESC when necessary.

The functionality of the roll stability feature of the ESC is essentially identical to the ABS-based
RSC. When working to prevent a roll, the ESC will always reduce the torque of the engine. If
the magnitude of the rollover risk is greater, it will engage the retarder or apply the service
brakes on the steer, drive, and trailer axles. The ESC, like the RSC, can help prevent so-called
“untripped” rollovers—those that occur on the road when friction is good. (Tripped rollovers are

those that occur when, for example, a truck strikes a curb or rolls down an embankment.)

When friction is poor, the greater concern is yaw control, or the driver’s ability to steer. The
truck may jackknife or plow out (“oversteer” or “understeer,” respectively). The ESC, unlike the
other stability systems in the FOT, can address steering (yaw) stability as well. It selectively
applies one of the steer axle brakes to keep the tractor aligned with the roadway, while applying
brakes on both sides of the drive axle to slow the vehicle. The ESC continuously monitors the
driver’s intended path by measuring the steering wheel angle. ESC determines whether the
tractor is turning according to the driver’s intentions. If the actual turning matches the intended
path curvature, all is well. If the tractor starts to turn more sharply than the driver intended, a
jackknife is about to occur, so the ESC will brake the steer tire on the outside of the curve, to
correct the tractor’s angle and ensure that the tractor turns as the driver intended. If the tractor is
turning less sharply than the driver’s steering wheel angle is requesting, ESC will brake the drive

tire on the inner side of the curve (Figure 2-7).

Meritor WABCO’s ESC functions as an extension of the ECBS. It requires two extra
components beyond those for the ECBS: an ESC module, which includes a yaw rate sensor and
a lateral accelerometer, and a steering angle sensor for the steering wheel. ESC also needs to
know the vehicle’s speed, which is measured by the tone rings for ABS. The ESC module is

mounted to the frame of the tractor so its sensors can properly measure the motion of the tractor.
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The built-in microprocessor continuously monitors the likelihood of both rollover and loss of

control, and will quickly apply the appropriate braking when needed.

with Stability Control

. Understeering
Oversteering

v =60 km/h

i =0.35 without Stability Control I

Figure 2-7. ESC Control Strategies in Yaw-induced Instabilities

The driver is notified of the presence of the ESC when the tractor is turned on, and when it is
active as it momentarily lights up the ATC/ESC lamp (Figure 2-2). When a fault occurs in the
ESC, the driver is notified by the ABS lamp, and the ESC shuts down. ESC diagnostics are

included in the ECBS computerized diagnostics tool.

2.3.4 Roll Stability Support

Meritor WABCO’s roll stability support (RSS) is a trailer technology enabled by Meritor
WABCO trailer ECBS. RSS slows the trailer, hence the truck, when the driver is rounding a
curve too fast and is in danger of rolling over. In its purpose, RSS is similar to RSC, but RSS

operates independently of the tractor’s brakes. The driver does not need to operate RSS; like the
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other stability systems evaluated in the FOT, it activates itself when necessary. RSS
communicates with the driver through the trailer ABS lamp mounted in the dash.

RSS, like the RSC, must infer the roll threshold of the vehicle. While RSC uses a combination
of engine torque and acceleration, RSS bases its estimate of the trailer’s mass on the air pressure
in the air suspension system. When the RSS detects a high lateral acceleration, it will briefly and
gently apply the trailer brakes to test the actual rollover propensity. If an imminent rollover is
confirmed, RSS will apply the brakes on the outer side at full pressure and the brakes on the
inner side at a lower pressure. The driver’s braking inputs have priority: if the driver commands

a braking level greater than RSS is providing, RSS will switch off.

RSS is integrated with the ECBS system on the trailer. It requires no specialty hardware, though
the control line must have a filter, and brake lights must be LEDs. RSS operates independently
of the tractor’s braking system, which can be ABS or ECBS, with or without a stability-
enhancing system of its own. The ECU has a connection to a computer to help mechanics

diagnose problems.

2.3.5 Trailer Roll Stability Program™

The Bendix Trailer Roll Stability Program™ (TRSP) is a trailer-based technology enabled by the
Bendix ECBS. This technology was deployed on the Template 2 Configuration 4 trailers.

TRSP, like the Meritor WABCO RSS, intends to reduce the likelihood of rollovers using a
system completely contained on the trailer. The system includes a lateral accelerometer to

measure the side forces developed while a trailer rounds a curve.

In a manner conceptually similar to the RSS, the TRSP first gently applies the brakes to all trailer
tires when it detects a lateral acceleration that is high enough to cause concern. If the trailer truly
is in danger of rolling over, the wheels on the inside of the curve will be lightly loaded (i.e., the
centrifugal force of the turn will be lifting those wheels upward away from the ground), and the
ABS wheel spin sensor will note that they are slowed considerably by the gentle braking. The

TRSP will then apply the trailer brakes strongly to slow the truck and reduce the chance of
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rollover. The sudden slowing will alert the driver to the situation. Should the trailer be firmly on
the ground when the gentle, test application occurs, the rotation of those inside wheels will be

unchanged, and the system will learn that the trailer is loaded in a relatively stable configuration.

2.3.6 Brake Performance Monitoring

A brake performance monitoring (BPM) system was deployed on the Meritor WABCO ABS
tractors (Template 2, Tractor Configurations 1 and 2). The monitoring process is based on ABS
wheel speed signals. Two mileage counters are used: one to measure the unbraked distance
traveled, and the other to measure the braked distance traveled. The system is designed to
compensate for the different tracks of wheels when negotiating a curve, by comparing the wheel
speed values of wheels that are diagonal to each other.

The BPM system stores and transmits messages as with other ABS data elements, and stored
information can be extracted using diagnostic software. The goal is for the BPM system to
detect a 30 percent reduction in brake performance, based on comparisons of slip among

different wheels.

2.3.7 Lining Wear Control

Lining wear control (LWC) technology is intended to detect uneven brake lining wear and
balance the wear across all brakes. In a non-critical braking process, the brake force distribution
is adjusted according to the wear signals received by the LWC technology from lining wear
sensors, if a variance in lining wear is perceived. The pressure on the wheel brakes showing
more wear is reduced slightly, the pressure on the wheel brakes showing less wear being
increased correspondingly, thus ensuring that the total retardation requested by the driver is
provided. Individual control according to the wear criteria on both front and rear axles
harmonizes lining wear. By evenly spreading the load across all wheel brakes, total wear is

minimized. In addition, maintenance and lining change intervals coincide.

LWC was installed only on Meritor WABCO ECBS tractors in this FOT.
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2.3.8 Lining Wear Sensing

Lining wear sensors (potentiometers for disc brakes or limit switches for drum brakes) were
installed at each individual wheel to monitor the degree of wear of the linings in the wheel
brakes on FOT trucks. LWS was installed by Bendix on their ADB on tractors equipped with
Meritor WABCO ECBS and LWC. The sensor signals from the tractor front axle are picked up
by the central module; those from the rear axle by the axle modulator. Signal processing and
error monitoring for the rear axle are covered by the axle modulator, permitting the sensor values

to be made available to the central module via the data bus.

2.3.9 Automatic Traction Control

Automatic traction control (ATC, also known as “traction control,” traction control system, or
TCS) is a commercial product already installed on 10 percent of the large trucks in North
America. ATC prevents the drive tires from spinning excessively when road friction is low, as in
mud or snow. When the wheel speed sensor detects that a wheel has begun to spin too quickly, a
solenoid valve opens to apply the brake and slow the wheel. A light in the cab alerts the driver
that the ATC is activated (Figure 2-2). Drivers can activate or de-activate the system for deep
snow or mud conditions. ATC was installed on all tractors equipped with ECBS or ABS6 in this
FOT.
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3.0 FIELD OPERATIONAL TEST

Task 1 of the project was dedicated to the development of the Field Operational Test Plan. The
Freightliner Team developed an approach in its proposal (Freightliner 2003) without knowledge
of the IE’s approach to evaluating the technologies (Booz Allen Hamilton 2004). As such, the
initial task of the project was specifically designed for the USDOT, the Freightliner Team, and
the IE to work together to further refine the Freightliner Team’s approach and to ensure that all
objectives of the USDOT would be met. This section highlights the activities that took place in
Task 1, and then describes the elements of the Field Operational Test Plan (Freightliner 2005).

3.1 Task 1l: FOT Test Plan

3.1.1 Chronological Description of Work Performed

Following the announcement by the USDOT of the selection of the Freightliner Team as
conductor Team for the ECBS FOT on May 1, 2003, the project kickoff meeting was held on
June 10, 2003, with representatives of the USDOT, the IE, and the Freightliner Team. The
Freightliner Team presented its approach as defined by its combined template technical proposal
(Freightliner 2003) and learned about the evaluation approach of the IE (Booz Allen Hamilton
2004). During this initial period of the program, members of the Freightliner Team worked
together to review and, if necessary, revise strategies and plans for the FOT. These meetings
included regular conference calls and visits with the fleet, vehicle manufacturers, technology
vendors, and data instrumentation partners. Strategies and plans including system design,
technology integration plans, and implementation for data collection were reviewed in depth and
revised as needed.

Following the initial kickoff meeting, the USDOT, the IE, and the Freightliner Team held a
workshop at the USDOT on August 6, 2003, to further review the technical approach proposed
by the Freightliner Team. Also, changes resulting from information received from team
members, and from the needs of the evaluation approach presented by the IE, were discussed.

After appropriate adjustments to the technical approach were identified, worked out, and
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integrated within the test plan, the Freightliner Team convened all teams in a workshop at
Freightliner’s headquarters in Portland, Oregon, on December 9, 2003. Representatives of the
USDOT, the IE, and the Freightliner Team at large participated, including Freightliner, Battelle,
Meritor WABCO, Bendix, the Aberdeen Test Center, and Hendrickson. During the workshop,
consensus was obtained on the path to move forward, integrating the Conductor Team’s
proposed plan with the IE evaluation plan, to create an FOT plan. The draft FOT test plan was
submitted to the USDOT for review (Freightliner 2004a), then finalized and submitted to the
USDOT after incorporation of the USDOT’s comments (Freightliner 2005). The final FOT test
plan reflected all changes and adjustments to the original technical proposal submitted to the
USDOT (Freightliner 2003).

3.1.2 Elements of the FOT Test Plan

This section describes the elements of the FOT test plan: experimental design (vehicle
specification, quantities of vehicles, data collection schedule) for both Templates 2 and 3,

Wal* Mart fleet operation specifics, and data collection/management information. First, this
section highlights elements of the experimental design which, by impacting the data collected in
the FOT, are instrumental to the evaluation of the technologies and analyses conducted by the IE.
Then, details on the Wal * Mart fleet operations are presented: the service area and routes driven
by the tractors, the vehicle tracking practices, the maintenance management, and the drivers are
described. Finally, relevant elements of the data collection and management plan are presented.

3.1.2.1 Experimental Design

This section provides an overview of the FOT experimental design elements first for Template 2
and then for Template 3. Specific elements discussed are vehicle specifications, vehicle
quantities, vehicle on-board DAS, and the data collection schedule (test phases). Additional
details can be found in the final Test Plan (Freightliner 2005). The Freightliner Team carefully
developed the experimental designs of both Template 2 and Template 3 to ensure that data were
collected appropriately and in quantities sufficient to yield objective and statistically significant

results.
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Template 2: Mixed Tractor-Trailer Combinations

In Template 2, tractors and trailers with various brake technologies were mixed and matched to

evaluate compatibility and performance of the technologies.

Quantities and Specifications of Tractors and Trailers

The original solicitation required that a minimum of 10 tractors equipped with ECBS from one
supplier and 10 trailers equipped with ECBS from a different supplier be placed in an operating
environment, allowing ECBS vehicles to be paired with each other and with non-ECBS
equipment. In addition, the original solicitation encouraged the inclusion of “Advanced Brake

Safety System Components,” i.e., advanced safety technologies.

The Freightliner Team proposed to evaluate ECBS from Meritor WABCO and Bendix, as well
as novel brake technologies, specifically disc brakes and a new-generation ABS for tractors, the
Bendix ABS6. Tractors and trailers were placed into four (4) groups based on their brake
configurations (combination of the type of brake control and the type of foundation brake), as
shown below:

Configuration 1. ABS and drum brakes (tractor and trailer)

Configuration 2. ABS and disc brakes (tractor and trailer)

Configuration 3. ECBS and disc brakes (tractor and trailer)

Configuration 4. ABS6 and disc brakes (tractor), ECBS and disc brakes (trailer only).

The first group of tractors and trailers, Configuration 1, was representative of vehicles used by
most fleets today, Wal *Mart included. The second group, Configuration 2, was similar to
Configuration 1 except that the vehicles were equipped with disc brakes rather than drum brakes.
Configuration 3 vehicles had the same foundation brakes as Configuration 2 vehicles (disc), but
the brake control was ECBS rather than ABS. Finally, Configuration 4 tractors were equipped
with a new-generation ABS, the Bendix ABS6, and trailers were equipped with a Bendix-
provided ECBS. In essence, Configurations 3 and 4 vehicles represented the new generation of
vehicle braking systems offered by Meritor WABCO and Bendix at the time of the design of the

FOT, respectively. These are sometimes referred to as “next generation” systems.
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Since these tractors and trailers were paired randomly in operations, the various configurations of
tractors and trailers yielded a total of sixteen (16) possible mixed or matched combinations, and
associated relevant ECBS/ABS compatibility and performance data, as illustrated in Table 3-1.
Data from various mixed vehicle combinations were available for analyses: ABS tractors paired
with ECBS trailers, ECBS tractors paired with ABS trailers, and ECBS tractors paired with
ECBS trailers from a different vendor.

Table 3-1. Matrix Table Showing all 16 Possible Combinations of Tractors and Trailers
(Template 2), with Corresponding Combination Type: Matched (v') or Mixed (x)

Trailer C1 C2 C3 C4
MW ABS MW ABS MW ECBS BDX ECBS
Tractor drum brakes disc brakes disc brakes disc brakes
c1 MW ABS v % % %
drum brakes
c2 MWABS X v X X
disc brakes
c3 MWECBS x x v x
disc brakes
cq4 BDXABSE X X X X
disc brakes
C# Configuration # MW  Meritor WABCO BDX Bendix

In addition to the brake systems under evaluation as listed above and in accordance with the
recommendations of the original solicitation, all tractor-trailers were also equipped with safety
technologies enabled or enhanced by ECBS or ABS:
e ECBS-enabled technologies
o ACC
o ESC
o RSSor TRSP™
0 Lining wear sensing and control (LWS&C)
e ABS-enabled technologies
o ACC
o RSC
o BPM
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Figures 3-1 through 3-8 illustrate the brake-related technologies that were evaluated on each

tractor and trailer configuration in Template 2.

A summary of the vehicle specifications combining foundation brakes, brake control systems,
and enabled technologies is included in Table 3-2 for the four configurations of tractors and
trailers. Corresponding quantities of vehicles are also shown in the table. A total of forty (40)
tractors and sixty (60) trailers were equipped with ECBS or ABS technology, instrumented, and
evaluated in this template. The ratio of FOT trailers to FOT tractors was increased to 1.5 to
facilitate the matching of the Template 2 tractors with Template 2 trailers. Because of the nature
of Wal* Mart operations, the tractors and trailers were assigned randomly to each other within a
sub-fleet. Increasing the number of trailers increased the probability of matching vehicles within
the sub-fleet.
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Template 2
Tractor Configuration 1

Mentar WABCO ABS Drum

— Qualcomm
P g =
ABS Red Light

i
| Bt
f i -_—
\ / ACE Display

Meritor WaBEO
- MBS ECL ([ESM4M) and
~  RSC

BFM

Arvin Meritor Drum Brakes and
Alr Suspension (A0 Axles) y
ACC Radar and ECU

Figure 3-1. Template 2, Tractor Configuration 1: Meritor WABCO ABS Drum

Template 2
Tractor Configuration 2

Meritor WABCO ABS Disc

__——— Qualeomm
= e,
ABS Red Light

_\\ E ACC Display

Meritor WABCO
 ABS EGU {554M) and

RS

EBFM

i
Bendix Knorr Disc Brakes and
Air Suspansion
(All Axles)

Figure 3-2. Template 2, Tractor Configuration 2: Meritor WABCO ABS Disc

P
ACC Radar and ECU
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Template 2
Tractor Configuration 3

Meritor WABCO ECES Disc

—— Cualeamm
= |
ABS Red Ligh

i
[ -_—
\\ ACC Display
_ W / ECES Amber Light

Mesritor VWABCO
. ECBS ECU (45/4M) and
g = o

Bendix Knorr Disc Brakes,
Air Suspension, and ;
Lining Wear Sensing and CGontrol ACC Radar and ECLU

{All Axles)
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Figure 3-3. Template 2, Tractor Configuration 3: Meritor WABCO ECBS Disc

Template 2
Tractor Configuration 4

Bendix ABSE Disc
_—— Qualcomm

Pl I _E_ .T-'_.::—"""-h.,_\_ )
ABSE Red Light

|Ir -—
——N |

Bendix Knarr Air Disc Brakes and
Air Suspension ACC Radar Only
(AN fodes) (Mo Display)

- Bendix ABSE (G5/4M)

Figure 3-4. Template 2, Tractor Configuration 4: Bendix ABS6 Disc
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Template 2
Trailer Configuration 1

Meritor WABCO ABS Drum

GE VeriVWise Tracking

Meritor WABCO ABS ECL (45/2M)
Arvin Meritor Drum Brakes

Spring Suspension

Figure 3-5. Template 2, Trailer Configuration 1: Meritor WABCO ABS Drum

Template 2
Trailer Configuration 2

Meritor WABCO ABS Disc
GE VeriWize Tracking
!

Meritor WABCO ABS ECL (45/2M)
Arvin Meritor Disc Brakes
Spring Suzpensicn

Figure 3-6. Template 2, Trailer Configuration 2. Meritor WABCO ABS Disc
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Template 2
Trailer Configuration 3

Meritor WABCO ECBS Disc
GE VeriWise Tracking

/

Meritor WABCO ECBS ECU (4S/2M) and RSS
Bendix Knorr Disc Brakes
Air Suspension

Figure 3-7. Template 2, Trailer Configuration 3: Meritor WABCO ECBS Disc

Template 2
Trailer Configuration 4

Bendix ECBS Disc
GE VeriWise Tracking

/

Bendix ECBS ECU (4S/2M) and TRSP
Bendix Knorr Disc Brakes
Air Suspension

Figure 3-8. Template 2, Trailer Configuration 4: Bendix ECBS Disc
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Table 3-2. Quantities and Specifications of Tractors and Trailers (Template 2)

TRACTOR TRAILER
Configuration # | Technologies Configuration # | Technologies
WABCO ABS (6S/4M) WABCO ABS (4S/2M)
Configuration 1 Meritor drum brakes Configuration 1 Meritor drum brakes
“MW ABS drum” 10 | nmnm e T “MW ABS drum” 15 |
ACC **
T2C1 RSC** T2C1
BPM®
WABCO ABS (6S/4M) WABCO ABS (4S/2M)
Configuration 2 Bendix disc brakes Configuration 2 Arvin Meritor disc brakes
“MW ABS disc” 10 | nmm e T “MW ABS disc” 15 |
ACC **
T2C2 RSC** T2C2
BPM®
Meritor WABCO 1E/2P ECBS (4S/4M) Meritor WABCO 1E/1P ECBS (4S/2M)
Configuration 3 Bendix disc brakes Configuration 3 Bendix disc brakes’
“MW ECBS disC” | 4 [0 777777 TTTTTTTTTTTTTTTTmmmmmmosssmeeees “MW ECBS disC” | 4qg [777777 77 7TTTTTTTTommmmmmmm s
T2C3 ESC®* T2C3 RSS™**
LWS & C°
_Configuration 4 Bendix ABS6 (6S/6M) _Configuration 4 Bendix 1E/1P ECBS (4S/2M)
BDXABS6disc” | ., | Bendix disc brakes BDXECBS disc” | . | Bendix disc brakes*
T2C4 | | T2C4 TRSP®
Total | 40 Total | 60

MW  Meritor WABCO
ACC Adaptive cruise control, with service brakes (Meritor WABCO)

AWN -

BDX  Bendix

RSC Roll stability control, with service brakes (Meritor WABCO)
BPM Brake performance monitoring

Trailers with Bendix disc brakes were equipped with an air
suspension. Configurations 1 and 2 trailers were equipped with

spring suspension.
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ESC Electronic stability control (Meritor WABCO)
LWS & C Lining wear sensing and control

RSS Roll stability support (Meritor WABCO)
TRSP Trailer Roll Stability Program™ (Bendix)

** Indicates enabled technologies.
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Vehicle Instrumentation

Since, in this Template, tractors and trailers would be randomly assigned to each other, each
vehicle was instrumented and equipped with a self-contained DAS. As such, data were collected
on the trailers independently of the data collected on the tractors, and vice-versa, at any given
time in Template 2. The data were acquired continuously at a fixed sampling rate of 10 Hz. The
vehicle dynamics of a loaded tractor-trailer typically exhibit a sufficiently low frequency
response that they can be adequately captured and studied with a 10-Hz data acquisition rate.
Figures 3-9 and 3-10 illustrate the DAS as integrated on the Template 2 tractors and trailers.
Additional details of the instrumentation, including sensors, wiring, and data compiling and

storage, are provided in Appendix A.

Tractor Data Acquisition System and Sensors

Widea Camera
Tractor Protection Valve .
{Trader Caniral akee) 4lr Frossars GPE L'lmfdnbe 3 Oy}

3 .
\ — é/ /| Windshield Wiper
b —_—, ¢/ :
| J Fi Steering Angla
"-‘K X ]

-' /s /

Brake Treadle
DAS Unit
Lateral Acceleradon Wl‘i:l' Frassiry

Longitudinal Accalaration

Yow Rale , i
-
o %
Suspension 1
Prissune
-._“l-
’ S -
S
A Wheels:
Speed s Rir Huadr:'lghtu ana;;Bp?J’?g;m
Braik Air Prassina Compressor a 14 ]
Preasurs Tuirn Signals

Figure 3-9. Schematic of DAS Installation on FOT Tractors
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Template 2 Trailers

Data Acquisition Systam and Sensars
GPS

=<

1]
s
/J A §
P i
i /
All Wheals: I
Speed ! .
Brake Air Pressure DAS Unit

If Ar Sugpension:
Suspension Pressure

Figure 3-10. Schematic of DAS Installation on Template 2 Trailers

Data Collection Schedule and Test Phases

Figure 3-11 illustrates the Template 2 schedule for collecting data over a 12-month period. The
data collection period was subdivided into two phases, beginning with a control phase in which
normal driving performance data in the absence of advanced enabled safety technologies were
recorded in each vehicle. As such, the data were collected to enable the comparative analyses of
the ECBS versus ABS, and disc brakes versus drum brakes without the advanced safety
technologies. These data also serve as control data for the analysis of advanced safety
technologies. In the second phase of the data collection period, all enabled safety technologies

were activated, hence permitting the evaluation of their combined potential safety benefits.

Based on the annual tractor mileage, the ratio of trailers to tractors, the number of vehicles in
each group, and the duration of the data collection period, statistical analyses estimated that the
total number of vehicle miles traveled (VMT) collected during the FOT would be sufficient to

draw statistically significant conclusions.
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Phase 1

Foundation brakes & control systems
are installed and ON:
ABS, ECBS, ABS6
Drum, Disc Brakes

Enabled Technologies ** are OFF

Phase 2

Foundation brakes & control systems
are installed and ON:
ABS, ECBS, ABS6
Drum, Disc Brakes

Enabled Technologies are ON:

ACC
RSC
ESC
RSS

TRSP™

Figure 3-11. Data Collection Schedule (Template 2)

Template 3: Matched Tractor-Trailer Combinations

In Template 3, tractors and trailers equipped with ECBS from the same vendor were paired to

evaluate the performance and safety benefits of ECBS and enabled advanced safety systems.

Quantities and Specifications of Tractors and Trailers

The original solicitation required that tractors and trailers be equipped with ECBS from one
supplier and be placed in an operating environment allowing ECBS vehicles to be operated in
“married pair” combinations for 12 months. A “married pair” combination was defined as a
combination in which a tractor and a trailer remain connected to each other during the day-to-day
operations of the FOT. A control fleet was also required to allow comparison of the performance
of ECBS versus non-ECBS vehicles. In addition, the original solicitation required that
“Advanced Brake Safety System Components” designed to improve the vehicle’s crash

avoidance capability, i.e., advanced safety technologies, be installed on the vehicles.

The Freightliner Team equipped tractors and trailers with ECBS and advanced safety
technologies, all provided by one vendor, Meritor WABCO. The Freightliner Team also
installed disc brakes on all Template 3 tractors and trailers. The advanced safety technologies
included:

e ACC

e ESC
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This configuration of tractors and trailers, referenced herein as “Template 3,” was identical to

Template 2, Configuration 3 tractors and trailers.

In addition, existing Wal x Mart tractors and trailers were included in the experimental design to

provide baseline or profiling information on general driving behavior of the Template 3 drivers.

These vehicles are referred to as “T3 baseline vehicles” in this report.

Figures 3-12 through 3-15 illustrate the brake-related technologies that were evaluated on T3

tractors and trailers, as well as the T3 baseline vehicles used for driver profiling. In these

illustrations, the ECBS vehicles are labeled as “Configuration 3” and the baseline vehicles are

labeled as “Configuration 0.”

Template 3
Tractor Configuration 3
Meritar WABC.C ECES Disc
T et Cualoomim
= e
-_— ABS Red Light
\ - ACC Display
B /" ECBS Amber Light

Meriter WABCD

ESC

Bendia Knodr Disc Brakes
Air Susgension, and
Lining Wear Senaing and Control ACC Radar and ECU
Al Axles)

-ECES ECL (4504M) and

Figure 3-12. Template 3, Tractor Configuration 3: Meritor WABCO ECBS Disc

FREIGHTLINER LLC




DTFH61-02-X-00096 ECBS FOT Final Report Page 46

Template 3
Trailer Configuration 3

Meritor WABCO ECES Disc

GE VariWizse Tracking

Meritor WABC O ECBS ECU (45/2M) and RSS
Bendix Knor Dizc Brakes
Spring Suspension

Figure 3-13. Template 3, Trailer Configuration 3: Meritor WABCO ECBS Disc

- Template 3:
Tractor Configuration 0

Existing Wal*Mart Tractors

WABCO ABS
ECU (45/4M)

Meritor Drum Brakes and
Air Suspenston (All axles)

Figure 3-14. Template 3, Tractor Configuration 0: Existing WalxMart Tractors
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Template 3
Trailer Configuration 0

Existing WalxMart Trailers

= - , —
-________—————— E_* 5
e —— - ) )
— e e —
LT - - - - - - - - - - L =1 S L)

Meritor Drum Brakes (All axles)
and Spring Suspension WABCO ABS ECU (2S/1M)

Figure 3-15. Template 3, Trailer Configuration 0: Existing WalxMart Trailers

Table 3-3 lists the specifications for the two configurations of tractors and trailers, as well as
their corresponding quantities. A total of eight (8) existing Wal* Mart tractors, eight (8) ECBS
tractors, and forty (40) ECBS trailers were instrumented and evaluated in this template. The
ratio of FOT trailers to FOT tractors was increased to 5 to match the ratio of trailers to tractors in
the Wal > Mart fleet and to satisfy the FOT requirements within the normal Wal* Mart “drop and
hook” operations. Since Wal* Mart does not ordinarily operate tractors and trailers in “married”
combinations, this increased ratio allowed each ECBS tractor to be always matched to an ECBS
trailer (not necessarily the same trailer) during the 12-month data collection. To further facilitate
vehicle matching, these Template 3 vehicles were operated on dedicated fixed routes as detailed
later.

Vehicle Instrumentation

Template 3 tractors and trailers were instrumented with DASs developed by the Aberdeen Test
Center. Since the vehicles were in matched pairs in this template, the data collected on the
trailers were sent to the corresponding tractor’s DAS unit for storage. As such, data from the
tractors and trailers were retrieved simultaneously from the same device. In the event that the

tractor was not connected to the trailer, or if the connector for data transfer between the trailer
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and the tractor was not in place, only tractor data were available. Baseline T3 tractors were also
instrumented for data acquisition. Since driver profiling was the focus of the baseline data
collection, trailers pulled by baseline tractors were not instrumented. Similarly to Template 2,
the data were acquired continuously at a fixed sampling rate of 10 Hz. Figures 3-16 and 3-17
illustrate the DAS as integrated on the Template 3 tractors and trailers. Additional details of the

instrumentation are provided in Appendix A.

Tractor Data Acquisition System and Sensors
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Figure 3-16. Schematic of DAS Installation on FOT Tractors
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Template 3 Trailers
Data Acquisiton System and Sensors
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. ] N
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ead !
Brake Al Prassure Mini-DAS Unit
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Figure 3-17. Schematic of DAS Installation on Template 3 Trailers

Data Collection Schedule and Test Phases

Figure 3-18 illustrates the Template 3 schedule for collecting data from baseline tractors and
matched FOT combination vehicles over a 14-month period. The data collection period was
divided into three phases: a driver baselining phase (Phase 0), an ECBS control phase (Phase 1),
and an ECBS with enabled safety technology assessment phase (Phase 2).

Based on the annual tractor mileage, the ratio of trailers to tractors, the number of vehicles in
each group, and the duration of the data collection period, statistical analyses estimated that the
total number of VMT collected during the FOT would be sufficient to draw statistically

significant conclusions.
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Table 3-3. Quantities and Specifications of Tractors and Trailers (Template 3)

TRACTOR TRAILER
Configuration # | Technologies Configuration # | Technologies
Existing Wal* Mart tractors: Existing WalxMart trailers:
Configuration 0 8 WABCO ABS Configuration 0 / WABCO ABS
“Driver baseline” | © | Meritor drum brakes | “Driver baseline” | M@ | _Meritordrumbrakes
i i Meritor Wabco 1E/2P ECBS (4S/4M) ) i Meritor Wabco 1E/1P ECBS (4S/2M)
Configuration 3 Bendix disc brakes Configuration 3 Bendix disc brakes®
“MW> ECBS disC” | o |ooooooo ] “MW> ECBS disC” | A oo .
8 Ton 40
T3 ACC, T3 .
ESC™* RSS™*
Wear lining sensing & control
MW  Meritor WABCO ** Indicates enabled technologies.
1 ACC Adaptive cruise control, w/ service brakes 3 Trailers with Bendix disc brakes are equipped with an air
(Meritor WABCO) suspension.
2 ESC Electronic stability control (Meritor WABCO) 4 RSS Roll stability support (Meritor WABCO)
Timeline
Phase 0: Baselining Phase 1 Phase 2
Wal*xMart units FOT vehicles FOT vehicles
ABS, Drum Brakes ECBS, Disc Brakes ECBS, Disc Brakes
Enabled Technologies ** are OFF Enabled Technologies ** are ON
ACC
ESC
RSS

Figure 3-18. Data Collection Schedule (Template 3). Enabled Technologies are Indicated by (**).
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3.1.2.2 WalxMart Operations

While the previous subsection provided information on the experimental design of the test (i.e.,
numbers of vehicles, types of vehicles, configurations of vehicles, data collected), this subsection
summarizes elements of the fleet operations that are relevant to the test plan, i.e., elements that
impacted the vehicle operation and data collection. Specifically, this section presents vehicle
duty cycle, route characteristics, vehicle assignments, drivers’ characteristics, and maintenance
practices of the Wal * Mart fleet at the time of the FOT.

Wal* Mart operates a national fleet of tractors and semi-trailers for distribution of products and
perishables. The fleet numbers more than 5,500 tractors, and 32,000 trailers. Wal* Mart
averages 2,375,000,000 miles annually across the entire fleet and delivers to customers 24 hours
a day, 7 days a week. On average, each tractor is driven approximately 125,000 miles annually,
totaling 1,000,000 miles in 8 years. Operations are centralized around a given distribution center
or terminal, therefore leading to dedicated, regional operations. The transportation department of
Wal * Mart operates 38 distribution centers, each operating 135 tractors on average, up to a
maximum of 300 tractors, and 800 to 1,400 trailers. The average trip includes deliveries to one
or more of the 2,700 Wal * Mart stores, Wal x Mart Super Centers, and Sam’s Club stores from
and to one of the Wal > Mart distribution centers.

The field test involved naturalistic, day-to-day product delivery operations of Wal *x Mart.
Tractors operate out of a home distribution center and return to the base terminal upon
completion of their local trips, hence facilitating regular collection of data. The tractors and
trailers for this FOT were all placed in service in the Wal*xMart Loveland, Colorado, distribution

center, located north of Denver, Colorado.

The geographic span of the field test was, at the time of the start of the FOT, an area around the
terminal and defined by the locations of the trip destinations for delivery and/or pick-up. During
the project, trip destinations were somewhat altered with the acquisition or reorganization of
stores, hence making the service area dynamic. As shown on Figures 3-19 and 3-20, which
illustrate the service area at the beginning of the FOT, the Wal % Mart fleet operates on a variety
of routes (highways, urban roads, and/or country roads) in the mountainous region. As such, the
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frequency of brake applications observed on these vehicles was expected to be higher than that of
interstate long-haul vehicles traveling through the Midwest.

All Template 2 vehicles were operated on similar road types, for similar average trip mileage and
trip durations. Template 3 vehicles were operated on dedicated routes: each Template 3 tractor
was assigned a specific route to predetermined dedicated locations. Figure 3-21 illustrates the

location of dedicated stores within the service area around Loveland.

Each tractor is assigned to a given route for a minimum of six months. After six months,
Wal* Mart re-assigns routes as directed by their operational needs or organizational factors.

Most of Template 3 tractors remained assigned to dedicated routes for the duration of the FOT.
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Figure 3-19. WalxMart Stores Defining the Service Area of

the WalxMart Loveland (CO) Distribution Center:
Geographic Span and Major Highways
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Wal x Mart operations are “drop and hook” operations: trailers are loaded while a given tractor is

out on a trip delivering freight with another trailer. When the tractor finishes a given trip, the

driver exchanges his empty trailer for a loaded trailer. In this type of operations, trailers are

assigned to tractors in the Wal * Mart fleet on an as-needed basis, sometimes hourly, by the

dispatch operational group, and a given tractor may not always be married to the same trailer.

This type of operation is effective only when the number of trailers exceeds that of tractors, as is

seen in the Wal x Mart fleet (5-to-1 ratio). Since the FOT vehicles were driven within the normal
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Wal* Mart service operation, these observations were taken into consideration in the
development of the experimental design of the FOT by setting the ratio of trailers to tractors to
1.5 and 5 in Template 2 and Template 3, respectively. In addition, to optimize the data collection
process, all instrumented vehicles were tracked as they became part of sub-fleets, and the

Wal* Mart fleet managers worked to match sub-fleet tractors to sub-fleet trailers.

Wal * Mart utilizes Qualcomm satellite communication systems, which allow communication
and tracking of the tractor. Although it was not standard practice at Wal * Mart at the time of the
FOT, tracking was implemented on the FOT trailers by the Freightliner Team, to facilitate FOT
tractor-FOT trailer matching, and to ensure that no vehicle was lost or left the distribution center
region. Untethered tracking systems were implemented on each trailer in this field test using the

GE TIP satellite-based trailer tracking service with web access.

Wal* Mart has a retention rate for drivers that is well above the industry norm; the average
driver in this investigation has been driving for Wal xMart for 14 years. At the Loveland
terminal, each driver is assigned to a specific tractor and only occasionally drives others. Under
rare circumstances when the assigned tractor is unavailable, a driver may temporarily drive
another driver’s tractor for short durations. Drivers were assigned to the FOT tractors per normal
fleet procedures without any intentional bias: drivers who needed a new tractor at the time of the

FOT were assigned to any one of the FOT tractors.

Operations are organized around the clock, with no specific company restrictions on start/stop
times other than those imposed by orders and loads to be delivered. Route assignments were
made among the fleet of FOT vehicles per normal fleet procedures to satisfy fleet operational
needs, without biased route assignments. In Template 3, vehicle/driver pairs were assigned to

pre-defined routes, i.e., dedicated routes, per normal Wal * Mart processes.

To track and record vehicle maintenance parts, labor, and cost data, Wal * Mart utilizes Fleet
Assistant, a software product originally developed by Freightliner. Fleet Assistant is a complete

fleet management application designed to help companies easily organize all maintenance and
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repair information, schedule maintenance, and track vehicle life cycle costs using American

Trucking Associations (ATA) maintenance codes.

3.1.2.3 Data Collection and Data Management

As detailed in the final test plan (Freightliner 2005), the data collected in this FOT included the
following:

e Onboard driving data. Data relevant to brake system performance and safety-related
vehicle dynamics were recorded continuously on the vehicles throughout the FOT.

e Brake and tire-related maintenance data. Relevant Wal* Mart maintenance records
were collected and provided to the IE for use in estimating the reliability, performance,
and costs associated with the new technologies with respect to conventional technologies.

e Surveys. Drivers and mechanics were questioned to seek their opinions on the reliability,

maintainability, and safety impacts of the new systems.

These data sets are discussed in more detail in the following sections.

3.2 Task 2: “Assemble Test Vehicles with Electronically Controlled
Braking System (ECBS)” and Task 3: “Conduct ECBS and
Data Acquisition System (DAS) Checkout Testing”

3.2.1 Description of Work Performed

This section of the final report describes in detail the FOT preparation and checkout activities
that took place prior to the start of the data collection period. Activities were carried out to:
e Prepare the vehicles for the field test, including installation, integration, and checkout of
the vehicle safety technologies and the instrumentation in each vehicle platform
e Develop and set up the infrastructure and processes needed for data collection and
management, including logistics and plans for transferring, storing, and validating the
data collected
e Prepare for the FOT to be conducted in the fleet operations, including developing training
material for the drivers and mechanics, developing support materials and processes, and

understanding driver assignments.
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The Freightliner Team selected a stepwise approach to prepare the vehicles for the FOT. Indeed,
to maximize the successful implementation of systems and instrumentation on the vehicles, the
Freightliner Team developed and tested systems (technologies and instrumentation) on pilot
vehicles in advance of the construction of the FOT tractors and trailers for service. Following
activities on the pilot vehicles, the Freightliner Team built and instrumented FOT vehicles. In
parallel, the Freightliner Team also instrumented existing Wal * Mart tractors to collect baseline

driver information in Template 3. Details of activities are presented below.

In parallel with preparation of the vehicles, the Freightliner Team prepared the infrastructure and

processes for data management.

3.2.2 Pilot Tractors and Trailers

Pilot vehicles were built or retrofitted with advanced brake technologies, and instrumented by the
Freightliner Team in Task 2. Table 3-4 lists the pilot vehicles included in the program along with
their characteristics. The build/retrofit of pilot vehicles was combined with detailed development

and testing activities (Task 3) to enhance systems integration and minimize risks of data loss.

3.2.2.1 Develop Specifications, Build Plans, and Instrumentation Plans

Specifications and build plans were developed for each type of tractor and trailer to be built for
the FOT by the vehicle manufacturers. Configuration 1 vehicles did not require significant
adjustments to the current specifications and build plans used for delivering vehicles to
Wal * Mart, because these vehicles were intended to be control vehicles for the evaluation.
Specifications and build plans of the other configurations of vehicles were adjusted to account for
the integration of the safety technologies or for instrumentation implementation. For example, at
the time of the vehicle design, the Bendix disc brake proposed for installation on the trailers
(Template 2 configurations 3 and 4, Template 3) was only available for a trailer also equipped
with an air suspension. As such, the specifications were modified to include air suspensions for
the trailers equipped with ADB manufactured by Bendix. Specifications were also modified for
instrumentation purposes. For example, on tractors equipped with a 4S/4M ABS (Template 2
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configuration 2 and Template 3 tractors), wheel speed sensors were installed on the intermediate

axle wheels.

Table 3-4. Quantities and Specifications of Pilot Tractors and Trailers (Template 3)

Existing / Build /
# Tractors Year, Make New Retrofit Residence
Build Date

1 | MWECBS (Wal*Mart Spec) | 2004, FTL New Dec. 2003 | Troy, MI/ TRC
with disc brakes Columbia

g | Bendix ABS6 (Retrofit) 2003, FTL Existing | Feb. 2004 | Portland, OR
with disc brakes Century

3 | MWECBS (Wal*xMart Spec) | 2004, FTL New Nov. 2003 | Portland, OR
with disc brakes Columbia

2000, Kenworth -
4 | MW ABS T2000 Existing N/A Troy, MI/ TRC
Existing / Build /
# Trailers Year, Type New Retrofit Residence
Build Date

53ft Great Dane MW ECBS with | 2004,

1 disc brakes Wal* Mart New 11/28/2003 Troy, MI/ TRC
53ft Great Dane MW ECBS with | 2004,

2 disc brakes Wal+ Mart New 11/29/2003 Portland, OR
53ft Great Dane Bendix ECBS 2004,

3 with disc brakes Wal* Mart New 11/30/2003 Portland, OR

4 | 53ft Trailmobile MW ABS 2001, Flat bed | Existing N/A Troy, MI/ TRC

MW  Meritor WABCO

BDX

Bendix

Instrumentation plans were developed based on requirements set forth in the test plan

(Freightliner 2005) to meet the project objectives. The pilot tractors and trailers were

instrumented with the DAS and associated sensors planned to be used on the FOT vehicles. To
facilitate checkout activities, the ECBS trailer (pilot trailer #2) was instrumented such that both
T2 and T3 instrumentation could be validated. Details of the instrumentation are included in the

section discussing the final instrumentation as implemented on FOT tractors and trailers.

3.2.2.2 Build and Assemble Pilot Tractors and Trailers

Four pilot tractors were manufactured or retrofitted by Freightliner following build guidelines
developed by the Freightliner engineering team and the brake suppliers. Similarly, four pilot
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trailers were manufactured in the Great Dane production plant following guidelines developed by

the Great Dane engineering team and the brake suppliers.

3.2.2.3

Instrument Pilot Tractors and Trailers

In parallel with installation and validation of all technologies on the pilot tractors and trailers,

Battelle and the Aberdeen Test Center instrumented the vehicles and validated the systems.
Personnel from the Aberdeen Test Center, Meritor WABCO, and Battelle traveled to the

Freightliner Test Center in Portland, Oregon, for instrumentation of pilot vehicles. By first

installing the instrumentation on the pilot vehicles, the team was given the opportunity to test the

layout of the various components of the instrumentation and to investigate systems integration

issues prior to implementation on actual FOT vehicles.

A full DAS box was installed on the pilot tractor and was loaded with Template 2 and

Template 3 configuration files. The tractor was also instrumented with the appropriate hardware

to allow the tractor to be configured as a Template 2 or Template 3 tractor. The trailer was also

wired to accommodate operation as a Template 2 or a Template 3 vehicle. The lists below

summarize the various sources of data that were wired into the DAS boxes of the tractor and

trailer.

Pilot Tractor Instrumentation

e Curbside Front Brake Pressure Transducer

e Curbside Intermediate Brake Pressure Transducer
e Curbside Rear Brake Pressure Transducer

¢ Roadside Front Brake Pressure Transducer

¢ Roadside Intermediate Brake Pressure Transducer
e Roadside Rear Brake Pressure Transducer

e Trailer Protection Valve Pressure Transducer

o Air Compressor Pressure Transducer

e Suspension Air Bag Pressure Transducer

o Accelerometer (Longitudinal and Lateral)

e Yaw Rate Gyro

o Steering Angle Sensor

¢ J1939 bus data

e J1708/J1587 bus data

o Wipers, Lights, and Turn Signals

e GPS

e ACC radar (connected to J1939 bus)
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Pilot Trailer Instrumentation

o Curbside Front Brake Pressure Transducer
o Curbside Rear Brake Pressure Transducer
o Roadside Front Brake Pressure Transducer
¢ Roadside Rear Brake Pressure Transducer
o Curbside Front Wheel Speed Sensor

o Curbside Rear Wheel Speed Sensor

o Roadside Front Wheel Speed Sensor

o Roadside Rear Wheel Speed Sensor

o Accelerometer (Longitudinal and Lateral)

e Yaw Rate Gyro

o Trailer ID Hard-Wired Into Connector

¢ Global Positioning System (GPS)

o Suspension Air Bag Pressure Transducer
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When the tractor and trailer were intended to operate as Template 2 vehicles, the Template 2
configuration file was selected to run in the tractor DAS and a separate full DAS was installed on
the trailer. In the case where the tractor and trailer were intended to operate in a Template 3
configuration, the Template 3 configuration file was selected to run in the tractor DAS and a
mini-DAS was installed on the trailer. For Template 3 operation, it was also necessary to
connect the RS232/RS485 wiring from the trailer to the tractor so that the trailer’s mini-DAS
could send data to the DAS on board the tractor.

Quality control (QC) checklists were drafted and used to verify that all hardware and associated
wiring were in place on the tractor and trailer to allow the vehicles to operate as Template 2 or

Template 3 vehicles.

3.2.2.4 Conduct Track and On-road Shakedown Testing of Pilot Vehicles

The FOT pilot tractors and trailers were subjected to a series of basic tests to confirm that, once
placed in operational environments, the Wal * Mart vehicles would perform safely and reliably
(Freightliner 2004b). When appropriate, data were collected from the onboard DAS to
demonstrate that the instrumentation performed as required and that data collected would meet
the needs of the IE for analysis. In addition to the basic driving tests, the pilot tractor-trailer
combinations were operated in conditions similar to service conditions to allow final checkout
and validation by the Team. As such, the Freightliner Team performed checkout testing at each
critical step in the vehicle build and instrumentation process:

e Checkout of vehicles and advanced brake technologies on tractors and trailers: inspection
of electrical connections and wiring harnesses for proper installation and connection, as
well as operation of the systems to ensure proper performance

e Checkout of instrumentation on tractors and trailers: checking out the installation and
connection of the DAS, as well as the functionality of data collection to ensure that the
appropriate data were collected and stored properly

e Checkout of advanced brake systems and instrumentation on tractor-trailer combinations:

inspecting combination vehicles in a service environment to verify functional
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compatibility and to ensure that the overall vehicle construction is consistent with that of
other standard vehicles delivered to the test fleet.

Tests conducted by the Freightliner Team included general driving tests as well as braking
functionality and compatibility verification tests through pneumatic timing, pressure balance,
stopping distance, ABS activation, and brake temperature balance tests (Appendix B). In
addition to Freightliner’s testing, brake system vendors or suppliers conducted additional
functionality testing to demonstrate activation and performance of the FOT advanced systems
such as RSS, TRSP, and ESC. The vendors conducted this testing as part of their validation and
due diligence in delivering these new technologies to Freightliner and the marketplace. When
appropriate, data from the FOT DAS were collected to checkout and validate instrumentation
design. Data collected by the Freightliner Team were provided to the IE for evaluation, as

appropriate.

3.2.2.5 Revise Vehicle Build and Instrumentation Plans

After building, instrumenting, and validating the safety technologies on the pilot vehicles, the
Freightliner Team revised the vehicle specifications and build plans as appropriate for each
configuration of vehicles in preparation for the FOT. The tractor and trailer build plans were
then used for the remaining FOT vehicles. The Freightliner Team also developed a detailed
instrumentation plan including QC procedures for instrumenting the FOT vehicles. Details of the

QC procedures are included in the following sections.

3.2.3 FOT Vehicles: T3 Baseline Driver Profiling Tractors

3.2.3.1 Develop Instrumentation Plans

As detailed in the final test plan (Freightliner 2005), prior to collecting data on Template 3 FOT
tractors and trailers, the conductor team collected selected data on eight Wal * Mart tractors in
service at the time and driven by the T3 drivers prior to their transfer to their new tractors at the
start of the FOT data collection period. Hardware was installed on the vehicles for the sole
purpose of collecting profiling or baseline information on the driving characteristics of each

driver prior to being exposed to a new tractor equipped with disc brakes and ECBS. As such, a
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smaller set of data parameters was of interest and only a subset of the pilot tractor

instrumentation was installed on these tractors.

Figure 3-22 illustrates a layout of the instrumentation installed on the profiling tractors. A DAS
unit was located outside the cab of the vehicle to collect and store data acquired from sensors and
vehicle data buses. The DAS units included a 2-axis accelerometer and a yaw rate gyro to collect
the longitudinal/lateral accelerations and yaw rate of the vehicle, respectively. A GPS unit was
installed near the Qualcomm antenna of the vehicle and wired to the DAS unit to collect GPS
location as well as time. A Meritor WABCO radar unit was installed on the front bumper of the
vehicle and its ECU was wired to the DAS unit to collect vehicle tracking information. Finally,
the DAS unit was also connected to the vehicle data buses to collect J1939 and J1587 data
parameters such as vehicle speed and odometer. Further technical information on the

instrumentation hardware is detailed in Appendix A

Baseline Tractor Data Acquisition System and Sensors

DAS Unit L P <
Lateral Acceleration i ) T
Longitudinal Acceleration f - \
Yaw Rate [ ) N

Data Bus Parameters
(J1938, J1587) Radar Data

Figure 3-22. Schematic of DAS Installation on Baseline Tractors
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The data parameters collected on the baseline tractors with this instrumentation include data
collected from the vehicle data buses (e.g., vehicle identification number, or VIN, and speed),
from the radar data bus (e.g., target range), from accelerometers located within the DAS unit
(e.g., longitudinal and lateral acceleration) and from the GPS receiver. Data were stored in the
data file either at the start of the data file (e.g., DAS ID) or at 10 Hz. Further details on the
sources of the data collected (e.g., bus addresses) are included in Appendix C.

3.2.3.2 Instrument Profiling Tractors

The ACC radars and associated materials were provided by Meritor WABCO. The Aberdeen
Test Center provided the DAS boxes that had been used in a previous FOT. Prior to arrival in
Loveland for instrumentation of the profiling tractors, the Aberdeen Test Center also acquired

GPS units and all other materials required to successfully complete the instrumentation activities.

Personnel from the Aberdeen Test Center, Meritor WABCO, and Battelle traveled to the

Wal* Mart Distribution Center in Loveland for instrumentation of the eight International tractors
that were used as driver profiling tractors. The eight tractors were outfitted with full DAS boxes,
GPS, and ACC radar. The GPS was connected directly into the DAS, and the ACC was tied into
the tractor’s J1939 bus. The existing J1587 and J1939 buses were wired into the DAS so that
various tractor data, including ACC data, could be acquired. An existing connector in the

tractor’s power distribution module was tapped for instrumentation power.

A QC checklist was developed and was closely followed to ensure that all instrumentation was
properly installed (Appendix D). After it was determined that all instrumentation was properly
installed, the tractors were given a final inspection and were each driven on short road tests to
verify that accurate and complete data were being collected and that all instrumentation was

operating as expected.
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3.2.4 FOT Vehicles: Tractors

3.2.4.1 Build and Assemble FOT Tractors

The fleet FOT tractors were built following normal production processes of the Freightliner
production lines according to Wal * Mart’s fleet specifications and using guidelines from the
finalized tractor build plans. Special considerations were taken for facilitating instrumentation of

the tractors.

3.2.4.2 Instrument FOT Tractors

Once built, the tractors were instrumented according to the requirements of each truck’s
configuration by Battelle, the Aberdeen Test Center, and Meritor WABCO at the Freightliner
Truck Manufacturing plant in Cleveland, North Carolina, in a building dedicated for this effort
(Figure 3-23). Section 3.1.2.1 describes in generic terms the instrumentation plan and hardware

utilized for each configuration of vehicle. Further details are provided in Appendix A.

Figure 3-23. Tractor Instrumentation in Cleveland, NC
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Aberdeen Test Center provided the DAS boxes that had been used in a previous FOT and
upgraded for this FOT. Prior to arrival in Cleveland, the Aberdeen Test Center acquired or built
pressure transducers, steering angle sensors, wheel speed sensors, GPS units, harnesses, and all
other materials required to complete the instrumentation activities. The ACC radars and
associated materials were provided by Meritor WABCO. First, sensors and wiring were installed
on the vehicles. Then connectors were pinned, and finally the DAS boxes previously subjected
to static validation were installed. As detailed in Appendix A, a full DAS was installed on each

tractor, each with the Template 2 or Template 3 configuration file, as appropriate.

Table 3-5 below provides a summary of the six different hardware configurations. A bullet
symbol (@) in a cell indicates that the listed data source is present in that particular hardware

configuration.

All instrumentation activities, from preparing the vehicle for instrumentation to the driving tests
conducted upon final validation, were documented in checklists developed for QC purposes for
each tractor configuration. These checklists, exceeding 30 pages, were maintained by engineers
monitoring the instrumentation on site. QC checklists were closely followed by the
instrumentation staff on site to ensure that all instrumentation was not only properly installed on
each vehicle but also consistent from one vehicle to the other within each configuration. An
example page from one of these checklists is shown in Figure 3-24. Detailed checklists are

included in Appendix D.

The main objectives of the QC activities were to:
1) Ensure that every vehicle was instrumented in a consistent fashion
2) Provide a record of reference data for the installations
3) Document the installation so that it could be repeated in the future
4) Maintain tracking of progress when multiple vehicles were in various stages of
completion
5) Ensure that accurate data were collected by the system upon completion of

instrumentation.
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Table 3-5. FOT Tractor Instrumentation

Instrumentation Components T2C1 | T2C2 | T2C3 | T2C4 T3
Full DAS ° ° ° ° °
Curbside Front Pressure Transducer ) ° ° ° °
Curbside Intermediate Pressure Transducer ° ° ° ° °
Curbside Rear Pressure Transducer ° ° ° ° °
Roadside Front Pressure Transducer ) ° ° ° °
Roadside Intermediate Pressure Transducer ° . ° ° °
Roadside Rear Pressure Transducer ) ° ° ° °
Trailer Protection Valve Pressure Transducer ° . ° ° °
Treadle Valve Pressure Transducer ) ° °
Air Compressor Pressure Transducer ° ° ° ° °
Suspension Air Bag Pressure Transducer ° ) ° ° °
Curbside Intermediate Wheel Speed Sensor ° °
Roadside Intermediate Wheel Speed Sensor ) °
Accelerometer (Longitudinal and Lateral) ° ° ° ° °
Yaw Rate Gyro ° ° ° ° °
Steering Angle Sensor ° ° °
J1939 bus data connections ° ° . ° °
J1708/J1587 bus data connections ) ° ° ° °
Wipers, Lights, and Turn Signals connections ° ° ° ° °
GPS receiver ° ° ° ° °
ACC radar (connected to J1939 bus) ° ° ° ° °
Video Equipment (Camera, Video DAS) o

After all instrumentation was installed as detailed in the QC checklist, the tractors were given a
final inspection and road test. In the road test, each tractor was driven around the Freightliner
facility in a predefined route and subjected to a sequence of specific events (braking, turning,
headlights on, etc.) to verify that the instrumentation was operating as intended and that data
were collected accurately and completely. Figure 3-25 shows the road test course that was
followed by each FOT tractor at the Freightliner plant. Instructions for the road tests are detailed
in the QC checklist (Appendix D).
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SN

Data Sheet D-1: T2C1 Tractor

pre-made cable
18.11 Foute sensor cable along lefthand frame rail to cross-member at back of cab,
over to righthand frame rail. on to DAS bulkhead connector location

19.0 Suspension Pressure Transducer - Foadside Fear

19.1 Bemove supply pressure line from 90° fitting on suspension airbag

19.2 Bemove 20° fitting from suspension airtbag

19.3 Install street tee with pipe dope on aitbag

194 Orient street tee such that the transducer will be parallel with the ground.

pointed towards the front of the truck when installed

19.5 Connect 90° fitting to street tee with pipe dope

19.6 Conmnect pressure line to 90° fitting

19.7 Transducer: Measurement Specialties MEPA00-150-P-N-4 (1/4" NPT)

198 Transducer S/IV:

19.9 Attach transducer to street tee with pipe dope

19.10 Apply and shrink heat shrink over bare wires exposed below connector on
pre-made cable

19.11 Route sensor cable along lefthand frame rail to cross-member at back of cab,
over to righthand frame rail. and on to DAS bulkhead connector location

20.0 Install Brake Chamber Pressure Transducer - Curbside Fear

20.1 Bemove supply pressure line from 457 fitting attached to brake chamber

202 Bemove 45° fitting from brake chamber

20.3 Install street tee with pipe dope on brake chamber

20.4 Orient street tee such that transducer will point upward

20.5 Attach 457 fitting to street tee with pipe dope

20.6 Connect pressure line to 457 fitting

20.7 Transducer: Measurement Specialties MSP400-150-P-3/8" NPT-4

20.8 Transducer S/IN:

209 Attach transducer to street tee with pipe dope

20,10 Apply and shrink: heat shrink over bare wires exposed below connector on
pre-made cable

20.11 Route sensor cable along righthand frame rail to DAS bulkhead
connector location

21.0 Install Compressor Governor Signal Pressure Transducer
21.1 Bemove pressure relief valve so that pressure supply line may be accessed
21.2 Bemove compressor supply pressure line and fitting
213 Install street tee with pipe dope on compressor
21.4 Orient street tee such that transducer will point downward towards the road
when installed
21.5 Connect pressure line and fitting to street tee
21.6 Connect pressure relief valve to compressor with pipe dope

QA review by

2
]
o

Oictober 1, 2004

Wotk by/Date

FOT-P1
Fevizion 9

Page 15

Figure 3-24. Example Page of a QC Checklist
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Figure 3-25. FOT Tractor QC Road Test Course

Figure note: ALF indicates the location where the vehicles were instrumented
and the starting point of the road test; numbers indicate the road test checkpoints:
(1) Stop, hard brake, right turn signal; (2) Left turn signal; (3) Low beams on;

(4) High beams on; (5) All lights off; (6) U-turn; (7) Low wipers on; (8) High wipers
on; (9) Wipers off; (10) Constant speed.
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3.2.4.3 Validate and Deliver Equipped Instrumented Tractors to Wal xMart

The build plan stated that all FOT vehicles, ECBS- or ABS-equipped, would be subjected to a
thorough validation process by the Freightliner Team prior to delivery to the Wal x Mart fleet
and commencement of field testing. As such, after instrumentation validation, the vehicles were
inspected again by the Freightliner service group, as normally done for all Freightliner products,
to prepare the vehicles for delivery to the customer. Tractors were transported in pairs. Data
were recorded from the drive vehicle for the duration of the trip, hence providing validation data
on cross-country operation for many consecutive hours of driving. Upon arrival in Loveland, the
data cards were removed from the DAS and sent to Battelle for review. The Freightliner Team
reviewed the data collected by all drive tractors in depth, identified deviations, and proposed
appropriate fixes to the DAS software. Software changes were implemented in Loveland by the
Aberdeen Test Center before the start of the FOT, by modifying the configuration file or the
firmware loaded on DAS units on the respective vehicles.

3.2.4.4 USDOT /IE Briefing

A briefing was held in Cleveland, North Carolina, on October 6 and 7, 2004, with the USDOT,
the IE, and members of the Freightliner Team, including Wal x Mart, Freightliner, Battelle, the
Aberdeen Test Center, and Meritor WABCO. The status of the project was reviewed in depth,
including review of vehicles built, vehicle instrumentation, data management process
implementation, and fleet support development. The IE also presented the status of their

activities. Briefing support slides were submitted to the USDOT after the meeting.

3.2.5 FOT Vehicles: Trailers

3.2.5.1 Build and Assemble FOT Trailers

The fleet FOT trailers were built following normal production processes of the Great Dane
production lines according to Wal * Mart’s fleet specifications and using guidelines from the
finalized FOT trailer build plans. Special considerations were taken for facilitating
instrumentation of the trailers as detailed in Table 3-6 below. For example, to optimize
instrumentation of the trailers, Great Dane and Hendrickson installed pressure transducers at the
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brake chambers and additional wheel speed sensors at each wheel during production while

Aberdeen Test Center/Battelle inspected and, as needed, repaired at a later time. All

instrumentation hardware was provided by the Freightliner Team to the manufacturers.

Table 3-6. Instrumentation Activities Conducted by Great Dane, Hendrickson, and
Battelle/Aberdeen Test Center

Trailers with Spring
Suspension

T2C1, T2C2

Trailers with Air Suspension

T2C3, T2C4

T3

Pressure transducers
@ brake chamber

Wheel speed sensors
@ each wheel

Great Dane

Wheel speed sensor

wiring
GPS antenna & bracket | GPS antenna & bracket -
GPS wiring GPS wiring -

DAS mounting bracket

Pressure transducers
@ brake chamber

Pressure transducers
@ brake chamber

Pressure transducer
@ air bag

Pressure transducer
@ air bag

Hendrickson

Wheel speed sensors
@ each wheel

Wheel speed sensors
@ each wheel

Wheel speed sensor
wiring

Wheel speed sensor
wiring

DAS mounting bracket

DAS mounting bracket

P transducer wiring
@ each brake chamber

P transducer wiring
@ each brake chamber

P transducer wiring
@ each brake chamber

P transducer wiring

P transducer wiring

Aberdeen Test
Center/Battelle

@ air bag @ air bag
DAS DAS DAS
DAS wiring & connector | DAS wiring & connector | DAS wiring & connector
pinning pinning pinning

Inspect, replace, repair
as needed

Inspect, replace, repair
as needed

Inspect, replace, repair,
as needed
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Battelle traveled to the Great Dane manufacturing plant in Brazil, Indiana, to inspect
instrumentation installed by Great Dane on spring suspension buggies and by Hendrickson on air
suspension buggies before the box was installed. Battelle repaired, replaced, or installed, as
appropriate, any additional sensors and wiring as needed prior to final assembly of the trailers.
Integration of selected instrumentation activities at the time of manufacture yielded more
consistent and reliable installation of the instrumentation components in the trailers. GE TIP
representatives also traveled to the Great Dane manufacturing plant to install and initiate the
trailer tracking hardware. Upon final assembly and inspections, the trailers were then shipped to

Loveland, Colorado, for customer delivery.

3.2.5.2 Instrument FOT Trailers

The trailers’ instrumentation was completed by the Aberdeen Test Center and Battelle at the
Wal* Mart Distribution Center in Loveland, Colorado, according to the requirements of each
template. Trailer instrumentation was similar to tractor instrumentation detailed in previous
sections (instrumentation plan and hardware), with components slightly varying between

configurations. Details are provided in Appendix A.

The Aberdeen Test Center provided the full DAS boxes (Template 2), the mini-DAS boxes
(Template 3), and any wiring and components that were not installed on the trailers during
assembly (e.g., connectors, pins, etc.). First, sensors and wiring previously installed were
inspected to ensure that no damage had occurred from transport (Table 3-6). Then, appropriate
sensors and wiring were added, connectors were pinned, and finally the DAS boxes previously
subjected to static validation were installed. As detailed in Appendix A, a full DAS was installed
on each Template 2 trailer, each with the Template 2 trailer configuration file, while a mini DAS

was installed on each Template 3 trailer.

Table 3-7 summarizes the various instrumentation components (sources of data) that were wired
into the DAS of the Template 2 trailers and into the mini-DAS of the Template 3 trailers.
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Table 3-7. FOT Trailer Instrumentation

Instrumentation Components T2C1 | T2C2 | T2C3 | T2C4 T3
Full DAS ° ° ° ° -
Mini DAS - - - - °
RS232/RS485 wiring - - - - °
Curbside Front Trailer Pressure Transducer ° ° ° ° °
Curbside Rear Trailer Pressure Transducer ) ° ° ° °
Roadside Front Trailer Pressure Transducer ) ° ° ° °
Roadside Rear Trailer Pressure Transducer ° ° ° ° °
Suspension Air Bag Pressure Transducer - - ° ° °
Curbside Front Trailer Wheel Speed Sensor ° ° ° ° °
Curbside Rear Trailer Wheel Speed Sensor ° ° ° ° °
Roadside Front Trailer Wheel Speed Sensor ) ° ° ° °
Roadside Rear Trailer Wheel Speed Sensor ° ° ° ° °
Accelerometer (Longitudinal and Lateral) ° ° ° ° °
Yaw Rate Gyro ° ° ° ° °
GPS Receiver ° ° ° ° -

The detailed list of data collected from the FOT trailers is included in Appendix C.

QC checklists (Appendix D) were developed and were closely followed to ensure that all
instrumentation was properly installed. A separate set of procedures was created for each
different type of trailer. These checklists, which were similar to that shown in the example in
Figure 3-24 above, exceeded 10 pages and were maintained by Battelle engineers monitoring the

instrumentation on site.

The main objectives of the QC activities were to:
1) Ensure that every vehicle was instrumented in a consistent fashion
2) Provide a record of reference data for the installations
3) Document the installation so that it could be repeated in the future
4) Maintain tracking of progress when multiple vehicles were in various stages of
completion
5) Ensure that accurate data were collected by the system upon completion of

instrumentation.
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After all instrumentation was installed as detailed in the QC checklist, the trailers were given a
final inspection and short road test. In the road test, each trailer was pulled by an instrumented
tractor around the Wal * Mart terminal on a predefined route and subjected to a sequence of
specific events (e.g. braking) to verify that the instrumentation was operating as intended and
that data were collected accurately and completely. Details on the road test conducted are
included in Appendix D.

3.2.5.3 Participate in IE Briefing (Loveland, March 2005)

A briefing was held in Loveland in March 2005 with the IE and members of the Freightliner
Team, including Wal* Mart, Freightliner, Battelle, the Aberdeen Test Center, and Meritor
WABCO. The status of the project was reviewed, including review of tractor and trailer
instrumentation, data management process implementation, and fleet support development. At
that time, the IE was given a tour of the fleet location and operations. Because this briefing was

an on-site activity, no formal presentation slides were prepared.

3.2.5.4 Place Trailers in Service

Trailers were placed in service as they were completed and inspected by Wal * Mart according to
their standard preparation activities for service. As appropriate, the Wal * Mart fleet managers
pointed out items needing adjustment. Wal* Mart also designed signs to be placed at the nose
and rear of the trailers. The signs, shown in Figure 3-26 below, were intended to facilitate trailer
assignments and dispatching, hence reducing the risk of FOT trailers leaving the Loveland

service area.
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Figure 3-26. Trailer Decals Implemented by Wal*xMart to Facilitate
Trailer Assignments, Dispatch and Tracking: Outside the Trailer (left),
Inside the Trailer (bottom right) and Decal Close-up (top right)

3.2.6 Data Management Plan Development

In parallel with the preparation of the vehicles for data collection, the Freightliner Team refined
and implemented the data management plan as defined in the proposal (Freightliner 2005). As
such, the Freightliner Team developed and implemented the infrastructure and processes needed
for data collection and management, including transferring, validating, and storing the data
collected. This section provides details on these activities, specifically data collection, data
harvesting, data processing, and data management for each type of data collected: onboard
driving data (Section 3.2.6.1), fleet maintenance data (Section 3.2.6.2), survey data

(Section 3.2.6.3) as well as operational data (Section 3.2.6.4).
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3.2.6.1 Onboard Driving Data

Data Description

Tables 3-9 through 3-12 list the specific data collected, including engineering units, source, and
sampling rates for the tractors and trailers in Template 2, Template 3, and the “driver baselining”
of existing Wal * Mart tractors. For a complete description of the channels that were collected
on the existing Wal > Mart tractors during Phase 0 “driver baselining” of Template 3, see

Appendix C.

Depending on the vehicle type, the DAS received data from several sources, using standard
vehicle data buses (SAE J1939 and SAE J1587), technology-specific buses (ECBS or radar
technology data buses), GPS receivers, and analog sensors (accelerometers, yaw rate sensors).
Provided that “the tractor ignition is on” and “parking brake is off,” the data were acquired
continuously at a fixed sampling rate of 10 Hz and stored in segmented time history files on the
onboard storage media. A time history file contained metadata information and up to 10 minutes
of driving data sampled at 10 Hz. Less than 10 minutes of data were collected when the
tractor/trailers started and stopped on a minute which was not a multiple of 10 (0, 10, 20, etc.).

In instances where the transmission rate of the bus data was lower than 10 Hz, data were still
stored in the files at 10 Hz.

Non-continuous triggered events were collected only for video data. The Freightliner Team
collected video data with a forward-facing video camera and a separate DAS unit on the
Template 3 ECBS tractors to supplement the onboard driving data collected, and assist with the
validation of vehicle dynamics engineering calculations. The supplemental DAS unit (video
DAS) was an embedded computer system developed by the Aberdeen Test Center to record still
photo snapshots and video movie clips on removable solid-state media when prompted by the
primary onboard driving data DAS. With a video DAS recording rate of 6.5 Mb/minute, a
512-Mb flash card could store 78 minutes of video. Although the video camera was always
active, criteria were defined in cooperation with the IE to trigger video data capture in critical

safety maneuvers, hence avoiding the unnecessary capture of routine driving maneuvers.
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Table 3-8 is a list of the triggers developed by the Freightliner Team and the IE. A 0.5-second
moving average was applied to all parameters except ABS activation.

Table 3-8. Video Triggering Events

Trigger # Trigger Description

1 Time To Collision < 1 second and Speed > 20 mph

Brake Pressure > 50 psi

Steering Angle > 120 degrees and Speed > 20 mph

Longitudinal Acceleration <-0.31 g and Brake Pedal Position > 0%
Lateral Acceleration > 0.35 g and Speed > 20 mph

ABS activation

Brake Pedal Position > 70% and Speed > 20 mph

Speed difference between adjacent wheels > 7 ft/s and Speed > 20 mph
Yaw Rate > 30 degrees/sec and Speed > 20 mph

O|ooN|O|O|~|W[IN

Fault code information was recorded in the time history files as well as in separate files. The
intent was to store fault code information only when a fault code was generated, hence reducing
the overall size of the data files created. Unfortunately, the programming of these files and
subsequent decoding did not yield usable or meaningful results.

Further details on the data elements collected in the files are included in Appendix C.
Information on the specific addresses used to capture data from the vehicle data bus and
arithmetic manipulations of the data to generate engineering data from digital encoded data are
all detailed in Appendix C.
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Table 3-9. Onboard Data Collected from the Template 2 Tractors
Name Units Source Metadata 2R
Rate
DAS ID n/a DAS X
VIN n/a Vehicle Data Bus X
Relative Time seconds DAS 10 Hz
GPS Data
GPS Time HH:MM:SS | Analog Sensor (GPS) X 1Hz
GPS Speed Knots Analog Sensor (GPS) X
GPS Heading deg Analog Sensor (GPS) X
GPS Latitude deg Analog Sensor (GPS) X 1Hz
GPS Longitude deg Analog Sensor (GPS) X 1Hz
GPS Altitude meters Analog Sensor (GPS) 1Hz
Vehicle Data
Ambient Air Temperature degF Vehicle Data Bus X
Odometer miles Vehicle Data Bus X
Vehicle Speed ft/s Vehicle Data Bus 10 Hz
CC Switch Status n/a Vehicle Data Bus 5Hz
Throttle Position % Vehicle Data Bus 10 Hz
Engine Speed rem Vehicle Data Bus 10 Hz
Engine Load % Vehicle Data Bus 10 Hz
Wheel speed — roadside steer ft/s Analog Sensor 10 Hz
Wheel speed — curbside steer ft/s Analog Sensor 10 Hz
Wheel speed — roadside drive 1 ft/s Analog Sensor 10 Hz
Wheel speed — curbside drive 1 ft/s Analog Sensor 10 Hz
Wheel speed — roadside drive 2 ft/s Analog Sensor 10 Hz
Wheel speed — curbside drive 2 ft/s Analog Sensor 10 Hz
Suspension Airbag Pressure psi Analog Sensor 10 Hz
Steering Angle deg Analog Sensor/Bus 10 Hz
Windshield Wiper Activation n/a Digital I/0 10 Hz
Headlights n/a Digital /0 10 Hz
Turn Signals n/a Digital I/0 10 Hz
Vehicle Fault Codes (Active DTC) n/a Vehicle Data Bus 10 Hz
Accelerometer Data
Longitudinal Acceleration g Analog Sensor (DAS) 10 Hz
Lateral Acceleration g Analog Sensor (DAS) 10 Hz
Yaw Rate deg/s Analog Sensor (DAS) 10 Hz
Brake System Data
Control Air Pressure (TCV) psi Analog Sensor 10 Hz
Brake Pedal Percentage % Analog Sensor / Bus 10 Hz
Chamber Pressure — roadside steer psi Analog Sensor 10 Hz
Chamber Pressure — curbside steer psi Analog Sensor 10 Hz
Chamber Pressure - roadside drive 1 | psi Analog Sensor 10 Hz
Chamber Pressure - curbside drive 1 | psi Analog Sensor 10 Hz
Chamber Pressure - roadside drive 2 | psi Analog Sensor 10 Hz
Chamber Pressure - curbside drive 2 | psi Analog Sensor 10 Hz
Compressor Governor Signal psi Analog Sensor 10 Hz
Forward Radar / ACC Data
Target Range ft Radar Data Bus 10 Hz
Forward Vehicle Speed ft/s Radar Data Bus 10 Hz
Target Azimuth (Object angle) deg Radar Data Bus 10 Hz
Target Detect n/a Radar Data Bus 10 Hz
n/a Radar Data Bus 10 Hz

ACC Alert Sig_;nal
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Table 3-10. Onboard Data Collected from the Template 2 Trailers
Name Units Source Metadata AR

Rate

DAS ID n/a DAS X

Relative Time seconds DAS 10 Hz

GPS Data

GPS Time HH:MM:SS | Analog Sensor (GPS) X 1Hz

GPS Speed Knots Analog Sensor (GPS) X

GPS Heading deg Analog Sensor (GPS) X

GPS Latitude deg Analog Sensor (GPS) X 1Hz

GPS Longitude deg Analog Sensor (GPS) X 1Hz

GPS Altitude meters Analog Sensor (GPS) 1Hz

Vehicle Data

Suspension Airbag Pressure psi Analog Sensor 10 Hz

Wheel speed, roadside front ft/s Analog Sensor 10 Hz

Wheel speed, roadside rear ft/s Analog Sensor 10 Hz

Wheel speed, curbside front ft/s Analog Sensor 10 Hz

Wheel speed, curbside rear ft/s Analog Sensor 10 Hz

Accelerometer Data

Longitudinal Acceleration g Analog Sensor (DAS) 10 Hz

Lateral Acceleration g Analog Sensor (DAS) 10 Hz

Yaw Rate deg/s Analog Sensor (DAS) 10 Hz

Brake System Data

Chamber Pressure, roadside front | psi Analog Sensor 10 Hz

Chamber Pressure, roadside rear | psi Analog Sensor 10 Hz

Chamber Pressure, curbside front | psi Analog Sensor 10 Hz

Chamber Pressure, curbside rear | psi Analog_; Sensor 10 Hz
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Table 3-11. Data Collected on Driver Profiling Tractors during Template 3 Baseline Phase

Name Units Source Metadata AR
Rate
DAS ID n/a DAS X
VIN n/a Vehicle Data Bus X
Relative Time seconds DAS 10 Hz
GPS Data
GPS Time HH:MM:SS | Analog Sensor (GPS) X 1Hz
GPS Speed Knots Analog Sensor (GPS) X 1Hz
GPS Heading deg Analog Sensor (GPS) X 1Hz
GPS Latitude deg Analog Sensor (GPS) X 1Hz
GPS Longitude deg Analog Sensor (GPS) X 1Hz
GPS Altitude meters Analog Sensor (GPS) 1Hz
Vehicle Data
Ambient Air Temperature degF Vehicle Data Bus X 0.1 Hz
Odometer miles Vehicle Data Bus X
Vehicle Speed ft/s Vehicle Data Bus 10 Hz
CC Switch Status n/a Vehicle Data Bus 5Hz
Throttle Position % Vehicle Data Bus 10 Hz
Engine Speed rpm Vehicle Data Bus 10 Hz
Engine Torque N-m Vehicle Data Bus 1Hz
Engine Load % Vehicle Data Bus 10 Hz
Engine Brake Activation (status) n/a Vehicle Data Bus 5Hz
Engine Brake Activation (percent) | % Vehicle Data Bus 1Hz
Brake System Data
Brake Activation n/a Vehicle Data Bus 1Hz
ABS Control Information n/a Vehicle Data Bus 10 Hz
Park Brake Status n/a Vehicle Data Bus 1Hz
Accelerometer Data
Longitudinal Acceleration g Analog Sensor (DAS) 10 Hz
Lateral Acceleration g Analog Sensor (DAS) 10 Hz
Yaw Rate deg/s Analog Sensor (DAS) 10 Hz
Forward Radar / ACC Data
Target Range ft Radar Data Bus 10 Hz
Forward Vehicle Speed ft/s Radar Data Bus 10 Hz
Target Azimuth (Object angle) deg Radar Data Bus 10 Hz
Target Detect n/a Radar Data Bus 10 Hz
ACC Mode/Alerts n/a Radar Data Bus 10 Hz
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Table 3-12. Onboard Data Collected from the Template 3 Tractors

Name Units Source Metadata Rate
DAS ID n/a DAS X
VIN n/a Vehicle Data Bus X
Relative Time seconds DAS 10 Hz
GPS Data
GPS Time HH:MM:SS | Analog Sensor (GPS) X 1Hz
GPS Speed Knots Analog Sensor (GPS) X
GPS Heading deg Analog Sensor (GPS) X
GPS Latitude deg Analog Sensor (GPS) X 1Hz
GPS Longitude deg Analog Sensor (GPS) X 1Hz
GPS Altitude meters Analog Sensor (GPS) 1Hz
Vehicle Data
Ambient Air Temperature degF Vehicle Data Bus X 0.1 Hz
Odometer miles Vehicle Data Bus X
Vehicle Speed ft/s Vehicle Data Bus 10 Hz
CC Switch Status n/a Vehicle Data Bus 5 Hz
Throttle Position % Vehicle Data Bus 10 Hz
Engine Speed rpm Vehicle Data Bus 10 Hz
Engine Load % Vehicle Data Bus 10 Hz
Wheel speed — roadside steer ft/s Analog Sensor 10 Hz
Wheel speed — curbside steer ft/s Analog Sensor 10 Hz
Wheel speed — roadside drive 1 ft/s Analog Sensor 10 Hz
Wheel speed — curbside drive 1 ft/s Analog Sensor 10 Hz
Wheel speed — roadside drive 2 ft/s Analog Sensor 10 Hz
Wheel speed — curbside drive 2 ft/s Analog Sensor 10 Hz
Suspension Airbag Pressure psi Analog Sensor 10 Hz
Steering Angle deg Analog Sensor/Bus 10 Hz
Windshield Viper Activation n/a Digital I/0 10 Hz
Headlights n/a Digital I/0O 10 Hz
Turn Signals n/a Digital 1/0 10 Hz
Accelerometer Data
Longitudinal Acceleration g Analog Sensor (DAS) 10 Hz
Lateral Acceleration g Analog Sensor (DAS) 10 Hz
Yaw Rate deg/s Analog Sensor (DAS) 10 Hz
Brake System Data
Brake Activation n/a Vehicle Data Bus 1Hz
Control Air Pressure (TCV) psi Analog Sensor 10 Hz
Brake Pedal Percentage % Analog Sensor / Bus 10 Hz
Vehicle Brake Control Information n/a Vehicle Data Bus 10 Hz
Chamber Pressure — roadside steer psi Analog Sensor 10 Hz
Chamber Pressure — curbside steer psi Analog Sensor 10 Hz
Chamber Pressure — roadside drive 1 | psi Analog Sensor 10 Hz
Chamber Pressure — curbside drive 1 | psi Analog Sensor 10 Hz
Chamber Pressure — roadside drive 2 | psi Analog Sensor 10 Hz
Chamber Pressure — curbside drive 2 | psi Analog Sensor 10 Hz
Compressor Governor Signal psi Analog Sensor 10 Hz
Forward Radar / ACC Data
Target Range ft Radar Data Bus 10 Hz
Forward Vehicle Speed ft/s Radar Data Bus 10 Hz
Target Azimuth (Object angle) deg Radar Data Bus 10 Hz
Target Detect n/a Radar Data Bus 10 Hz
ACC Audio Warning n/a Radar Data Bus 10 Hz
Video Data

Continued: Trailer data collected onboard the Template 3 tractor DAS
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Table 3-12 (continued). Onboard Data Collected from the Template 3 Tractors

Trailer Data (Collected onboard T3 tractor DAS unit)
Name Units Source Metadata el

Rate
Chamber Pressure — roadside 1 psi Analog Sensor 10 Hz
Chamber Pressure — curbside 1 psi Analog Sensor 10 Hz
Chamber Pressure - roadside 2 psi Analog Sensor 10 Hz
Chamber Pressure - curbside 2 psi Analog Sensor 10 Hz
Suspension Airbag Pressure psi Analog Sensor 10 Hz
Wheel speed — roadside 1 ft/s Analog Sensor 10 Hz
Wheel speed — curbside 1 ft/s Analog Sensor 10 Hz
Wheel speed — roadside 2 ft/s Analog Sensor 10 Hz
Wheel speed — curbside 2 ft/s Analog Sensor 10 Hz
Longitudinal Acceleration g Analog Sensor (DAS) 10 Hz
Lateral Acceleration g Analog Sensor (DAS) 10 Hz
Yaw Rate deg/s Analog Sensor (DAS) 10 Hz

Data Transfer, Processing, and Storage

This section describes the data management processes developed and implemented by the

Freightliner Team once the driving data had been collected onboard the vehicles.

Figure 3-27 shows the process for the driving data collection, transfer, and storage, from the

collection point (vehicle), through Battelle for data validation, and to the final delivery point, the

IE, for analysis.
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Figure 3-27. ECBS FOT Step-By-Step Data Collection and
Management Process for Onboard Data

Step 1 — Onboard Data Collection and Storage

The onboard storage media used in the full DAS units were large-capacity, removable solid-state
storage devices, 1-GB Personal Computer Memory Card International Association (PCMCIA)
cards, sized sufficiently to store data collected for over 14 days on tractors and up to several
months on trailers. The data were stored in the form of multiple blob (binary large object’) files,

each containing up to 10 minutes of onboard driving data.

Step 2 — Data Download from the Vehicle

The original plan to use a wireless network to upload data at the terminal was not permissible,
because it would have conflicted with the wireless network already in place at the terminal for
Wal>* Mart daily operations. As such, the Freightliner Team rethought its original plan and
utilized periodic manual transfer of data cards. The data collected were manually transferred at

the Wal * Mart terminal by trained, designated individuals who removed and replaced the data-

® Binary Large Obiject refers to a variable or file in which a large block of data of non-universal/standard structure is
stored. Usually only the system that creates the file knows the definition of the structure used to interpret the data
contained.
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loaded PCMCIA cards from the DAS units with new, empty cards. More than 300 1-GB
PCMCIA cards were uniquely labeled and provided to the fleet. Upon removing and replacing
PCMCIA card, the trained individuals noted the card number, date of removal/installation, and
vehicle number on a tracking sheet provided by the Freightliner Team (Figure 3-28).
Periodically, a copy of the tracking sheet was sent to Battelle. Data cards were removed as
frequently as possible within the Wal * Mart fleet operational constraints: theoretically on a
weekly basis for the tractors whose drivers returned to the terminal for their assigned day off,

and on a monthly basis for trailers.

Step 3 — Data Cards Transfer to Battelle
The data cards removed from the vehicles were shipped to Battelle (Columbus, Ohio) on a

weekly basis using pre-labeled FedEx envelopes.

The bulk of the data processing activities took place during the following steps (4 — 5).

Step 4 — Data Upload to the Central Computer

In this step, the data were uploaded from the data cards to the Battelle central computer, or
server, for further processing and archiving. The uploaded data were in the form of multiple
blob files, each containing (up to) 10 minutes worth of onboard driving data. Blob files were
named with a unique ID that included the time and date in which the data included in the file
were collected, as well as an identifier for the DAS collecting the data. Data were stored in the
database in the compressed blob format for space considerations. Using the tracking sheet
completed by the Wal % Mart staff, Battelle also captured data card numbers and dates of
installation and removal. Also, the total capacity of the data cards was retrieved during upload of
the data into the server. Upon successful upload of the data, the data cards were reformatted and

shipped back to the Wal xMart fleet for re-use.
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Figure 3-28. Card Tracking Sheet used in the Field by WalxMart
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Upon loading the data to the Battelle server, data processing routines were conducted to check

for validity and accuracy of the data, and to generate summary statistics and supporting tables for

the IE. The section below details the data processing activities and data management processes.
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Blob files were processed weekly upon upload at Battelle in order to provide quick feedback to
the Freightliner Team on any problems identified in the onboard driving data or in the collecting
sensors. The result of the processing was a database that was used by Battelle for FOT
summarization, reporting, and for providing validation information and summary statistics to the
IE. Five steps were required for processing the blob files at Battelle:
1. Decompression and conversion of blob files to engineering units files (using a data
parser)
2. Validation of data by both channel bound screening and cross-channel consistency
checking
3. Calculation of summary statistics from driving data for storage in analysis database
4. Matching of tractor-trailer blob files (T2)
5. Archive of blob files for permanent storage at Battelle and delivery to IE.

Decompression and Conversion of Blob Files

Battelle developed a parsing program that decompresses and converts blob files to a comma
separated value (CSV) file in which the channels are transformed to engineering units. The new
parsing program, based on the parser originally developed by Aberdeen Test Center, was
improved to meet the needs and requirements of the FOT, in particular to handle the large

number of files collected by the many vehicles on the road.

Once the blob files had been decompressed and converted to CSV files, Battelle utilized the
decompressed and converted files to perform validation and calculate summary statistics for the
Battelle analysis database. Decompressed blob files were not stored in the analysis database due

to storage space considerations; blobs were stored in their raw format.

Validations
The following data quality checks were performed for each blob file:
1. Start date and time was provided for each blob as header information associated with the
time history data. Start and stop times were compared with spatially adjacent blobs.
Start and stop time were also compared with the minimum and maximum times contained

within the blob.
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The VIN in the blob metadata was looked up to ensure that the data could be assigned to
a specific FOT vehicle.

The length of each blob was checked to ensure that the data did not repeat internally.
Each channel was screened to ensure that its values were within a reasonable range for
the type of data reported.

Odometer readings were checked between blobs for consistency. When odometer values
were missing, GPS coordinates and spatially adjacent blob values were used to impute
missing values.

GPS coordinates were imputed if missing when no distance was traveled.

Target range, range rate, and azimuth were checked with the Target Detect Alerts to

ensure that a target was present.

Note that the objective of these checks was to verify that data were being collected reliably, were

within expected bounds, and were internally consistent. Due to data processing considerations,

these were not checks on the precision of the data, as transducer calibration data were maintained

separately.

The results of blob file data validation were stored in the Battelle analysis database. Only the

relevant subset of validations was performed on tractor and trailer data as dictated by the

channels available for each template and configuration.

Summary Statistics

Statistics summarizing the driving experience of each tractor and trailer were calculated for each

blob. Data summaries included the following small subset of summaries:

1.

o ok~ N

VMT

Average, maximum, and minimum road speed

Counts of ABS and ECBS activations, CWS alerts, and ACC audio warnings
Percentage of time the cruise control was active

Maximum brake pedal percentage and maximum range rate

Maximum and minimum target azimuth, analog steer angle, fore/aft acceleration, lateral

acceleration, and yaw rate.
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Each of the listed summary statistics was stored in the Battelle analysis database for each blob
file. Only the relevant subset of summary statistics was calculated on tractor and trailer data as

dictated by the channels available for each template and configuration.
Structure of the Battelle Analysis Database

The following tables were created in the database, with the relationships defined by the primary

and secondary data keys given in parentheses.

tblConfigurationChannel (Channel 1D, Configuration ID)

1. tbIBlobFile (Blob File ID, Tractor Configuration 1D, VIN)
2. tbiBlobFile_Corrections (Blob File ID, Configuration ID, VIN)

3. tbIBlobFileChannelValue  (Blob File ID, Channel ID)

4. tbiBlobFileError (Blob File ID, Channel ID)

5. tblTractorTrailerMatch (Blob File ID)

6. tblConfiguration (Configuration ID)

1.

8.

tblVehicle (VIN)

tbiBlobFile Table: The blob file table contained one record for every blob file that was received.
This table served as the main source to determine which data had been received and which data
had been sent to the IE. Each record contains the blob identifier, the filename, file size,
processed date and time, configuration ID, DAS ID, VIN, blob start and stop time, blob start and
stop odometer, blob start and stop GPS information, and a field indicating whether a blob had

been sent to the IE.

tbiBlobFile_Corrections Table: This table contained an entry for each blob that has corrected
metadata. If metadata information was missing or zero, then the validation procedures were used
to attempt to correct the information. Time, odometer, and GPS location information were all

corrected when possible.

tbIBlobFileChannelValue Table: The channel value table contained a minimum, maximum, and

average of each value type channel, e.g., vehicle speed. For occurrence type channels such as a
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target detect alert, the number of occurrences and the percentage of time in an “ON” condition

were recorded.

tbiBlobFileError Table: The blob file error table contained a record for each validation check
that failed for a blob file. Each record contained the blob identifier and an ID to indicate the
validation that failed.

tbiTractorTrailerMatch Table: The tractor-trailer match table contained a record for each pair of
matched tractor and T2 trailer blob files. Each record contained two fields, the blob identifier of
the tractor and the blob identifier of the trailer that were matched.

tbiConfiguration Table: This table related the configuration file information to the configuration
ID. The configuration file was loaded into the DAS. It identified the proper configuration file to
be used when decoding the blob file.

tbiConfigurationChannel Table: The configuration channel table contained the channel
description and the valid range for that channel. Different configurations had different channel

ID numbers and different validation criteria.

tblVehicle Table: The vehicle table related the tractor reference ID, the VIN, and the

tractor/trailer template information.

Matching of tractor-trailer blob files (T2)

Matched data were defined as onboard driving data collected when a Template 2 tractor was
pulling a Template 2 trailer. This was the only Template 2 data for which all tractor and trailer
channels were collected. Other Template 2 data consisted of either tractor or trailer channels
with the other channels not collected. The matching of tractor and trailer data was performed

using the information from blob header files (GPS start/stop times and locations).

Matching vehicles using blob header files was computer-intensive (due to the large amount of
tractor and trailer blob files); it presented the risk of erroneously matching tractor and trailer
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blobs due to proximity within the terminal or at a delivery site; and, in the event a trailer did not
make it back to Loveland for a long time, it could be delayed, because the Freightliner Team had
to wait on the trailer data to do the matching. The methodology developed by the Freightliner

Team accounted for these constraints and provided the IE with the matching table.

Weekly, a procedure was run to match the trailer blobs to tractor blobs using GPS start and stop
times and location data from the blob tables. The procedure first subsetted the blobs from each
trailer by day and then matched them by GPS coordinates and time. The start time of the tractor
and trailer blobs was required to be within 60 seconds and the latitude and longitude were
required to be within 0.0002 degrees. Although the resolution of the GPS data collected was
high enough to discriminate between tractor-trailers moving in close proximity, matching of
tractors and trailers in the terminal area could be difficult. In most cases, Template 2 trailers
were moved within the terminal by yard vehicles. They would be hooked up to FOT tractors in
the terminal only upon arrival and departure from the terminal, which facilitated matching. To
alleviate the problem of duplicate matches at a distribution point, tractors and trailers were not
matched within 1.5 miles of the Loveland terminal and not within 5 miles of the estimated
position of a Wal xMart store. The boundary was smaller around the terminal because the
position of the terminal was well known, whereas the coordinates of the Wal * Mart stores were

less accurate.

Archiving of Blob Files for Permanent Storage and Delivery to the |IE

The blob files were backed up to permanent media (digital versatile discs, or DVDs) in the
delivery process. To handle the data management processes described herein, the Freightliner
Team designed and implemented a server with:

e Sufficient processing power to process the harvested data in a timely manner

e Sufficient hard drive storage space to store the Battelle analysis database

e A backup system capable of backing up the Battelle analysis database and raw blob data

e Sufficient extra hard drive space and processor power to serve the Battelle analysis

database data to researchers at Battelle
e Ability to burn data to DVD for delivery to the IE.
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Since all the uncompressed blob files were not archived in the Battelle analysis database, storage

requirements were significantly reduced.

Step 6 — Data Delivery to the IE

The Freightliner Team delivered the onboard driving data to the IE on DVDs on a monthly basis.
All blob files uploaded to Battelle during the month as well as validation information, summary
statistics, and matching information were supplied on the DVDs incrementally. Validation
information and summary statistics were supplied in CSV files that could be appended to
previous information supplied to the IE. The matching table was supplied in its entirety in CSV
format each month. The Freightliner Team also sent the data parser to the IE for data processing.

Upon creating DVDs, backup copies were made and stored in separate locked locations.

3.2.6.2 Maintenance Data

Whereas onboard driving data were appropriate for assessing the performance and reliability of
advanced brake systems, the fleet’s maintenance records were essential for assessing the
maintainability and durability of the new systems. The Freightliner Team studied the Wal x Mart
maintenance recording system and worked with Wal * Mart to determine the method of data
transfer that would cause the least disruption, and yet provide the information needed. Since the
Wal* Mart maintenance system did not have the capability of generating electronic records,
processes were implemented to obtain records on paper from the work orders stored for each
tractor and trailer. Wal* Mart’s existing data recording and collection activities were not
changed, which increased the likelihood of success in collecting complete and accurate data from
the fleet.

Maintenance records, or Repair Orders (ROs), that Wal * Mart produced in its ordinary course of
business for each tractor and trailer in this study were collected and delivered to the IE. As
specified by the IE, the data collection efforts were focused on ROs related to brake systems and
tires: The records obtained included work order information, labor hours and cost, and parts
replacements and cost for all ROs related to brake systems and tires recorded on the FOT tractors
and trailers from the dates at which they were placed in service to the end of the data collection

period. Like most trucking companies, Wal* Mart uses the ATA coding system for its
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maintenance: Vehicle Maintenance Reporting System (VMRS). As such, the codes used with
this data collection activity were specifically System Code 13 for braking systems and System
Code 17 for tires.

The queries parameters included:
e Vehicles: All FOT tractors and all FOT trailers identification number
e Dates:
0 Phase 1 data (May 1, 2005 — October 31, 2005),
0 Phase 2 data (November 1, 2005 — April 30, 2006)

e System Codes: 13 for braking systems and 17 for tires

Once all RO reference numbers were identified, the Loveland, Colorado, Wal * Mart staff
recalled the RO and printed it. The ROs include the following fields:

e Vehicle ID e Code 31 (System Level)

e RO Number e Code 32 (Assembly Level)

e Date Performed e Code 33 (Component Level)

e Meter Reading e Code 79 (Position Code)

e Code 14 (Reason for Repair) e Part Number, Quantity, and Cost
e Code 15 (Work Accomplished) e Labor Time (Actual)

e Code 16 (Repair Priority Class) e Labor Cost

e Code 17 (Repair Site) e Comments

e Code 18 (Technician Part Failure)

Once printed, ROs were then sent to Battelle. Upon receipt of the ROs, Battelle sanitized all
personnel information, e.g., name and ID of the technician performing the work; and scanned the
printed information into Adobe Portable Document File (PDF) format files. The sanitized PDF
document containing all ROs was then sent to the IE via file transfer protocol (FTP).
Maintenance data were not archived in the FOT database previously described. The schedule
and protocol for acquisition of maintenance data had no effect on management of the onboard
driving data. Maintenance records were collected in two batches: upon completion of Phase 1
and upon completion of Phase 2.
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3.2.6.3 Survey Data

The opinions of drivers and mechanics (i.e., technicians) on performance, reliability, and
maintainability of the systems under evaluation were sought by conducting surveys during the
FOT. The Freightliner Team reviewed the Wal x Mart fleet operational characteristics and
implemented processes to conduct the surveys taking into consideration fleet requirements,
logistical issues, the FOT experimental design, and proposal (Freightliner 2005).

The plan to collect driver and technician surveys was originally developed in the proposal and
refined in collaboration with the IE. Specific written surveys were developed and administered
at three separate times during the project:
e Before the drivers and technicians were exposed to or trained on the new vehicles and the
new technologies (i.e., before Phase 1)
e Before the drivers and technicians were exposed to the enabled technologies but after
they were exposed to the FOT vehicles and brake systems (upon completion of Phase 1
but before start of Phase 2)
e After completion of Phase 2, i.e., after drivers and technicians were exposed to the FOT

vehicles equipped with brake systems and enabled technologies.

This plan took advantage of the features of the experimental design of this FOT, which provided
selected control periods, allowing comparisons of driver and technician responses during times
when the various systems were operating and when they were not, allowing study of evolving
opinions and review of the overall experience and discussions of the benefits and drawbacks of
the technologies. The schedule and protocol for acquisition of survey data had no effect on
management of the onboard driving data, and was developed in accordance with the

experimental design and objectives of the evaluation.

The survey questions were developed by the IE and reviewed by the Freightliner Team. While
surveys of drivers were developed to gain information on their perception of the system

performance and their acceptance of the technology, surveys of technicians were developed to
help assess the performance of the technologies, as well as their maintainability and reliability,

and to identify potential strengths and weaknesses of the systems that might not be apparent to
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drivers and that might not emerge from the driving data. Upon review of the survey questions
for each phase of the test, the Freightliner Team suggested changes to the IE, who then modified
the survey questions as appropriate for their evaluation. Surveys that were submitted to the

drivers and technicians are included in Appendix E.

The process for collecting survey data was as follows:

e Surveys were drafted by the IE and sent to the Freightliner Team.

e Surveys were reviewed by the Freightliner Team.

e Surveys were revised, as appropriate, by the IE.

e Surveys were printed and sent to the Wal x Mart operator by the Freightliner Team at a
specified time.

e Upon receipt, Wal * Mart distributed surveys to the drivers and technicians, in mailboxes
or in hand, and collected completed surveys.

e Wal* Mart sent completed surveys back to the Freightliner Team.

e A designated staff member from the Freightliner Team sanitized surveys (i.e., removed
personal identifying information).

e The Freightliner Team transferred sanitized survey data to the IE, in the form of a PDF
copy scan of all surveys.

e The Freightliner Team stored surveys with personal information in a designated locked

location. Survey data were not archived in the FOT database previously described.

In addition to reviewing the development of survey questions, the Freightliner Team compiled
and submitted appropriate documents to Battelle’s U.S. Department of Health and Human
Services-approved Institutional Review Board (IRB) for approval, since the opinions of drivers
and mechanics who participate directly in the program were sought. Documents included the
appropriate applications for exemption or approval, as well as driver and mechanic surveys.
Federal Regulations require that research involving human subjects be conducted according to
specific protocols to protect the rights and welfare of participants. Such research must be
reviewed and approved by an independent IRB operating in accordance with Title 45, Part 46, of

the Code of Federal Regulations. The approval process determines if prospective subjects
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provide informed consent, whether they are placed at risk, and whether such risks are
outweighed by the sum of the benefits to the subject and the benefit of the knowledge gained.

All participants were asked to read an informed consent document, giving them the right to not
answer the survey questions. The Freightliner Team also implemented processes to ensure that
driver and mechanic identities would be protected, that the confidentiality of all responses in the
survey process would be assured, and that all information resulting from surveys would be
presented in aggregate form such that individual drivers or mechanics could not be identified. It
was stipulated that under no circumstances will the names of participants appear in any published
work resulting from this study. Driver and mechanic related information were tabulated only by

confidential driver identification numbers.

3.2.6.4 Operational Data

Operational data from the fleet or the Freightliner Team members were collected to supplement
the onboard, maintenance, and survey data collected. Fleet operational data collected include:
e General information on the Loveland, Colorado, stores and deliveries
e Selected dispatch information
o0 Dedicated routes assigned to Template 3 drivers
o Tractor-trailer assignments
o Tractor routing and special assignments
e Driver assignments
e In-service dates information
e Driver / vehicle day offs
e VIN/WalxMart ID tables

e Trailer locations.

Freightliner Team operational data collected include:
e Vehicle ID/DAS table

e Vehicle delivery information.
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These operational data were collected by the Freightliner Team through discussion and
interaction with the fleet operators or with relevant Freightliner Team members. Data were
either used by the Freightliner Team to generate sanitized information for the IE, or were sent
directly to the IE for their analysis. Operational data records were stored either in the FOT
database or in other designated locations. Data were sent to the IE generally in CSV format
either with the data on DVDs (e.g., DAS-tractor-trailer assignment data) or by alternate
appropriate means (email message, FTP) as necessary. The schedule and protocol for acquisition

of operational data had only limited effect on management of the onboard driving data.

3.2.7 Fleet Preparation Activities

The Freightliner Team also prepared for the FOT to be conducted in the fleet operations,
including developing training material for the drivers and mechanics, developing support

materials and processes, and understanding driver assignments.

3.2.7.1 Development of Plan, Materials, and Procedures for Field Training

of Drivers and Technicians

Training materials for drivers and for technicians were developed by the Freightliner Team.

A binder summarizing all training materials as well as reference materials was generated.

Figure 3-29 shows the table of contents of the training manual. Copies of the training binder
were sent to the USDOT, the IE, Wal * Mart, and appropriate members of the Freightliner Team.

Visual training materials were also developed by the Freightliner Team to conduct in-class

training of the drivers and technicians.
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TRAINING MANUAL:

ADVANCED BRAKING TECHNOLOGIES FOR TRUCKS AND TRAILERS

Table of Contents

Tractor and Trailer Technologies

TAB NAME

ITEM

Tractor/trailer Bendix ADB

Bendix ADB-22X Air Disc Brakes

Bendix ADB-22X: Service Information

Bendix ADB-22X: Installation guidelines - AAC steer axle
Bendix ADB-22X: Installation guidelines - forward drive axle
Bendix ADB-22X: Installation guidelines - rear drive axle
Bendix ADB-22X: Installation Guidelines - SN N64211
Bendix Air Disc Brakes: System Description Brochure
Pneumatic Disc Brake SN7 (ADB-225): Service Manual

Tractor Technologies

TAB NAME

ITEM

Tractor MW ABS

Tractor MW ECBS

Tractor MW ACC

Tractor Bendix ABS6

Meritor WABCO ABS

ABS for Trucks, Tractors & Buses Version E ECU: System Description
ABS for Trucks, Tractors and Buses: Maintenance Manual

ABS for Trucks, Tractors and Buses: Blink Codes

ABS for Trucks, Tractors and Buses: Parts Book

ABS: Installation Guide for OEM reference

ABS: Installation Guide for Wheel Speed Sensor Replacement Kit
ABS with ACC: Wiring and plumbing schematic

ABS: Driver Tips

ATC: Driver Tips

Meritor WABCO ECBS /ESC

Tractor ECBS / Electronic Stability Control (ESC): System Description
EBS: System Description

ESC Electronic Stability Control for Commercial Vehicles

Meritor WABCO ACC
Adaptive Cruise Control (ACC): System Description
Adaptive Cruise Control (ACC): Driver Display

Bendix ABS6
Bendix ABS6: Service Manual

Trailer Technologies

TAB NAME

ITEM

Trailer Arvin Meritor ADB

Trailer MW Air Braking Systems

Trailer MW ABS

Trailer MW ECBS

Trailer Bendix ECBS

Meritor WABCO Air Braking Systems
In-Line Filter for trailer Air Braking Systems

Enhanced Easy-Stop Trailer ABS with PLC

Enhanced Easy-Stop Trailer ABS with PLC: Maintenance Manual

Enhanced Easy-Stop Trailer ABS with PLC: Blink Code Diagnostic Guide
Enhanced Easy-Stop Trailer ABS with PLC: Parts Book

Enhanced Easy-Stop Trailer ABS with PLC: Replacement kits installation guides
Enhanced Easy-Stop Trailer ABS with PLC: Training Program Student Manual.pdf

Meritor WABCO ECBS / RSS

Trailer ECBS - System description

Trailer ABS with Roll Stability Support for constant power trailers with air suspensions
MW Trailer ECBS Fault Codes

Trailer ECBS and Roll Stability Support (RSS)

Trailer EBS with Roll Stability Support (RSS)

Bendix ECBS (TEBS4)

TEBSA4 Electrical Schematic

TEBS4 Power Converter Box Wiring Schematic
TEBS4 Training material

Figure 3-29. Contents of the “Advanced Braking Technologies for

Trucks and Trailers” Training Manual
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3.2.7.2 Development of Plan, Materials, and Procedures for Field Support

(Spare Parts)

Processes were developed to conduct field support of the technologies including protocols for
incident reporting or notifications in case of issues in the field. A list of primary points of
contact for the various technologies or instrumentation (phone tree), tracking materials, and spare
parts were given to the WalxMart fleet. Spare parts included systems parts as well as
instrumentation parts. Additional spare parts were acquired although stocked at the vendors’
locations for space considerations. The vendors also provided the Wal * Mart fleet with

diagnostic tools needed for the technologies installed on the vehicles.

3.2.7.3 Selection and Assignment of Drivers and Technicians

Wal* Mart assigned drivers to the vehicles per their normal assignment procedures.

In Template 3, in addition to being assigned to a new tractor, drivers were selected to drive on
the dedicated routes for 6 months in Template 3. In normal Wal xMart practices, the dedicated
runs are re-competed every 6 months and different drivers may be chosen. To accommodate the
need of Template 3, Wal x Mart operators committed to keeping the T3 drivers initially selected

to run dedicated operations for the duration of the FOT.

3.3 Task 4: Conduct FOT

3.3.1 Chronological Description of Work Performed

Task 4 of the FOT was designed to implement the plans and associated processes or procedures

to collect data for the evaluation of the technologies deployed on the Wal * Mart vehicles.

Activities were conducted to survey and train participants in the FOT, to prepare the vehicles for
service, and to conduct final inspection. The IE was also invited to observe activities taking
place at the Loveland terminal and to learn about Wal* Mart operations. The official start day of

the tractor was defined as the day when a final checkout was conducted on a given FOT vehicle
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at the Loveland facility. Data collected prior to the checkout date were stored in a separate
database labeled pre-FOT data.

As the data collection period of the FOT was officially launched on May 1, 2005, processes
described earlier for data collection and data management were implemented and any issues
raised in the field were promptly addressed. On June 9, 2005, the Freightliner Team presented
the status of the project in a briefing conducted at the USDOT.

At the end of the first phase of data collection in October, the Freightliner Team prepared for the
activation of the enabled safety technologies and the start of Phase 2 data collection. Drivers and
technicians were surveyed and trained on the enabled technologies prior to the activation of the
technologies on their assigned tractors. Maintenance data were collected for the first phase of
the FOT data collection. Processes for data collection and management implemented for Phase 1
remained in place, and issues raised in the field were promptly addressed.

As Phase 2 data collection ended on April 30, 2005, drivers and technicians were surveyed a

final time and the instrumentation was removed from the vehicles. Maintenance records were

obtained and brake systems were inspected.

3.3.2 Final Preparation Before Onboard Data Collection

3.3.2.1 Conduct Field Training: Drivers and Mechanics

Driver and technician training was conducted by the Freightliner Team upon the start of the data
collection period. Copies of the materials developed during Tasks 2 & 3 were provided to the
Wal* Mart fleet as reference materials.

Multiple training sessions were held at the Loveland terminal with drivers, technicians and
operators between March 8 and March 16, 2006. Training was conducted by representatives of
Meritor WABCO, Bendix, and GE TIP. Figure 3-30 illustrates the training schedule conducted
on March 8 through 12, 2005, by Meritor WABCO and GE TIP. A similar schedule was

implemented for the technician training sessions conducted by Bendix representatives a week
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later. Classroom as well as hands-on training was conducted as appropriate. The IE witnessed

training activities on March 9, 2005.

Tuesday Wednesday Thursday Friday Saturday
8-Mar 9-Mar 10-Mar 11-Mar 12-Mar
Technicians Technicians | Technicians | Technicians
Driver Training Training Training Training Training
Drivers Week Shift 1 Week Shift 1| WE Shift 1 WE Shift 1
Ops Managers | First group (cont) | Second group| First group | Second group
Managers (cont)
AM
Technicians Technicians
Training Training
Week Shift 1 Week Shift 1
First group Second group
(1st group working)
Technicians Technicians Technicians
Training Training Training
Week Shift 2 Week Shift 2 WE Shift 2
Afternoon First group Segonq group GE Training First group
(>4pm) (2nd group working) | + Midnight shift o
Technicians
Training
WE Shift 2

Second group

Figure 3-30. Schedule of the March 8 — 12, 2005 Training of Drivers, Technicians, and
Operators by Meritor WABCO and GE Tip

3.3.2.2 Collect Driver and Mechanic Surveys Prior to the FOT

At the time the drivers and technicians were gathered for training, the first set of surveys was

conducted and completed. Any supplemental surveys for drivers not attending the formal

training sessions were completed subsequently.

3.3.2.3 Preparation of FOT Tractors and Trailers by Wal xMart

Prior to placing any new vehicle in service, Wal x Mart conducts pre-defined preparation

activities: installation of Qualcomm antennas on tractors, inspections of vehicle systems, and

installation of special decals. Wal* Mart drivers also prepare their vehicles by installing

additional radios or personal commodity equipment (e.g., thermometers, extra mattresses,

microwaves). These activities are standard processes of the Walx Mart fleet. Such activities

took place on the FOT tractors, and had no effect on the conduct or outcomes of the test.
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3.3.2.4 Final Preparation and Validation of the FOT Vehicles

In parallel to Wal > Mart preparation of the vehicles for service, the Freightliner Team conducted
final checkout of the FOT vehicles. As such, any changes that were made to the vehicles after
delivery to the fleet were reviewed. Changes included instrumentation changes such as
replacement of a broken transducer, reprogramming of the DAS software, and vehicle changes
such as repositioning of the brake chamber inlet and outlet valves on selected trailers. None of

the changes made to the vehicle systems were out of the ordinary.

The Freightliner Team conducted the final vehicle validation checkout in April 2005, during
which a qualified QC engineer inspected each tractor in the field and recorded information such
as DAS ID, DAS configuration file version, DAS firmware version, data card number, and
vehicle mileage. Detailed instructions of the checkout activities conducted before the start of the

FOT data collection are included in Appendix D.

3.3.2.5 Final Data Harvesting, Collection, and Transfer Checkout

The Freightliner Team continued to refine and implement processes needed for data collection
and transfer. For example, Wal * Mart staff was trained on the processes developed for data card

removal, replacement, tracking, and shipping.

3.3.2.6 USDOT Mid-project Briefing & Video

As the data collection started for the FOT, as described in the following section, a mid-project
briefing was organized at the USDOT in Washington DC on June 9, 2005 with the USDOT, the
IE, and members of the Freightliner Team, namely Freightliner and Battelle. Work conducted in
Tasks 1 through 3 was presented and the first video deliverable, also documenting the work
conducted in Tasks 1 through 3, was shown to all attendees. One of the two pilot tractors built to
Wal* Mart specifications and equipped with the technologies under evaluation in this FOT was
also displayed on the sidewalk near the USDOT. All attendees were given the opportunity to
view the technologies integrated on the tractor as well as the instrumentation. The IE also
presented the status of their activities. Briefing support slides were submitted to the USDOT

after the meeting.
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3.3.3 Data Collection

Data collection, transfer, validation, and management as deployed during Task 4 are discussed in
this section. Associated activities related to fleet, technology, and instrumentation support are

also described as appropriate.

3.3.3.1 Phase 0 Data Collection (Template 3)

Data described in earlier sections were first collected from October 17, 2004, to February 23,
2005, on the eight International tractors driven by the drivers selected by the Wal * Mart fleet for
the dedicated Template 3 routes. All drivers but one of the baseline drivers were, as originally
planned, assigned to the Template 3 tractors. The change was dictated by the operational needs
of the Wal % Mart fleet. Sanitized driver assignment data were provided to the IE for their

analyses.

Table 3-13 lists the vehicle miles collected for each tractor during the Template 3 baseline phase.

Table 3-13. Summary Data Collected on Baseline Template 3 Tractors

Vehicle ID | Start Date | Finish Date | Data Miles Collected
T3B-01 10/18/2004 | 2/23/2005 28,315
T3B-02 10/18/2004 | 10/24/2004 1,429
T3B-03 | 10/17/2004 2/2/2005 22,305
T3B-04 | 10/17/2004 | 12/13/2004 9,149
T3B-05 | 10/17/2004 | 11/6/2004 6,972
T3B-06 | 10/18/2004 | 2/15/2005 28,672
T3B-07 | 10/17/2004 | 2/20/2005 29,547
T3B-08 | 10/19/2004 | 12/31/2004 18,455
Overall 10/17/2004 | 2/23/2005 144,844
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Data from the baseline phase of Template 3 were processed, validated, and stored in the
database. The Freightliner Team sent the data to the IE in four installments as follows:

e January 5, 2005 (1 DVD)
e January 24, 2005 (updated first installment)
e February 14, 2005 (3 DVDs)

e March 17, 2005 (1 DVD).

Upon completion of the baseline data collection, instrumentation was removed from the
International tractors by the Aberdeen Test Center and recycled, as appropriate, for use on the

FOT vehicles or for use as spare components.

3.3.3.2 Phase 1 Onboard Data Collection

Collection of onboard data was officially launched on May 1, 2005. The Freightliner Team
utilized all processes described earlier to collect, upload, store, validate, and transfer the onboard
data to the IE. In parallel to onboard data collection, maintenance and survey data were also

collected.

As needed, issues that were raised in the field were addressed and resolved. Challenges included
interferences on the driver’s CB radio caused by the DAS on some tractors. Drivers own their
CB radios, and model/makes vary widely. It was found in the field that on some tractors, the
power supply used by the Aberdeen Test Center in the DAS interfered with the ability of the CB
radios to transmit and receive. Extensive efforts by all members of the Freightliner Team failed
to identify any clear, single source of interference beyond the power supply of the DAS.
Consequently, custom solutions were designed for and implemented on each affected tractor.
Fixes implemented included a combination of one or more of the following: insulating material
between the DAS unit and its mounting plate, conductive lead connecting the DAS to the vehicle
ground, alternate power supply, and installing higher-end CB radios. While fixes were being

implemented on each tractor, some data were lost due to the removal of the DAS power fuse by
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dissatisfied drivers, despite the assistance of the Wal x Mart fleet operators, who urged drivers
not to do so.

Throughout the collection of onboard data, the Freightliner Team worked closely with

Wal* Mart staff to encourage the timely removal of data cards from the vehicles, hence limiting
the loss of data that occurs once the data card has reached its full capacity. The Freightliner
Team used data card tracking sheets completed in the field and data stored in the FOT database
to visually track the status of the data collection from a card usage standpoint. Figures 3-31 and
3-32 illustrate the data card tracking information compiled by the Freightliner Team, showing for
each tractor and each day the status of the onboard data collection according to the data cards

collected.

Other issues were raised as the vehicles and systems were deployed in the field. For example,
after some drivers requested a slight adjustment in the ECBS brake pedal return, Freightliner and
Meritor WABCO implemented a design change on these vehicles. Another issue of concern was
evidence of failures of the steering angle sensor embedded in the steering wheel assembly on
ECBS tractors. Freightliner and Meritor WABCO studied the source of the problem, and readily
implemented appropriate changes. Such modifications are not unusual when novel systems are
implemented on vehicles, and fixes are typically worked out among the OEM, its vendors, and
the fleet.

As data were uploaded, validated, and stored on the Battelle server, the Freightliner Team
generated data summaries that were sent to the USDOT and the IE. Data summaries (example
shown in Figure 3-33) were developed in collaboration with the USDOT and the IE to provide
the team with a snapshot of the status of the data collection as the field test progressed. Results
as well as field issues were discussed at weekly conference calls with the Freightliner Team, the
USDOT, and the IE.
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Figure 3-31. Visual Representation of the Data Collection Status
using Data Card Information for Each Tractor as a Function of Time
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Figure 3-32. Visual Representation of the Data Collection Status
using Data Card Information for Each Tractor as a Function of Time: Close-up View and Legend
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Weekly Status Report
FOT Start Date 5/1/2005
Report Date 11/1/2005
. . . . Vehicle Miles Traveled Odometer Miles .
Vehicle Units | DAS (# functional) | Data Channels Data Cards Received (VMT) Traveled Data Quality
Total to Date Weekly Total
(Freightliner/Battelle) | Expected| Current] Expected | Current | Expected| Current] Non- - Non- Blank Acé:?el to V\./ri?::y Acé:?el o V\‘/I%?:Ily PaZiir:grgige(e:ks
Blank Blank
T2C1 - Tractor 10 10 10 10 500 499 61 32 1 0 227,602 1 573,293 100%
T2C2 - Tractor 10 10 10 10 500 490 61 15 1 0 288,735 3,936 527,794 Not 98%
[T2C3 - Tractor 10 10 10 10 500 498 77 16 4 0 255,436 17,852 528,121 existing 100%
[T2C4 - Tractor 9 9 9 9 450 435 76 14 0 0 313,562 2,819 449,890 97%
Subtotal T2 - Tractor 39 39 39 39 1950 1922 275 77 6 0 1,085,333 24,608 | 2,079,098 99%
T2C1 - Trailer 15 15 15 12 204 197 15 2 0 0 57,930 0 97%
T2C2 - Trailer 15 15 15 11 187 186 14 2 0 0 47,286 0 99%
T2C3 - Trailer 15 15 15 15 255 245 20 0 0 0 64,914 0 Not available 96%
T2C4 - Trailer 15 15 13 14 238 237 20 0 0 0 126,131 0 100%
Subtotal T2-Trailer 60 60 58 52 884 865 69 4 0 0 296,261 0 98%
T3 - Tractor/Trailer 160,621 9,945 o
T3 - Tractor only 8 8 8 8 496 490 71 4 1 0 197,285 7,025 527,709 99%
Total 107 107 105 99 415 85 7 0 1,739,501 41,578 | 2,606,807
Valid Matched Data Miles Traveled
Expected t? Date Trailer Configuration
per Trailer
configuration T2C1 T2C2 T2C3 T2C4 T3
T2C1 - Tractor 30,000 28 666 1,161 743
T2C2 - Tractor 30,000 65 437 586 1,019
[T2C3 - Tractor 30,000 531 738 96 1,488
[T2C4 - Tractor 30,000 461 414 552 666
Subtotal T2 - Tractor 120,000 1,085 2,256 2,395 3,917
[T2C1 - Trailer
T2C2 - Trailer
[T2C3 - Trailer
[T2C4 - Trailer
Subtotal T2-Trailer
T3 - Tractor/Trailer 240,000 160,621
T3 - Tractor only [
Figure 3-33. Example of a Weekly Summary Report
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Processes for data management described in earlier sections were instrumental to the automatic
generation of weekly summaries and provided the Freightliner Team with timely knowledge of
potential data collection issues in the field. The Freightliner Team implemented monthly trips to
the Loveland facility to investigate and address concerns highlighted in the punchlist from data

validation results. Upon resolution of the concern, the punchlist was updated.

Trailers were tracked by the Wal * Mart fleet, with the intention that the trailers be operated only
within the Loveland service area. The Freightliner Team was also given access to the website
for trailer tracking to assist in locating trailers when issues needed to be investigated. The
Freightliner Team also assisted Wal * Mart, as appropriate, by pointing out trailers that had left

the service area.

During the data collection period of the FOT, Wal * Mart fleet operational needs led to a few
changes affecting the assignment of vehicles to home terminal or routes.
e Three tractors were transferred from the Loveland distribution center to another center
located in Grantsville, Utah. One of the three drivers volunteered to remove and replace
data cards on these three tractors. Upon his occasional return to the Loveland terminal,

the driver exchanged the full data cards with empty ones.

e At the end of the first period of dedicated routes, after the first 6 months, the dedicated
routes were reorganized to meet operational needs. As a result, one of original dedicated
stores was no longer supplied from Loveland. Two drivers were originally assigned to
this store and the associated dedicated route. Since the route was not replaced by another
route, these two drivers were reassigned to other non-dedicated routes, and their vehicles,
originally tagged as T3 configurations, were treated for data management purposes as
T2C3 tractors. The date at which they discontinued driving their dedicated route to the
given store was recorded, and all data received from this date on was included in the

Template 2 data rather than the Template 3 data.

All information regarding vehicle reassignments was carefully tracked for each vehicle and

shared with the IE using vehicle codes.
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The Freightliner Team processed the data uploaded to transfer them to the IE. Data and
accompanying data summary tables were shipped to the IE on DVDs in the following

installments during Phase 1:
e July 22, 2005 (9 DVDs)
e July 27, 2005 (1 DVD with updated data parser)
e September 9, 2005 (17 DVDs)
e September 21, 2005 (8 DVDs)
e October 7, 2005 (7 DVDs)
e November 4, 2005 (14 DVDs)

e November 10 and 11, 2005 (4 DVDs)

December 19, 2005 (12 DVDs).

Upon receipt of the DVDs, the IE conducted its own data management routines. The
Freightliner Team, as requested, assisted the IE by addressing questions and modifying internal

processes as necessary.

3.3.3.3 USDOT Briefing

As the data collection for Phase 1 neared completion, a briefing was held in Washington State on
October 19-20, 2005, with representatives of the USDOT, the IE, and members of the
Freightliner Team, including Freightliner and Battelle. The objective of the meeting was to
review the current state of data collection, data analysis, and FOT objectives as the project

moved forward.

3.3.3.4 Activation of Enabled Technologies for Phase 2

As prescribed by the FOT test plan (Freightliner 2005), enabled safety technologies were
activated after 6 months of data collection. Table 3-14 highlights the technologies that were
activated for each tractor and trailer configuration. In Template 2, Configuration 4 tractors and

Configurations 1 and 2 trailers did not have any enabled safety technologies activated by design.
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Descriptions of the technologies and associated manufacturer are included in Section 2 of this
report.

Table 3-14. Enabled Technologies Activated for Phase 2 as a Function of Tractor and
Trailer Configuration. Enabled Technologies are Shown in Bold Blue Underlined Font,
while Phase 1 Technologies are Shown in Black Italics Font.

Tractors Trailers
_ | AM drum brakes AM drum brakes
Template - MW ABS MW ABS
Config. 1 Adaptive Cruise Control (ABS)
Roll Stability Control (RSC)
_ | BK disc brakes AM disc brakes
Template = MW ABS MW ABS
Config. 2 Adaptive Cruise Control (ABS)
Roll Stability Control (RSC)
_ | BK disc brakes BK disc brakes
Template 2 MW ECBS MW ECBS
Config. 3 Adaptive Cruise Control (ECBS) | Roll Stability Support (RSS)
Template 3 Electronic Stability Control (ESC)
_ | BK disc brakes BK disc brakes
Template 2 Bendix ABS6 Bendix ECBS
Config. 4 Trailer Roll Stability (TRSP)

BK: Bendix Knorr; MW: Meritor WABCO; AM: Arvin Meritor

Manufacturers of the technologies were responsible for technology activation on tractors and
trailers, and their representatives traveled to Loveland for this purpose. As with similar activities
in this FOT, checklists were developed and implemented for use in the field. Most vehicles were
activated by Meritor WABCO and Bendix representatives: trained Wal % Mart staff also
contributed to the efforts by activating vehicles that were available after the vendors’ visits to
Loveland.

The activation was scheduled in stages to facilitate logistics of having multiple vendors on site as
well as to accommodate validation activities conducted on the ACC technology at the
Freightliner Test Center before the activation. In Stage 1, trailer-based technologies were
enabled by Bendix. In December 2005, Bendix began activation the TRSP technology on the
T2C4 trailers. Two trailers were activated by Wal x Mart as they returned to the terminal at a

later date. At the time of their visit, Bendix representatives also inspected the T2C4 tractors that
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were on site, although no technology was activated. In Stage 2, Meritor WABCO
representatives began activating the 55 T2C3 and T3 trailers with the RSS technology. Similarly
with the Bendix trailers, trailers that were not available at the time were subsequently activated
by trained Wal x Mart staff. In Stage 2, Meritor WABCO also activated the ECBS-enabled
technologies on T2C3 and T3 tractors, namely the ACC and ESC technologies. Finally, in

Stage 3, Meritor WABCO activated the ABS-based enabled technologies, RSC and ACC, on
T2C1 and T2C2 tractors.

Issues encountered upon activation of the technologies included the need to reprogram the
engine ECU on selected tractors to enable the ACC parameter. Work unrelated to the FOT had
been done at the dealership on these specific tractors, with the result that the engine ECU
required reprogramming. The ACC parameter, not being a standard parameter for Wal x Mart,
was erased in the process. Meritor WABCO identified this problem during test drives on these
tractors after activation. The Detroit Diesel dealership was contacted and requested to promptly
correct the situation. Dates of reprogramming were communicated to the Freightliner Team
upon request and were taken into consideration for actual activation of the ACC technology on

these tractors.

All activation activities and efforts were closely managed, tracked, and supervised by the
Freightliner Team. The date of technology activation was recorded for each vehicle, and stored
in the FOT database for further processing of the data into Phase 1 and Phase 2 bins. The CSV
table of activation dates for each tractor was also provided to the IE. Because of the complexity
of the experimental design and associated evaluation objectives, the start date could potentially
vary for each individual vehicle as a function of the evaluation topic. As such, as shown in
Figure 3-34, several Phase 2 start dates were specified. Details and results of this process were
shared with the IE. Data were stored in the FOT database accordingly for follow-on processing

activities.
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Dates
Events

TRACTORS

TRAILERS

Phase | starts

Phase | ends

Phase Il Generic starts

Driver training ACC Activated
RSC/ESC Activation

ACC config file |ACC Tires Corrected

corrected

Phase |
(ends when Phase Il generic starts)

Phase Il - Generic
(starts when driver training was conducted & technologies first activated or radar aligned by Meritor WABCO)

Phase Il - RSC/ESC
(applicable to all except T2C4 tractors, effective when technologies were activated by Meritor WABCO)

Transition Phase
(Variable, dependent on
engine parameter activation

Phase Il - ACC performance
(Delay caused by need to reprogram ACC engine parameter on some vehicles.

date) Transition period duration is dependent on date of activation by Detroit Diesel)

Phase Il - ACC data collection
(ACC code added to the DAS configuration file: without code,
it was not possible to identify mode of cruise control used by
driver)

Phase Il - ACC usage
(applicable to T2C1 and T2C2 tractors only;
tire parameter corrected in ACC software to

eliminate speed differential concern)

Phase |
(ends when Phase Il generic starts)

Phase Il - Generic & RSS or TRSP
(starts when technologies were activated by Meritor WABCO or Bendix)

Phase Il ends
Last Data Sent
to IE

Does not apply to T2C4 tractors
(no technology activated)

Figure 3-34. Definitions used for Determining Phase 2 Start Dates
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3.3.3.5 Phase 2 Driver Training

As the technologies were activated on the vehicles, the Freightliner Team organized a second
training program to train drivers on the enabled technologies activated for Phase 2. Appendix F
includes the training brochures developed by the Freightliner Team. As only a subset of drivers
could attend the in-class sessions, the Freightliner Team produced training DVDs for the drivers.
Copies of the DVDs were provided to the fleet operator and drivers were asked to view the

videos upon return to the terminal on their day-out.

3.3.3.6  Phase 1 Surveys

The Freightliner Team conducted a second set of surveys of both drivers and technicians before

they were exposed to the enabled technologies.

3.3.3.7 Phase 1 Maintenance Records

The Freightliner Team collected maintenance records as described earlier for the first phase of

the vehicle and technology use in the field. Records were sanitized and sent to the IE.

3.3.3.8 Phase 2 Data Collection

For Phase 2, collection of onboard data was officially started as the technologies were activated
and functioning on each individual vehicle. As such, between Phase 1, during which all vehicles
operated without any enabled technologies, and Phase 2, during which all vehicles operated with
enabled technologies, a transition phase was created. In this transition, some vehicles were

operating in Phase 2 while others remained operating in Phase 1.

Similarly to Phase 1 data collection, the Freightliner Team used all processes described earlier to
collect, upload, store, validate, and transfer the onboard data to the IE. In parallel to onboard

data collection, maintenance and survey data were also collected at appropriate times.

Issues that were raised in the field were addressed and resolved as needed. For example, drivers
pointed out the presence of a speed differential between the speeds displayed on the vehicle
speedometer and on the ACC display screen. Upon investigation of the issue, Meritor WABCO
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identified the origin of the speed difference and corrected the problem by changing a parameter
in the ACC software. As the team was trying to quantify the extent to which drivers were
utilizing ACC or CCC with the onboard data collected starting from the date of activation, the
Team discovered that a key parameter, the ACC_mode, was incorrectly omitted from the data
file collected onboard the tractors. Aberdeen Test Center promptly, upon request, corrected the
error in each configuration file, and the Freightliner Team reloaded the revised configuration

files on each tractor.

Throughout the collection of onboard data, the Freightliner Team continued to work closely with
Wal* Mart staff to encourage the timely removal of data cards from the vehicle, hence limiting
the loss of data as a result of full data card capacity. As data were uploaded, validated, and
stored on the Battelle server, the Freightliner Team continued to generate data summaries that
were sent to the USDOT and the IE. An example of the Phase 2 data summaries is included in

Section 4.

The Freightliner Team processed the data uploaded to transfer them to the IE. Data and
accompanying data summary tables were shipped to the IE on DVDs in the following
installments during Phase 2:

e January 12, 2006 (13 DVDs)

e February 6, 2006 (15 DVDs)

e February 16, 2006 (2 DVDs)

e March 7, 2006 (7 DVDs)

e March 22, 2006 (9 DVDs)

e April 11, 2006 (7 DVDs)

e May July 27, 2006 (15 DVDs).

Upon receipt of the DVDs, the IE conducted its own data management routines. The

Freightliner Team, as requested, assisted the IE by addressing questions and modifying internal

processes as necessary.
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3.3.3.9 Phase 2 Surveys

Once the data collection period of the FOT was completed on April 30, 2006, the Freightliner

Team conducted a final set of surveys of both drivers and technicians.

3.3.3.10 Phase 2 Maintenance Records

The Freightliner Team collected maintenance records generated during the second phase of the
FOT. Upon review of the maintenance records obtained from Phase 1, the IE did not request

changes to the maintenance data collection.

The Freightliner Team, specifically representatives from Bendix, also inspected the brake
systems on a subset of tractors and trailers, including wear measurements of the brake
components of disc and drum brakes. A summary and analysis of the brake inspection activity is
scheduled to be created by the IE.

3.3.4 Vehicle Instrumentation Decommissioning

Once the data collection period of the FOT was completed on April 30, 2006, the Freightliner
Team prepared to decommission the instrumentation on the tractors and trailers. Only systems
installed for the purpose of data collection were subject to decommissioning. Per the field test
agreement between Wal > Mart and Freightliner as well as in accordance with the cooperative
agreement, safety technologies were not removed from the vehicles.

Instructions were drafted by the Freightliner Team, tested on two vehicles in the field in August
2006, revised as appropriate, and finalized for the complete decommissioning of the vehicles.
QC documents were developed and implemented. Members of the Freightliner Team
collaborated to ensure that the decommissioning strategy and implementation were acceptable to

all parties, in particular to Wal * Mart as owner of the vehicles.

Hardware, including DAS units, mini-DAS units, video DAS units, pressure transducers, steering
angle sensors, and GPS antennas, were sent to the Aberdeen Test Center per USDOT’s

instructions.
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The IE witnessed the decommissioning activities as they took place in early October 2006.

3.4 Task 5: Progress Reporting

Task 5 was dedicated to progress reporting as detailed in the cooperative agreement (USDOT
2003).
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4.0 DATA SUMMARIES

As the Team conducting the tests on this project, the Freightliner Team was not tasked with any
activities dealing with data analysis other than validation. Consequently, analysis results are not
included in this report, but are schedule to be published under separate cover by the IE upon
completion of the evaluation of ECBS and enabled technologies. This section presents only an

overview of data summaries generated by the Freightliner Team within the scope of the FOT.

4.1 Onboard Data Summary

As described previously, the Freightliner Team produced data summary reports on a weekly
basis to track the status of the data collection and validate the data received. The data summaries
were updated weekly upon upload of the data cards received from the field. A final data
summary was produced upon completion of the data collection period of the FOT. The data
summary, dated July 26, 2006, is shown in Figure 4-1 along with definitions of terms used in the

summary report.

Data were collected over a total of 4,382,712 miles of travel during the ECBS FOT on the FOT
tractors and trailers in Template 2 and 3 combined. Data were collected over a total of
144,844 miles on the baseline profiling tractors.
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Weekly Status Report
FOT Start Date 5/1/2005
Report Date 7/26/2006
. . . . Vehicle Miles Traveled . .
Vehicle Units DAS (# functional) Data Channels Data Cards Received (VMT) Odometer Miles Traveled Data Quality
Study
Total to Date Weekly Total
- Phase Actual to Weekly Actual to Percentage
(Freightliner/Battelle) Expected | Current | Expected | Current | Expected | Current Non- Blank Non- Blank date Total date Weekly Total Passing Checks
Blank Blank
1 0 125 46 0 0 460,866 0 909,475
T2C1 - Tractor 2 10 8 10 6 300 264 85 22 24 5 229983 | 73496 | 285,186 88%
0,
1202 - Tractor 1 10 1 10 1 500 47 126 16 2 0 591,303 13,348 | 1,070,745 94%
2 9 9 432 65 8 20 0 205,802 70,779 335,903 96%
1 1 1 50 126 29 3 0 470,286 | 25,123 | 901,854 Not existing 100%
T2C3 - Tractor 2 10 9 10 6 350 285 68 17 19 8 240439 | 70,988 | 283,282 95%
1 0 128 30 1 0 528,968 0 712,095
T2C4 - Tractor 2 o 9 o 8 400 390 87 9 25 4 283,225 | 91441 | 328,834 98%
1 2 2 97 505 121 6 0 2,051,423 | 38,472 | 3,594,168 97%
total T2 - Tract 1 o . Sl
Sublota ractor 2 39 35 39 29 50 571 1 305 56 88 17 959,448 | 306,704 | 1,233,206 95%
T2C1 - Trailer ; 15 15 15 11 187 167 32 8 (1) g 115,772 5(2)8 89%
T2C2 - Trailer ; 15 15 15 8 136 131 24 14 g g 86,025 6,%65 96%
. 1 2 25 0 0 0 127,713 12,859 Not available
T2C3 - Trailer 2 5 13 s 13 221 200 14 3 2 0 47599 | 12,268 90%
) 1 1 26 0 0 0 197,064 8,724
T2C4 - Trailer 2 15 14 15 11 187 186 14 8 1 0 23,547 973 99%
Subtotal T2-Trailer 1 60 33 60 19 731 298 107 22 3 0 526,574 28,776 92%
2 27 24 386 28 11 3 0 71,146 13,242 95%
T3 - Tractor/Trailer 114 11 0 0 235,495 0
T3 - Tractor only ! 8 0 8 0 0 315,752 0 795,423
T3 - Tractor/Trailer 53 8 20 1 29,529 0
2 8 7 434 428 ’ 312,409 999
T3 - Tractor only 193,345 99,994 &
Total 107 105 107 81 1,112 229 120 18 4,382,712 | 487,187 | 5,935,206
Vehicle Units The number of vehicle units (tractors, trailers) that are in this phase

DAS (# functional)

Data channels
Expected
Actual

Data cards received
Total to date
Weekly total
Non-Blank
Blank

VMT
Actual
Weekly total

Odometer Miles Traveled

Data Quality

Miles Sent To IE

The last data card received was a non-zero card

Expected number of functional data channels per configuration in terms of recorded data values

Actual number of data channels per configuration producing valid data in terms of recorded data values

Total number of data cards retrieved from May 2005 to date of report
Total cards retrieved for the week of the report

The number of data cards retrieved by Battelle from Wal *Mart with blob data on them
The number of data cards retrieved by Battelle from Wal*Mart with no blob data on them

Vehicle miles traveled (collected)

VMT, as indicated by the data collected to date, i.e. from start of test, May 2005, to the date of the report

VMT for the week of the report based on the data card processed date
The number of VMT, based upon odometer readings

Percent of channels recorded by the functional DAS in service that are producing valid data

The quantity of tractor VMT sent to the Independent Evaluator

Figure 4-1. Final Data Summary Report, with Definitions
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Table 4-1 lists the tractor VMT recorded as a function of vehicle configuration and study phase

for Template 2 and Template 3 tractors.

e Data were collected over a total of 3,784,991 miles of travel.

e In Template 2, data were collected over a total of 3,010,871 miles in Phases 1 and 2 of

the FOT on the four configurations of tractors, consisting of 2,051,423 miles in Phase 1
and 959,448 miles in Phase 2.

e In Template 3, data were collected over a total of 774,120 miles, consisting of
551,247 miles in Phase 1 and 222,873 miles in Phase 2.

Table 4-1. VMT Collected for Template 2 and Template 3 Tractors

per Configuration and Study Phase

Tractor Study Phase
. . Total
Configuration 1 2

T2CA1 460,866 229,982 690,848
T2C2 591,303 205,802 797,105
T2C3 470,286 240,439 710,725
T2C4 528,968 283,225 812,193
Template 2 Total 2,051,423 959,448 3,010,871
Template 3 551,247 222,873 774,120
Total 2,602,670 1,182,321 3,784,991

These data mileages take into consideration the data collected from the two tractors originally
assigned to Template 3 that were transferred to Template 2 (T2C3) after the first 6 months of

operation from one of the Template 3 dedicated routes.

Table 4-2 lists the trailer VMT recorded as a function of trailer configuration and study phase for
Template 2 and Template 3. Since the experimental design called for no enabled technologies to
be activated on the T2C1 and T2C2 trailers, all VMT recorded is labeled Phase 1.
o Data were collected over a total of 862,744 trailer miles of travel.
e In Template 2, data were collected over 597,720 miles of travel in Phases 1 and 2 of the
FOT on the four configurations of trailers, consisting of 526,574 miles in Phase 1 and
71,146 miles in Phase 2.
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e In Template 3, data were collected over 265,024 miles of travel in Phases 1 and 2,

consisting of 235,495 miles in Phase 1 and 29,529 miles in Phase 2.

Table 4-2. VMT Collected for Template 2 and Template 3 Trailers
per Configuration and Study Phase

Trailer Study Phase
Configuration 1 2 ot

T2C1 115,772 - 115,772
T2C2 86,025 - 86,025
T2C3 127,713 47,599 175,312
T2C4 197,064 23,547 220,611
Template 2 Total 526,574 71,146 597,720
Template 3 235,495 29,529 265,024
Total 762,069 100,675 862,744

Tractor and trailer data were matched using processes described in section 3.2.6.1.

Template 2 tractors blob files (“blobs™) were matched to Template 2 trailer blobs based on GPS

and time data. To be considered matched, the GPS data contained in both the tractor and the

trailer blobs must indicate that the tractor and trailer are within 50 ft in both latitude and

longitude; and the time must be within 60 seconds. Figure 4-2 illustrates samples of matched

and unmatched blobs by plotting the starting odometer value of each tractor blob as a function of

the start time of the blob. Each marker in the plots represents a blob file. Tractor blobs matched

to trailer blobs are shown in red markers.
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Figure 4-2. Visual Representations of Matched and Unmatched Blobs
for Two Template 2 Tractors

Figure note: Each Blob is Represented by a Marker, in Red if it is Matched to a
Trailer Blob and in Black if it is not Matched.

Template 3 tractor blobs were matched to Template 3 trailer blobs based on trailer data directly
recorded in the tractor blob. Table 4-3 lists the number of miles collected for tractors matched or

unmatched with Template 2 trailers. Despite all efforts to maintain the Template 2 vehicles
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within a sub-fleet, the nature of the fleet operation along with the large quantity of vehicles
operated from the Loveland terminal resulted in low matching numbers of Template 2 tractors
with Template 2 trailers. Most of the data collected were for Template 2 tractors pulling
conventional ABS drum brake trailers, with which any tractor equipped with novel technologies

has to be compatible. As such, the data collected still provide valuable insights.

Table 4-3. VMT Collected for Tractors Matched or Unmatched to Template 2 Trailers,
per Template, Configuration and Study Phase

Study Phase
Configuration 1 2 Total
Matched | Unmatched | Matched | Unmatched

T2C1 5,076 455,790 380 229,602 690,848
T2C2 4,579 586,724 403 205,399 797,105
T2C3 5,933 464,353 852 239,587 710,725
T2C4 6,335 522,633 1,121 282,103 812,192
Template 2 Total 21,923 2,029,500 2,756 956,691 3,010,870
Template 3 32,414 518,833 3,621 219,253 774,121
Total 54,337 2,548,333 6,377 1,175,944 | 3,784,991

Note: The Miles Collected for Template 3 Tractors Matched to Template 3 Trailers are not Included
as Matched in this Table.

From a technology standpoint, the configuration of Template 2 Configuration 3 and Template 3
vehicles is identical. As such, data collected onboard a Template 3 tractor not operating in an
optimized manner by pulling a T3 trailer can be binned as Template 2 Configuration 3 tractor
data. Table 4-4 summarizes data miles collected, with non-optimized Template 3 tractor data
binned as T2C3 data. Thus, the quantity of Template 3 data in Table 4-4 (235,495 and

29,529 miles for Phases 1 and 2, respectively) represents only when a T3 tractor was pulling a
T3 trailer. The IE may choose to categorize the data in this manner for evaluation of the

optimized performance of the ECBS technologies.
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Table 4-4. VMT Collected for Template 2 and Template 3 Tractors
per Configuration and Study Phase

Tractor Configuration n Study Phase > Total

T2C1 460,866 229,982 690,848

T2C2 591,303 205,802 797,105

T2C3 786,038 433,783 1,219,821

T2C4 528,968 283,225 812,193
Template 2 Total 2,367,175 1,152,792 3,519,967
Template 3 235,495 29,529 265,024

Total 2,602,670 1,108,163 3,784,991

Note: Unmatched Template 3 Data are Shown as T2C3 Data

Using the GPS data found in the data file header, the Freightliner Team collected the data as a
function of time of the day, as shown in Table 4-5. These data can be used by the IE to

investigate the benefits of technologies as a function of day or night driving.

Table 4-5. VMT Collected for Template 2 and Template 3 Tractors
per Configuration, Study Phase, and Time of Day

Study Phase

Configuration 1 2
Dawn Day Dusk Night Dawn Day Dusk Night
T2C1 3.022 | 301873 | 4.895] 150176 | 1197 | 154.941 | 682 | 73,162
T2C2 4614 | 429869 | 3890 | 152,929 | 274 | 129341 | 1.009| 75178
T2C3 5992 | 348113 | 3.483 | 112,698 | 2,369 | 168,350 | 350 | 69,370
T2C4 3587 | 357.753 | 3.639 | 163989 | 1.675| 148,612 | 2.880 | 130,058
Te?g'tztlez 18,115 | 1,437,608 | 15,907 | 579792 | 5515 | 601,244 | 4,921 | 347,768
Template 3 | 2463 | 405817 | 2.625| 140,342 | 485| 144454 | 332 | 77,603
Total 20578 | 1,843,425 | 18532 | 720,134 | 6,000 | 745,698 | 5253 | 425361

Note: The source of the algorithm used was the Almanac for Computers, 1990 published by Nautical
Almanac Office, United States Naval Observatory Washington, DC 20392
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The following definitions were used to categorize the data collected as a function of time of day,
namely dawn, day, dusk, or night.

e Dawn (civil): The time at which the sun is 6 degrees below the horizon in the morning

e Sunrise: The time at which the first part of the sun breaks the horizon

e Sunset: The time at which the last part of the sun dips below the horizon

e Dusk (civil): The time at which the sun is 6 degrees below the horizon in the evening.

The dawn and dusk driving periods each represent approximately 30 minutes of driving per day.
The day and night periods represent differing durations dependent on the time of year, e.g., day
is longer in the northern hemisphere during the summer months. However, on balance the day
and night periods represent approximately equal durations. The breakdown of driving mileage
by period of day illustrates the propensity of the Wal * Mart fleet operations to cover more
mileage during the day than the night, as expected. Further analysis of the time of day would
likely indicate that most of the night driving occurs in the time shortly before dawn and shortly
after dusk.

As described earlier, enabled technologies were activated upon completion of Phase 1. Dates of
activation, for selected technologies and corresponding vehicles, varied from vehicle to vehicle.
Hence, the quantity of data collected for each vehicle configuration was calculated as a function
of the end use of the data. For example, since RSC was generally activated earlier than ACC on
T2C1 and T2C2 tractors, more data are available to investigate evaluation research questions
targeted to the RSC technology. Table 4-6 lists all mileage collected as a function of the
objectives of the evaluation. Phase 2 was subdivided into several sub-phases as detailed earlier
in Figure 3-34:
e Phase 2 Generic started when the driver training was conducted and technologies were
first activated or radar was aligned by Meritor WABCO
e Phase 2 RSC/ESC phase, applicable to all tractors except T2C4 tractors, was effective
when the RSC or ESC technologies were first activated by Meritor WABCO
e Transition phase was variable and was dependent on the engine parameter activation date
e Phase 2 ACC performance was the phase during which ACC was activated and working
on the tractors
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e Phase 2 ACC data collection was the phase for which the specific data code identifying
the mode of cruise control used by the driver was added to the DAS configuration file
e Phase 2 ACC usage, only applicable to T2C1 and T2C2 tractors, defined the phase for
which concerns of speed differential caused by an incorrect parameter in the ACC ECU
were eliminated.
The dates each individual tractor transitioned between the sub-phases identified in Table 4-6

have been provided to the IE to assist in its evaluation of the various research objectives.

Table 4-6. VMT Collected for Template 2 and Template 3 Tractors
per Configuration and Study Phase as Defined by Evaluation Objective

Study Phase
Configuration Phase 2
Phase 1 ™ Generic, Transition ACC ACC Data ACC
RSC /ESC Performance | Collection Usage
T2CA1 460,596 230,253 270 229,982 110,276 86,236
T2C2 492,035 236,059 30,257 205,802 122,259 84,419
T2C3 443,209 267,507 27,068 240,439 109,355 109,355
T2C4 528,968 283,225 0 283,225 283,225 283,225
Te@‘rg'tie 2 | 1,924,808 | 1,017,044 57,595 959,448 625,115 | 563,235
Template 3 533,271 240,849 17,976 222,873 121,378 121,378
Total 2,458,080 1,257,893 75,571 1,182,321 746,493 684,613
4.2  Vehicle Dispatch

The operation of the FOT tractors and trailers for which data were collected is shown in

Figure 4-3 and 4-4, respectively. Although some vehicles were operated outside of the Loveland
distribution center service area, most of the traffic was concentrated around Loveland. Figure 4-
5 shows the routes used by Template 3 tractors only, illustrating the concentration of trips on
dedicated routes. Figure 4-6 illustrates the locations of the Wal * Mart distribution centers in the
United States. In Wal* Mart’s typical operations, trailers are not domiciled in one distribution
center but are used throughout the country on an as-needed basis. The efforts of all members of
the Freightliner Team can be seen on Figure 4-4, as the FOT trailers remained centralized around

Loveland.
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Figure 4-3. Operation of the Template 2 and Template 3 Tractors during Data Collection.
Road Usage is Proportional to the Line Thickness.
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Figure 4-4. Operation of the Template 2 and Template 3 Trailers during Data Collection.
Road Usage is Proportional to the Line Thickness.
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@ Wal-Mart Distribution Center
@ Wal-Mart Headquarters

Figure 4-6. Location of the WalxMart Distribution Centers

4.3 Summary Statistics & Onboard Data Characterization

The Freightliner Team computed summary statistics of the data after they were collected and
validated. The following section presents results of the summary statistics with the sole intent
and purpose to describe and characterize in general terms the operating characteristics observed
during the FOT. Results or conclusions related to the evaluation objectives of the FOT are not
drawn from the summary statistics presented, because these are within the scope of the IE’s

analyses of the data.

Vehicle Speed
Table 4-7 lists the average tractor road speeds (mph) as a function of vehicle configuration and

study phase. For this analysis, Phases 1 and 2 data were defined by the generic Phase 2. As
described in section 4.1, the generic phase 2 period starts when the driver training was conducted

and technologies were first activated or radar was aligned by Meritor WABCO.
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Table 4-7. Average Road Speed of Tractors in Templates 2 and 3 per Study Phase

_ _ Average Road Speed in mph (95%Confidence Interval)
Configuration
Phase 1 Phase 2

T2CA1 48.85 (47.68, 50.02) 47.77 (46.57, 48.96)
T2C2 49.39 (47.87, 50.90) 48.53 (47.00, 50.06)
T2C3 47.03 (45.73, 48.33) 47.40 (46.07, 48.72)
T2C4 48.35 (47.44, 49.26) 48.61 (47.67,49.54)

T3 48.93 (47.93, 49.94) 48.41 (47.37, 49.45)

Note: 95 Percent Confidence Intervals Shown in Parenthesis take into Consideration Truck-to-

truck Variability.

Figure 4-7 illustrates the average road speed of the tractors as a function of template, vehicle

configuration and study phase. From Table 4-7 and Figure 4-7, it can be concluded that the

average speed behaviors of drivers assigned to all five configurations of vehicles are similar.

Although there appears to be a drop in the average speed during Phase 2 for the T2C1 and T2C2

configurations, this change is not statistically significant.

55,

5

Average Speed (mph)

Pt

T2C1 T2C1 T2C2 T2C2 T2C3 T2C3 T2C4 T2C4 T3 T3

Vehicle Configuration/Study Phase

Figure 4-7. Average Vehicle Speed (mph)
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Elevation and Road Slope

Table 4-8 summarizes the average tractor elevations (meters) as a function of vehicle
configuration and study phase. On average, Template 3 tractors were operated at a higher
average elevation. For this analysis, Phases 1 and 2 were defined by Phase 2 generic. As
described in Section 4.1, the generic Phase 2 period started when the driver training was

conducted and technologies were first activated or radar was aligned by Meritor WABCO.

Table 4-8. Average Elevation (m) of Tractors in Templates 2 and 3 as
a Function of Study Phase

_ i Average Elevation (m)
Configuration
Phase 1 Phase 2

T2C1 1,473 1,497
T2C2 1,459 1,506
T2C3 1,451 1,503
T2C4 1,442 1,474

T3 1,627 1,453
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Figure 4-8 illustrates the distribution of average elevation for Template 2 (black line) and
Template 3 (red line) tractors. The observed elevations for Template 2 and 3 tractors is
consistent with the maps provided in Figure 4-3 and 4-5. Figure 4-5 illustrates that the majority
of Template 3 driving was conducted in the high-elevation area due north of the Loveland
distribution center, whereas Figure 4-3 illustrates that when all tractors are considered, there are
more trips to lower elevation areas south and east of the Loveland distribution center. The
variation in the average elevation of Template 3 tractors in Phases 1 and 2 may be due to the

changes in dedicated routes every 6 months.

30
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Figure 4-8. Distribution of the Elevation (m) of the Template 2 and Template 3 Vehicles
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Figure 4-9 shows the distribution of the data collection as a function of the difference between
the minimum and the maximum elevation within each blob. To the extent that most of the 10-
minute blobs were driven at highway speeds, this difference is a measure of the slope of the road
on which tractors operated within each blob, indicating whether the vehicles were operated in
flat or mountainous terrain. Based on Figure 4-9, it can be concluded that the T3 dedicated

routes were over more mountainous terrain than the non-dedicated routes.
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Figure 4-9. Percent of Blobs as a Function of the Difference between the Minimum and
Maximum Elevation within Each Blob

Longitudinal Acceleration

Figure 4-10 illustrates the distribution of the minimum longitudinal acceleration of the tractors as
a function of configuration and phase. For this analysis, Phases 1 and 2 data were defined by the
generic Phase 2. As described in section 4.1, the generic Phase 2 period started when the driver
training was conducted and technologies were first activated or radar was aligned by Meritor
WABCO. Minimum longitudinal acceleration during a 10-minute blob represented the

maximum deceleration (or braking) observed over that period. As such, Figure 4-10 provides
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information on the braking requirements during FOT driving by configurations and phases.
These statistics were produced over the 10-minute blob period. If the statistics were produced on
a 10-Hz basis, all the distributions would shift and contract to the right (less deceleration) due to
the maximum that was taken over the 10-minute blob period. Thus, these profiles should not be
interpreted to indicate that deceleration is occurring most of the time. Before identification of
the minimum acceleration within each blob, a 5-point moving average was taken to address the
noise observed in this sensor measurement. Additionally, a number of longitudinal
accelerometers failed during the course of the study. The validation flags constructed when the
data were loaded into the FOT analysis database were used to screen out as much of the data to
the degree possible.
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Figure 4-10. Distribution of Minimum Longitudinal Acceleration (g) within Each Blob
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Yaw Rate

Figure 4-11 illustrates the distribution of the yaw rate of the tractors as a function of
configuration and phase for the validation range utilized. For this analysis, Phase 1 and 2 data
were defined by the generic Phase 2. As described in section 4.1, the generic phase 2 period
started when the driver training was conducted and technologies were first activated or radar was
aligned by Meritor WABCO. A number of yaw rate sensors also failed during the course of the
study; validation flags were used to screen out these data from the analysis. A 5-point moving
average was also used to smooth the yaw rate data prior to summarizing, because the raw data
were observed to be noisy. As with the deceleration analysis, Figure 4-11 represents a summary
of behavior across blobs. In this case, since the average yaw rate across blobs is depicted, the
distribution of yaw rate on a 10-Hz basis would be considerably more spread out. For reference,
on Figure 4-11, a tractor traveling at 55 mph traversing a 1000 ft radius of curvature curve would

exhibit a yaw rate of approximately 4.6 deg/s.
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Figure 4-11. Distribution of Average Yaw Rate (deg/sec) within Each Blob
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Target Range and Forward Vehicle Speed

Figures 4-12 and 4-13 illustrate the distribution of the average target range and forward lead
vehicle speed across all blobs with average speed equal or greater than 20 mph. A target is
present in 84 percent of the blobs collected. Blobs with no target are not included in this
analysis. Approximately 20 percent of the blobs report a range of O feet. Because the statistics
analyzed in these plots represent averages over 10-minute blobs, it is possible that these zero
distance radar returns actually occurred during a portion of a blob when the truck was stopped. It
is also possible that these zero distance targets occurred very briefly within blobs in which no
other targets were detected, indicating that an additional 20 percent of blobs actually had no
targets. The majority of the stopped lead vehicles depicted in Figure 4-13 likely correspond to
the zero distance artifacts observed in Figure 4-12. Figure 4-12 indicates that approximately
250 feet is a common following distance for FOT tractors and that the speed profile of lead

vehicles predominantly includes driving between 55 and 80 mph.
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Figure 4-12. Distribution of Target Range (feet) within Each Blob
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Figure 4-13. Distribution of Forward Vehicle Speed (mph) within Each Blob

4.4  Additional Onboard Data Characterization

For illustration purposes, this section presents data and associated histograms generated using a
subset of 10-Hz data extracted from the database and decompressed to further characterize the
data collected onboard the vehicles. The data selected were July 2005 and June 2006° data for
one individual Template 3 tractor. The July 2005 data represent Phase 1 driving, while the
June 2006 data represent Phase 2 driving.

® The decommissioning of the instrumentation was scheduled to occur within the months following the official end
of the FOT, i.e. on May 1, 2006. Although the data collection period was officially terminated on April 30, 2006,

some vehicles continued to collect onboard data until the DAS unit and other instrumentation hardware were
removed.
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Figure 4-14 shows the percent of time data were collected onboard this tractor from a Template 3
trailer, hence the percent of time data collected from a matched and optimized tractor-trailer.
During July 2005, this particular T3 tractor exhibited a better than average (~43 percent)

percentage of driving in the optimized configuration.

58.35% 41.65%

@ T3 trailer is not attached. B T3 trailer is attached.

Figure 4-14. Data Collected Onboard the Tractor in Optimized and
Non-Optimized Template 3 Configurations(July 2005)
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Figure 4-15 illustrates the route driven by the tractor in July 2005: this Template 3 tractor drove

from Loveland to Grand Junction, Colorado, on a dedicated route. Figure 4-16 shows a
histogram of the vehicle speed.

Figure 4-15. Route Driven by the Selected Template 3 Tractor
in July 2005
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Figure 4-16. Distribution of the Selected Template 3 Tractor Speed (mph)
in July 2005
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For this tractor, Figure 4-17 illustrates the distribution of the maximum lateral accelerations
within each blob (top plot) and average lateral accelerations within each blob (bottom plot) in
July 2005.
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Figure 4-17. Distribution of the Maximum (top) and Average (bottom)
Lateral Acceleration (g) of the Selected Template 3 Tractor in July 2005
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As expected over a 10-minute period, average lateral acceleration is centered about zero with
low variability. The distribution of maximum lateral accelerations over 10-minute periods
indicates that, in most 10-minute intervals, a lateral acceleration of 0.2g or greater is observed.
These minimum and average values are calculated based on data that have been smoothed with a

5-point moving average to address noise in the raw sensor data.

Figure 4-18 illustrates the distribution of the minimum longitudinal acceleration of the vehicle.
The distribution of minimum longitudinal acceleration indicates that significant braking events
(greater than 0.25g) occur in only a small fraction of 10-minute intervals. This is as expected.
To carefully investigate performance of ECBS in hard braking situations, only blobs with the
smallest minimal longitudinal accelerations need to be analyzed. The summary statistics,

calculated for each blob and provided to the IE, identify these most relevant data.
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Figure 4-18. Distribution of Minimum Longitudinal Acceleration (g)
in July 2005

Brake pressure data collected at each wheel were also characterized for the selected Template 3
tractor during the month of July 2005. The data trend that follows displays pressures for only
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one of the brake pressure channels, because all brake pressures responded similarly. Figure 4-19
shows the tractor front brake pressure as a function of the trailer pulled. When a Template 3
trailer is not attached, the tractor may be operating as a bobtail, pulling a trailer other than a
Template 3 trailer, or pulling a Template 3 trailer without the second cable connected. This

figure shows that the brakes are not applied for approximately 97 percent of the time.

38.20%

58.58%

O The brake is applied and a T3 trailer is attached.

@ The brake is applied and no T3 trailer is attached. Another type of trailer may be attached.

O The brake is not applied and a T3 trailer is attached.

Bl The brake is not applied and no T3 trailer is attached. Another type of trailer may be attached.

Figure 4-19. Distribution of Tractor Front Roadside Brake Pressure

Figure 4-20 illustrates the distribution of the front brake chamber pressure for the month of July
2005; the brake is not applied at the wheel for nearly 97 percent of the time, and pressure at the

wheel is greater than 50 psi for only 0.023 percent of the time.
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Figure 4-20. Brake Pressure Distribution (front roadside brake) in July 2005

Figure 4-21 shows the same brake pressure distribution as function of the trailer: with a
Template 3 trailer (top) and without a Template 3 trailer (bottom). Based on Figure 4-21, it can

be noted that higher pressures are observed (longer tail distribution) when a T3 trailer is
attached’.

" T3 drivers have reported that, when driving an optimized ECBS configuration tractor-trailer, they are more
confident in their braking ability.
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Figure 4-21. Brake Pressure Distribution (front roadside brake) in July 2005
With (top) or Without (bottom) a Template 3 Trailer
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Figure 4-22 shows the percentage of time that the trailer front roadside brake pressure is greater
than zero, and Figure 4-23 illustrates the distribution of the trailer front roadside brake pressure
when it is greater than zero. Consistent with tractor brake pressure data, the trailer brakes are not
applied for approximately 97 percent of the time.

2.38%

97.62%

@ T3 trailer brake is applied. m T3 trailer brake is not applied.

Figure 4-22. Distribution of the Trailer Front Roadside Brake Pressure
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Figure 4-23. Brake Pressure Distribution (trailer front roadside brake) in July 2005
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The distribution of trailer brake pressure depicted in Figure 4-23 appears to be multi-modal, with
peaks at approximately 10, 28, and 58 psi. In-depth analysis of individual braking events would
be required to fully understand why this behavior is observed. Such analyses are beyond the
scope of the FOT conductor team’s work. Analysis of additional trucks might indicate that this

was merely a characteristic of the braking behavior of this individual truck driver.

Figure 4-24 illustrates the distribution of the CCC usage by blob of the Template 3 tractor in July
2005. This tractor had over 35 percent of its blobs with no cruise control usage and about

10 percent of its blobs with constant usage.

0O 8 16 24 32 40 48 56 64 72 80 88 96
Percentage of Blob which has CC on

Figure 4-24. Distribution of the Conventional Cruise Control use as a Function of Speed
(ft/s) for the Selected Template 3 Tractor in July 2005

FREIGHTLINER LLC




DTFH61-02-X-00096 ECBS FOT Final Report Page 146

To investigate the use of ACC for the same Template 3 tractor, data were extracted from the
database for the month of June 2006. Summary statistics showed that:
e The ACC was off for a third of the driving time (33.76 percent)
e The ACC was on and active with:
0 Speed control for the majority of the time (63.34 percent)
o Distance control for only 0.56 percent of the time
o0 Inovertake mode for 0.20 percent of the time

e The ACC was disabled or in error condition for 2.15 percent of the time.

Summary statistics from this vehicle in June 2006 showed that the driver conventional cruise
control was ON for only 0.70 percent of the time.

Figure 4-25 shows the speed distribution of the Template 3 vehicle for the ACC on and off.

Clearly, ACC is being used predominantly at highway speeds (~ 65 mph), and most of the
driving at highway speed is done with ACC on.
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Figure 4-25. Distribution of the Vehicle Speed for the Selected Template 3 Tractor in
June 2006 when ACC was ON (top) and OFF (bottom)

Figure note: The ACC was On at Speeds below 50 mph for 0.15 Percent of the
Time
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Using the decompressed data, the Freightliner Team applied predefined trigger algorithms to
identify situations of interest, e.g., driving situations that may or may not result in crashes. The
triggers defined for video data triggering (Table 3-8) were applied as a preliminary investigation
to the May 2005 data extracted for the selected Template 3 tractor. Table 4-9 lists the number of
times the conditions defined by each trigger were met. This tractor drove 10,973 miles during

this time.

Table 4-9. Identification of Situations where Trigger Conditions are Met (May 2005)

Conditions for Trigger Number of Occurrences
Steer angle >120deg and speed>20 mph 50
Longitudinal Acceleration< -0.31g and Brake pedal pressure>0psi 19
Lateral Acceleration>0.35g and speed>20 mph 198
ABS activation (ABS="01") 8
Brake pedal pressure>75psi and speed>20 mph 3
Wheel speed difference >7 mph 0
Yaw rate>30deg/s and speed>20mph 0
Steer angle >120deg and speed>20mph 50

All parameters except ABS Activation were smoothed using a 0.5 second moving average

45 Survey Data

Surveys of drivers and technicians involved in the FOT were conducted before exposure to the
Freightliner tractors with ECBS, ABS6, and/or disc brakes (Phase 1), before exposure to the

enabled technologies (Phase 2), and after exposure to the enabled technologies (Phase 2).

Table 4-10 summarizes the response rates at each stage of the data collection, for technicians and
drivers. Several technicians and drivers responded to more than one survey. All detailed
information, with coded, completed surveys, was sent to the IE shortly after receipt of completed

surveys from the respondents.
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Table 4-10. Technician and Driver Surveys Completed

et i Baseline, After Phase 1, Final,
Before Phase 1 | Before Phase 2 | After Phase 2
Technicians n/a 34 16 20
T2C1 2 1 7
T2C2 1 4 9
T2C3 1 5 4
Drivers T2C4 0 3 8
Template 2 Total 4 13 28
Template 3 8 3 8
Total 12 16 36

Analysis of the survey responses is outside the scope of this report.

4.6 Maintenance and Inspection Data

Maintenance data in the form of printed ROs (example shown in Figure 4-26) were obtained in
two batches, as listed in Table 4-11. Note that maintenance records prior to the start of the data
collection (May 1, 2005) and after completion of the data collection (April 30, 2006) were
obtained, hence increasing the amount of data collected for the analysis.
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Figure 4-26. Example of a Repair Order Generated during the FOT

Figure note: Vehicle and Technician Information have been Removed for Insertion in the Report
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Table 4-11. Maintenance Records

Batch 1 Batch 2
Dates December 1, 2004 December 1, 2005
to December 1, 2005 to September 30, 2006

Tractor repair orders 314 TBD
Brake-related 106 TBD
Tire-related 208 TBD
Trailer repair orders 94 TBD
Brake-related 38 TBD
Tire-related 56 TBD
Total 408 TBD

Brake system inspections were conducted in October 2006 on a subset of tractors and trailers, as
described in Table 4-12. The tractor mileages exceeded 250,000 miles at the time of inspections.
Trailer mileages were not available: the trailers were not equipped with axle/hub odometers, and
Wal* Mart does not track mileage separately. Wear data for the shoes/drums and pads/discs

were measured by Bendix representatives and were provided to the IE.

Table 4-12. Brake System Inspections

Inspections #

Tractors 12
Disc brakes 6
Drum brakes

Trailers

Disc brakes

Drum brakes
Total 1

(o8 B\SHE SR Ne))
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5.0 CLOSING REMARKS

The research program benefited the trucking industry and the general public by advancing

technologies that have a potential to enhance safety on our nation’s highways. Substantial field

data and experience were obtained on performance, reliability, maintainability, durability,

compatibility, and safety of ECBS, ECBS-enabled technologies, and ADB in real-world

environments:

Forty-eight (48) tractors and one hundred (100) trailers were outfitted with various
combinations of standard production and preproduction brake and safety systems
including ECBS, next-generation ABS, ACC, roll stability technologies, yaw stability
technologies, and ADB

The tractors and trailers were successfully fielded for 12 months in a normal operating
environment

ECBS, enabled technologies, and ADB integrated on the tractors and trailers functioned
with no major interruption or failure in several million miles and nearly 2 years of
service,

Technologies were activated in stages during the data collection period, and the enabled
technologies were implemented successfully

No incompatibility of advanced technology tractors or trailers with conventional tractors
and trailers were observed in several million miles and nearly 2 years of service

Over 4 million miles of engineering data were collected onboard the tractors and trailers
Maintenance operations of the fleet were recorded on the tractors and trailers for the
duration of the FOT, i.e. from the date the vehicles were placed in service to the end of
data collection, totaling 22 months of operation

Opinions of 34 technicians and 40 drivers were obtained

The Wal*Mart fleet, its drivers, and mechanics reported being satisfied with the

performance of the tractors and trailers.

FREIGHTLINER LLC



DTFH61-02-X-00096 ECBS FOT Final Report Page 153

6.0 REFERENCES

Booz Allen Hamilton 2004. ECBS Field Operational Test Independent Evaluation,
Draft Evaluation Plan from Booz Allen Hamilton to U.S. DOT, Federal Highway
Administration, Contract No. DTFH61-01-C-00183, April 30, 2004.

FMCSA January 2003. “Large Truck Crash Facts,” available at
(http://ai.volpe.dot.gov/CrashProfile/NationalCrashProfileMain.asp)

Freightliner 2003. “Field Operational Test of Electronically Controlled Braking Systems
(ECBS) Combined Template 2 and 3 FOT, Mixed and Optimized Tractor-Trailer,” Consolidated
Combined Template Technical Proposal from Freightliner LLC to U.S. DOT, Federal Highway
Administration, Procurement Request No. 77-90-2007; Solicitation No. DTFH61-02-X-00096,
June 4, 2003. As modified 7/30/04 and 9/15/04.

Freightliner 2004a. Field Operational Test of Electronically Controlled Braking Systems
(ECBS) Combined Template 2 and 3 FOT, Mixed and Optimized Tractor-Trailer, Draft Test
Plan from Freightliner LLC to U.S. DOT, Federal Highway Administration, Cooperative
Agreement No. DTFH61-02-X-00096, May 7, 2004.

Freightliner 2004b. Freightliner ECBS Pilot Vehicle Shakedown Test Outline, Working Draft
Report from Freightliner LLC to U.S. DOT, Federal Highway Administration, Cooperative
Agreement No. DTFH61-02-X-00096, June 28, 2004.

Freightliner 2005. Field Operational Test of Electronically Controlled Braking Systems (ECBS)
Combined Template 2 and 3 FOT, Mixed and Optimized Tractor-Trailer, Final Test Plan from
Freightliner LLC to U.S. DOT, Federal Highway Administration, Cooperative Agreement No.
DTFH61-02-X-00096, June 7, 2005.

NHTSA 2005. “Traffic Safety Facts: 2005 data; Large Trucks,” NHTSA’s National Center for
Statistics and Analysis, US Department of Transportation, DOT HS 810 619.

Sandberg, Annette, June 25, 2003. Presentation FMCSA Acting Administrator, 3rd National
Intelligent Vehicle Meeting, available at:
(http://www.nhtsa.dot.gov/nhtsa/announce/speeches/030625Sandberg/FMCSA-1VI-Present.pdf)

USDOT 2002. “Field Operational Test of Electronically Controlled Braking Systems (ECBS),”
Procurement Request No. 77-90-2007, Request for Applications for Cooperative Agreement No.
DTFH61-02-X-00096, Federal Highway Administration, U.S. Department of Transportation,
August 12, 2002.

USDOT 2003. “Field Operational Test of Electronically Controlled Braking Systems (ECBS);
Template 2: Mixed Tractor-Trailer FOT; Template 3: Optimized Tractor-Trailer FOT,”
Cooperative Agreement DTFH61-02-X-00096 Between Freightliner LLC, and U.S. DOT,
Federal Highway Administration, May 1, 2003.

FREIGHTLINER LLC




DTFH61-02-X-00096 ECBS FOT Final Report Appendices

Appendix A.

Appendix B.

Appendix C.

Appendix D.

Appendix E.

Appendix F.

Appendices
INSEUMENTALION. ...ttt A-1
ShaKedOWN TESEING ....vecveeiieieiie e e e sneenas B-1
Database Information, Channel Descriptions, and Validation Information.......... C-1

Quality Control Checklists (Including Final Checkout and Decommissioning).. D-1

SUNVBYS ittt ettt ettt e kbt e ettt e et e et e e s b e e e e a b e e e b e e e nnb e e e nnne e E-1

Training Materials on Enabled Technologies..........cccccevvvieiieeie e, F-1

FREIGHTLINER LLC




DTFH61-02-X-00096 ECBS FOT Final Report Appendices

FREIGHTLINER LLC




DTFH61-02-X-00096 ECBS FOT Final Report Appendices Page A-1

APPENDIX A. INSTRUMENTATION

The pilot tractors and trailers were instrumented with modified versions of data acquisition
systems (DAS) developed by the Aberdeen Test Center for use in a prior FOT. The two types of
DAS utilized in this project are the “full DAS,” which is installed on all tractors and all
Template 2 trailers, and the “mini-DAS,” which is installed on all Template 3 trailers.

The key differences between the full DAS and the mini-DAS are that the full DAS is capable of
operating as a standalone device (meaning it does not need to be connected to another full DAS
or mini-DAS) that contains a processor board and PCMCIA card for storing data collected from
the vehicles. The mini-DAS is not a standalone device and must be connected to a full DAS
since the mini-DAS does not have a processor board or storage media. The mini-DAS is used on
Template 3 vehicles because the tractors and trailers are matched during the FOT, allowing a
single tractor-based full DAS unit to collect data for both the tractor and trailer unit vehicles.
The mini-DAS digitizes the data collected from analog sensors located on the Template 3 trailer
and transmits the data to the tractor-based DAS unit for storage. The two types of DAS boxes
are described in greater detail in the sections that follow.

Full DAS

The Full DAS hardware consists of a 486 PC/104 form factor computer with data acquisition and
communications interfaces. The computer utilizes a real-time operating system and stores the
application program and data in solid state media. The full DAS consists of the following key
hardware components:

¢ Rugged aluminum enclosure suitable for operation on heavy commercial vehicles

e Electronically programmable ROM to store the data acquisition software/algorithms

e Processor card with Controller Area Network interface module (CAN, J1939, J1708,
J1587) design to communicate between the PC/104 hardware and the vehicle

16 channel A/D card with integrated 2-axis accelerometer and analog to digital converter
Gyro card

Serial port communications card with Ethernet

Removable solid-state storage device (PCMCIA card)

8-16 Mb of RAM for data storage buffers

Power supply card

Uninterruptible power supply card

Battery unit

Two RS232 1/0O ports

Video subsystem.

Receptacles to accommaodate input power, data bus inputs, analog sensor inputs, digital
inputs, GPS inputs, as well as serial and Ethernet user diagnostic connections.

The full DAS receives data from standard vehicle data buses, technology-specific data, and other
analog and digital sources:
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e The SAE J1939 data bus is used for acquisition of ECBS fault codes and vehicle dynamic
data from the Engine Control Unit (e.g., vehicle road speed, throttle and brake
percentages)

e The SAE J1708 data bus provides vehicle and driver identification data (e.g., VIN) as
well as fault codes

e The SAE J1587 data bus is a subset of J1708, which enables data interchange between
the broadcast and diagnostic information between electronic devices

e The radar technology data bus transmits the relevant information pertaining to the
braking system as collected by the ECBS subsystem

e The ABS data bus transmits the ABS parameters

e The GPS receiver provides vehicle location information as well as the corresponding time
stamp for the data collected on-board the vehicle

e Analog sensors such as accelerometers, yaw rate sensors, wheel speed sensors, pressure
transducers, and steering angle sensors provide vehicle dynamic information not
available on data buses

e Digital signals can be provided from various truck components, including high beams,
low beams, turn signals, and windshield wipers.

The data were acquired at a fixed sampling rate of 10 Hz. The data were stored in the form of
multiple blob (binary large object') files, each containing up to 10 minutes of onboard driving
data.

Mini-DAS
The mini-DAS contains a PC/104 card stack which does not contain a processor board or means
for storing data. The mini-DAS is comprised of the following key hardware components:

Rugged aluminum enclosure suitable for operation on heavy commercial vehicles

16 channel A/D card with integrated 2-axis accelerometer

Gyro card

Serial port communications card

Power supply card

Receptacles to accommaodate input power, analog sensor inputs, and digital signals that
provide the trailer ID.

The mini-DAS receives data from analog sensors installed on the Template 3 trailers.
Accelerometers, yaw rate sensors, pressure transducers, and wheel speed sensors provide vehicle
dynamic information, which is digitized and transmitted to the tractor-mounted full DAS. The
mini-DAS also provides the tractor-mounted full DAS with the trailer ID, which is hard-wired
into a connector attached to one of the mini-DAS receptacles.

! Binary Large Object, used to refer to a variable or file in which a large block of data of non-universal/standard
structure is stored. Usually only the system that creates the file knows the definition of the structure used to
interpret the data contained.
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APPENDIX B. SHAKEDOWN TESTING

Freightliner ECBS Pilot Vehicle Shakedown Test Outline

June 28, 2004

As described in the Freightliner ECBS FOT Test Plan, the FOT pilot tractors and trailers will be
subjected to a series of basic driving tests to confirm that, when placed in operational
environments, the Wal * Mart vehicles will perform safely and reliably. These tests will be
conducted with instrumented vehicles to also demonstrate that the onboard DAS performs as
required and that data collected will meet the needs of the IE for analysis.

FOT Shakedown Testing

To demonstrate the vehicle suitability for Wal * Mart operations and to ensure that valid data are
collected for the FOT, Freightliner will conduct vehicle shakedown testing and data collections
under representative service conditions. This testing will be performed on different combinations
of tractors and trailers equipped with FOT technologies to verify functional compatibility. These
tests will include general driving, and cross-country shakedown testing. In addition, Freightliner
will verify braking functionality and compatibility through pneumatic timing, pressure balance,
stopping distance, ABS activation and brake temperature balance tests.

Vendor Shakedown Testing

In addition, brake system suppliers plan to conduct additional functionality testing to
demonstrate activation and performance of the FOT advanced systems such as RSS, TRSP and
ESC. The vendors anticipate conducting this testing as part of their validation and due diligence
in delivering these new technologies to Freightliner and the marketplace. Freightliner has
requested the opportunity to participate in these tests as part of vendor support of the FOT and to
allow selected vehicles to be instrumented. Data collected from FOT DAS during these tests will
be used as a reference for the FOT. Data collected by the vendors will be shared to the extent
possible with the US DOT and the IE, but are not part of the FOT.

Purpose and Types of Tests

Shakedown testing of FOT pilot tractors and trailers is needed for the following purposes:

1. Safety/fit-for-service: Ensure Wal* Mart FOT vehicles are fit-for-service in the operational
environment. These are basic driving tests to confirm performance in normal driving
maneuvers (also referred to as compatibility testing or Freightliner acceptance testing)

2. Safety/functionality: Ensure that the systems perform as designed and intended.
These are tests designed to activate the safety systems and verify their functionality. The
systems have been shown to function independently, but this testing is intended to ensure
compatibility between “mixed” vehicles equipped with different systems.
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3. FOT data verification: Ensure that the onboard DAS performs as needed, that is:
a. DAS and Sensors are functioning properly and generating valid data
b. Data collected will meet IE needs for analysis (data rates, data resolution, etc.)

Five types of shakedown tests are planned by the Freightliner Team. Test Type 1 supports the
FOT by shakedown of the DAS and instrumentation systems. Test Type 2 represent normal
Freightliner acceptance testing for new braking systems. Tests 3 through 5 are vendor
functionality tests to demonstrate activation and performance of the FOT advanced systems. A
more detailed overview of each test, describing the purpose, acceptance criteria, test
configurations and vehicles to be tested is provided in Appendix A of this document.

1. Freightliner Team acceptance
a. General driving (typical representative driving conditions)
b. Cross-country shakedown (typical representative driving conditions)
2. Braking functionality:
a. Pneumatic timing/pressure balance
b. Stopping distance
c. ABS activation tests
d. Brake temperature balance
3. Roll stability functionality:
a. Roll stability systems verification (ESC, RSC, RSS, TRSP)
4. Yaw stability functionality:
a. Yaw stability system verification (ESC)
5. ACC functionality:
a. Adaptive Cruise Control system verification (ACC)

Vehicle Combinations to be Tested

The Freightliner Team developed its test plan to demonstrate new technologies being introduced
in this program and to verify their functional compatibility when paired with each other and
when paired with existing systems.
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APPENDIX C. DATABASE INFORMATION, CHANNEL DESCRIPTIONS, AND

VALIDATION INFORMATION

Database Information

Battelle purchased a Dell PowerEdge 2650 — 2004 Server using the Microsoft Windows
operating system for the ECBS project. The specifics for the server are

Processors — Dual 3.06 GHz Xeon (80532)

Memory — 2 GB of RAM

Operating System Storage — 35 GB (two 35 GB disks in a RAID 1 array)
Data Storage — 1.1 TB (nine 146 GB disks in a RAID 5 array)

Backup — Autoloader removable media backup system.

This server proved to be adequate for the data that was collected during the FOT. A fast
compression routine was also employed to minimize the blob storage requirements.

Channel Descriptions

There were many on board driving channels collect on the tractors and trailers. The Data
Acquisition System (DAS) developed by the Aberdeen Test Center (ATC) collected and
recorded the data on PCMCIA cards for later transfer and processing. Loaded on each DAS was
a configuration file which acted as a set of commands for the DAS to record data. The same
configuration files also gave instructions to the blob decoding algorithms when the data were
processed. There were multiple configuration files installed on the tractors over the course of the
FOT; however, they all had common elements. When the blob is decoded into CSV format,
there are two parts to the file. The first part is header information or metadata, the second part is
a list of the records. For a 10 minute blob, 6000 records are expected (10 min * 60 sec * 10 Hz),
creating a table with 6000 rows. The columns of the table correspond to each recorded channel.
Most channels are recorded in engineering units in the CSV file. However, some channels are
not decoded and are left in hexadecimal format. These hexadecimal values, called words, can
include multiple individual channels than can be deparsed at a later time.

Tables C-1, C-2, and C-3 give the channel information from those configuration files for T2
tractors, T3 tractors, and T2 trailers respectively. The following is a description of the columns
in each table.

Column Header The column heading listed in the decoded CSV format of
the blob.

Column Header Unit The engineering units for the values in the CSV format of
the blob.
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Source Unit The engineering units according to the J1939-71
specification. The configuration file details the conversion
from the Source Unit to the CSV unit.

Summary Statistics An X indicates that summary statistics were generated by
Battelle while processing the data. The summary
statistics include the maximum, minimum, and average
for value type channels (road speed) and a number and
percentage of time of occurrences for even type channels
(ACC activation).

Validation Performed An X indicates that the values in the channel were range
checked, or, if the channel was digital, that the digital
code was checked for an error condition.

T2C1, T2C2, T2C4, T2C3  An X in these columns indicate that a particular channel
was available on that template tractor or trailer. Table
XX.2 does not contain these columns because it only
describes T3 tractors.

Source Name The J1939-71 or 73 name for the channel.

Source The source of the channel.

Codes The J1939-71, 73, or J1587 parameter group numbers
(pgn) and suspect parameter numbers (spn).

Remarks Gives amplifying information about a particular channel.

For some analog channels, the decoding information. For
analog signals, the signal is analog signal is converted to a
digital signal before it is recorded. The digital signal is
then decoded into engineering units using the conversion
listed in the remarks.

Post Processing This channel indicates the length of time used for the
moving average applied to the channel before summary
statistics were calculated.

Also included in the blobs were metadata information. The metadata was plain text information
which could be read to determine the tractor to which the blob belonged, the time and the
odometer values that the blob covers, and the spatial location of the blob. The information
contained in the metadata is detailed in Tables C-4 through C-6 for T2 tractors, T3 tractors, and
T2 trailers respectively.

FREIGHTLINER LLC



DTFH61-02-X-00096

ECBS FOT Final Report Appendices

Table C-1. T2 Tractor Channel Description

For complete descriptions of each channel, see the applicable source entry specification (e.g. J1939-71). For a description of the validation ranges, see the applicable Validation Configuration File

Page C-3

Column Calculated ABS EBS
Header Source | Summary | Validation Post Processing
Column Header Unit Unit Statistics | Performed | T2C1 | T2C2 | T2C4 | T2C3 Source Name Source Codes Remarks Performed
Relative Time Sec X X X X X DAS
GPS
HH:MM:SS HH:MM:SS X X X X X (Analog)
GPS
GPS Lat (long) deg X X X X X X (Analog)
GPS
GPS Long (long) deg X X X X X X (Analog)
GPS
GPSAIti (long) ft m X X X X X X (Analog)
0.5 sec moving
Road Speed ft/s km/h X X X X X X Wheel-Based Vehicle Speed J1939-71 | pgn65265, spn84 average
% Throttle % % X X X X X X Accelerator Pedal Position 1 J1939-71 | pgn61443, spn9l
% Engine Torque % % X X X X X X Actual Engine - Percent Torque J1939-71 | pgn61444, spn513
0.5 sec moving
Engine Speed rpm rpm X X X X X X Engine Speed J1939-71 | pgn61444, spn190 average
CC_swi1 X X X X X J1939-71 | pgn65265
Cruise Control Active J1939-71 | spn595
Cruise Control Enable Switch J1939-71 | spn596
Brake Switch J1939-71 | spn597
Clutch Switch J1939-71 | spn598
Relative Speed; Front Axle, Left 1.0 sec moving
FrontRsRelWhISpd | ft/s km/hr X X X X X Wheel J1939-71 | pgn65215, spn905 average
Relative Speed; Front Axle, Right 1.0 sec moving
FrontCsRelWhISpd | ft/s km/hr X X X X X Wheel J1939-71 | pgn65215, spn906 average
Relative Speed; Rear Axle #1, 1.0 sec moving
MidRsRelWhISpd ft/s km/hr X X X X Left Wheel J1939-71 | pgn65215, spn907 average
Relative Speed; Rear Axle #1, 1.0 sec moving
MidCsRelWhISpd ft/s km/hr X X X X Right Wheel J1939-71 | pgn65215, spn908 average
Relative Speed; Rear Axle #2, 1.0 sec moving
RearRsRelWhISpd ft/s km/hr X X X X X Left Wheel J1939-71 | pgn65215, spn909 average
Relative Speed; Rear Axle #2, 1.0 sec moving
RearCsRelWhISpd ft/s km/hr X X X X X Right Wheel J1939-71 | pgn65215, spn910 average
1.0 sec moving
RsFrontPress psi X X X X X X Analog -200.74 offset, 0.08895 multiplier average
1.0 sec moving
CsFrontPress psi X X X X X X Analog -200.74 offset, 0.08895 multiplier average
1.0 sec moving
RsIintermPress psi X X X X X X Analog -200.74 offset, 0.08895 multiplier average
1.0 sec moving
CslintermPress psi X X X X X X Analog -200.74 offset, 0.08895 multiplier average
1.0 sec moving
RsRearPress psi X X X X X X Analog -200.74 offset, 0.08895 multiplier average
1.0 sec moving
CsRearPress psi X X X X X X Analog -200.74 offset, 0.08895 multiplier average
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Table C-1. T2 Tractor Channel Description (continued)

Page C-4

Column Calculated ABS EBS
Header Source | Summary | Validation Post Processing
Column Header Unit Unit Statistics | Performed | T2C1 | T2C2 | T2C4 | T2C3 Source Name Source Codes Remarks Performed
1.0 sec moving
AirCompressor psi X X X X X X Analog -200.74 offset, 0.08895 multiplier average
1.0 sec moving
AirBag psi X X X X X X Analog -200.74 offset, 0.08895 multiplier average
1.0 sec moving
TrlProtValve psi X X X X X X Analog -200.74 offset, 0.08895 multiplier average
1.0 sec moving
Treadle Valve X X X X Analog -200.74 offset, 0.08895 multiplier average
1.0 sec moving
AnalogSteerAngle deg X X X Analog average
J1939SteerAngle rad X X X J1939-71 | pgn61449 -204.83 Offset
1/1024 rad/bit, -28.2942 rad offset
(J1939-71 spec calls for 1/1024
Steering Wheel Angle J1939-71 | spnl807 rad/bit and -31.374 rad offset)
1 counts/bit x 2(3.1416) rad/turn =
Steering Wheel Turn Counter J1939-71 | spni811 6.283 rad/bit
DAS 1.0 sec moving
F/ADC g's X X X X X X (Analog) -0.00128 multiplier, 5.28 offset average
DAS 1.0 sec moving
Lat DC g's X X X X X X (Analog) 0.00128 multiplier, -2.64 offset average
DAS 1.0 sec moving
YawRate deg/s X X X X X X (Analog) 0.03861 multiplier, -80 offset average
DAS
Wipers/Lights X X X X X (Digital)
DAS
High Beams (Digital) Bit 1, 1 bit, 0 = on, 1 = off
DAS
Low Beams (Digital) Bit 2, 1bit, 0 = on, 1 = off
DAS
Left Turn Signal (Digital) bit 3, 1 bit, 0 = on, 1 = off
DAS
Right Turn Signal (Digital) Bit 4, 1 bit, 0 = on, 1 = off
DAS Bit 5 - 8, 4 bits, 0000 = on, 1111 =
Windshield Wipers (Digital) off, all others invalid
DAS 1.0 sec moving
RSInterWheelSpeed | ft/s X X Counter 1.016 multiplier average
DAS 1.0 sec moving
CSinterWheelSpeed | ft/s X X Counter 1.016 multiplier average
0 to 250m, OxFF (255) - No Target,
Validation Based On
Tgt Range ft m X X X X X X Distance to Forward Vehicle J1939-71 | pgn65135, spn1587 TgtDetect/Alerts
0 to 250 km/h, OxFF (255) - No
Target, Validation Based On
TgtDetect/Alerts - Channel is
Forward Vehicle Speed, not Target
Range Rate as the Column Header
Tgt RangeRate ft/s km/hr X X X X X X Forward Vehicle Speed J1939-71 | pgn65135, spn1586 suggests
Tgt Azimuth deg deg X X X X X X Target Azimuth J1939-71 | pgn65135 Byte 5 of the ACC1 word
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Table C-1. T2 Tractor Channel Description (continued)
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Column Calculated ABS EBS
Header Source | Summary | Validation Post Processing
Column Header Unit Unit Statistics | Performed | T2C1 | T2C2 | T2C4 | T2C3 Source Name Source Codes Remarks Performed
TgtDetect/Alerts X X X X J1939-71 | pgn65135
00 No Target, 01 Target Detected,
X X ACC Target Detected J1939-71 | spnl798 10 Reserved, 11 Take No Action
00 ACC SSOW Not Active, 01 ACC
SSOW Active, 10 Reserved, 11
X X ACC System Shutoff Warning J1939-71 | spnl797 Take no action
00 ACC DAS Not Active, 01 ACC
DAS Active, 10 Reserved, 11 Take
X X ACC Distance Alert Signal J1939-71 | spnl796 no action
ACC System Error X X X X X ACC System Error J1939-71 | pgn65135 Byte 5 of the ACC1 word
ESC VDC1 X J1939-71 | pgn65103
VDC Information J1939-71 | spn1813
X X VDC fully operational J1939-71 | spn1814
VDC brake light request J1939-71 | spn1815
ROP engine control active J1939-71 | spn1816
ROP Brake control active J1939-71 | spn1818
YC engine control active J1939-71 | spn1817
YC brake control active J1939-71 | spn1819
XBR X J1939-71 | pgnl024
Requested deceleration (External 0.00048828125
X X acceleration demand) J1939-71 | spn2920 Multipler
EBI Mode J1939-71 | spn2914
Control priority J1939-71 | spn2915
Control Mode J1939-71 | spn2916
ERC1 1 (long) X X X X J1939-71 | pgn61440
Retarder Torque Mode J1939-71 | spn900
Retarder Enable - Brake Assist
Switch J1939-71 | spn571
Retarder Enable - Shift Assist
Switch J1939-71 | spn572
Actual Retarder - % Torque J1939-71 | spn520
Intended Retarder Percent Torque | J1939-71 | spn1085
Engine Coolant Load Increase J1939-71 | spn1082
Retarder Requesting Brake Light J1939-71 | spnl667
Source Address of Controlling
Device for Retarder Control J1939-71 | spnl1480
Drivers Demand Retarder -
Percent Torque J1939-71 | spnl715
Retarder Selection, non-engine J1939-71 | spnl716
Actual Maximum Available
Retarder - Percent Torque J1939-71 | spnl717
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Table C-1. T2 Tractor Channel Description (continued)

Page C-6

Column Calculated ABS EBS
Header Source | Summary | Validation Post Processing
Column Header Unit Unit Statistics | Performed | T2C1 | T2C2 | T2C4 | T2C3 Source Name Source Codes Remarks Performed
EBC1 1 (long_ X X X X J1939-71 | pgn61441

ATC engine control active (ASR
engine control active) J1939-71 | spn561
ATC brake control active (ASR
brake control active) J1939-71 | spn562
ABS active J1939-71 | spn563
EBS Brake Switch J1939-71 | spnl1il21 Valid on T2C3 Only

X X Brake pedal position J1939-71 | spn521 Valid on T2C3 Only 0.4 Multiplier
ABS Off road switch J1939-71 | spn575
ATC Off road switch (ASR offroad
switch) J1939-71 | spn576
Accelerator Interlock Switch J1939-71 | spn972 Valid on T2C3 Only
Engine Derate Switch J1939-71 | spn971 Valid on T2C3 Only
Auxiliary Engine Shutdown Switch | J1939-71 | spn970 Valid on T2C3 Only
Remote Accelerator Enable
Switch J1939-71 | spn969 Valid on T2C3 Only
Engine Retarder Selection J1939-71 | spn973 Valid on T2C3 Only

X X ABS fully operational J1939-71 | spnl1243
EBS red warning lamp status J1939-71 | spn1439 Valid on T2C3 Only
ABS/EBS amber warning lamp J1939-71 | spn1438
ATC/ABS lamp status J1939-71 | spn1793
Source Address of Controlling
Device for Brake Control J1939-71 | spn1481 Valid on T2C3 Only
ABS trailer warning lamp state
(Tractor-Mounted Trailer ABS

X X Warning Signal ) J1939-71 | spnl792

Brake Pressures X X X X J1939-71 | pgn65197

Brake Application Pressure High
Range, Front Axle, Left Wheel J1939-71 | spn1091
Brake Application Pressure High
Range, Front Axle, Right Wheel J1939-71 | spn1092
Brake Application Pressure High
Range, Rear Axle #1, Left Wheel J1939-71 | spn1093
Brake Application Pressure High
Range, Rear Axle #1, Right Wheel | 31939-71 | spn1094
Brake Application Pressure High
Range, Rear Axle #2, Left Wheel J1939-71 | spn1095
Brake Application Pressure High
Range, Rear Axle #2, Right Wheel | 31939-71 | spn1096
Brake Application Pressure High
Range, Rear Axle #3, Left Wheel J1939-71 | spn1097
Brake Application Pressure High
Range, Rear Axle #3, Right Wheel | J1939-71 | spn1098
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Table C-1. T2 Tractor Channel Description (continued)
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Column Calculated ABS EBS
Header Source | Summary | Validation Post Processing
Column Header Unit Unit Statistics | Performed | T2C1 | T2C2 | T2C4 | T2C3 Source Name Source Codes Remarks Performed
Brake Lining X X X X J1939-71 | pgn65196
Brake Lining Remaining, Front
Axle, Left Wheel J1939-71 | spnl099
Brake Lining Remaining, Front
Axle, Right Wheel J1939-71 | spnl1100
Brake Lining Remaining, Rear
Axle #1, Left Wheel J1939-71 | spn1101
Brake Lining Remaining, Rear
Axle #1, Right Wheel J1939-71 | spnl1102
Brake Lining Remaining, Rear
Axle #2, Left Wheel J1939-71 | spnl103
Brake Lining Remaining, Rear
Axle #2, Right Wheel J1939-71 | spnl1104
Brake Lining Remaining, Rear
Axle #3, Left Wheel J1939-71 | spnl1105
Brake Lining Remaining, Rear
Axle #3, Right Wheel J1939-71 | spnll106
Diagnostic X X X J1939-73
X X Malfunction Indicator Lamp Status | J1939-73 | DM1, 5.7.1.1, spn1213
Red Stop Lamp Status J1939-73 | DM1, 5.7.1.2, spn623
Amber Warning Lamp Status J1939-73 | DM1, 5.7.1.3, spn624
Protect Lamp Status J1939-73 | DM1, 5.7.1.4, spn987
8 least significant bits of SPN
(most significant at bit 8) J1939-73 | DM1, 5.7.1.5, spn1214
Second byte of SPN (most
significant at bit 8) J1939-73 | DM1, 5.7.1.5, spn1214
SPN, 3 most significant bits (most
significant at bit 8) J1939-73 | DM1, 5.7.1.5, spn1214
Failure Mode Identifier (most
X X significant at bit 5) J1939-73 | DM1, 5.7.1.6, spn1215
SPN Conversion Method J1939-73 | DM1, 5.7.1.7, spn1706
Occurrence Count J1939-73 | DM1, 5.7.1.8, spn1216
TSC1 X X X J1939-71 | pgn0
Override control mode J1939-71 | spn695
Requested Speed Control
Conditions J1939-71 | spn696
Override control mode priority J1939-71 | spn897
X X Requested Speed/Speed Limit J1939-71 | spn898 0.125 Multiplier
X X Requested torque/torque limit J1939-71 | spn518 -125 Offset
MD1 EBS X Wabco Proprietary Channel
MD2 EBS X Wabco Proprietary Channel
RSC/VDC X X J1587
RSC/VDC engine control active J1587 MID 88 PID 97
RSC/VDC brake control active J1587 MID 88 PID 97
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Table C-1. T2 Tractor Channel Description (continued)

Column Calculated
Header Source | Summary | Validation Post Processing
Column Header Unit Unit Statistics Performed ABS EBS Source Name Source Codes Remarks Performed
RSA X X J1587
RSA level 1 J1587 MID 88 PID E2
RSA level 2 J1587 MID 88 PID E2
RSA level 3 J1587 MID 88 PID E2
ACC_Mode -
Adaptive Cruise
Control Mode X X X X X Adaptive Cruise Control Mode J1939-71 | spnl1590
ACC_Mode -Set Adaptive Cruise Control Set
Distnace Mode X X X X X Distance Mode J1939-71 | spnl1589
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Table C-2. T3 Tractor Channel Description

For complete descriptions of each channel, see the applicable source entry specification (e.g. J1939-71). For a description of the validation ranges, see the applicable Validation Configuration File

Page C-9

Column Calculated
Header Source  Summary Validation
Column Header Unit Unit Statistics Performed Source Name Source Codes Remarks Post Processing Performed
Relative Time Sec X DAS
HH:MM:SS HH:MM:SS X GPS (Analog)
GPS Lat (long) deg X X GPS (Analog)
GPS Long (long) deg X X GPS (Analog)
GPSAIti (long) ft m X X GPS (Analog)
Road Speed ft/s km/h X X Wheel-Based Vehicle Speed J1939-71 pgn65265, spn84 0.5 sec moving average
% Throttle % % X X Accelerator Pedal Position 1 J1939-71 pgn61443, spn91
% Engine Torque % % X X Actual Engine - Percent Torque J1939-71 pgn61444, spn513
Engine Speed rpm rpm X X Engine Speed J1939-71 pgn61444, spn190 0.5 sec moving average
CC_swi1 X J1939-71 pgn65265
Cruise Control Active J1939-71 spn595
Cruise Control Enable Switch J1939-71 spn596
Brake Switch J1939-71 spn597
Clutch Switch J1939-71 spn598
Relative Speed; Front Axle, Left
FrontRsRelWhISpd | ft/s km/hr X Wheel J1939-71 pgn65215, spn905 1.0 sec moving average
Relative Speed; Front Axle, Right
FrontCsRelWhISpd | ft/s km/hr X Wheel J1939-71 pgn65215, spn906 1.0 sec moving average
Relative Speed; Rear Axle #2,
RearRsRelWhiISpd | ft/s km/hr X Left Wheel J1939-71 pgn65215, spn909 1.0 sec moving average
Relative Speed; Rear Axle #2,
RearCsRelWhISpd | ft/s km/hr X Right Wheel J1939-71 pgn65215, spn910 1.0 sec moving average
RsFrontPress psi X X Analog -200.74 offset, 0.08895 multiplier 1.0 sec moving average
CsFrontPress psi X X Analog -200.74 offset, 0.08895 multiplier 1.0 sec moving average
RsintermPress psi X X Analog -200.74 offset, 0.08895 multiplier 1.0 sec moving average
CsintermPress psi X X Analog -200.74 offset, 0.08895 multiplier 1.0 sec moving average
RsRearPress psi X X Analog -200.74 offset, 0.08895 multiplier 1.0 sec moving average
CsRearPress psi X X Analog -200.74 offset, 0.08895 multiplier 1.0 sec moving average
AirCompressor psi X X Analog -200.74 offset, 0.08895 multiplier 1.0 sec moving average
AirBag psi X X Analog -200.74 offset, 0.08895 multiplier 1.0 sec moving average
TrlProtValve psi X X Analog -200.74 offset, 0.08895 multiplier 1.0 sec moving average
J1939SteerAngle rad X X J1939-71 pgn61449 10 Multiplier, -204.8 offset
1/1024 rad/bit, -28.2942 rad offset (J1939-71 spec calls
Steering Wheel Angle J1939-71 spn1807 for 1/1024 rad/bit and -31.374 rad offset)
Steering Wheel Turn Counter J1939-71 spn1811 1 counts/bit x 2(3.1416) rad/turn = 6.283 rad/bit
F/IADC g's X X DAS (Analog) -0.00128 multiplier, 5.28 offset 1.0 sec moving average
Lat DC g's X X DAS (Analog) 0.00128 multiplier, -2.64 offset 1.0 sec moving average
YawRate deg/s X X DAS (Analog) 0.03861 multiplier, -80 offset 1.0 sec moving average
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Table C-2. T3 Tractor Channel Description (continued)

Page C-10

Column Calculated
Header | Source | Summary | Validation
Column Header Unit Unit Statistics | Performed Source Name Source Codes Remarks Post Processing Performed
Wipers/Lights X DAS (Digital)
High Beams DAS (Digital) Bit 1, 1 bit, 0 = on, 1 = off
Low Beams DAS (Digital) Bit 2, 1bit, 0 = on, 1 = off
Left Turn Signal DAS (Digital) bit 3, 1 bit, 0 = on, 1 = off
Right Turn Signal DAS (Digital) Bit 4, 1 bit, 0 = on, 1 = off
Windshield Wipers DAS (Digital) Bit 5 - 8, 4 bits, 0000 = on, 1111 = off, all others invalid
RSInterWheelSpeed ft/s X DAS Counter 1.016 multiplier 1.0 sec moving average
CSinterWheelSpeed ft/s X DAS Counter 1.016 multiplier 1.0 sec moving average
0 to 250m, OxFF (255) - No Target, Validation Based On
Tgt Range ft m X X Distance to Forward Vehicle J1939-71 pgn65135, spn1587 | TgtDetect/Alerts
0 to 250 km/h, OxFF (255) - No Target, Validation Based
On TgtDetect/Alerts - Channel is Forward Vehicle
Speed, not Target Range Rate as the Column Header
Tgt RangeRate ft/s km/hr X X Forward Vehicle Speed J1939-71 pgn65135, spn1586 | suggests
Tgt Azimuth deg deg X X Target Azimuth J1939-71 pgn65135 Byte 5 of the ACC1 word
TgtDetect/Alerts J1939-71 pgn65135
00 No Target, 01 Target Detected, 10 Reserved, 11
X X ACC Target Detected J1939-71 spnl798 Take No Action
00 ACC SSOW Not Active, 01 ACC SSOW Active, 10
X X ACC System Shutoff Warning J1939-71 spnl797 Reserved, 11 Take no action
00 ACC DAS Not Active, 01 ACC DAS Active, 10
X X ACC Distance Alert Signal J1939-71 spnl1796 Reserved, 11 Take no action
ACC System Error X ACC System Error J1939-71 pgn65135 Byte 5 of the ACC1 word
ESC_VDC1 J1939-71 pgn65103
VDC Information J1939-71 spn1813
X X VDC fully operational J1939-71 spnl1814
VDC brake light request J1939-71 spn1815
ROP engine control active J1939-71 spn1816
ROP Brake control active J1939-71 spn1818
YC engine control active J1939-71 spn1817
YC brake control active J1939-71 spn1819
XBR J1939-71 pgnl1024
Requested deceleration (External
X X acceleration demand) J1939-71 spn2920 0.00048828125 Multipler
EBI Mode J1939-71 spn2914
Control priority J1939-71 spn2915
Control Mode J1939-71 spn2916
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Table C-2. T3 Tractor Channel Description (continued)
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Column Calculated
Header | Source | Summary | Validation
Column Header Unit Unit Statistics | Performed | Source Name Source Codes Remarks Post Processing Performed
ERC1 1 (long) J1939-71 pgn61440
Retarder Torque Mode J1939-71 spn900
Retarder Enable - Brake Assist
Switch J1939-71 spn571
Retarder Enable - Shift Assist
Switch J1939-71 spn572
Actual Retarder - % Torque J1939-71 spn520
Intended Retarder Percent
Torque J1939-71 spn1085
Engine Coolant Load Increase J1939-71 spn1082
Retarder Requesting Brake Light J1939-71 spnl1667
Source Address of Controlling
Device for Retarder Control J1939-71 spn1480
Drivers Demand Retarder -
Percent Torque J1939-71 spnl715
Retarder Selection, non-engine J1939-71 spnl716
Actual Maximum Available
Retarder - Percent Torque J1939-71 spnl717
EBC1_1 (long_ J1939-71 pgn61441
ATC engine control active (ASR
engine control active) J1939-71 spn561
ATC brake control active (ASR
brake control active) J1939-71 spn562
ABS active J1939-71 spn563
EBS Brake Switch J1939-71 spnll21
X X Brake pedal position J1939-71 spn521 0.4 Multiplier
ABS Off road switch J1939-71 spn575
ATC Off road switch (ASR
offroad switch) J1939-71 spn576
Accelerator Interlock Switch J1939-71 sSpn972
Engine Derate Switch J1939-71 spn971
Auxiliary Engine Shutdown
Switch J1939-71 spn970
Remote Accelerator Enable
Switch J1939-71 spn969
Engine Retarder Selection J1939-71 spn973
X X ABS fully operational J1939-71 spn1243
EBS red warning lamp status J1939-71 spn1439
ABS/EBS amber warning lamp J1939-71 spn1438
ATC/ABS lamp status J1939-71 spni793
Source Address of Controlling
Device for Brake Control J1939-71 spn1481
ABS trailer warning lamp state
(Tractor-Mounted Trailer ABS
X X Warning Signal ) J1939-71 spnl1792
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Table C-2. T3 Tractor Channel Description (continued)
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Column Calculated
Header | Source | Summary | Validation
Column Header Unit Unit Statistics | Performed Source Name Source Codes Remarks Post Processing Performed
Brake Pressures J1939-71 pgn65197
Brake Application Pressure High
Range, Front Axle, Left Wheel J1939-71 spn1091
Brake Application Pressure High
Range, Front Axle, Right Wheel J1939-71 spn1092
Brake Application Pressure High
Range, Rear Axle #1, Left Wheel J1939-71 spn1093
Brake Application Pressure High
Range, Rear Axle #1, Right
Wheel J1939-71 spn1094
Brake Application Pressure High
Range, Rear Axle #2, Left Wheel J1939-71 spn1095
Brake Application Pressure High
Range, Rear Axle #2, Right
Wheel J1939-71 spn1096
Brake Application Pressure High
Range, Rear Axle #3, Left Wheel J1939-71 spn1097
Brake Application Pressure High
Range, Rear Axle #3, Right
Wheel J1939-71 spn1098
Brake_Lining J1939-71 pgn65196
Brake Lining Remaining, Front
Axle, Left Wheel J1939-71 spn1099
Brake Lining Remaining, Front
Axle, Right Wheel J1939-71 spn1100
Brake Lining Remaining, Rear
Axle #1, Left Wheel J1939-71 spnl1101
Brake Lining Remaining, Rear
Axle #1, Right Wheel J1939-71 spn1102
Brake Lining Remaining, Rear
Axle #2, Left Wheel J1939-71 spnl1103
Brake Lining Remaining, Rear
Axle #2, Right Wheel J1939-71 spnl104
Brake Lining Remaining, Rear
Axle #3, Left Wheel J1939-71 spn1105
Brake Lining Remaining, Rear
Axle #3, Right Wheel J1939-71 spnl1106
This channel deblobs and is in the config file, but is not
TSC1 J1939-71 pgn0 available on T3 tractors
Override control mode J1939-71 spn695
Requested Speed Control
Conditions J1939-71 spn696
Override control mode priority J1939-71 spn897
X X Requested Speed/Speed Limit J1939-71 spn898 0.125 Multiplier
X X Requested torque/torque limit J1939-71 spn518 -125 Offset
MD1 EBS Wabco Proprietary Channel
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Table C-2. T3 Tractor Channel Description (continued)
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Column Calculated
Header | Source | Summary | Validation
Column Header Unit Unit Statistics | Performed Source Name Source Codes Remarks Post Processing Performed
MD2 EBS Wabco Proprietary Channel
This channel deblobs and is in the config file, but is not

RSC/VDC J1587 available on T3 tractors

RSC/VDC engine control active J1587 MID 88 PID 97

RSC/VDC brake control active J1587 MID 88 PID 97

This channel deblobs and is in the config file, but is not

RSA J1587 available on T3 tractors

RSA level 1 J1587 MID 88 PID E2

RSA level 2 J1587 MID 88 PID E2

RSA level 3 J1587 MID 88 PID E2
TIrRoadFrontPsi psi X X Analog -18.29 offset, 0.042733 multiplier 1.0 sec moving average
TIrCurbFrontPsi psi X X Analog -18.29 offset, 0.042733 multiplier 1.0 sec moving average
TIrRoadRearPsi psi X X Analog -18.29 offset, 0.042733 multiplier 1.0 sec moving average
TIrCurbRearPsi psi X X Analog -18.29 offset, 0.042733 multiplier 1.0 sec moving average
TIrAirBag psi X X Analog -18.29 offset, 0.042733 multiplier 1.0 sec moving average
TIrFrontLeftwhiSpd ft/s X Analog -2.316 offset, 0.0360864 multiplier 1.0 sec moving average
TIrFrontrightwhiSpd ft/s X Analog -2.316 offset, 0.0360864 multiplier 1.0 sec moving average
TIrRearLeftWhISpd ft/s X Analog -2.316 offset, 0.0360864 multiplier 1.0 sec moving average
TIrRearRightWhISpd ft/s X Analog -2.316 offset, 0.0360864 multiplier 1.0 sec moving average
TIr_FIA g's X X Analog 2.64 offset, -0.00128 multiplier 5.0 sec moving average
TIr_Lat g's X X Analog 2.64 offset, -0.00128 multiplier 5.0 sec moving average
TIrYawRate deg/s X X Analog -80 offset, 0.03861 5.0 sec moving average
TIr_ID
ACC_Mode - Adaptive
Cruise Control Mode X X Adaptive Cruise Control Mode J1939-71 spn1590
ACC_Mode -Set Adaptive Cruise Control Set
Distnace Mode X X Distance Mode J1939-71 spnl1589
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Table C-3. T2 Trailer Channel Description

For complete descriptions of each channel, see the applicable source entry specification (e.g. J1939-71). For a description of the validation ranges, see the applicable Validation Configuration File

ABS EBS

Column Calculated

Header Summary | Validation Source
Column Header Unit Statistics | Performed | T2C1 | T2C2 | T2C4 | T2C3 Name Source Codes Remarks Post Processing Performed
Relative Time Sec X X X X X DAS
HH:MM:SS HH:MM:SS X X X X X GPS (Analog)
GPS Lat (long) deg X X X X X X GPS (Analog)
GPS Long (long) deg X X X X X X GPS (Analog)
GPSAIti (long) ft X X X X X X GPS (Analog)
TIrRoadFrontPsi psi X X X X X X Analog -198.98 offset, 0.08816 multiplier 1.0 sec moving average
TIrCurbFrontPsi psi X X X X X X Analog -198.98 offset, 0.08816 multiplier 1.0 sec moving average
TIrRoadRearPsi psi X X X X X X Analog -198.98 offset, 0.08816 multiplier 1.0 sec moving average
TIrCurbRearPsi psi X X X X X X Analog -198.98 offset, 0.08816 multiplier 1.0 sec moving average
TIrAirBag Psi psi X X X X Analog -198.98 offset, 0.08816 multiplier 1.0 sec moving average
TIrFrontLeftwhiSpd ft/s X X X X X X Analog -150.84 offset, 0.073401 multiplier | 1.0 sec moving average
TIrFrontrightwhiISpd ft/s X X X X X X Analog -150.84 offset, 0.073401 multiplier | 1.0 sec moving average
TIrRearAxleLeftRear | f/s X X X X X Analog -150.84 offset, 0.073401 multiplier | 1.0 sec moving average
TIrRearAxleRightRear | ft/s X X X X X Analog -150.84 offset, 0.073401 multiplier | 1.0 sec moving average
Lat DC g's X X X X X X Analog -0.00128 multiplier, 2.64 offset 1.0 sec moving average
F/IA DC g's X X X X X X Analog -0.00128 multiplier, 5.28 offset 1.0 sec moving average
YawRate deg/s X X X X X X Analog 0.03861 multiplier, -80 offset 1.0 sec moving average
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Table C-4. T2 Tractor Metadata
Column Header Column Header Unit Source Name Source Codes Remarks
VIN Vehicle Identification Number J1587
Start/Stop Time YYYYMMDDHHMMSS DAS
Start/Stop Ambient
Temperature C Ambient Air Temperature J1939-71 pgn65269, spnl71
Start/Stop High Resolution Total Vehicle
Odometer mi Distance J1939-71 pgn65217, spn917
Start/Stop GPS
Latitude DDMM.M GPS (Analog)
Start/Stop GPS
Longitude DDDMM.M GPS (Analog)
Start/Stop GPS
Speed knots GPS (Analog)
Start/Stop GPS
Heading DDD.D GPS (Analog)
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Table C-5. T3 Tractor Metadata
Column Header Column Header Unit Source Name Source Codes Remarks

pgn65260,

VIN Vehicle Identification Number J1587 spn237

Start/Stop Time YYYYMMDDHHMMSS DAS

Start/Stop Ambient pgn65269,

Temperature C Ambient Air Temperature J1939-71 spnl71

Start/Stop High Resolution Total Vehicle pgn65217,

Odometer mi Distance J1939-71 spn917

Start/Stop GPS

Latitude DDMM.M GPS (Analog)

Start/Stop GPS

Longitude DDDMM.M GPS (Analog)

Start/Stop GPS

Speed knots GPS (Analog)

Start/Stop GPS

Heading DDD.D GPS (Analog)
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Table C-6. T2 Trailer Metadata
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Column Header Column Header Unit Source Name Source Remarks
Trailer ID DAS
Start/Stop Time YYYYMMDDHHMMSS DAS
Start/Stop Ambient
Temperature C Ambient Air Temperature Temperature is not recorded
Start/Stop High Resolution Total Vehicle Odometer Values are not
Odometer mi Distance recorded
Start/Stop GPS
Latitude DDMM.M GPS (Analog)
Start/Stop GPS
Longitude DDDMM.M GPS (Analog)
Start/Stop GPS
Speed knots GPS (Analog)
Start/Stop GPS
Heading DDD.D GPS (Analog)
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Validation Information

Battelle created validation routines to check the data as it was being processed. There were two
types of validation performed. First, for value type channels such as road speed, the data was
checked to fall within an acceptable range. Second, for digital data or event type data, error
codes or invalid codes were screened. There are also some channels which are checked against
others. For example, in the target range channel, a check is performed on the target detect alert
channel to ensure that a target is present. In each event, a flag is produced for that channel and
blob combination that indicates that channel’s data is invalid during that period of time. These
validation flags could then be used by the IE to quickly remove data which was unacceptable.

Tables C-7 though C-9 give information about the specific validation parameters used for each
channel for T2 Tractors, T3 Tractors, and T2 Trailers respectively. The following is a
description of the fields in the table:

ID The channel 1D number for this configuration.

Column # The column number of this channel in the decoded CSV
file.

ChannelUUID A unique identifier present in the blob which identifies
the channel.

Message Desc The description of the channel that is present in the
configuration file.

Channel Desc The decoded CSV column header for the channel.

Type the data of data contained in the channel. Value type

channels are those in engineering units. Bits types are
normally event channels such as a target detect alert.
Ignore types are decoded CSV channels upon which no
validation is performed.

Bit Index For Bits type channels, the starting index of the bits of
interest in the binary encoded digital channel signal.

Bit Length The number of bits to be compared from the binary
encoded digital signal.

Data Type The SQL data type of the data being validated.

Multiplier A multiplier indicates that the channel value must be

multiplied by a value before it can be compared to the
validation range

Offset An offset indicates that the channel value must be
summed with the offset (after multiplication if necessary)
before it can be compared to the validation range.

Range Min The minimum valid value for the channel

Range Max The maximum valid value for the channel.

Ignore Vehicle Configurations
The vehicle configurations tow which this channel does
not apply. For example, the T2 configurations do not
apply to T3 tractors.
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For some Channels, values are ignored based their default
condition. For example, the target range channel defaults
to 836.61 ft if not target is present.

Ignore Type The type of value to compared to determine if the value in
a channel should be ignored when calculating summary
statistics and validating the data.

Column # The column number of the value to be compared

Bit Start Index Identifying the bit start index for Bits type comparisons
Bit Length The length of bits to be used for comparison

Compare Type The type of comparison to be made, equality for example.
Compare Value The value to be compared

For bits type channels, information about the meaning of the bits are provided.

Value The values of the bits that are possible.

Type The condition of the corresponding values (Off, On,
Error).

Description The meaning of the bit sequence.

Error If the Type is an Error condition, then the meaning of the

Error condition.

These are the most recent validation routines in place at the end of the FOT. Because of various
configuration changes throughout the project, earlier configuration files were different. The
most significant change was that the configuration files in place in the first half of the FOT,
before the technologies were activated, did not have an ACC Mode channel or an ACC Set
Distance Mode channel.
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Table C-7. T2 Tractor Validation Information

Columns: 52
ID Col# Channel UUID Message Desc Channel Desc Type Bit Index Bit Length

1539 1 FLTRC0000000020420040001031E1AE7 Relative Time Relative Time Value
Data Type: Short Multiplier: Offset: Range Min: Range Max:
Ignore Vehicle Configuration(s)
T3

1540 2 FLTRCO0000001020420040001031E1AE7 HH:MM:SS HH:MM:SS Value
Data Type: Time Multiplier: Offset: Range Min: Range Max:
Ignore Vehicle Configuration(s)
T3

1589 3 E82ACA4AB86A4824844BCDF8B1184A24 TT:.GPS Lat (long) GPS Lat (long) Value
Data Type: Long Multiplier: Offset: Range Min: 30 Range Max: 49
Ignore Vehicle Configuration(s)
T3

1588 4 O0C346CD9EEE645F88A7B176103BDFB40 TT:GPS Long( long) GPS Long (long) Value
Data Type: Long Multiplier: Offset: Range Min: -125 Range Max: -90
Ignore Vehicle Configuration(s)
T3

1587 5 E3B285952F4941D68F25E7DFEOF3E497  TT:GPS Alti( long) GPSAIti (long) Value
Data Type: Long Multiplier: Offset: Range Min: 0 Range Max: 10000
Ignore Vehicle Configuration(s)
T3

1586 6 9F39C5FB5007474E89BBB4B1D5397BA1  TT:RoadSpeed Road Speed Value
Data Type: Short Multiplier: Offset: Range Min: 0 Range Max: 110
Ignore Vehicle Configuration(s)
T3

1585 7 BD3BE011417A4071B4DDFC20468C9055 TT:% Throttle % Throttle Value
Data Type:  Short Multiplier: Offset: Range Min: 0 Range Max: 101
Ignore Vehicle Configuration(s)
T3

1584 8 C1338B49FF0A4901997012A4CD542A5C  TT:% Engine Torque % Engine Torque Value
Data Type:  Short Multiplier: Offset: Range Min: 0 Range Max: 101
Ignore Vehicle Configuration(s)
T3

1583 9 9DB8A35759994AB79575614E6831EB45 TT:Engine Speed Engine Speed Value
Data Type:  Short Multiplier: Offset: Range Min: 0 Range Max: 3500
Ignore Vehicle Configuration(s)
T3

FREIGHTLINER LLC
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Table C-7. T2 Tractor Validation Information (continued)

ID Col# Channel UUID Message Desc

1582 10A4BB4520FEF144CB91ABCC8DA453342F TT:CC_SW1
Data Type: Short Occurrence Error Count:
Value Type Description
0000 Off Disabled and Inactive
0001 Off Enabled and Inactive
0100 Error Disabled and Active
0101 On Enabled and Active
Ignore Vehicle Configuration(s)
T3
1581 11 82C4722D83864EEO0B71894FE83B62D12  TT:FrontLefttWhISpd
Data Type: Short Multiplier:
Ignore Vehicle Configuration(s)
T3
1580 12 8C7DF60D616740F7B819A47EBASA9ATD  TT:FrontrightWhiSpd
Data Type:  Short Multiplier:
Ignore Vehicle Configuration(s)
T3
1579 13 A3C87EF431F34EADBAEA47302DA38D5A TT:MidLefttWhiSpd
Data Type: Short Multiplier:
Ignore Vehicle Configuration(s)
T2C3
T3
1578 14 B72F9173CB774A1B8BAAB18B92D948E2  TT:MidRightWhiSpd
Data Type: Short Multiplier:
Ignore Vehicle Configuration(s)
T2C3
T3
1577 15 23EEC31C27A2462EBF04179F3B28EB41  TT:RearAxleLeftRear

Data Type:  Short
Ignore Vehicle Configuration(s)

Multiplier:

T3
1576 16 6753758463434B409F3AA0A764830F87 TT:RearAxleRightrear
Data Type: Short Multiplier:
Ignore Vehicle Configuration(s)
T3
1575 17 AC5F2885642747F59B01E78791EBFC73  TT:Pressure 1

Data Type:  Short
Ignore Vehicle Configuration(s)
T3

Multiplier:

Channel Desc Type

CC_SW1 - Cruise Control Bits

FrontRsRelWhISpd Value

Offset: Range Min: Range Max:
FrontCsRelWhISpd Value

Offset: Range Min: Range Max:
MidRsRelWhISpd Value

Offset: Range Min: Range Max:
MidCsRelWhiSpd Value

Offset: Range Min: Range Max:
RearRsRelWhISpd Value

Offset: Range Min: Range Max:
RearCsRelWhiISpd Value

Offset: Range Min: Range Max:
RsFrontPress Value

Offset: Range Min: -5 Range Max:

FREIGHTLINER LLC

Occurrence Error:
Error

2011 - Error Condition: Bits indicate an error condition

1

100

Bit Index Bit Length

4
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Table C-7. T2 Tractor Validation Information (continued)

ID Col# Channel UUID Message Desc Channel Desc Type Bit Index Bit Length

1574 18 62E23439CD18476A9E56698A3EF50596 TT:Pressure 2 CsFrontPress Value
Data Type: Short Multiplier: Offset: Range Min: -5 Range Max: 100
Ignore Vehicle Configuration(s)
T3

1573 19 86657F01E9FF4DE5BC2268DB922FAODY9  TT:Pressure 3 RsIntermPress Value
Data Type: Short Multiplier: Offset: Range Min: -5 Range Max: 100
Ignore Vehicle Configuration(s)
T3

1572 20 1ES5359F4D9E942B7AFEAB2DD4313241D TT:Pressure 4 CslIntermPress Value
Data Type: Short Multiplier: Offset: Range Min: -5 Range Max: 100
Ignore Vehicle Configuration(s)
T3

1571 21 EBCB8FD5CEEA44038AAA5B86939D25DB TT:Pressure 5 RsRearPress Value
Data Type: Short Multiplier: Offset: Range Min: -5 Range Max: 100
Ignore Vehicle Configuration(s)
T3

1570 22 T7AF342FE9E4AC4474A7TCED2BE1AA4D632 TT:Pressure 6 CsRearPress Value
Data Type: Short Multiplier: Offset: Range Min: -5 Range Max: 100
Ignore Vehicle Configuration(s)
T3

1569 23 7BB1618782CD455FB4F57810359E7784 TT:Pressure 7 AirCompressor Value
Data Type: Short Multiplier: Offset: Range Min: -5 Range Max: 150
Ignore Vehicle Configuration(s)
T3

1568 24 7349C386111B416F8827A4208ADD63E8  TT:Pressure 8 AirBag Value
Data Type: Short Multiplier: Offset: Range Min: -5 Range Max: 100
Ignore Vehicle Configuration(s)
T3

1567 25 F23B95F08F324C4BA757E82B6BEC9320  TT:Pressure 9 TrirProtValve Value
Data Type: Short Multiplier: Offset: Range Min: -5 Range Max: 150
Ignore Vehicle Configuration(s)
T3

1566 26 268019F247C54EF2A2F6E786B687603F TT:Pressure 10 Treadle Valve Value
Data Type:  Short Multiplier: Offset: Range Min: Range Max:
Ignore Vehicle Configuration(s)
T2C3
T3
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ID Col# Channel UUID

1565

1564

1563

1562

1561

1560

1559

1558

27

28

29

30

31

32

33

34
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Table C-7. T2 Tractor Validation Information (continued)

Message Desc
786061724COE489CBFBASAB3ADF9007B  TT:Steer Angle
Ignore Vehicle Configuration(s)

T2C3
T3
D384EO0AADEDA4C73A80C1F671C70434A TT:J1939SteerAngle
Data Type: Short Multiplier:
Ignore Vehicle Configuration(s)
T2C1
T2C2
T2C4
T3
07AC18BB5F4B4D6BBEE1FF572C03A222 TT:F/ADC
Data Type:  Short Multiplier:
Ignore Vehicle Configuration(s)
T3
29CB2CF3A7454C56A3ED76E46993380A  TT:Lat DC
Data Type: Short Multiplier:
Ignore Vehicle Configuration(s)
T3
DE1527BBDC894504972917DD47B01446  TT:YawRate
Data Type:  Short Multiplier:
Ignore Vehicle Configuration(s)
T3
CDBOB86EF11E4BEOBA8384F1EDOODDCY TT:DiglO
Data Type: Short Multiplier:
Ignore Vehicle Configuration(s)
T3
FA34BAAC293A4AD9AELICD2DFCF7BD73F TT:RearAxlelnitLeft
Data Type: Short Multiplier:
Ignore Vehicle Configuration(s)
T2C1
T2C2
T2C4
T3
0CF4DA36583A4BA0A8780CC43D9BC877 TT:RearAxlelnitRight
Data Type: Short Multiplier:
Ignore Vehicle Configuration(s)
T2C1
T2C2
T2C4
T3

FREIGHTLINER LLC

Channel Desc
AnalogSteerAngle

J1939SteerAngle

Offset: -204.83 Range Min: -13

F/ADC

Offset: Range Min: -2
Lat DC

Offset: Range Min: -1
YawRate

Offset: Range Min: -20
Wipersl/lights

Offset: Range Min:
RSInterWheelSpeed

Offset: Range Min:
CSinterWheelSpeed

Offset: Range Min:

Type

Ignore

Value

Value

Value

Value

Value

Value

Value

Page C-24

Bit Index Bit Length

Range Max: 13

Range Max: 1

Range Max: 1

Range Max: 20

Range Max:

Range Max:

Range Max:
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Table C-7. T2 Tractor Validation Information (continued)

ID Col# Channel UUID Message Desc Channel Desc Type Bit Index Bit Length
1557 35 55592EABACD14085A30766CCESBEOCA6 TT:Tgt Range Tgt Range Value
Data Type: Short Multiplier: Offset: Range Min: 0 Range Max: 450
Ignore Type Col # Bit Start Index ~ Bit Length Compare Type Compare Value Error on Ignore
Value 35 Equal (==) 836.61
Value 35 Equal (==) 0
Bits 38 1 2 Not Equal (!=) 1
Ignore Vehicle Configuration(s)
T3
1556 36 D7BE63F25F004FBO9BBB8BFODA013B2AA TT:Tgt RangeRate Tgt RangeRate Value
Data Type: Short Multiplier: Offset: Range Min: 0 Range Max: 120
Ignore Type Col # Bit Start Index ~ Bit Length Compare Type Compare Value Error on Ignore
Value 36 Equal (==) 836.61
Bits 38 1 2 Not Equal (!=) 1
Ignore Vehicle Configuration(s)
T3
1555 37 F7F6AF8F47FA4F6281B2A673FA7F8400  TT:Tgt Azimuth Tgt Azimuth Value
Data Type: Short Multiplier: Offset: Range Min: -4.1 Range Max: 4.1
Ignore Type Col#  BitStart Index  BitLength Compare Type Compare Value Error on Ignore
Value 37 Equal (==) 4.06
Bits 38 1 2 Not Equal (!=) 1
Ignore Vehicle Configuration(s)
T3
1554 38 2DABB49AA6A64C7DA2AF81E60A326DDB TT:TgtDetect/Alerts TgtDetect/Alerts - Target Detect Bits 1 2
Data Type: Short Occurrence Error Count: Occurrence Error:
Value Type Description Error
00 Off No Target
01 On Target Detected
10 Error Reserved 2021 - Not Available: Bits indicate a value that should not happen
11 Error Take No Action 2021 - Not Available: Bits indicate a value that should not happen
Ignore Vehicle Configuration(s)
T3
1590 38 2DABB49AA6A64C7DA2AF81E60A326DDB TT:TgtDetect/Alerts TgtDetect/Alerts - ACC Shutoff Warning Bits 3 2
Data Type: Short Occurrence Error Count: Occurrence Error:
Value Type Description Error
00 Off ACC SSOW Not Active
01 On ACC SSOW Active
10 Error Reserved 2021 - Not Available: Bits indicate a value that should not happen
11 Error Take No Action 2021 - Not Available: Bits indicate a value that should not happen
Ignore Vehicle Configuration(s)
T3
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1553
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Table C-7. T2 Tractor Validation Information (continued)

Page C-26

Bit Index Bit Length

ID Col# Channel UUID Message Desc Channel Desc Type
38 2DABB49AA6A64C7DA2AF81EG60A326DDB TT:TgtDetect/Alerts TgtDetect/Alerts - ACC Distance Alert Signal Bits 5
Data Type: Short Occurrence Error Count: Occurrence Error:
Value Type Description Error
00 Off ACC DAS Not Active
01 On ACC DAS Active
10 Error Reserved 2021 - Not Available: Bits indicate a value that should not happen
11 Error Take No Action 2021 - Not Available: Bits indicate a value that should not happen
Ignore Vehicle Configuration(s)
T3
39 7C50A82DA36F42038EC6DODAC1A234AC TT:ACC System Error ACC System Error Value
Data Type:  Short Multiplier: Offset: Range Min: Range Max:
Ignore Type Col#  BitStart Index  BitLength Compare Type Compare Value Error on Ignore
Value 39 Equal (==) 24584
Value 39 Equal (==) 25088
Value 39 Equal (==) 25089
Value 39 Equal (==) 25090
Value 39 Equal (==) 25091
Value 39 Equal (==) 25093
Value 39 Equal (==) 25094
Value 39 Equal (==) 25098
Value 39 Equal (==) 25099
Value 39 Equal (==) 25100
Value 39 Equal (==) 25095
Value 39 Equal (==) 25106
Value 39 Equal (==) 25108
Value 39 Equal (==) 25111
Value 39 Equal (==) 25120
Value 39 Equal (==) 25121
Value 39 Equal (==) 25122
Value 39 Equal (==) 25123
Value 39 Equal (==) 25124
Value 39 Equal (==) 25125
Value 39 Equal (==) 25126
Value 39 Equal (==) 25127
Value 39 Equal (==) 25128
Value 39 Equal (==) 25129
Value 39 Equal (==) 25092
Value 39 Equal (==) 25141
Value 39 Equal (==) 25142
Value 39 Equal (==) 25144
Value 39 Equal (==) 25145
Value 39 Equal (==) 25152
Value 39 Equal (==) 25153
Value 39 Equal (==) 25155

FREIGHTLINER LLC
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Table C-7. T2 Tractor Validation Information (continued)

ID Col# Channel UUID Message Desc Channel Desc Type Bit Index Bit Length
Value 39 Equal (==) 25160
Value 39 Equal (==) 25162
Value 39 Equal (==) 4101
Value 39 Equal (==) 4102
Value 39 Equal (==) 4103
Value 39 Equal (==) 4104
Value 39 Equal (==) 4105
Value 39 Equal (==) 4106
Value 39 Equal (==) 4107
Value 39 Equal (==) 4352
Value 39 Equal (==) 4353
Value 39 Equal (==) 4354
Value 39 Equal (==) 4355
Value 39 Equal (==) 4356
Value 39 Equal (==) 4357
Value 39 Equal (==) 4358
Value 39 Equal (==) 4359
Value 39 Equal (==) 4360
Value 39 Equal (==) 4361
Value 39 Equal (==) 5901
Value 39 Equal (==) 24583
Value 39 Equal (==) 4096
Value 39 Equal (==) 4097
Value 39 Equal (==) 4098
Value 39 Equal (==) 4099
Value 39 Equal (==) 4100
Value 39 Equal (==) 4108
Value 39 Equal (==) 4362
Value 39 Equal (==) 4363
Value 39 Equal (==) 4364
Value 39 Equal (==) 4365
Value 39 Equal (==) 4366
Value 39 Equal (==) 4367
Value 39 Equal (==) 4368
Value 39 Equal (==) 4369
Value 39 Equal (==) 4370
Value 39 Equal (==) 4372
Value 39 Equal (==) 4373
Value 39 Equal (==) 4374
Value 39 Equal (==) 4608
Value 39 Equal (==) 4609
Value 39 Equal (==) 4610
Value 39 Equal (==) 4611
Value 39 Equal (==) 4613
Value 39 Equal (==) 4864
Value 39 Equal (==) 4865
Value 39 Equal (==) 4866
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Table C-7. T2 Tractor Validation Information (continued)

ID Col# Channel UUID

Value 39
Value 39
Value 39
Value 39
Value 39
Value 39
Value 39
Value 39
Value 39
Value 39
Value 39
Value 39
Value 39
Value 39
Value 39
Value 39
Value 39
Value 39
Value 39
Value 39
Value 39
Value 39
Value 39
Value 39
Value 39
Value 39
Value 39
Value 39
Value 39
Value 39
Value 39
Value 39
Value 39
Value 39
Value 39
Value 39
Value 39
Value 39
Value 39
Value 39
Value 39
Value 39
Value 39
Ignore Vehicle Configuration(s)
T3

ECBS FOT Final Report Appendices

Message Desc Channel Desc

Equal (=
Equal (=
Equal (=
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (=
Equal (=
Equal (=

o e e e e e e e e e e e e e e e e e e e e e e e e e e S e S e e e e S e e e N N e S
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5120
5121
5122
5123
5124
5125
5126
5127
5128
5376
5888
5889
5890
5891
5892
5893
5894
5897
5898
5899
5900
5902
5903
5904
5905
5907
6144
6145
24577
24578
4612
5632
5896
5906
24576
24579
24580
24581
24582
25414
25163
25164
25165

Type

Page C-28

Bit Index Bit Length
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Table C-7. T2 Tractor Validation Information (continued)

ID Col# Channel UUID Message Desc Channel Desc Type Bit Index Bit Length
1552 40 ACCI1AAAAAAAAAAAAAAAAAAAAAAAA TT:ESC_VDC1 ESC_VDCL1 - VDC Fully Operational Bits 3 2
Data Type: Raw Occurrence Error Count: Occurrence Error:
Value Type Description Error
00 Off Not Fully Operational
01 On Fully Operational
10 Off Reserved
11 Off Don't Care/Take No Action
Ignore Vehicle Configuration(s)
T2C1
T2C2
T2C4
T3
1551 41 FD12965C77764A5BA1F869ABO5EA0540  TT:XBR XBR - Requested Deceleration Value 1 16
Data Type: Raw Multiplier:  0.00048828125  Offset: Range Min: -15.687 Range Max:
15.687
Ignore Vehicle Configuration(s)
T2C1
T2C2
T2C4
T3
1550 42 4FADC90B49A04C3193341CC345AE2216 TT:ERC1_1 (Long) ERC1_1 (Long) Ignore
Ignore Vehicle Configuration(s)
T3
1594 43 8AEDF18CB022422EB9DAA2FF98ED9D6F TT:EBC1_1 (Long) EBC1_1 (Long) - Brake Pedal Position Value 17 8
Data Type: Raw Multiplier: 0.4 Offset: Range Min: 0 Range Max: 101
Ignore Vehicle Configuration(s)
T3
1593 43 8AEDF18CB022422EB9DAA2FF98EDOD6F TT:EBC1_1 (Long) EBC1_1 (Long) - Engine Retarder Selection Ignore 33 8

Ignore Vehicle Configuration(s)

T3
1549 43 8AEDF18CB022422EB9DAA2FF98EDOD6F TT:EBC1_1 (Long) EBC1_1 (Long) - ABS Fully Operational Bits 41 2
Data Type: Raw Occurrence Error Count: Occurrence Error:
Value Type Description Error
00 Off Not Fully Operational
01 On Fully Operational

10 Ignore Ignore

11 Ignore Ignore
Ignore Vehicle Configuration(s)
T3

FREIGHTLINER LLC
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Table C-7. T2 Tractor Validation Information (continued)

ID Col# Channel UUID Message Desc Channel Desc Type Bit Index Bit Length
1592 43 8AEDF18CB022422EB9DAA2FF98ED9D6F TT:EBC1_1 (Long) EBC1_1 (Long) - ABS Trailer Warning Lamp Bits 63
State
Data Type: Raw Occurrence Error Count: Occurrence Error:
Value Type Description Error
00 Off Available Not Active
01 On Active
10 Ignore  Reserved 2021 - Not Available: Bits indicate a value that should not happen
11 Ignore  Not Available or Not Supported 2021 - Not Available: Bits indicate a value that should not happen
Ignore Vehicle Configuration(s)
T3
1548 44 ClE1BEF9462843D39352DBB7A9COF771 TT:EBC3 Brake Press Brake_Pressures Ignore
Ignore Vehicle Configuration(s)
T3
1547 45 C1lE1BEF9462843D39352DBB7A9C0OF761 TT:Brake Lining Wear Brake_Lining Ignore
Ignore Vehicle Configuration(s)
T3
1546 46 A4F63B1C530E1448AA00591A69CB8B564  TT:Diagnostic Diagnostic - Lamp Status Bits 1 8
Data Type: Raw Occurrence Error Count: Occurrence Error:
Value Type Description Error
00000000 Off Lamp Off
00000001 On Lamp On - Protect
00000100 On Lamp On - Amber
00000101 On Lamp On - Amber, Protect
00010000 On Lamp On - Red
00010001 On Lamp On - Red, Protect
00010100 On Lamp On - Red, Amber
00010101 On Lamp On - Red, Amber, Protect
01000000 On Lamp On - Malfunction
01000001 On Lamp On - Malfunction, Protect
01000100 On Lamp On - Malfunction, Amber
01000101 On Lamp On - Malfunction, Amber, Protect
01010000 On Lamp On - Malfunction, Red
01010001 On Lamp On - Malfunction, Red, Protect
01010100 On Lamp On - Malfunction, Red, Amber
01010101 On Lamp On - Malfunction, Red, Amber, Protect
Ignore Vehicle Configuration(s)
T2C3
T3

FREIGHTLINER LLC
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Table C-7. T2 Tractor Validation Information (continued)

ID Col# Channel UUID

1595

1596

46 4F63B1C530E1448AA00591A69CB8B564

Data Type: Raw

Message Desc
TT:Diagnostic
Occurrence Error Count:

Value Type Description
00000 Ignore  No Failure
00001 Error Failure
00010 Error Failure
00011 Error Failure
00100 Error Failure
00101 Error Failure
00110 Error Failure
00111 Error Failure
01000 Error Failure
01001 Error Failure
01010 Error Failure
01011 Error Failure
01100 Error Failure
01101 Error Failure
01110 Error Failure
01111 Error Failure
10000 Error Failure
10001 Error Failure
10010 Error Failure
10011 Error Failure
10100 Error Failure
10101 Error Failure
10110 Error Failure
10111 Error Failure
11000 Error Failure
11001 Error Failure
11010 Error Failure
11011 Error Failure
11100 Error Failure
11101 Error Failure
11110 Error Failure
11111 Error Failure

Ignore Vehicle Configuration(s)
T2C3
T3

47 A4F63B1C530E1448AA00591A69CB8B566

Data Type: Raw

8031.875

Ignore Vehicle Configuration(s)
T2C3

T3

TT:TSC1
Multiplier:  0.125

Channel Desc
Diagnostic - Failure Mode Identifier Bits

Occurrence Error:
Error

2011 - Error Condition:
2011 - Error Condition:
2011 - Error Condition:
2011 - Error Condition:
2011 - Error Condition:
2011 - Error Condition:
2011 - Error Condition:
2011 - Error Condition:
2011 - Error Condition:
2011 - Error Condition:
2011 - Error Condition:
2011 - Error Condition:
2011 - Error Condition:
2011 - Error Condition:
2011 - Error Condition:
2011 - Error Condition:
2011 - Error Condition:
2011 - Error Condition:
2011 - Error Condition:
2011 - Error Condition:
2011 - Error Condition:
2011 - Error Condition:
2011 - Error Condition:
2011 - Error Condition:
2011 - Error Condition:
2011 - Error Condition:
2011 - Error Condition:
2011 - Error Condition:
2011 - Error Condition:
2011 - Error Condition:
2011 - Error Condition:

Page C-31

Type Bit Index Bit Length

Bits indicate an error condition
Bits indicate an error condition
Bits indicate an error condition
Bits indicate an error condition
Bits indicate an error condition
Bits indicate an error condition
Bits indicate an error condition
Bits indicate an error condition
Bits indicate an error condition
Bits indicate an error condition
Bits indicate an error condition
Bits indicate an error condition
Bits indicate an error condition
Bits indicate an error condition
Bits indicate an error condition
Bits indicate an error condition
Bits indicate an error condition
Bits indicate an error condition
Bits indicate an error condition
Bits indicate an error condition
Bits indicate an error condition
Bits indicate an error condition
Bits indicate an error condition
Bits indicate an error condition
Bits indicate an error condition
Bits indicate an error condition
Bits indicate an error condition
Bits indicate an error condition
Bits indicate an error condition
Bits indicate an error condition
Bits indicate an error condition

TSC1 - Requested Speed/Speed Limit Value

Offset:

FREIGHTLINER LLC

Range Min: 0

33

Range Max:

5

16
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ID Col# Channel UUID

1545

1544

1543

1542

1541

1597

47

48

49

50

51

52
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Table C-7. T2 Tractor Validation Information (continued)
Message Desc Channel Desc Type Bit Index Bit Length
4F63B1C530E1448AA00591A69CB8B566  TT:TSC1 TSC1 - Requested Torque/Torque Limit Value 25 8
Data Type: Raw Multiplier: Offset: -125 Range Min: -125 Range Max: 125
Ignore Vehicle Configuration(s)
T2C3
T3
4F63B1C530E1448AA00591A69CB8B567  TT:MD1 EBS MD1 EBS Ignore
Ignore Vehicle Configuration(s)
T2C1
T2C2
T2C4
T3
4F63B1C530E1448AA00591A69CB8B568  TT:MD2 EBS MD2 EBS Ignore
Ignore Vehicle Configuration(s)
T2C1
T2C2
T2C4
T3
4F63B1C530E1448AA00591A69CB8B569  TT:RSC/VDC RSC/VDC Ignore
Ignore Vehicle Configuration(s)
T2C4
T2C3
T3
4F63B1C530E1448AA00591A69CB8B56A  TT:RSA RSA Ignore
Ignore Vehicle Configuration(s)
T2C4
T2C3
T3
D7BE63F25F004FB9BCD8BFODA013B2BD TT:ACC_Mode ACC_Mode - Adaptive Cruise Control Mode Bits 1 3

Data Type:

Value
000
001
010
011
100
101
110
111

Short

Type
Off
On
On
Oon
On
On
Error
Error

Occurrence Error Count:

Description

Off (Standby, enabled, ready for activation)
Speed control active

Distance control active

Overtake mode

Hold mode

Finish mode

Disabled or Error Condition

Not Available/Not Valid

FREIGHTLINER LLC

Occurrence Error:
Error

2011 - Error Condition: Bits indicate an error condition
2021 - Not Available: Bits indicate a value that should not happen
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Table C-7. T2 Tractor Validation Information (continued)

ID Col# Channel UUID Message Desc Channel Desc Type Bit Index Bit Length
1598 52 D7BE63F25F004FB9BCD8BFODA013B2BD TT:ACC_Mode ACC_Mode - Set Distance Mode Bits 4 3
Data Type: Short Occurrence Error Count: Occurrence Error:
Value Type Description Error

000 Ignore  ACC Distance mode #1 (largest distance)

001 Ignore  ACC Distance mode #2

010 Ignore  ACC Distance mode #3

011 Ignore  ACC Distance mode #4

100 |Ignore  ACC Distance mode #5 (shortest distance)

101 Ignore  Conventional Cruise Control Mode

110 Error Error Condition 2011 - Error Condition: Bits indicate an error condition

111  Error Not Available/Not Valid 2021 - Not Available: Bits indicate a value that should not happen

FREIGHTLINER LLC
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Columns:

ECBS FOT Final Report Appendices

Table C-8. T3 Tractor Validation Information

60

ID Col# Channel UUID

1274

1275

1276

1277

1278

1

FLTRC0000000020420040001031E1AE7

Data Type: Short

Ignore Vehicle Configuration(s)
T2C1

T2C2

T2C4

T2C3

FLTRC0000001020420040001031E1AE7

Data Type: Time

Ignore Vehicle Configuration(s)
T2C1

T2C2

T2C4

T2C3

E82ACA4ABB86A4824844BCDF8B1184A24 TT:GPS Lat ( long)

Data Type: Long

Ignore Vehicle Configuration(s)
T2C1

T2C2

T2C4

T2C3

0C346CD9EEE645F88A7B176103BDFB40  TT:GPS Long( long)

Data Type: Long

Ignore Vehicle Configuration(s)

T2C1
T2C2
T2C4
T2C3

E3B285952F4941D68F25E7DFEOF3E497

Data Type: Long

Ignore Vehicle Configuration(s)

T2C1
T2C2
T2C4
T2C3

Channel Desc
Relative Time

Message Desc
Relative Time

Multiplier: Offset:
HH:MM:SS HH:MM:SS
Multiplier: Offset:

GPS Lat (long)

Multiplier: Offset:

GPS Long (long)

Multiplier: Offset:

GPSAIti (long)
Offset:

TT:GPS Alti( long)
Multiplier:

FREIGHTLINER LLC

Range Min:

Range Min:

Range Min:

Range Min:

Range Min:

30

-125

Type

Value

Value

Value

Value

Value

Page C-34

Bit Index Bit Length

Range Max:

Range Max:

Range Max: 49

Range Max: -90

Range Max: 10000
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ID Col# Channel UUID

1279

1280

1281

1282

1283
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Table C-8. T3 Tractor Validation Information (continued)

Message Desc

6 9F39C5FB5007474E89BBB4B1D5397BA1  TT:RoadSpeed

10

9DB8A35759994AB79575614E6831EB45

Data Type: Short

Ignore Vehicle Configuration(s)
T2C1

T2C2

T2C4

T2C3

Multiplier:

BD3BE011417A4071B4DDFC20468C9055 TT:% Throttle

Data Type: Short

Ignore Vehicle Configuration(s)
T2C1

T2C2

T2C4

T2C3

Multiplier:

C1338B49FF0A4901997012A4CD542A5C  TT:% Engine Torque

Data Type: Short

Ignore Vehicle Configuration(s)
T2C1

T2C2

T2C4

T2C3

Multiplier:

TT:Engine Speed
Data Type: Short Multiplier:

Ignore Vehicle Configuration(s)

T2C1

T2C2

T2C4

T2C3

A4BB4520FEF144CB91ABCC8DA453342F TT:CC_SW1

Data Type: Short Occurrence Error Count:
Value Type Description
0000 Off Disabled and Inactive
0001 Off Enabled and Inactive
0100 Error Disabled and Active
0101 On Enabled and Active

Ignore Vehicle Configuration(s)

T2C1

T2C2

T2C4

T2C3

FREIGHTLINER LLC

Channel Desc

Road Speed

Offset: Range Min:
% Throttle

Offset: Range Min:

% Engine Torque

Offset: Range Min:

Engine Speed

Offset: Range Min:

CC_SW!1 - Cruise Control
Occurrence Error:
Error

Type

Value

Value

Value

Value

Bits

Page C-35

Bit Index Bit Length

Range Max: 110

Range Max: 101

Range Max: 101

Range Max: 3500

2011 - Error Condition: Bits indicate an error condition
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Table C-8. T3 Tractor Validation Information (continued)

ID Col# Channel UUID Message Desc Channel Desc Type Bit Index Bit Length
1284 11 82C4722D83864EEO0B71894FE83B62D12  TT:FrontLefttWhISpd FrontRsRelWhISpd Value

Data Type: Short Multiplier: Offset: Range Min: Range Max:
Ignore Vehicle Configuration(s)

T2C1

T2C2

T2C4

T2C3

1285 12 8C7DF60D616740F7B819A47EBASA9ATD  TT:FrontrightWhiSpd FrontCsRelWhISpd Value

Data Type: Short Multiplier: Offset: Range Min: Range Max:
Ignore Vehicle Configuration(s)

T2C1

T2C2

T2C4

T2C3

1286 13 A3C87EF431F34EADBAEA47302DA38D5A TT:MidLefttWhISpd RearRsRelWhiISpd Value

Data Type: Short Multiplier: Offset: Range Min: Range Max:
Ignore Vehicle Configuration(s)

T2C1

T2C2

T2C4

T2C3

1287 14 B72F9173CB774A1B8BAAB18B92D948E2  TT:MidRightWhISpd RearCsRelWhiISpd Value

Data Type: Short Multiplier: Offset: Range Min: Range Max:
Ignore Vehicle Configuration(s)
T2C1
T2C2
T2C4
T2C3
1288 15 62E23439CD18476A9E56698A3EF50596 TT:Pressure 1 RsFrontPress Value
Data Type: Short Multiplier: Offset: Range Min: -5 Range Max: 100
Ignore Vehicle Configuration(s)
T2C1
T2C2
T2C4
T2C3

1289 16 86657F01E9FFADES5BC2268DB922FAOD9  TT:Pressure 2 CsFrontPress Value

Data Type: Short Multiplier: Offset: Range Min: -5 Range Max: 100
Ignore Vehicle Configuration(s)

T2C1

T2C2

T2C4

T2C3

FREIGHTLINER LLC
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ID Col# Channel UUID
1E5359F4D9E942B7AFEAB2DD4313241D  TT:Pressure 3

1290

1291

1292

1293

1294

1295

17

18

19

20

21

22

7BB1618782CD455FB4F57810359E7784

7349C386111B416F8827A4208ADD63E8

F23B95F08F324C4BA757E82B6BEC9320

ECBS FOT Final Report Appendices

Table C-8. T3 Tractor Validation Information (continued)

Message Desc

Data Type: Short

Ignore Vehicle Configuration(s)
T2C1

T2C2

T2C4

T2C3

Multiplier:

ES8CB8FD5CEEA44038AAA5B86939D25DB TT:Pressure 4

Data Type: Short

Ignore Vehicle Configuration(s)
T2C1

T2C2

T2C4

T2C3

Multiplier:

7TAF342FEQE4C4474A7CED2BE1AA4D632 TT:Pressure 5

Data Type: Short

Ignore Vehicle Configuration(s)
T2C1

T2C2

T2C4

T2C3

Multiplier:

TT:Pressure 6

Data Type: Short Multiplier:
Ignore Vehicle Configuration(s)

T2C1

T2C2

T2C4

T2C3
TT:Pressure 7

Data Type: Short Multiplier:
Ignore Vehicle Configuration(s)

T2C1

T2C2

T2C4

T2C3
TT:Pressure 8

Data Type: Short Multiplier:
Ignore Vehicle Configuration(s)

T2C1

T2C2

T2C4

T2C3

FREIGHTLINER
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Bit Index Bit Length

Channel Desc Type
RsintermPress Value

Offset: Range Min: -5 Range Max: 100
CslintermPress Value

Offset: Range Min: -5 Range Max: 100
RsRearPress Value

Offset: Range Min: -5 Range Max: 100
CsRearPress Value

Offset: Range Min: -5 Range Max: 100
AirCompressor Value

Offset: Range Min: -5 Range Max: 150
AirBag Value

Offset: Range Min: -5 Range Max: 100

LLC
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Table C-8. T3 Tractor Validation Information (continued)

ID Col# Channel UUID Message Desc Channel Desc

1296

1332

1331

1330

1329

1328

23

24

25

26

27

28

268019F247C54EF2A2F6E786B687603F TT:Pressure 9 TrirProtValve

Data Type: Short Multiplier: Offset: Range Min: -5
Ignore Vehicle Configuration(s)

T2C1

T2C2

T2C4

T2C3

07AC18BB5F4B4D6BBEE1FF572C03A222  TT:J1939SteerAngle J1939SteerAngle

Data Type: Short Multiplier: 10 Offset: -204.8 Range Min: -13
Ignore Vehicle Configuration(s)
T2C1
T2C2
T2C4
T2C3
29CB2CF3A7454C56A3ED76E46993380A  TT:Lat Acc Lat Acc

Data Type: Short Multiplier: Offset: Range Min: -1
Ignore Vehicle Configuration(s)

T2C1

T2C2

T2C4

T2C3

DE1527BBDC894504972917DD47B01446  TT:F/A Acc F/A Acc

Data Type: Short Multiplier: Offset: Range Min: -2
Ignore Vehicle Configuration(s)

T2C1

T2C2

T2C4

T2C3

CDBOB86EF11E4BEOBA8384F1EDOODDCY TT:YawRate YawRate

Data Type: Short Multiplier: Offset: Range Min: -20
Ignore Vehicle Configuration(s)

T2C1

T2C2

T2C4

T2C3

FA34BAAC293A4AD9AE1CD2DFCF7BD73F TT:DiglO Wipers/lights

Data Type: Short Multiplier: Offset: Range Min:
Ignore Vehicle Configuration(s)

T2C1

T2C2

T2C4

T2C3

FREIGHTLINER LLC

Type

Value

Value

Value

Value

Value

Value

Page C-38

Bit Index Bit Length

Range Max: 150

Range Max: 13

Range Max: 1

Range Max: 1

Range Max: 20

Range Max:
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Table C-8. T3 Tractor Validation Information (continued)

ID Col#
1327 29

Channel UUID Message Desc
OCF4DA36583A4BA0A8780CC43D9BC877  TT:RearAxlelnitLeft

Data Type: Short Multiplier:
Ignore Vehicle Configuration(s)
T2C1
T2C2
T2C4
T2C3
55592EABACD14085A30766CCESBEOCA6  TT:RearAxlelnitRight

Data Type: Short Multiplier:
Ignore Vehicle Configuration(s)

T2C1

T2C2

T2C4

T2C3

D7BE63F25F004FBO9BBBS8BFODAOL3B2AA TT:Tgt Range

Data Type: Short Multiplier:
Ignore Type Col#  Bit Start Index
Value 31

Bits 34 1 2
Ignore Vehicle Configuration(s)

T2C1

T2C2

T2C4

T2C3

32 F7F6AF8F47FA4F6281B2A673FA7F8400

Data Type:  Short
Ignore Type Col #
Value 32
Bits 34 1 2
Ignore Vehicle Configuration(s)

T2C1

T2C2

T2C4

T2C3

33 2DABB49AA6A64C7DA2AF81E60A326DDB TT:Tgt Azimuth

Data Type: Short Multiplier:
Ignore Type Col#  Bit Start Index
Value 33

Bits 34 1 2
Ignore Vehicle Configuration(s)

T2C1

T2C2

T2C4

T2C3

1326 30

1325 31

Bit Length

TT:Tgt RangeRate

Multiplier:
Bit Start Index

1324

Bit Length

1323

Bit Length

FREIGHTLINER LLC

Channel Desc
RSInterWheelSpeed
Offset:

CSinterWheelSpeed
Offset:

Tgt Range
Offset:
Compare Type
Equal (==)
Not Equal (!=)

Tgt RangeRate

Offset:
Compare Type
Equal (==)
Not Equal (!=)

Tgt Azimuth

Offset:
Compare Type
Equal (==)
Not Equal (!=)

Page C-39

Type Bit Index Bit Length
Value
Range Min: Range Max:
Value
Range Min: Range Max:
Value
Range Min: 0 Range Max: 450
Compare Value Error on Ignore
836.61
1
Value
Range Min: 0 Range Max: 120
Compare Value Error on Ignore
836.61
1
Value
Range Min: -4.1 Range Max: 4.1
Compare Value Error on Ignore
4.06
1
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Page C-40

Table C-8. T3 Tractor Validation Information (continued)

ID Col# Channel UUID Message Desc Channel Desc Type Bit Index Bit Length
1322 34 7C50A82DA36F42038EC6DODAC1A234AC TT:TgtDetect/Alerts TgtDetect/Alerts - Target Detect Bits 1 2
Data Type: Short Occurrence Error Count: Occurrence Error:
Value Type Description Error
00 Off No Target
01 On Target Detected
10 Error Reserved 2021 - Not Available: Bits indicate a value that should not happen
11 Error Take No Action 2021 - Not Available: Bits indicate a value that should not happen
Ignore Vehicle Configuration(s)
T2C1
T2C2
T2C4
T2C3
1333 34 7C50A82DA36F42038EC6DODAC1A234AC TT:TgtDetect/Alerts TgtDetect/Alerts - ACC Shutoff Warning Bits 3 2
Data Type: Short Occurrence Error Count: Occurrence Error:
Value Type Description Error
00 Off ACC SSOW Not Active
01 On ACC SSOW Active
10 Error Reserved 2021 - Not Available: Bits indicate a value that should not happen
11 Error Take No Action 2021 - Not Available: Bits indicate a value that should not happen
Ignore Vehicle Configuration(s)
T2C1
T2C2
T2C4
T2C3
1334 34 7C50A82DA36F42038EC6DODAC1A234AC TT:TgtDetect/Alerts TgtDetect/Alerts - ACC Distance Alert Signal Bits 5 2
Data Type: Short Occurrence Error Count: Occurrence Error:
Value Type Description Error
00 Off ACC DAS Not Active
01 On ACC DAS Active
10 Error Reserved 2021 - Not Available: Bits indicate a value that should not happen
11 Error Take No Action 2021 - Not Available: Bits indicate a value that should not happen
Ignore Vehicle Configuration(s)
T2C1
T2C2
T2C4
T2C3
1321 35 ACCIAAAAAAAAAAAAAAAAAAAAAAAA TT:ACC System Error ACC System Error Value
Data Type: Short Multiplier: Offset: Range Min: Range Max:
Ignore Type Col # Bit Start Index  Bit Length Compare Type Compare Value Error on Ignore
Value 35 Equal (==) 24584
Value 35 Equal (==) 25088
Value 35 Equal (==) 25089

FREIGHTLINER LLC
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ID Col# Channel UUID

Value
Value
Value
Value
Value
Value
Value
Value
Value
Value
Value
Value
Value
Value
Value
Value
Value
Value
Value
Value
Value
Value
Value
Value
Value
Value
Value
Value
Value
Value
Value
Value
Value
Value
Value
Value
Value
Value
Value
Value
Value
Value
Value
Value
Value
Value
Value

Table C-8. T3 Tractor Validation Information (continued)

ECBS FOT Final Report Appendices

Message Desc Channel Desc

Equal (=
Equal (=
Equal (=
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (=

e " e e e e e e e e e e e e e e e e e e e e e e S e e e e e e S e S N e S e S e N N N N N S
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25090
25091
25093
25094
25098
25099
25100
25095
25106
25108
25111
25120
25121
25122
25123
25124
25125
25126
25127
25128
25129
25092
25141
25142
25144
25145
25152
25153
25155
25160
25162
4101
4102
4103
4104
4105
4106
4107
4352
4353
4354
4355
4356
4357
4358
4359
4360

Type

Page C-41

Bit Index Bit Length
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Table C-8. T3 Tractor Validation Information (continued)

ID Col# Channel UUID Message Desc Channel Desc Type Bit Index Bit Length
Value 35 Equal (==) 4361
Value 35 Equal (==) 5901
Value 35 Equal (==) 24583
Value 35 Equal (==) 4096
Value 35 Equal (==) 4097
Value 35 Equal (==) 4098
Value 35 Equal (==) 4099
Value 35 Equal (==) 4100
Value 35 Equal (==) 4108
Value 35 Equal (==) 4362
Value 35 Equal (==) 4363
Value 35 Equal (==) 4364
Value 35 Equal (==) 4365
Value 35 Equal (==) 4366
Value 35 Equal (==) 4367
Value 35 Equal (==) 4368
Value 35 Equal (==) 4369
Value 35 Equal (==) 4370
Value 35 Equal (==) 4372
Value 35 Equal (==) 4373
Value 35 Equal (==) 4374
Value 35 Equal (==) 4608
Value 35 Equal (==) 4609
Value 35 Equal (==) 4610
Value 35 Equal (==) 4611
Value 35 Equal (==) 4613
Value 35 Equal (==) 4864
Value 35 Equal (==) 4865
Value 35 Equal (==) 4866
Value 35 Equal (==) 5120
Value 35 Equal (==) 5121
Value 35 Equal (==) 5122
Value 35 Equal (==) 5123
Value 35 Equal (==) 5124
Value 35 Equal (==) 5125
Value 35 Equal (==) 5126
Value 35 Equal (==) 5127
Value 35 Equal (==) 5128
Value 35 Equal (==) 5376
Value 35 Equal (==) 5888
Value 35 Equal (==) 5889
Value 35 Equal (==) 5890
Value 35 Equal (==) 5891
Value 35 Equal (==) 5892
Value 35 Equal (==) 5893
Value 35 Equal (==) 5894
Value 35 Equal (==) 5897

FREIGHTLINER LLC
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Table C-8. T3 Tractor Validation Information (continued)

ID Col# Channel UUID

Value 35
Value 35
Value 35
Value 35
Value 35
Value 35
Value 35
Value 35
Value 35
Value 35
Value 35
Value 35
Value 35
Value 35
Value 35
Value 35
Value 35
Value 35
Value 35
Value 35
Value 35
Value 35
Value 35
Value 35
Value 35
Ignore Vehicle Configuration(s)
T2C1
T2C2
T2C4
T2C3
1320 36 FD12965C77764A5BA1F869ABI95EA0540 TT:ESC_VDC1
Data Type: Raw Occurrence Error Count:
Value Type Description
00 Off Not Fully Operational
01 On Fully Operational
10 Off Reserved
11 Off Don't Care/Take No Action

Message Desc

Ignore Vehicle Configuration(s)

T2C1
T2C2
T2C4
T2C3

Channel Desc

Equal (=
Equal (=
Equal (=
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (
Equal (=
Equal (=

N e e e e e e N e S e S e e e e N e S N S N

5898
5899
5900
5902
5903
5904
5905
5907
6144
6145
24577
24578
4612
5632
5896
5906
24576
24579
24580
24581
24582
25414
25163
25164
25165

ESC_VDC1 - VDC Fully Operational

FREIGHTLINER LLC

Occurrence Error:
Error

Type

Bits

Page C-43

Bit Index Bit Length
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Table C-8. T3 Tractor Validation Information (continued)

ID Col# Channel UUID Message Desc Channel Desc Type Bit Index Bit Length
1319 37 4F4DC90B49A04C3193341CC345AE2216 TT:XBR XBR - Requested Deceleration Value 1 16

Data Type: Raw Multiplier:  0.00048828125  Offset: Range Min: -15.687 Range Max:
15.687

Ignore Vehicle Configuration(s)

T2C1

T2C2

T2C4

T2C3

1318 38 SAEDF18CB022422EBI9DAA2FFI8EDID6F TT:ERC1_1 (Long) ERC1_1 (Long) Ignore

Ignore Vehicle Configuration(s)

T2C1

T2C2

T2C4

T2C3

1317 39 C1E1BEF9462843D39352DBB7A9CO0F761 TT:EBC1_1 (Long) EBC1_1 (Long) - Brake Pedal Position Value 17 8

Data Type: Raw Multiplier: 0.4 Offset: Range Min: 0 Range Max: 101
Ignore Vehicle Configuration(s)

T2C1

T2C2

T2C4

T2C3

1335 39 C1E1BEF9462843D39352DBB7A9CO0F761 TT:EBC1_1 (Long) EBC1_1 (Long) - Engine Retarder Selection Ignore 33 8

Ignore Vehicle Configuration(s)

T2C1
T2C2
T2C4
T2C3
1336 39 CI1E1BEF9462843D39352DBB7A9COF761 TT:EBC1_1 (Long) EBC1_1 (Long) - ABS Fully Operational Bits 41 2
Data Type: Raw Occurrence Error Count: Occurrence Error:
Value Type Description Error
00 Off Not Fully Operational
01 On Fully Operational

10 Ignore Ignore
11 Ignore Ignore
Ignore Vehicle Configuration(s)
T2C1
T2C2
T2C4
T2C3

FREIGHTLINER LLC
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Page C-45

Table C-8. T3 Tractor Validation Information (continued)

ID Col# Channel UUID
1337 39 C1E1BEF9462843D39352DBB7A9COF761

Message Desc
TT:EBC1_1 (Long)

Data Type: Raw Occurrence Error Count:

Value Type Description
00 Off Available Not Active
01 On Active
10 Ignore  Reserved
11 Ignore  Not Available or Not Supported
Ignore Vehicle Configuration(s)
T2C1
T2C2
T2C4
T2C3
1316 40 CIlE1BEF9462843D39352DBB7A9C0F762 TT:EBC3 Brake Press
Data Type: Raw Multiplier:
Ignore Vehicle Configuration(s)
T2C1
T2C2
T2C4
T2C3
1315 41 A4F63B1C530E1448AA00591A69CB8B564  TT:Brake Lining Wear
Data Type: Raw Occurrence Error Count:
Value Type Description
00000000 Off Lamp Off

00000001 On
00000100 On
00000101 On
00010000 On
00010001 On
00010100 On
00010101 On
01000000 On
01000001 On
01000100 On

Lamp On - Protect

Lamp On - Amber

Lamp On - Amber, Protect
Lamp On - Red

Lamp On - Red, Protect

Lamp On - Red, Amber

Lamp On - Red, Amber, Protect
Lamp On - Malfunction

Lamp On - Malfunction, Protect
Lamp On - Malfunction, Amber

Channel Desc Type Bit Index Bit Length
EBC1_1 (Long) - ABS Trailer Warning Lamp Bits 63
State
Occurrence Error:
Error
2021 - Not Available: Bits indicate a value that should not happen
2021 - Not Available: Bits indicate a value that should not happen
Brake_Pressures Value
Offset: Range Min: Range Max:
Brake_Lining Bits 1 8
Occurrence Error:
Error

01000101 On Lamp On - Malfunction, Amber, Protect
01010000 On Lamp On - Malfunction, Red

01010001 On Lamp On - Malfunction, Red, Protect
01010100 On Lamp On - Malfunction, Red, Amber
01010101 On Lamp On - Malfunction, Red, Amber, Protect

Ignore Vehicle Configuration(s)

T2C1
T2C2
T2C4
T2C3

FREIGHTLINER LLC
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Table C-8. T3 Tractor Validation Information (continued)

ID Col# Channel UUID Message Desc Channel Desc Type Bit Index Bit Length
1338 42 4F63B1C530E1448AA00591A69CB8B566  TT:TSC1 TSC1 - Requested Speed/Speed Limit Value 9 16

Data Type: Raw Multiplier:  0.125 Offset: Range Min: 0 Range Max:
8031.875

Ignore Vehicle Configuration(s)

T2C1

T2C2

T2C3

T2C4

T3

1314 42 4F63B1C530E1448AA00591A69CB8B566  TT:TSC1 TSC1 - Requested Torque/Torque Limit Value 25 8

Data Type: Raw Multiplier: Offset: -125 Range Min: -125 Range Max: 125
Ignore Vehicle Configuration(s)
T2C1
T2C2
T2C3
T2C4
T3
1313 43 4F63B1C530E1448AA00591A69CB8B567  TT:MD1 EBS MD1 EBS Ignore

Ignore Vehicle Configuration(s)
T2C1
T2C2
T2C4
T2C3

1312 44 4F63B1C530E1448AA00591A69CB8B568  TT:MD2 EBS MD2 EBS Ignore

Ignore Vehicle Configuration(s)
T2C1
T2C2
T2C4
T2C3

1311 45 A4F63B1C530E1448AA00591A69CB8B569  TT:RSC/VDC RSC/VDC Ignore

Ignore Vehicle Configuration(s)
T2C1

T2C2

T2C3

T2C4

T3

1310 46 A4F63B1C530E1448AA00591A69CB8B56A  TT:RSA RSA Ignore

Ignore Vehicle Configuration(s)
T2C1

T2C2

T2C3

T2C4

T3

FREIGHTLINER LLC
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ID Col# Channel UUID

1309

1308

1307

1306

1305

1304

47

48

49

50

51

52

ECBS FOT Final Report Appendices

Table C-8. T3 Tractor Validation Information (continued)

Message Desc

E306E28E200011D5A1BD0001031E1AE7  TT:TIrRoadFrontPsi
Data Type: Short Multiplier:
Ignore Vehicle Configuration(s)
T2C1
T2C2
T2C4
T2C3
E306E28E200111D5A1BD0001031E1IAE7  TT:TIrCurbFrontPsi
Data Type: Short Multiplier:
Ignore Vehicle Configuration(s)
T2C1
T2C2
T2C4
T2C3
E306E28E200211D5A1BD0001031E1IAE7  TT:TIrRoadRearPsi
Data Type: Short Multiplier:
Ignore Vehicle Configuration(s)
T2C1
T2C2
T2C4
T2C3
E306E28E200311D5A1BD0001031E1AE7  TT:TIrCurbRearPsi
Data Type: Short Multiplier:
Ignore Vehicle Configuration(s)
T2C1
T2C2
T2C4
T2C3
E306E28E200411D5A1BD0001031E1IAE7  TT:TlrAirBag
Data Type: Short Multiplier:
Ignore Vehicle Configuration(s)
T2C1
T2C2
T2C4
T2C3
E306E28E200711D5A1BD0001031E1AE7  TT:TIrFrontLeftWhiSpd
Data Type: Short Multiplier:

Ignore Vehicle Configuration(s)
T2C1
T2C2
T2C4
T2C3

FREIGHTLINER LLC

Channel Desc
TIrRoadFrontPsi
Offset:

TIrCurbFrontPsi
Offset:

TIrRoadRearPsi
Offset:

TIrCurbRearPsi
Offset:

TIrAirBag
Offset:

TIrFrontLeftWhiSpd
Offset:

Range Min:

Range Min:

Range Min:

Range Min:

Range Min:

Range Min:

Type

Value

Value

Value

Value

Value

Value

Page C-47

Bit Index Bit Length

Range Max: 150

Range Max: 150

Range Max: 150

Range Max: 150

Range Max: 100

Range Max:
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ID Col# Channel UUID
E306E28E200811D5A1BD0001031E1AE7

1303

1302

1301

1300

1299

1298

53

54

55

56

57

58

E306E28E200911D5A1BD0001031E1AE7

E306E28E200A11D5A1BD0001031E1AEY

E306E28E200B11D5A1BD0001031E1AE7

E306E28E200C11D5A1BD0O001031E1AE7

E306E28E200D11D5A1BD0001031E1AE7
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Table C-8. T3 Tractor Validation Information (continued)

Message Desc
TT:TIrFrontrightWhISpd

Data Type: Short Multiplier:

Ignore Vehicle Configuration(s)

T2C1

T2C2

T2C4

T2C3

TT:TIrRearAxleLeftRear

Data Type: Short Multiplier:
Ignore Vehicle Configuration(s)

T2C1

T2C2

T2C4

T2C3
TT:TIrRearAxleRightRear

Data Type: Short Multiplier:
Ignore Vehicle Configuration(s)

T2C1

T2C2

T2C4

T2C3
TT:TIr_Lat

Data Type: Short Multiplier:
Ignore Vehicle Configuration(s)

T2C1

T2C2

T2C4

T2C3
TT:TIr_F/A

Data Type: Short Multiplier:
Ignore Vehicle Configuration(s)

T2C1

T2C2

T2C4

T2C3
TT:TIrYawRate

Data Type: Short Multiplier:
Ignore Vehicle Configuration(s)

T2C1

T2C2

T2C4

T2C3

FREIGHTLINER LLC

Channel Desc
TIrFrontrightWhilSpd
Offset:

TIrRearLeftWhISpd
Offset:

TIrRearRightwhISpd
Offset:

TIr_Lat
Offset:

TIr_FIA
Offset:

TIryawRate
Offset:

Range Min:

Range Min:

Range Min:

Range Min:

Range Min:

Range Min:

-20

Type

Value

Value

Value

Value

Value

Value
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Bit Index Bit Length

Range Max:

Range Max:

Range Max:

Range Max: 1

Range Max: 1

Range Max: 20
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Table C-8. T3 Tractor Validation Information (continued)

ID Col# Channel UUID Message Desc Channel Desc Type Bit Index Bit Length
1297 59 E306E28E200F11D5A1BD0001031E1AE7 TT:TIr_ID TIr_ID Ignore
Ignore Vehicle Configuration(s)
T2C1
T2C2
T2C3
T2C4
T3
1339 60 D7BE63F25F004FBOBCD8BFODA013B2BD TT:ACC_Mode ACC_Mode - Adaptive Cruise Control Mode Bits 1 3
Data Type: Short Occurrence Error Count: Occurrence Error:
Value Type Description Error
000 Off Off (Standby, enabled, ready for activation)
001 On Speed control active
010 On Distance control active
011 On Overtake mode
100 On Hold mode
101 On Finish mode
110 Error Disabled or Error Condition 2011 - Error Condition: Bits indicate an error condition
111  Error Not Available/Not Valid 2021 - Not Available: Bits indicate a value that should not happen
1340 60 D7BE63F25F004FBO9BCD8BFODA013B2BD TT:ACC_Mode ACC_Mode - Set Distance Mode Bits 4 3
Data Type: Short Occurrence Error Count: Occurrence Error:
Value Type Description Error
000 Ignore  ACC Distance mode #1 (largest distance)
001 Ignore  ACC Distance mode #2
010 Ignore  ACC Distance mode #3
011 Ignore  ACC Distance mode #4
100 |Ignore  ACC Distance mode #5 (shortest distance)
101 Ignore  Conventional Cruise Control Mode
110 Error Error Condition 2011 - Error Condition: Bits indicate an error condition
111  Error Not Available/Not Valid 2021 - Not Available: Bits indicate a value that should not happen
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Columns:

ID Col# Channel UUID

482

483

484

485

486

487

488

489

490

ECBS FOT Final Report Appendices

Table C-9. T2 Trailer Validation Information

17

Message Desc
FLTRC0000000020420040001031E1AE7  Relative Time

Data Type: Short Multiplier:

Ignore Vehicle Configuration(s)

T3
FLTRC0000001020420040001031E1AE7

Data Type: Time
Ignore Vehicle Configuration(s)
T3

E82ACA4AB86A4824844BCDF8B1184A24 TT:GPS Lat ( long)

Data Type: Long Multiplier:
Ignore Vehicle Configuration(s)
T3
0C346CD9EEE645F88A7B176103BDFB40  TT:GPS Long( long)

Data Type: Long Multiplier:
Ignore Vehicle Configuration(s)
T3

E3B285952F4941D68F25E7DFEOF3E497
Data Type: Long
Ignore Vehicle Configuration(s)
T3
62E23439CD18476A9E56698A3EF50596
Data Type: Short
Ignore Vehicle Configuration(s)
T3
86657F01E9FFADE5SBC2268DB922FAOD9
Data Type:  Short
Ignore Vehicle Configuration(s)
T3
1E5359F4D9E942B7AFEAB2DD4313241D  TT:Pressure 3
Data Type:  Short Multiplier:
Ignore Vehicle Configuration(s)
T3
E8CB8FD5CEEA44038AAA5B86939D25DB  TT:Pressure 4
Data Type: Short Multiplier:
Ignore Vehicle Configuration(s)
T3

HH:MM:SS
Multiplier:

TT:GPS Alti( long)
Multiplier:

TT:Pressure 1
Multiplier:

TT:Pressure 2
Multiplier:

FREIGHTLINER LLC

Channel Desc
Relative Time

Offset:

HH:MM:SS
Offset:

GPS Lat (long)
Offset:

GPS Long (long)
Offset:

GPSAIti (long)
Offset:

TIrRoadFrontPsi
Offset:

TIrCurbFrontPsi
Offset:

TIrRoadRearPsi
Offset:

TIrCurbRearPsi
Offset:

Range Min:

Range Min:

Range Min:

Range Min:

Range Min:

Range Min:

Range Min:

Range Min:

Range Min:

30

-125

Type

Value

Value

Value

Value

Value

Value

Value

Value

Value
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Bit Index Bit Length

Range Max:

Range Max:

Range Max:

Range Max:

Range Max:

Range Max:

Range Max:

Range Max:

Range Max:

49

10000

150

150

150

150
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Table C-9. T2 Trailer Validation Information (continued)

ID Col# Channel UUID Message Desc Channel Desc Type Bit Index Bit Length

491 10 7AF342FESE4C4474A7TCED2BE1AA4D632 TT:Pressure 5 TIrAirBag Psi Value
Data Type: Short Multiplier: Offset: Range Min: 0 Range Max: 100
Ignore Vehicle Configuration(s)
T3
T2C1
T2C2

492 11 7BB1618782CD455FB4F57810359E7784 TT:whISpeed 6 TIrFrontLeftWhISpd Value
Data Type: Short Multiplier: Offset: Range Min: 0 Range Max: 110
Ignore Vehicle Configuration(s)
T3

493 12 7349C386111B416F8827A4208ADD63E8  TT:whiSpeed 7 TIrFrontrightWhiSpd Value
Data Type: Short Multiplier: Offset: Range Min: 0 Range Max: 110
Ignore Vehicle Configuration(s)
T3

494 13 F23B95F08F324C4BA757E82B6BEC9320  TT:whiSpeed 8 TIrRearAxleLeftRear Value
Data Type: Short Multiplier: Offset: Range Min: Range Max:
Ignore Vehicle Configuration(s)
T3

495 14 268019F247C54EF2A2F6E786B687603F TT:WhiSpeed 9 TIrRearAxleRightRear Value
Data Type: Short Multiplier: Offset: Range Min: Range Max:
Ignore Vehicle Configuration(s)
T3

496 15 29CB2CF3A7454C56A3ED76E46993380A TT:Lat DC Lat DC Value
Data Type: Short Multiplier: Offset: Range Min: -1 Range Max: 1
Ignore Vehicle Configuration(s)
T3

497 16 DE1527BBDC894504972917DD47B01446 TT:F/ADC F/ADC Value
Data Type: Short Multiplier: Offset: Range Min: -2 Range Max: 1
Ignore Vehicle Configuration(s)
T3

498 17 CDBOB86EF11E4BEOBA8384F1EDOODDCY9 TT:YawRate YawRate Value
Data Type: Short Multiplier: Offset: Range Min: -20 Range Max: 20
Ignore Vehicle Configuration(s)
T3

FREIGHTLINER LLC
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APPENDIX D. QUALITY CONTROL CHECKLISTS
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2.0

3.0

Scope
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PROCEDURE FOR INSTALLING INSTRUMENTATION FOR
FREIGHTLINER ECBS FIELD OPERATIONAL TEST

The Freightliner electronically controlled braking system (ECBS) field
operational test (FOT) is a U.S. Department of Transportation-sponsored program
to establish the efficacy of ECBS systems in preventing the rate of fatalities
associated with commercial highway heavy truck incidents. This document
describes the procedures for installing instrumentation on a fleet of highway
tractors and trailers to collect data to determine the effectiveness of ECBS
systems. The purpose of this document is to ensure that the instrumentation is
installed in a consistent manner such that no critical steps in the installation
process are omitted.

Objective

2.1

The objective of the Freightliner FOT is to develop and demonstrate an improved
understanding of ECBS in terms of performance, reliability, durability,
maintainability and safety benefits in a real-world operating environment.

Approach

3.1

3.2

3.3

A fleet of 48 Wal * Mart tractors and 100 trailers will be instrumented with
transducers to sense braking and truck/trailer performance with and without
ECBS systems. Two configurations, so called Templates, will be considered: 1)
Mixed Tractor-trailer, and 2) “Optimized” Tractor-Trailer. In the mixed template,
Template 2, tractors and trailers with ECBS may be mixed with units with or
without ECBS systems. In the optimized template, Template 3, tractors and
trailers will both have ECBS systems. There is no Template 1 in the current
program.

Data will be collected for a 12-month period: 6 months without the ECBS systems
active to provide baseline data, and 6 months with ECBS functional. The baseline
and active systems phases will enable evaluation of the potential safety benefits of
the ECBS systems. The data will be evaluated by an independent evaluator.

Table 1 summarizes the data that will be collected during the FOT. All data are
recorded at 10 Hz as long as the tractor is running or a trailer is powered. The
FOT data are collected by a data acquisition system (DAS) mounted on the
tractor/trailer for the FOT.
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Table 1 Data to be Collected During the FOT

Unit

Value

Tractor

GPS data

J1939 bus data

J1708/J1587 bus data

Brake chamber pressures

Wheel speeds

Longitudinal acceleration

Lateral acceleration

Yaw rate

Steering angle

Suspension pressure

Compressor pressure

Trailer control valve pressure

Treadle valve pressure

Headlight on/off

Turn signal indicators on/off

Wiper on/off

Trailer

GPS data

Brake chamber pressures

Wheel speeds

Longitudinal acceleration

Lateral acceleration

Yaw rate

4.0  Configurations

Page 3

4.1  Tables 2 and 3 define the various configurations in the FOT. Consistent with
real-world conditions, different technologies will be randomly paired with each
other in the FOT. The various configurations reflect this situation.

Table 2 FOT Tractor Configurations

Template

Configuration

Braking System

2

1 Meritor WABCO ABS Drum Brake
2 Meritor WABCO ABS Disc Brake
3 Meritor WABCO ECBS Disc Brake
4 Bendix ABS6 Disc Brake

Meritor WABCO ECBS Disc Brake

FREIGHTLINER LLC
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Table 3 FOT Trailer Configurations

Template | Configuration | Suspension Braking System Brakes

Binkley Duralite

1 Spring 4S-2M ABS Drum

2 g'”'."ey Duralite | 45 o\ ABS Meritor EX225 Disc

pring

3 Hendrickson Meritor WABCO Bendix-Knorr 225X
HKANT-40 ECBS Disc
Hendrickson . Bendix-Knorr 225X

4 HKANT-40 Bendix-Knorr ECBS Disc
Hendrickson Meritor WABCO Bendix-Knorr 225X
HKANT-40 ECBS Disc

4.2

Each tractor and trailer configuration natively has a set of sensors to support ABS
and ECBS functions. These ABS/ECBS data are available on data busses on the
vehicles and will be collected during the FOT. Additional transducers will be
added for the FOT to supplement the available bus data. Because the bus data are
not identical for the various configurations, the set of transducers that the FOT
will add to each tractor and trailer is slightly different. A separate procedure
addresses the QA installation process for each possible configuration.

FREIGHTLINER LLC




S/N

Data Sheet D-1: T2C1 Tractor

1.0 Vehicle Serial Number

2.0 Wal xMart ID

3.0 Disconnect Ground at Ground Jumper Between Batteries

4.0 Install GPS
4.1 Transducer S/N:
4.2 Mount the GPS on curbside of QualComm antenna bracket
4.3 Remove existing grommet where QualComm antenna enters vehicle
4.4 Drill 1/2" hole in grommet
4.5 Feed antenna cable through 1/2" hole in grommet
4.6 Drop bunk down and remove two light panels from corner post at back of cab
4.7 Feed antenna cable down from top of cab
4.8 Lift bunk up and pull cable from below
4.9 Re-install light panels at corner post
4.10 Route GPS cable to the DAS through wiring channel at back of cab
4.11 Trim wire to length
4.12 Strip outer jacket back 1-1/2 inches
4.13 Strip wires 3/16 inches
4.14 Crimp MS39029/31-240 pins onto stripped wire
4.15 Insert green wire into MS3126F16-26P connector pin N
4.16 Insert white wire into MS3126F16-26P connector pin P
4.17 Insert red wire into MS3126F16-26P connector pin R
4.18 Insert black wire into MS3126F16-26P connector pin S

5.0 Prepare Cabin for Installation
5.1 Remove mattress
5.2 Remove lower curbside cabinet
(4 nuts/washers on wall, 2 bolts/washers on floor)
5.3 Remove curbside seat belt cover (it pops off)
5.4 Remove curbside sill plate (3 screws)
5.5 Remove cover at base of curbside pillar (1 screw)
5.6 Remove 2 screws holding B pillar cover in place
5.7 Pull weatherstripping off edge of door
5.8 Remove B pillar grab handle (2 bolts)
5.9 In storage area under bed, under floor mat at curbside, remove
three plastic plugs
5.10 Place floor mat back in place and mark three holes from under
the cab with a Sharpie
5.11 Drill 1/4-inch holes at the marked locations in the mat
5.12 With mat in place in the truck, locate DAS mounting plate on floor
and mate to the three holes

QA review by
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Data Sheet D-1: T2C1 Tractor Page 6
Work by/Date

5.13 Loosely install plate with 3 1/4-20 1-1/2" bolts with washers and
locking nuts on the outside /
5.14 Using the mounting plate as a guide, center punch two remaining
mounting holes
5.15 Drill two 5/16™ holes in truck floor for DAS mounting plate
5.16 Vacuum the area to remove drill cuttings
5.17 Install 2 more 1/4-20 1-1/2" bolts with washers and locking nuts
5.18 Tighten all DAS mounting plate bolts
5.19 Mark location for bulkhead connector: 2 inches from front of rivet,
3-1/8 inches from side rail
5.20 Center punch, drill pilot hole, and punch 1-5/8 inch hole for DAS
bulkhead connector in floor of cab at the bottom of the curbside pillar
5.21 Vacuum the area to remove drill cuttings
5.22 Install bulkhead fitting with washer and nut
5.23 Route DAS bulkhead cables
5.23.1 Remove HVAC cover under bed (2 screws)
5.23.2 Take backshells off cables
5.23.3 Tape wires together to prevent untwisting of pairs
5.23.4 Feed cables up through B pillar
5.23.5 Continue towards rear into trim channel
5.23.6 Drop down slightly into channel
5.23.7 Feed wire behind lower bed liner
5.23.8 Route wires out through upper corner of HVAC
5.24 Remove curbside upper and lower dashboard
5.24.1 Remove PDM cover
5.24.2 Pop out upper trim piece from inside
5.24.3 Remove lower panel (4 screws)
5.25 Loosen curbside kick panel
5.25.1 Pull floor mat up
5.25.2 Lift out floor plate
5.25.3 Take out two screws in floor
5.25.4 Pull weatherstripping from lower edge of door
5.26 Remove lower steering shaft cover by pulling bottom out,
lifting up and pulling out
5.27 Remove steering column cover (3 nuts/washers)
5.28 Remove fire extinguisher
5.29 Remove roadside sill plate (3 screws)
5.30 Loosen roadside kick panel
5.30.1 Pop off yellow button
5.30.2 Pull floor mat up
5.30.3 Take out two screws in floor
5.30.4 Pop up center of fastener in upper side of panel
5.30.5 Pull weatherstripping from lower edge of door

N~ TS S S

~
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Data Sheet D-1: T2C1 Tractor

5.31 Move roadside seat belt cover out of the way
5.32 Open roadside access panel with a flat blade screw driver

6.0 Disable ACC Display
6.1 Remove cup holder by pulling upwards
6.2 Remove HVAC trim piece
6.2.1 Remove two screws
6.2.2 Pull away from clips
6.3 Remove dash panel outer contour trim piece
6.3.1 Remove one screw
6.3.2 Pull away from clip
6.4 Remove dash piece trim located between the instrument cluster
and the dash panel by pushing up and away on the bottom section to free it
6.5 Remove trailer air supply and parking brake knobs
6.6 Remove dash panel
6.6.1 Remove four screws
6.6.2 Release panel from metal clips by pushing up on panel and
pulling the bottom away and down
6.7 Disconnect ACC connector
6.8 Label with red tape marked "ACC Display"
6.9 Tie wrap the connector to the large diameter black
pneumatic hose (~3" recessed into dash)
6.10 Reinstall dash panel
6.10.1 Latch panel in metal clips by lifting panel up, seating
it on the clips and pushing down
6.10.2 Reinstall four screws
6.11 Reinstall trailer supply and parking brake knobs
6.12 Reinstall dash piece trim located between the instrument
cluster and the dash panel by setting in place and pushing down
6.13 Reinstall dash panel outer contour trim piece
6.13.1 Push onto clip
6.13.2 Reinstall one screw
6.14 Reinstall HVAC trim piece
6.14.1 Push onto clips
6.14.2 Reinstall two screws
6.15 Reinstall cup holder by pushing downwards

7.0 Install Steering Sensor Assembly
7.1 Transducer: ATC 5K geared potentiometer
7.2 Transducer S/N:
7.3 Install the drive gear on the steering shaft, gear side down, up against
U-joint. If gear is loose on shaft, shim under gear with electrical tape.
7.4 Center the potentiometer by turning it completely clockwise and then
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Data Sheet D-1: T2C1 Tractor Page 8

Work by/Date
turn it counter-clockwise 5 complete turns /
7.5 Center the vehicle steering
7.6 Mate the potentiometer gear with the drive gear
7.6.1 Slip the potentiometer assembly up over the steering shaft
7.6.2 Mate with fixed gear
7.6.3 Adjust pot position till gears mate nicely
7.6.4 Secure to steering column supports with set screws
7.7 Route steering sensor wires to DAS location
7.7.1 Up over steering column support toward roadside
7.7.2 Into roadside sill channel with other wires
7.7.3 Up into access panel area
7.7.4 Continue up to bunk support channel and moving towards back of cab
7.7.5 Continue in wire channel at back of bunk support
7.7.6 Exit at upper corner of HVAC (where DAS wires exit)
7.8 Trim wire to length
7.9 Strip wires 3/16 inches
7.10 Crimp MS39029/31-240 pins onto stripped wire
7.11 Insert white wire into MS3126F20-41P (J1) connector pin e
7.12 Insert black wire into MS3126F20-41P (J1) connector pin f
7.13 Insert red wire into MS3126F20-41P (J1) connector pin g

B T i T e T e T S

8.0 Install J1939 Tap
8.1 Cut 20 feet of yellow and green Anixter 6GXL-2001 wire
8.2 Strip yellow and green Anixter 6GXL-2001 wires 0.1 inches
8.3 Crimp Deutsch #0460-202-20141 pins onto stripped wire
8.4 Insert yellow wire into terminal 1 into Deutsch DTMO04-2P connector
8.5 Insert green wire into terminal 2 into Deutsch DTMO04-2P connector
8.6 Finish connector by pushing in Deutsch WM-2P wedge
8.7 Route J1939 wires to DAS location
8.7.1 Into bunk support channel and moving towards back of cab
8.7.2 Continue in wire channel at back of bunk support
8.7.3 Exit at upper corner of HVAC (where DAS wires exit)
8.8 Cut wires to length
8.9 Strip wires 3/16 inches
8.10 Crimp MS39029/31-240 pins onto stripped wire
8.11 Insert yellow wire into MS3126F16-26P connector pin T
8.12 Insert green wire into MS3126F16-26P connector pin U

~ Y e e N e e e~~~

9.0 Install J1708/J1587 Tap
9.1 Cut 20 feet of orange and green Anixter 6GXL-2001 wire
9.2 Slide cable seals onto orange and green wire ends
9.3 Strip wires 0.200 inches

~~— ~— ~—~
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Work by/Date

9.4 Crimp female Metri-Pack #12047767 terminal onto stripped wire /
9.5 Insert green wire into Metri-Pack #12052832 2-way connector terminal A
9.6 Insert orange wire into Metri-Pack #12052832 2-way connector terminal B
9.7 Apply Metri-Pack #12047764 terminal assurance protection device
9.8 Plug connector into J1708 terminal block
9.9 Route J1708/J1587 wires from terminal block to DAS

9.9.1 Into bunk support channel and moving towards back of cab

9.9.2 Continue in wire channel at back of bunk support

9.9.3 Exit at upper corner of HVAC (where DAS wires exit)
9.10 Cut wires to length
9.11 Strip wires 3/16 inches
9.12 Crimp MS39029/31-240 pins onto stripped wire
9.13 Insert orange wire into MS3126F16-26P connector pin V
9.14 Insert green wire into MS3126F16-26P connector pin W

e e i e

~

10.0 Install Windshield Wiper Sensor

10.1 Cut 15-foot length of yellow Anixter 6GXL-2001 wire

10.2 Tap wiper wire 315P (left most pancake connector row D) with
Scotchlok 804 tap
10.2.1 Open hinged side wall
10.2.2 Place unstripped run wire inside run channel and close hinged side wall
10.2.3 Insert unstripped tap wire completely into tap port
10.2.4 Hold pliers perpendicular to the wire and make connection by

crimping u-contact down flush with top of insulator

10.2.5 Close cover until latched

10.3 Route wiper wire from lower dash area to DAS location
10.3.1 To curbside sill channel area
10.3.2 Feed wire up through B pillar
10.3.3 Continue towards rear into trim channel
10.3.4 Drop down slightly into channel
10.3.5 Feed wire behind lower bed liner
10.3.6 Route wires out through upper corner of HVAC

10.4 Trim wire to length

10.5 Strip wires 3/16 inches

10.6 Crimp MS39029/31-240 pins onto stripped wire

10.7 Insert wire into DAS connector MS3126F16-26P (J3) pin E

~

~ T~~~

~ Y Y Y N e N e e~~~

11.0 Install DAS Power
11.1 Cut 15-foot length of #E18C9-0STW 2-conductor cable
11.2 Strip outer jacket back 3 inches
11.3 Solder fuse holder in-line on white wire
11.4 Solder circular lug on fuse wire
11.5 Crimp and solder Freightliner spade lug on black wire

~ T Y Y S
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Work by/Date
11.6 Put heat shrink over fuse-to-wire connection /
11.7 Put fuse in fuse holder /
11.8 Route power wire from fuse panel to DAS location /
11.8.1 Behind dash area /
11.8.2 To curbside sill channel area /
11.8.3 Feed wire up through B pillar /
11.8.4 Continue towards rear into trim channel /
11.8.5 Drop down slightly into channel /
11.8.6 Feed wire behind lower bed liner /
11.8.7 Route wires out through upper corner of HVAC /
11.9 Cut wire to length /
11.10 Strip outer jacket back 1-1/2 inches on free end /
11.11 Strip wires 3/16 inches /
11.12 Crimp MS39029/31-240 pins onto stripped wire /
11.13 Insert white wire into MS3126F16-26P connector pin b /
11.14 Insert black wire into MS3126F16-26P connector pin ¢ /
11.15 At fuse panel, screw lug on fused wire to ignition terminal (+12V) /
11.16 At fuse panel, push lug from black wire onto ground terminal
(by big yellow wire) /
12.0 Wire MS3126F20-41P (J1) connector /
12.1 Slide strain relief onto cable /
12.2 Insert brown wire from brown-black pair of Alpha #2219
15pr cable into MS3126F20-41P (J1) connector pin A /
12.3 Insert black wire from brown-black pair of Alpha #2219
15pr cable into MS3126F20-41P (J1) connector pin B /
12.4 Insert white wire from white-green pair of Alpha #2219
15pr cable into MS3126F20-41P (J1) connector pin C /
12.5 Insert green wire from white-green pair of Alpha #2219
15pr cable into MS3126F20-41P (J1) connector pin D /
12.6 Insert blue wire from green-blue pair of Alpha #2219
15pr cable into MS3126F20-41P (J1) connector pin E /
12.7 Insert green wire from green-blue pair of Alpha #2219
15pr cable into MS3126F20-41P (J1) connector pin F /
12.8 Insert orange wire from orange-red pair of Alpha #2219
15pr cable into MS3126F20-41P (J1) connector pin G /
12.9 Insert red wire from orange-red pair of Alpha #2219
15pr cable into MS3126F20-41P (J1) connector pin H /
12.10 Insert brown wire from brown-red pair of Alpha #2219
15pr cable into MS3126F20-41P (J1) connector pin J /
12.11 Insert red wire from brown-red pair of Alpha #2219
15pr cable into MS3126F20-41P (J1) connector pin K /

12.12 Insert yellow wire from yellow-red pair of Alpha #2219
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Work by/Date
15pr cable into MS3126F20-41P (J1) connector pin L /
12.13 Insert red wire from yellow-red pair of Alpha #2219
15pr cable into MS3126F20-41P (J1) connector pin M /
12.14 Insert blue wire from blue-red pair of Alpha #2219
15pr cable into MS3126F20-41P (J1) connector pin N /
12.15 Insert red wire from blue-red pair of Alpha #2219
15pr cable into MS3126F20-41P (J1) connector pin P /
12.16 Insert green wire from green-red pair of Alpha #2219
15pr cable into MS3126F20-41P (J1) connector pin R /
12.17 Insert red wire from green-red pair of Alpha #2219
15pr cable into MS3126F20-41P (J1) connector pin S /
12.18 Insert yellow wire from yellow-black pair of Alpha #2219
15pr cable into MS3126F20-41P (J1) connector pin T /
12.19 Insert black wire from yellow-black pair of Alpha #2219
15pr cable into MS3126F20-41P (J1) connector pin U /
12.20 Insert orange wire from orange-black pair of Alpha #2219
15pr cable into MS3126F20-41P (J1) connector pin V /
12.21 Insert black wire from orange-black pair of Alpha #2219
15pr cable into MS3126F20-41P (J1) connector pin W /
12.22 Insert white wire from white-black pair of Alpha #2219
15pr cable into MS3126F20-41P (J1) connector pin X /
12.23 Insert black wire from white-black pair of Alpha #2219
15pr cable into MS3126F20-41P (J1) connector pin Y /
12.24 Insert red wire from red-black pair of Alpha #2219
15pr cable into MS3126F20-41P (J1) connector pin Z /
12.25 Insert black wire from red-black pair of Alpha #2219
15pr cable into MS3126F20-41P (J1) connector pin a /
12.26 Insert blue wire from blue-black pair of Alpha #2219
15pr cable into MS3126F20-41P (J1) connector pin b /
12.27 Insert black wire from blue-black pair of Alpha #2219
15pr cable into MS3126F20-41P (J1) connector pin ¢ /
12.28 Insert green wire from green-black pair of Alpha #2219
15pr cable into MS3126F20-41P (J1) connector pin d /
12.29 Insert black wire from green-black pair of Alpha #2219
15pr cable into MS3126F20-41P (J1) connector pin h /
12.30 Insert white wire from white-red pair of Alpha #2219
15pr cable into MS3126F20-41P (J1) connector pin i /

12.31 Insert red wire from white-red pair of Alpha #2219
15pr cable into MS3126F20-41P (J1) connector pin j

12.32 Cut 4-inch length of scrap wire

12.33 Strip ends 3/16 inches

12.34 Crimp MS39029/31-240 pins onto stripped wire

~ T~~~
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12.35 Insert one end into MS3126F20-41P (J1) connector pin k /
12.36 Insert the other end into MS3126F20-41P (J1) connector pin p /
12.37 Insert MS39029/31-240 pins into unused pins /
12.37.1 NC: MS3126F20-41P (J1) connector pin m /
12.37.2 NC: MS3126F20-41P (J1) connector pin n /
12.37.3 NC: MS3126F20-41P (J1) connector pin q /
12.37.4 NC: MS3126F20-41P (J1) connector pin r /
12.37.5 NC: MS3126F20-41P (J1) connector pin s /
12.37.6 NC: MS3126F20-41P (J1) connector pin t /
12.38 Slide strain relief up to connector, screw it on and tighten clamp /
13.0 Wire MS3126F16-26P (J3) connector /
13.1 Slide strain relief onto cable /
13.2 Insert black wire from black-green pair of Alpha #2219
9pr cable into MS3126F16-26P (J3) connector pin A /
13.3 Insert green wire from black-green pair of Alpha #2219
9pr cable into MS3126F16-26P (J3) connector pin B /
13.4 Insert blue wire from blue-black pair of Alpha #2219
9pr cable into MS3126F16-26P (J3) connector pin C /
13.5 Insert black wire from blue-black pair of Alpha #2219
9pr cable into MS3126F16-26P (J3) connector pin D /
13.6 Black wire from black-brown pair of Alpha #2219 9pr cable is unused /
13.7 Insert brown wire from black-brown pair of Alpha #2219
9pr cable into MS3126F16-26P (J3) connector pin G /
13.8 Insert black wire from black-yellow pair of Alpha #2219
9pr cable into MS3126F16-26P (J3) connector pin H /
13.9 Insert yellow wire from black-yellow pair of Alpha #2219
9pr cable into MS3126F16-26P (J3) connector pin J /
13.10 Insert black wire from black-orange pair of Alpha #2219
9pr cable into MS3126F16-26P (J3) connector pin K /
13.11 Insert orange wire from black-orange pair of Alpha #2219
9pr cable into MS3126F16-26P (J3) connector pin L /

13.12 Insert green wire from green-red pair of Alpha #2219
9pr cable into MS3126F16-26P (J3) connector pin M /
13.13 Insert green wire from GPS cable into MS3126F16-26P (J3) connector pin N /
13.14 Insert white wire from GPS cable into MS3126F16-26P (J3) connector pin P /
/
/

13.15 Insert red wire from GPS cable into MS3126F16-26P (J3) connector pin R
13.16 Insert black wire from GPS cable into MS3126F16-26P (J3) connector pin S
13.17 Insert white wire from black-white pair of Alpha #2219

9pr cable into MS3126F16-26P (J3) connector pin Z /
13.18 Insert remaining red wire from Alpha #2219

9pr cable into MS3126F16-26P (J3) connector pin a /
13.19 Insert MS39029/31-240 pins into unused pins /
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13.19.1 NC: MS3126F20-41P (J1) connector pin F /
13.19.2 NC: MS3126F20-41P (J1) connector pin X /
13.19.3 NC: MS3126F20-41P (J1) connector pin Y /
13.20 Unused wires /

13.20.1 Red wire from green-red pair of Alpha #2219

9pr cable is unused (former MS3126F16-26P (J3) connector pin N) /
13.20.2 White wire from white-red pair of Alpha #2219

9pr cable is unused (former MS3126F16-26P (J3) connector pin P) /
13.20.3 Red wire from white-red pair of Alpha #2219

9pr cable is unused (former MS3126F16-26P (J3) connector pin R) /
13.20.4 Black wire from black-white pair of Alpha #2219

9pr cable is unused (former MS3126F16-26P (J3) connector pin S) /

13.21 Slide strain relief up to connector, screw it on and tighten clamp

~

14.0 Install Brake Chamber Pressure Transducer - Roadside Steer

14.1 Remove air line from bulkhead flare fitting on frame rail

14.2 Remove supply pressure line from brake chamber

14.3 Install street tee with pipe dope on brake chamber

14.4 Orient street tee such that the transducer will point toward the road

14.5 Connect pressure line to street tee with pipe dope

14.6 Reinstall air line at flare fitting on frame rail

14.7 Transducer: Measurement Specialties MSP400-150-P-3/8" NPT-4

14.8 Transducer S/N:

14.9 Attach transducer to street tee with pipe dope

14.10 Apply and shrink heat shrink over bare wires exposed
below connector on pre-made cable

14.11 Route sensor cable along supply pressure line to lefthand frame rail, and
along frame rail to transmission cooler cross-member, and over to DAS
bulkhead connector location

~ Y e~~~

~

~

15.0 Install Brake Chamber Pressure Transducer - Curbside Steer
15.1 Remove air line from bulkhead flare fitting on frame rail
15.2 Remove supply pressure line from brake chamber
15.3 Install street tee with pipe dope on brake chamber
15.4 Orient street tee such that the transducer will point toward the road
15.5 Connect pressure line to street tee with pipe dope
15.6 Reinstall air line at flare fitting on frame rail
15.7 Transducer: Measurement Specialties MSP400-150-P-3/8" NPT-4
15.8 Transducer S/N:
15.9 Attach transducer to street tee with pipe dope
15.10 Apply and shrink heat shrink over bare wires exposed below connector on
pre-made cable
15.11 Route sensor cable along supply pressure line to righthand frame rail and

~ e e~~~

~
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along frame rail to DAS bulkhead connector location /

16.0 Install Brake Chamber Pressure Transducer - Roadside Intermediate

16.1 Remove supply pressure line from 45° fitting attached to brake chamber

16.2 Remove 45° fitting from brake chamber

16.3 Install street tee with pipe dope on brake chamber

16.4 Orient street tee such that transducer will point outward towards the wheel set

16.5 Attach 45° fitting to street tee with pipe dope

16.6 Connect pressure line to 45° fitting

16.7 Transducer: Measurement Specialties MSP400-150-P-3/8" NPT-4

16.8 Transducer S/N:

16.9 Attach transducer to street tee with pipe dope

16.10 Apply and shrink heat shrink over bare wires exposed below connector on
pre-made cable

16.11 Route sensor cable along lefthand frame rail to cross-member at back of cab,
over to righthand frame rail, on to DAS bulkhead connector location

~ Y e~~~

~

~

17.0 Install Brake Chamber Pressure Transducer - Curbside Intermediate

17.1 Remove supply pressure line from 45 fitting attached to brake chamber

17.2 Remove 45° fitting from brake chamber

17.3 Install street tee with pipe dope on brake chamber

17.4 Orient street tee such that transducer will point outward toward the wheel set

17.5 Attach 45° fitting to street tee with pipe dope

17.6 Connect pressure line to 45° fitting

17.7 Transducer: Measurement Specialties MSP400-150-P-3/8" NPT-4

17.8 Transducer S/N:

17.9 Attach transducer to street tee with pipe dope

17.10 Apply and shrink heat shrink over bare wires exposed below connector on
pre-made cable

17.11 Route sensor cable along righthand frame rail to DAS bulkhead
connector location

e e T Y

~

~

18.0 Install Brake Chamber Pressure Transducer - Roadside Rear
18.1 Remove supply pressure line from 45 fitting attached to brake chamber
18.2 Remove 45° fitting from brake chamber
18.3 Install street tee with pipe dope on brake chamber
18.4 Orient street tee such that transducer will point upward
18.5 Attach 45° fitting to street tee with pipe dope
18.6 Connect pressure line to 45° fitting
18.7 Transducer: Measurement Specialties MSP400-150-P-3/8" NPT-4
18.8 Transducer S/N:
18.9 Attach transducer to street tee with pipe dope
18.10 Apply and shrink heat shrink over bare wires exposed below connector on

~ e e~~~

QA review by Date




FOT-P1

SIN Revision 9
October 1, 2004

Data Sheet D-1: T2C1 Tractor Page 15

Work by/Date
pre-made cable /
18.11 Route sensor cable along lefthand frame rail to cross-member at back of cab,
over to righthand frame rail, on to DAS bulkhead connector location /

19.0 Suspension Pressure Transducer - Roadside Rear

19.1 Remove supply pressure line from 90° fitting on suspension airbag

19.2 Remove 90° fitting from suspension airbag

19.3 Install street tee with pipe dope on airbag

19.4 Orient street tee such that the transducer will be parallel with the ground,

pointed towards the front of the truck when installed

19.5 Connect 90° fitting to street tee with pipe dope

19.6 Connect pressure line to 90° fitting

19.7 Transducer: Measurement Specialties MSP400-150-P-N-4 (1/4" NPT)

19.8 Transducer S/N:

19.9 Attach transducer to street tee with pipe dope

19.10 Apply and shrink heat shrink over bare wires exposed below connector on
pre-made cable

19.11 Route sensor cable along lefthand frame rail to cross-member at back of cab,
over to righthand frame rail, and on to DAS bulkhead connector location

N~ Y

~ Y~~~

~

~

20.0 Install Brake Chamber Pressure Transducer - Curbside Rear

20.1 Remove supply pressure line from 45° fitting attached to brake chamber

20.2 Remove 45° fitting from brake chamber

20.3 Install street tee with pipe dope on brake chamber

20.4 Orient street tee such that transducer will point upward

20.5 Attach 45° fitting to street tee with pipe dope

20.6 Connect pressure line to 45° fitting

20.7 Transducer: Measurement Specialties MSP400-150-P-3/8" NPT-4

20.8 Transducer S/N:

20.9 Attach transducer to street tee with pipe dope

20.10 Apply and shrink heat shrink over bare wires exposed below connector on
pre-made cable

20.11 Route sensor cable along righthand frame rail to DAS bulkhead
connector location

~ e e~~~

~~

~

21.0 Install Compressor Governor Signal Pressure Transducer
21.1 Remove pressure relief valve so that pressure supply line may be accessed
21.2 Remove compressor supply pressure line and fitting
21.3 Install street tee with pipe dope on compressor
21.4 Orient street tee such that transducer will point downward towards the road

when installed

21.5 Connect pressure line and fitting to street tee /
21.6 Connect pressure relief valve to compressor with pipe dope /

~~— ~— ~—~

~
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21.7 Transducer: Measurement Specialties MSP400-150-P-N-4 (1/4" NPT) /
21.8 Transducer S/N: /
21.9 Attach transducer to street tee with pipe dope /
21.10 Apply and shrink heat shrink over bare wires exposed below connector on
pre-made cable /
21.11 Route sensor cable along compressor line to righthand frame rail, and back
along frame rail to DAS bulkhead connector location /
22.0 Install Tractor Protection Valve Signal Pressure Transducer /

22.1 Remove tractor protection valve supply pressure line
(black on Wabco braking systems - Configurations 1 and 2, orange on
Bendix braking systems - Configuration 4)

22.2 Install street tee with pipe dope on tractor protection valve

22.3 Connect pressure line to street tee with pipe dope

22.4 Transducer: Measurement Specialties MSP400-150-P-3/8" NPT-4

22.5 Transducer S/N:

22.6 Attach transducer to street tee with pipe dope

22.7 Apply and shrink heat shrink over bare wires exposed below connector on
pre-made cable /

22.8 Route sensor cable along transmission cooler cross-member to DAS bulkhead
connector location /

23.0 Install Treadle Valve Signal Pressure Transducer

23.1 Remove treadle valve (green) supply pressure line

23.2 Remove 90° fitting from treadle valve

23.3 Connect street tee with pipe dope to treadle valve

23.4 Orient street tee such that transducer will point downwards when installed

23.5 Connect 90° fitting with pipe dope to street tee

23.6 Connect pressure line to 90° fitting

23.7 Transducer: Measurement Specialties MSP400-150-P-3/8" NPT-4

23.8 Transducer S/N:

23.9 Attach transducer to street tee with pipe dope

23.10 Apply and shrink heat shrink over bare wires exposed below connector on
pre-made cable

23.11 Route sensor cable down with pressure lines to lefthand frame rail, back to
transmission cooler cross-member and across cross-member to DAS
bulkhead connector location /

~ Y e~~~

~

24.0 Install Headlight/Turn Indicator Sensors
24.1 Prepare headlight/turn signal harness
24.1.1 Insert wires into Metri-Pack #12047938 7-way female connector
24.1.1.1 Cut 8" yellow wire
24.1.1.2 Slide cable seal onto one end of wire

e T ]
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24.1.1.3 Strip end of wire with cable seal 0.200 inches /
24.1.1.4 Crimp female Metri-Pack #12048074 terminal onto stripped wire /

24.1.1.5 Plug lead into terminal G of Metri-Pack #12047938 7-way

female connector /
24.1.1.6 Cut 8" green wire /
24.1.1.7 Slide cable seal onto one end of wire /
24.1.1.8 Strip end of wire with cable seal 0.200 inches /
24.1.1.9 Crimp female Metri-Pack #12048074 terminal onto stripped wire /
24.1.1.10 Plug lead into terminal A of Metri-Pack #12047938 7-way
female connector /
24.1.1.11 Cut 8" white wire /
24.1.1.12 Slide cable seal onto one end of wire /
24.1.1.13 Strip end of wire with cable seal 0.200 inches /
24.1.1.14 Crimp female Metri-Pack #12048074 terminal onto stripped wire /

24.1.1.15 Plug lead into terminal E of Metri-Pack #12047938 7-way
female connector /
24.1.1.16 Apply Metri-Pack #12047936 terminal position assurance device
to Metri-pack #12047938 7-way female connector
24.1.2 Insert wires into Metri-Pack #12162144 4-way female connector
24.1.2.1 Cut 4" yellow color wire
24.1.2.2 Slide cable seal onto one end of wire
24.1.2.3 Strip end of wire with cable seal 0.200 inches
24.1.2.4 Crimp female Metri-Pack #12047767 terminal onto stripped wire
24.1.2.5 Plug lead into terminal A of Metri-Pack #12162144 4-way
female connector
24.1.2.6 Cut 4" green color wire
24.1.2.7 Slide cable seal onto one end of wire
24.1.2.8 Strip end of wire with cable seal 0.200 inches
24.1.2.9 Crimp female Metri-Pack #12047767 terminal onto stripped wire
24.1.2.10 Plug lead into terminal B of Metri-Pack #12162144 4-way
female connector /

~ Y~~~

~ Y~~~

24.1.2.11 Apply Metri-Pack #12047948 terminal position assurance
device to Metri-pack 4-way female plug /
24.1.3 Insert wires into Metri-Pack #12047933 7-way male connector /
24.1.3.1 Pair yellow wire from terminal G of Metri-Pack #12047938 7-way
connector with yellow wire from terminal A of Metri-Pack
#12162144 4-way female connnector /
24.1.3.2 Slide cable seal onto end of wire pair /
24.1.3.3 Strip end of both wires 0.200 inches /
24.1.3.4 Crimp a single male Metri-Pack #12045773 terminal onto
stripped wires /
24.1.3.5 Plug lead into terminal G of Metri-Pack #12047933 7-way
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male connector /

24.1.3.6 Pair green color wire from terminal A of Metri-Pack #12047938
7-way female connector with green color wire from terminal B

of Metri-Pack #12162144 4-way female connector /
24.1.3.7 Slide cable seal onto end of wire pair /
24.1.3.8 Strip end of both wires 0.200 inches /
24.1.3.9 Crimp a single male Metri-Pack #12045773 terminal onto
stripped wires /
24.1.3.10 Plug lead into terminal A of Metri-Pack #12047933 7-way
male connector /
24.1.3.11 Slide cable seal onto end of white wire from terminal E of
Metri-Pack #12047938 7-way female connector /
24.1.3.12 Strip end of wire with cable seal 0.200 inches /
24.1.3.13 Crimp a single male Metri-Pack #12045773 terminal onto
stripped wires /
24.1.3.14 Plug lead into terminal E of Metri-Pack #12047933 7-way
male connector /
24.1.3.15 Apply Metri-Pack #15324525 terminal position assurance
device to Metri-pack #12047933 7-way male connector /
24.2 Connect headlight indicator wires /
24.2.1 Unplug connector from tractor curbside headlight /
24.2.2 Plug headlight wiring harness onto headlight /
24.2.3 Plug tractor headlight wire into tap /
24.3 Tap curbside turn indicator wire 38R with Scotchlok 804 tap /
24.3.1 Open hinged side wall /
24.3.2 Place unstripped run wire inside run channel and close hinged side wall /
24.3.3 Locate tap wire: wire C (yellow) in the Metri-Pack 150 4-way
connector in the harness /
24.3.4 Trim wire to length /
24.3.5 Insert unstripped tap wire completely into tap port /
24.3.6 Hold pliers perpendicular to the wire and make connection by crimping
u-contact down flush with top of insulator /
24.3.7 Close cover until latched /
24.4 Install roadside turn indicator tap /
24.4.1 Route yellow Anixter #6GXL-2001 wire from curbside turn
indicator/headlight location to roadside turn indicator in wire loom
along wiring harness under radiator /
24.4.2 Trim wire to length /
24.4.3 Slide cable seal onto curbside wire end /
24.4.4 Strip curbside wire 0.200 inches /
24.4.5 Crimp female Metri-Pack #12047767 terminal onto stripped wire /
24.4.6 Plug lead into terminal D /

24.4.7 Apply Metri-Pack #12047948 terminal protection assurance device to

QA review by Date




FOT-P1

SIN Revision 9
October 1, 2004

Data Sheet D-1: T2C1 Tractor Page 19

Work by/Date
Metri-pack 4-way female plug /
24.4.8 Trim wire to length at roadside end /
24.4.9 Tap roadside turn indicator wire 38L with Scotchlok 804 tap /
24.4.9.1 Open hinged side wall /
24.4.9.2 Place unstripped run wire inside run channel and close hinged
side wall
24.4.9.3 Insert unstripped tap wire completely into tap port /
24.4.9.4 Hold pliers perpendicular to the wire and make connection by
crimping u-contact down flush with top of insulator /
24.4.9.5 Close cover until latched /
24.5 Route Wires
24.5.1 Select headlight/turn signal connector extension wire: Coleman 22/2pr
4-conductor
24.5.2 Strip outer jacket back 1-1/2 inches
24.5.3 Slide cable seals onto wire ends
24.5.4 Strip wires 0.200 inches
24.5.5 Crimp female Metri-Pack #12047767 terminal onto stripped wire
24.5.6 Plug green wire into terminal A
24.5.7 Plug white wire into terminal B
24.5.8 Plug red wire into terminal C
24.5.9 Plug black wire into terminal D
24.5.10 Apply Metri-Pack #12047948 terminal protection assurance device to
Metri-pack 4-way female plug
24.5.11 Mate 4-position headlight/turn signal connector to extension wire
24.5.12 Route cable to DAS bulkhead connector location along ???

~

~

~ Y Y N e~~~

~

~

~

25.0 Pin Exterior Wiring to Bulkhead Connector

25.1 Pin Roadside Steer Pressure Transducer Wires
25.1.1 Trim Roadside Steer Pressure Transducer wire to length
25.1.2 Strip outer jacket of Roadside Steer Pressure cable back 1-1/2 inches
25.1.3 Strip white wire 0.250 inches
25.1.4 Crimp Deutsch #0460-202-16141 pin onto stripped wire
25.1.5 Insert white wire into bulkhead connector pin 1
25.1.6 Strip red and black wires 0.200 inches
25.1.7 Crimp Deutsch #0460-202-20141 pins onto stripped wire
25.1.8 Insert black wire into bulkhead connector pin 2
25.1.9 Insert red wire into bulkhead connector pin 3

25.2 Pin Curbside Steer Pressure Transducer Wires
25.2.1 Trim Curbside Steer Pressure Transducer wire to length
25.2.2 Strip outer jacket of Curbside Steer Pressure cable back 1-1/2 inches
25.2.3 Strip wires 0.250 inches
25.2.4 Crimp Deutsch #0460-202-16141 pin onto stripped wire
25.2.5 Insert white wire into bulkhead connector pin 4

~ Y Y Y Y e e e e e N N N~ N~~~

QA review by Date




SIN

Data Sheet D-1: T2C1 Tractor

25.2.6 Insert black wire into bulkhead connector pin 5
25.2.7 Insert red wire into bulkhead connector pin 6

25.3 Pin Roadside Intermediate Pressure Transducer Wires
25.3.1 Trim Roadside Intermediate Pressure Transducer wire to length
25.3.2 Strip outer jacket of Roadside Intermediate Pressure cable

back 1-1/2 inches

25.3.3 Strip wires 0.200 inches
25.3.4 Crimp Deutsch #0460-202-20141 pins onto stripped wire
25.3.5 Insert white wire into bulkhead connector pin 7
25.3.6 Insert black wire into bulkhead connector pin 8
25.3.7 Insert red wire into bulkhead connector pin 9

25.4 Pin Curbside Intermediate Pressure Transducer Wires
25.4.1 Trim Curbside Intermediate Pressure Transducer wire to length
25.4.2 Strip outer jacket of Curbside Intermediate Pressure cable back

1-1/2 inches

25.4.3 Strip wires 0.200 inches
25.4.4 Crimp Deutsch #0460-202-20141 pins onto stripped wire
25.4.5 Insert white wire into bulkhead connector pin 10
25.4.6 Insert black wire into bulkhead connector pin 11
25.4.7 Insert red wire into bulkhead connector pin 12

25.5 Pin Roadside Rear Pressure Transducer Wires
25.5.1 Trim Roadside Rear Pressure Transducer wire to length
25.5.2 Strip outer jacket of Roadside Rear Pressure cable back 1-1/2 inches
25.5.3 Strip wires 0.200 inches
25.5.4 Crimp Deutsch #0460-202-20141 pins onto stripped wire
25.5.5 Insert white wire into bulkhead connector pin 13
25.5.6 Insert black wire into bulkhead connector pin 14
25.5.7 Insert red wire into bulkhead connector pin 15

25.6 Pin Rear Suspension Pressure Transducer Wires
25.6.1 Trim Rear Suspension Pressure Transducer wire to length
25.6.2 Strip outer jacket of Rear Suspension Pressure cable back 1-1/2 inches
25.6.3 Strip wires 0.200 inches
25.6.4 Crimp Deutsch #0460-202-20141 pins onto stripped wire
25.6.5 Insert white wire into bulkhead connector pin 22
25.6.6 Insert black wire into bulkhead connector pin 23
25.6.7 Insert red wire into bulkhead connector pin 24

25.7 Pin Curbside Rear Pressure Transducer Wires
25.7.1 Trim Curbside Rear Pressure Transducer wire to length
25.7.2 Strip outer jacket of Curbside Rear Pressure cable back 1-1/2 inches
25.7.3 Strip wires 0.200 inches
25.7.4 Crimp Deutsch #0460-202-20141 pins onto stripped wire
25.7.5 Insert white wire into bulkhead connector pin 16
25.7.6 Insert black wire into bulkhead connector pin 17
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25.7.7 Insert red wire into bulkhead connector pin 18
25.8 Pin Air Compressor Governor Pressure Transducer Wires
25.8.1 Trim Air Compressor Pressure Transducer wire to length
25.8.2 Strip outer jacket of Air Compressor Governor Pressure cable back
1-1/2 inches
25.8.3 Strip wires 0.200 inches
25.8.4 Crimp Deutsch #0460-202-20141 pins onto stripped wire
25.8.5 Insert white wire into bulkhead connector pin 19
25.8.6 Insert black wire into bulkhead connector pin 20
25.8.7 Insert red wire into bulkhead connector pin 21
25.9 Pin Tractor Protection Valve Pressure Transducer Wires
25.9.1 Trim Tractor Protection Valve Pressure Transducer wire to length
25.9.2 Strip outer jacket of Tractor Protection Valve Pressure cable back
1-1/2 inches
25.9.3 Strip wires 0.200 inches
25.9.4 Crimp Deutsch #0460-202-20141 pins onto stripped wire
25.9.5 Insert white wire into bulkhead connector pin 25
25.9.6 Insert black wire into bulkhead connector pin 26
25.9.7 Insert red wire into bulkhead connector pin 27
25.10 Pin Treadle Valve Pressure Transducer Wires
25.10.1 Trim Treadle Valve Pressure Transducer wire to length
25.10.2 Strip outer jacket of Treadle Valve Pressure cable back 1-1/2 inches
25.10.3 Strip wires 0.200 inches
25.10.4 Crimp Deutsch #0460-202-20141 pins onto stripped wire
25.10.5 Insert white wire into bulkhead connector pin 28
25.10.6 Insert black wire into bulkhead connector pin 29
25.10.7 Insert red wire into bulkhead connector pin 30
25.11 Pin Headlight / Turn Signal Wires
25.11.1 Trim Headlight / Turn Signal wire to length
25.11.2 Strip outer jacket of Headlight / Turn Signal cable back 1-1/2 inches
25.11.3 Strip wires 0.250 inches
25.11.4 Crimp Deutsch #0460-202-16141 pin onto stripped wire
25.11.5 Insert the red wire into bulkhead connector pin 31
25.11.6 Insert the black wire into bulkhead connector pin 32
25.11.7 Insert the green wire into bulkhead connector pin 33
25.11.8 Insert white wire into bulkhead connector pin 34

26.0 Complete Deutsch Bulkhead Connector
26.1 Insert Deutsch #0413-204-2005 sealing plugs in unused pin locations
26.1.1 Bulkhead connector pin 35 (open)
26.1.2 Bulkhead connector pin 36 (RS-232 RX)
26.1.3 Bulkhead connector pin 37 (RS-232 TX)
26.1.4 Bulkhead connector pin 38 RS-485 RX)
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26.1.5 Bulkhead connector pin 39 (RS-485 TX) /
26.1.6 Bulkhead connector pin 40 (Curbside wheel speed ground)
26.1.7 Bulkhead connector pin 41 (Roadside wheel speed ground)
26.1.8 Bulkhead connector pin 42 (former GPS TX)
26.1.9 Bulkhead connector pin 43 (former GPS RX)
26.1.10 Bulkhead connector pin 44 (former GPS +12V supply)
26.1.11 Bulkhead connector pin 45 (former GPS gnd)
26.1.12 Bulkhead connector pin 46 (Curbside wheel speed signal)
26.1.13 Bulkhead connector pin 47 (Roadside wheel speed signal)
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27.0 Reconnect Battery Ground /

28.0 Install/Hook Up DAS /
28.1 Install DAS on mounting plate with one bolt /
28.2 Check for 5A fuse in power lead
28.3 With truck ignition on, verify that the DAS power wires have been

correctly wired with a voltmeter
28.3.1 Check for +12V power on MS3126F16-26P connector pin b
28.3.2 Check for ground continuity on MS3126F16-26P connector pin ¢
28.4 Plug wireless LAN antenna connector into DAS J5
28.5 Plug MS3126F20-41P (J1) connector into DAS J1
28.6 Plug MS3126F16-26P (J3) connector into DAS J3
28.7 Ensure no connection on DAS J4

~
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29.0 Static Checkout
29.1 Disconnect pressure transducers and install simulators
29.1.1 9.93 K ohms
29.1.2 17.01 K ohms
29.1.3 20.42 K ohms
29.1.4 41.5 K ohms
29.1.5 68.2 K ohms
29.1.6 88.7 K ohms
29.1.7 99.5 K ohms
29.1.8 128.1 K ohms
29.1.9 159.4 K ohms
29.1.10 206.8 K ohms
29.2 Connect serial cable
29.3 Connect Ethernet cable
29.4 Disconnect MS3126F20-41P (J1) and install shorting plug
29.5 Apply truck power
29.6 Watch startup routine
29.6.1 Startup sensible
29.7 Execute GetDevStatus command
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29.7.1 VIN present /
29.8 Execute GPSon command /
29.8.1 GPS data present? /
29.8.2 If no GPS data Run GPSsetup /
29.8.3 Re-execute GPSon command /
29.9 Execute CANon command /
29.9.1 CANbDus data present /
29.10 Execute AnalogOffset command /
29.11 Execute Monitor command /
29.12 Check data /

29.12.1 Scroll to bottom of channel list, find rsfrontpress channel and highlight
it and the next 16 channels
29.12.2 Highlight DIO channel
29.13 Ensure all of the pressures except air compressor and air bag pres = 0
29.14 Disconnect J1 shorting plug and reconnect MS3126F20-41P (J1)
29.15 Execute cmdOpenFile command
29.16 Test digital channels and observe presence of signals
29.16.1 Turn on headlights on
29.16.2 Turn on headlights off
29.16.3 Turn high beams on
29.16.4 Turn high beams off
29.16.5 Turn right turn signal on
29.16.6 Turn right turn signal off
29.16.7 Turn left turn signal on
29.16.8 Turn left turn signal off
29.16.9 Turn on wipers on
29.16.10 Turn wipers to high
29.16.11 Turn wipers off
29.17 Test analog channels
29.17.1 Verify simulator pressure values
29.17.1.1 Roadside front pressure
29.17.1.2 Curbside front pressure
29.17.1.3 Roadside intermediate pressure
29.17.1.4 Curbside intermediate pressure
29.17.1.5 Roadside rear pressure
29.17.1.6 Curbside rear pressure
29.17.1.7 Air compressor
29.17.1.8 Suspension pressure
29.17.1.9 Tractor protection valve pressure
29.17.1.10 Treadle valve pressure
29.18 Execute cmd Open file command
29.19 Download file and save
29.20 Turn off truck
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29.21 Disconnect pressure transducer simulators and reconnect
pressure transducers
29.21.1 Roadside front pressure
29.21.2 Curbside front pressure
29.21.3 Roadside intermediate pressure
29.21.4 Curbside intermediate pressure
29.21.5 Roadside rear pressure
29.21.6 Curbside rear pressure
29.21.7 Air compressor
29.21.8 Suspension pressure
29.21.9 Tractor protection valve pressure
29.21.10 Treadle valve pressure
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30.0 Steering Calibration /
30.1 Start truck /
30.2 Turn steering fully CCW /
30.3 Mark shaft with a Sharpie up at the bulkhead using slit in bushing as

reference mark /
30.4 Record steering sensor voltage /
30.5 Turn steering CW in 360-degree increments to the lock, recording
voltage at each increment /
30.6 Turn steering fully CW /
30.7 Mark shaft with a Sharpie up at the bulkhead using slit in bushing
as reference mark /
30.8 Record steering sensor voltage /
30.9 Turn steering CCW in 360-degree increments to the lock, recording
voltage at each increment /
30.10 Calculate scale factor /
Scale factor /

31.0 Return Cabin to Original Condition
31.1 Reinstall curbside upper and lower dashboard
31.1.1 Reinstall lower panel (4 screws)
31.1.2 Reinstall upper trim piece by pushing it on
31.1.3 Reinstall PDM cover
31.2 Reinstall curbside kick panel
31.2.1 Reinstall two screws in floor
31.2.2 Replace floor plate
31.2.3 Replace floor mat
31.2.4 Push weatherstripping on lower edge of door
31.3 Reinstall cover at base of curbside pillar (1 screw)
31.4 Reinstall curbside sill plate (3 screws)
31.5 Reinstall B pillar grab handle (2 bolts)
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31.6 Reinstall 2 screws holding B pillar cover in place /
31.7 Push weatherstripping on edge of door /
31.8 Reinstall curbside seat belt cover (it snaps on) /
31.9 Reinstall steering column cover (3 nuts/washers) /

31.10 Reinstall lower steering shaft cover by pushing top in, lowering, and

snapping bottom into place /
31.11 Reinstall roadside kick panel /
31.11.1 Replace two screws in floor /
31.11.2 Install pop up center fastener in upper side of panel /
31.11.3 Push weatherstripping on lower edge of door /
31.11.4 Replace floor /
31.11.5 Replace yellow button /

31.12 Put roadside seat belt cover back in place being careful to not pinch any wires /

31.13 Reinstall roadside sill plate (3 screws)

31.14 Reinstall lower curbside cabinet
(4 nuts/washers on wall, 2 bolts/washers on floor)

31.15 Clean (vacuum), as necessary the inside of the vehicle

31.16 Replace fire extinguisher

31.17 Close roadside access panel with flat blade screw driver

31.18 Remove DAS and secure MS3126F20-41P (J1), MS3126F16-26P (J3),
wireless antenna connection (J5)

31.19 Replace mattress

~
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32.0 Road Test
32.1 Drive truck over prescribed course
32.1.1 Right turn out out ALF building
32.1.2 Right turn at corner and proceed along side of ALF
32.1.3 Check point 1 at end of building
32.1.3.1 Stop
32.1.3.2 Hard brake application
32.1.3.3 Right turn signal
32.1.3.4 Right turn
32.1.4 Proceed past front of ALF
32.1.5 Check Point 2 at end of building
32.1.5.1 Left turn signal
32.1.5.2 Left turn
32.1.6 After turn, proceed along drive toward TMP
32.1.7 Left turn on road before TMP
32.1.8 Check Point 3 just after turn
32.1.8.1 Low beam headlights on
32.1.9 Proceed along TMP
32.1.10 Right turn at end of TMP
32.1.11 Check Point 4 just after turn

B T e T T T e T e T

QA review by Date




FOT-P1

SIN Revision 9
October 1, 2004

Data Sheet D-1: T2C1 Tractor Page 26

Work by/Date
32.1.11.1 High beams on /
32.1.12 Proceed along back of TMP
32.1.13 Left turn at major intersection toward trailers
32.1.14 Check Point 5 just after turn
32.1.14.1 Headlights off
32.1.15 Proceed down to trailer parking area
32.1.16 Check Point6 at T
32.1.16.1 Turn around at T to retrace route with a stop and
back up maneuver
32.1.17 Proceed back towards TMP
32.1.18 Right turn behind TMP
32.1.19 Check Point 7 just after turn
32.1.19.1 Wipers on
32.1.20 Proceed along behind TMP
32.1.21 Left turn at end of TMP
32.1.22 Check Point 8 just after turn
32.1.22.1 Wipers on high
32.1.23 Proceed along side of TMP to driveway leading to ALF
32.1.24 Right turn towards ALF
32.1.25 Check Point 9 just after turn
32.1.25.1 Wipers off
32.1.26 Proceed towards ALF
32.1.27 Right turn in front of ALF
32.1.28 Left turn at end of ALF
32.1.29 Check Point 10 just after turn
32.1.29.1 Constant speed of 10 MPH to end of building
32.1.30 If ACC system has not acquired a target during the course of the
Road Test: /
32.1.30.1 Approach potential target (ie - parked truck or building) with
front of test vehicle /
32.1.30.2 Back away from target at a minimum of 5 mph until ACC
system acquires the target /
32.1.31 Put vehicle in park /
32.1.32 Create fault condition by removing rear ABS modulator valve
control connection /
32.1.33 Verify that fault condition was created by using truck's
onboard computer
32.1.34 End of test at end of building
32.2 Close out data file
32.3 Data evaluation
32.3.1 File header
32.3.1.11D
32.3.1.2 Date
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32.3.1.3 Time /

32.3.2 GPS reading correct position at Check Point 1
32.3.2.1 Stop observed
32.3.2.2 Hard brake application observed
32.3.2.3 Right turn signal indication observed
32.3.2.4 Steering shows right turn
32.3.2.5 Lateral acceleration shows right turn
32.3.2.6 Yaw shows CW rotation
32.3.2.7 Right turn signal off observed

32.3.3 GPS reading correct position at Check Point 2
32.3.3.1 Left turn signal indication observed
32.3.3.2 Steering shows left turn
32.3.3.3 Lateral acceleration shows left turn
32.3.3.4 Yaw shows CCW rotation
32.3.3.5 Left turn signal off observed

32.3.4 GPS reading correct position at Check Point 3
32.3.4.1 Low-beam headlight indication observed

32.3.5 GPS reading correct position at Check Point 4
32.3.5.1 Hi-beam headlight indication observed

32.3.6 GPS reading correct position at Check Point 5
32.3.6.1 Headlight off indication seen

32.3.7 GPS reading correct position at Check Point 6
32.3.7.1 Longitudinal acceleration shows stop
32.3.7.2 Brake pressures show brake application
32.3.7.3 Longitudinal acceleration shows reverse
32.3.7.4 Brake pressures show brake application

32.3.8 GPS reading correct position at Check Point 7
32.3.8.1 Wiper on indication observed

32.3.9 GPS reading correct position at Check Point 8
32.3.9.1 High wiper observed

32.3.10 GPS reading correct position at Check Point 9
32.3.10.1 Wiper off observed

32.3.11 GPS reading correct position at Check Point 10
32.3.10.1 Wheel speeds show expected speed

32.3.12 Check for compressor pressure

32.3.13 Check for suspension pressure
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33.0 Finishing Touches /
33.1 Tape connector end of roadside steer brake chamber pressure transducer /
33.2 Tape connector end of curbside steer brake chamber pressure transducer /
33.3 Tape connector end of roadside intermediate brake chamber

pressure transducer /
33.4 Tape connector end of roadside rear brake chamber pressure transducer /
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33.5 Tape connector end of roadside rear suspension pressure transducer /

33.6 Tape connector end of curbside intermediate brake chamber

pressure transducer /
33.7 Tape connector end of curbside rear brake chamber pressure transducer /
33.8 Tape connector end of compressor governor signal pressure transducer /
33.9 Tape connector end of compressor governor signal pressure transducer /
33.10 Tape connector end of tractor protection valve signal pressure transducer /
33.11 Tape connector end of treadle valve signal pressure transducer /
33.12 Tape left turn signal Scotchlok tap /
33.13 Tape right turn signal Scotchlok tap /
33.14 Conduct Freightliner inspection per sheet /
34.0 Documentation /
34.1 Q/A Check List /
34.2 Pressure transducer calibration sheets /
34.2.1 Roadside steer /
34.2.2 Curbside steer /
34.2.3 Roadside intermediate /
34.2.4 Curbside intermediate /
34.2.5 Roadside rear /
34.2.6 Curbside rear /
34.2.7 Suspension pressure /
34.2.8 Governor pressure /
34.2.9 Tractor protection valve /
34.2.10 Treadle valve pressure /
34.3 Steering angle sensor calibration sheet /
34.4 Freightliner inspection sheet /
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Vehicle Instrumentation Cry Sheet

Serial #: Date Received:
Wal* Mart ID: Date Completed:
Ref # Description of Incident / Finding Resolution
1.
2.
3.
4,
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VEHICLE

VEHICLE OVERVIEW

[0 VISIBLE DAMAGE

[0 VEHICLE LEANING

[J FLUIDS ON GROUND
[0 HAZARDS TO VEHICLE

ENGINE COMPARTMENT
ENGINE OIL LEVEL
COOLANT LEVEL

POWER STEERING LEVEL
CONDITION OF HOSES
WASHER FLUID LEVEL
BATTERY FLUID LEVEL
HOLD DOWNS & COVER
BELT TIGHTNESS
FLUID LEAKS

WIRING

OoO0oOOoOoooogoo

INSIDE CAB

[J START ENGINE
LISTEN FOR UNUSUAL
NOISE
[J OIL PRESSURE GAUGE
AMMETER/VOLTMETER
COOLANT TEMP GAUGE
ENGINE OIL TEMP
WARNING LIGHTS
& BUZZERS
STEERING WHEEL
10 DEGREES OF PLAY
CLUTCH
1 TO 28 FREE PLAY
ACCELERATOR
BRAKE CONTROLS
—FOOT BRAKE
—PARKING BRAKE
—RETARDER CONTROLS

S/N

FOT-P1

Revision 9

October

Data Sheet D-1: T2C1 Tractor

TRAILER

WALKAROUND INSPECTION

0000 O oooooooo 0000 OO00ooo oood

SET PARKING BRAKE
REMOVE KEY

TURN ON HEADLIGHTS
TURN ON 4-WAY FLASHERS
LEFT FRONT SIDE

ADJUST MIRROR

DOOR LATCHES/LOCKS
CHECK LEFT FRONT WHEEL
TIRE CONDITION

LEFT FRONT SUSPENSION
LEFT FRONT BRAKE

FRONT

TURN SIGNALS OPERATION
FRONT AXLE CONDITION
STEERING CONDITION
WINDSHIELD CONDITION
RIGHT FRONT SIDE

RH WHEEL CONDITION
TIRE CONDITION
SUSPENSION CONDITION
BRAKE CONDITION
CAB/HOOD LOCKS SECURED
FUEL TANK MOUNTS
EXHAUST CONDITION

AIR FAIRING CONDITION
RIGHT SIDE REAR
CONDITION OF DRIVE
WHEELS & STUOS

DRIVE TIRE CONDITION

SUSPENSION SYSTEM DEFECTS

BRAKE CONDITION
LIGHTS AND REFLECTORS

PROJECT:

WALKAROUND (CONT.)

TRACTOR LEFT SIDE

DRIVE WHEEL AND STUD CONDITION
BRAKE CONDTION

SUSPENSION DEFECTS

BATTERY BOX MOUNTING

FUEL TANK MOUNTING

HEADLIGHTS

HIGH BEAM/LOW BEAM

CLEARANCE LIGHTS TRACTOR/TRAILER
CHECK THAT FIFTH WHEEL IS TILTED

Oooooooooo

FUEL GAL.

STEER

DRIVES

TRAILER

GROSS

1, 2004
Page 30

& GREASED

TRANSMISSION CONTROLS

INTERAXLE DIFFERENTIAL LOCK
HORNS

WINDSHIELD WIPER/WASHER

LIGHTS

— HEADLIGHTS

— DIMMER SWITCH

— TURN SIGNAL

— FOUR-WAY FLASHERS

— CLEARANCE/MARKER LIGHT SWITCH

00o00o0 OoOooOoooo o o o gooo

INSPECTED BY

DRIVER
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3.0

4.0

3.0

Scope

3.1
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PROCEDURE FOR INSTALLING INSTRUMENTATION FOR
FREIGHTLINER ECBS FIELD OPERATIONAL TEST

The Freightliner electronically controlled braking system (ECBS) field operational test
(FOT) is a U.S. Department of Transportation-sponsored program to establish the
efficacy of ECBS systems in preventing the rate of fatalities associated with commercial
highway heavy truck incidents. This document describes the procedures for installing
instrumentation on a fleet of highway tractors and trailers to collect data to determine the
effectiveness of ECBS systems. The purpose of this document is to ensure that the
instrumentation is installed in a consistent manner such that no critical steps in the
installation process are omitted.

Objective

4.1

The objective of the Freightliner FOT is to develop and demonstrate an improved
understanding of ECBS in terms of performance, reliability, durability, maintainability
and safety benefits in a real-world operating environment.

Approach

3.2

3.2

3.3

A fleet of 48 Wal * Mart tractors and 100 trailers will be instrumented with transducers to
sense braking and truck/trailer performance with and without ECBS systems. Two
configurations, so called Templates, will be considered: 1) Mixed Tractor-trailer, and

2) “Optimized” Tractor-Trailer. In the mixed template, Template 2, tractors and trailers
with ECBS may be mixed with units with or without ECBS systems. In the optimized
template, Template 3, tractors and trailers will both have ECBS systems. There is no
Template 1 in the current program.

Data will be collected for a 12-month period: 6 months without the ECBS systems active
to provide baseline data, and 6 months with ECBS functional. The baseline and active
systems phases will enable evaluation of the potential safety benefits of the ECBS
systems. The data will be evaluated by an independent evaluator.

Table 1 summarizes the data that will be collected during the FOT. All data are recorded
at 10 Hz as long as the tractor is running or a trailer is powered. The FOT data are
collected by a data acquisition system (DAS) mounted on the tractor/trailer for the FOT.



4.0

Table 1 Data to be Collected During the FOT

Unit

Value

Tractor

GPS data

J1939 bus data

J1708/J1587 bus data

Brake chamber pressures

Wheel speeds

Longitudinal acceleration

Lateral acceleration

Yaw rate

Steering angle

Suspension pressure

Compressor pressure

Trailer control valve pressure

Treadle valve pressure

Headlight on/off

Turn signal indicators on/off

Wiper on/off

Trailer

GPS data

Brake chamber pressures

Wheel speeds

Longitudinal acceleration

Lateral acceleration

Yaw rate

Configurations

FOT-P1

Revision 1
February 18, 2005
Page 2

4.1  Tables 2 and 3 define the various configurations in the FOT. Consistent with real-world
conditions, different technologies will be randomly paired with each other in the FOT.
The various configurations reflect this situation.

Table 2 FOT Tractor Configurations

Template | Configuration | Braking System
2 1 Meritor WABCO ABS Drum Brake
2 Meritor WABCO ABS Disc Brake
3 Meritor WABCO ECBS Disc Brake
4 Bendix ABS6 Disc Brake

Meritor WABCO ECBS Disc Brake
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Table 3 FOT Trailer Configurations
Template | Configuration | Suspension Braking System Brakes
Binkley Duralite
1 Spring 4S-2M ABS Drum
2 gg‘r'i‘r']‘;y Duralite | 45 o\ ABS Meritor EX225 Disc
2 3 Hendrickson Meritor WABCO Bendix-Knorr 225X
HKANT-40 ECBS Disc
Hendrickson . Bendix-Knorr 225X
4 HKANT-40 Bendix-Knorr ECBS Disc
3 ) Hendrickson Meritor WABCO Bendix-Knorr 225X
HKANT-40 ECBS Disc
4.2  Each tractor and trailer configuration natively has a set of sensors to support ABS and

ECBS functions. These ABS/ECBS data are available on data busses on the vehicles and
will be collected during the FOT. Additional transducers will be added for the FOT to
supplement the available bus data. Because the bus data are not identical for the various
configurations, the set of transducers that the FOT will add to each tractor and trailer is
slightly different. A separate procedure addresses the QA installation process for each
possible configuration.
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Work by/Date

1.0 Trailer Serial Number /

2.0 Install Brake Chamber Pressure Transducer - Roadside Front
2.1 Remove supply pressure line from brake chamber
2.2 Remove 90 Deg Fitting
2.3 Install street tee with pipe dope on brake chamber
2.4 Re-Install 90 deg fitting with pipe dope
2.5 Connect pressure line to street tee with pipe dope
2.6 Transducer: Measurement Specialties MSP400-150-P-3/8" NPT-4
2.7 Transducer S/N:
2.8 Attach transducer to 90 deg fitting with pipe dope
2.10 Attach pressure sensor connector to transducer
2.11 Loop wire to form service/strain-relief loop and secure to transducer with
wire tie.
2.12 Route sensor cable to DAS location along existing airlines to front manifold
2.13 Trim wire to length
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3.0 Install Wheel Speed Transducer - Roadside Front
3.1 Transducer: Meritor WABCO #441 032 814
3.2 Wipe off any dirt on wheel speed sensor mount
3.3 Apply lubricant to sensor spring clip and sensor bushing bore
3.4 Install spring clip in the bushing. Make sure the spring clip tabs are on the
inboard side of the vehicle. /
3.5 Push the spring clip into the bushing bore until the spring clip tabs contact
the bushing /
3.6 Push the sensor into the spring clip until the sensor contacts the tone ring.
After installation, there should be no gap between the sensor and the tone ring. /
3.7 Wipe excess lubricant from the front and back of the sensor /
3.8 Install tie wrap around wheel speed sensor cable inside brake assembly and
outside assembly around caliper plate /
3.9 Route sensor cable along existing airlines to front manifold /
3.10 Trim wire to length /

N~ T~~~

4.0 Install Brake Chamber Pressure Transducer - Curbside Front
4.1 Remove supply pressure line from brake chamber
4.2 Remove 90 Deg Fitting
4.3 Install street tee with pipe dope on brake chamber
4.4 Re-Install 90 deg fitting with pipe dope
4.5 Connect pressure line to street tee with pipe dope
4.6 Transducer: Measurement Specialties MSP400-150-P-3/8" NPT-4
4.7 Transducer S/N:
4.8 Attach transducer to 90 deg fitting with pipe dope

e e e e
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4.9 Apply and shrink heat shrink over bare wires exposed below connector on
pre-made cable

4.10 Attach pressure sensor connector to transducer /
4.11 Loop wire to form service/strain-relief loop and secure to transducer with
wire tie. /
4.12 Route sensor cable to DAS location along existing airlines to front manifold /
4.13 Trim wire to length /
5.0 Install Wheel Speed Transducer - Curbside Front /
5.1 Transducer: Meritor WABCO #441 032 814 /
5.2 Wipe off any dirt on wheel speed sensor mount /
5.3 Apply lubricant to sensor spring clip and sensor bushing bore /
5.4 Install spring clip in the bushing. Make sure the spring clip tabs are on the
inboard side of the vehicle. /
5.5 Push the spring clip into the bushing bore until the spring clip tabs
contact the bushing /
5.6 Push the sensor into the spring clip until the sensor contacts the tone ring.

After installation, there should be no gap between the sensor and the tone ring. /
5.7 Wipe excess lubricant from the front and back of the sensor /
5.8 Install tie wrap around wheel speed sensor cable inside brake assembly and

outside assembly around caliper plate /
5.9 Route sensor cable along existing airlines to front manifold /
5.10 Trim wire to length /
6.0 Install Brake Chamber Pressure Transducer - Roadside Rear /
6.1 Remove supply pressure line from brake chamber /
6.2 Remove 90 Deg Fitting /
6.3 Install street tee with pipe dope on brake chamber /
6.4 Re-Install 90 deg fitting with pipe dope /
6.5 Connect pressure line to street tee with pipe dope /
6.6 Transducer: Measurement Specialties MSP400-150-P-3/8" NPT-4 /
6.7 Transducer S/N: /
6.8 Attach transducer to 90 deg fitting with pipe dope /
6.9 Apply and shrink heat shrink over bare wires exposed below connector on

pre-made cable /
6.10 Attach pressure sensor connector to transducer /
6.11 Loop wire to form service/strain-relief loop and secure to transducer with

wire tie. /

6.12 Route sensor cable to DAS location along existing airlines to front manifold /
6.13 Trim wire to length /
7.0 Install Wheel Speed Transducer - Roadside Rear /
7.1 Transducer: Meritor WABCO #441 032 814 /
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7.2 Wipe off any dirt on wheel speed sensor mount /
7.3 Apply lubricant to sensor spring clip and sensor bushing bore /
7.4 Install spring clip in the bushing. Make sure the spring clip tabs are on the
inboard side of the vehicle. /
7.5 Push the spring clip into the bushing bore until the spring clip tabs contact
the bushing /
7.6 Push the sensor into the spring clip until the sensor contacts the tone ring.

After installation, there should be no gap between the sensor and the tone ring. /
7.7 Wipe excess lubricant from the front and back of the sensor /
7.8 Install tie wrap around wheel speed sensor cable inside brake assembly and

outside assembly around caliper plate /
7.9 Route sensor cable along existing airlines to front manifold /
7.10 Trim wire to length /
8.0 Suspension Pressure Transducer - Curbside Front /
8.1 Remove supply pressure line from suspension airbag /
8.2 Remove 90 degree fitting /
8.3 Install street tee with pipe dope on suspension airbag /
8.4 Reinstall 90 degree fitting with pipe dope /
8.5 Connect pressure line to street tee with pipe dope /
8.6 Transducer: Measurement Specialties MSP400-150-P-N-4 (1/4" NPT) /
8.7 Transducer S/N: /
8.8 Attach transducer to 90 degree fitting with pipe dope /
8.9 Apply and shrink heat shrink over bare wires exposed below connector on

pre-made cable /
8.10 Attach pressure sensor connector to transducer /
8.11 Route sensor cable along cross member, down to existing airlines and

towards front of trailer to DAS location /
8.12 Trim wire to length /
9.0 Install Brake Chamber Pressure Transducer - Curbside Rear /
9.1 Remove supply pressure line from brake chamber /
9.2 Remove 90 Deg Fitting /
9.3 Install street tee with pipe dope on brake chamber /
9.4 Re-Install 90 deg fitting with pipe dope /
9.5 Connect pressure line to street tee with pipe dope /
9.6 Transducer: Measurement Specialties MSP400-150-P-3/8" NPT-4 /
9.7 Transducer S/N: /
9.8 Attach transducer to 90 deg fitting with pipe dope /
9.9 Apply and shrink heat shrink over bare wires exposed below connector on

pre-made cable /

9.10 Attach pressure sensor connector to transducer /

9.11 Loop wire to form service/strain-relief loop and secure to transducer with
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Work by/Date
wire tie. /
9.12 Route sensor cable to DAS location along existing airlines to front manifold /
9.13 Trim wire to length /
10.0 Install Wheel Speed Transducer - Curbside Rear /
10.1 Transducer: Meritor WABCO #441 032 814 /
10.2 Wipe off any dirt on wheel speed sensor mount /
10.3 Apply lubricant to sensor spring clip and sensor bushing bore /
10.4 Install spring clip in the bushing. Make sure the spring clip tabs are on the
inboard side of the vehicle. /
10.5 Push the spring clip into the bushing bore until the spring clip tabs
contact the bushing /
10.6 Push the sensor into the spring clip until the sensor contacts the tone ring.
After installation, there should be no gap between the sensor and the
tone ring. /
10.7 Wipe excess lubricant from the front and back of the sensor /
10.8 Install tie wrap around wheel speed sensor cable inside brake assembly and
outside assembly around caliper plate /
10.9 Route sensor cable along existing airlines to front manifold /
10.10 Trim wire to length /
11.0 Install DAS Power /
11.1 Locate EB1-C W/CAN mounted on front cross rail of slider /
11.2 Disconnect connector assembly on cable extending from W/CAN /
11.3 Install power T tap (Phillips 60-4031-03)in trailer power connector /
11.4 Route power wires along diagonal cross member from T tap to DAS location /
11.5 Cut wire to length /
12.0 Wire unused pins of MS3126F16-26S (J3) connector /
12.1 Insert plugs into unused pins /
12.1.1 NC: MS3476W20-41P (J1) connector pin E /
12.1.2 NC: MS3476W20-41P (J1) connector pin F /
12.1.3 NC: MS3476W20-41P (J1) connector pin L /
12.1.4 NC: MS3476W20-41P (J1) connector pin M /
12.1.5 NC: MS3476W20-41P (J1) connector pin T /
12.1.6 NC: MS3476W20-41P (J1) connector pin U /
12.1.7 NC: MS3476W20-41P (J1) connector pin W /
12.1.8 NC: MS3476W20-41P (J1) connector pin V /
13.0 Pin Wiring to MS3126F16-26S (J3) connector /
13.1 Pin Roadside Front Wheel Speed Transducer Wires /
13.1.1 Strip outer jacket back 4 inches /
13.1.2 Strip wires 3/16 inches /
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Work by/Date

13.1.3 Crimp MS39029/32-259 sockets onto stripped wire

13.1.4 Slide wire into MS3126F16-26S (J3) strain relief

13.1.5 Insert black wire into MS3126F16-26S (J3) connector pin A

13.1.6 Insert brown wire into MS3126F16-26S (J3) connector pin X

13.2 Pin Curbside Front Wheel Speed Transducer Wires

13.2.1 Strip outer jacket back 4 inches

13.2.2 Strip wires 3/16 inches

13.2.3 Crimp MS39029/32-259 sockets onto stripped wire

13.2.4 Slide wire into MS3126F16-26S (J3) strain relief

13.2.5 Insert black wire into MS3126F16-26S (J3) connector pin B

13.2.6 Insert brown wire into MS3126F16-26S (J3) connector pin Y

13.3 Pin Roadside Rear Wheel Speed Transducer Wires

13.3.1 Strip outer jacket back 4 inches

13.3.2 Strip wires 3/16 inches

13.3.3 Crimp MS39029/32-259 sockets onto stripped wire

13.3.4 Slide wire into MS3126F16-26S (J3) strain relief

13.3.5 Insert black wire into MS3126F16-26S (J3) connector pin C

13.3.6 Insert brown wire into MS3126F16-26S (J3) connector pin Z

13.4 Pin Curbside Rear Wheel Speed Transducer Wires

13.4.1 Strip outer jacket back 4 inches

13.4.2 Strip wires 3/16 inches

13.4.3 Crimp MS39029/32-259 sockets onto stripped wire

13.4.4 Slide wire into MS3126F16-26S (J3) strain relief

13.4.5 Insert black wire into MS3126F16-26S (J3) connector pin D

13.4.6 Insert brown wire into MS3126F16-26S (J3) connector pin a

13.5 Pin DAS Power Wires

13.5.1 Strip outer jacket back 4 inches

13.5.2 Strip wires 3/16 inches

13.5.3 Crimp MS39029/32-259 sockets onto stripped wire

13.5.4 Slide wire into MS3126F16-26S (J3) strain relief

13.5.5 Insert black wire into MS3126F16-26S connector pin b

13.5.6 Insert white wire into MS3126F16-26S connector pin ¢

e e T T e T e T U L

13.6 Pin GPS wires (Great Dane has already installed GPS and routed wires
to DAS location)

13.6.1 Strip outer jacket back 4 inches

13.6.2 Strip wires 3/16 inches

13.6.3 Crimp MS39029/32-259 sockets onto stripped wire

13.6.4 Slide wire into MS3126F16-26S (J3) strain relief

13.6.5 Insert the green wire into MS3126F16-26S (J3) connector pin N

13.6.6 Insert the white wire into MS3126F16-26S (J3) connector pin P

13.6.7 Insert the red wire into MS3126F16-26S (J3) connector pin R

13.6.8 Insert the black wire into MS3126F16-26S (J3) connector pin S

13.7 Slide strain relief up to connector, screw it on and tighten clamp

e T T )
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Work by/Date

14.0 Wire unused pins of MS3476W20-41P (J1) connector
14.1 Cut 27 2-inch lengths of 20 AWG wire
14.2 Strip one end of each wire 3/16 inches
14.3 Crimp MS39029/4-110 pin onto stripped wires
14.4 Insulate unstripped ends
14.5 Insert wires into unused pins

14.5.1 NC:
14.5.2 NC:
14.5.3 NC:
14.5.4 NC:
14.5.5 NC:
14.5.6 NC:
14.5.7 NC:
14.5.8 NC:
14.5.9 NC:

14.5.10 NC:
14.5.11 NC:
14.5.12 NC:
14.5.13 NC:
14.5.14 NC:
14.5.15 NC:
14.5.16 NC:
14.5.17 NC:
14.5.18 NC:
14.5.19 NC:
14.5.20 NC:
14.5.21 NC:
14.5.22 NC:
14.5.23 NC:
14.5.24 NC:
14.5.25 NC:
14.5.26 NC:
14.5.27 NC:

MS3476W20-41P (J1) connector pin S

MS3476W20-41P (J1) connector pin T

MS3476W20-41P (J1) connector pin U

MS3476W20-41P (J1) connector pin V
MS3476W20-41P (J1) connector pin W
MS3476W20-41P (J1) connector pin X
MS3476W20-41P (J1) connector pin Y
MS3476W20-41P (J1) connector pin Z

MS3476W20-41P (J1) connector pin a

MS3476W20-41P (J1) connector pin b
MS3476W20-41P (J1) connector pin ¢
MS3476W20-41P (J1) connector pin d
MS3476W20-41P (J1) connector pin e
MS3476W20-41P (J1) connector pin f
MS3476W20-41P (J1) connector pin g
MS3476W20-41P (J1) connector pin h
MS3476W20-41P (J1) connector pin i
MS3476W20-41P (J1) connector pin j
MS3476W20-41P (J1) connector pin k
MS3476W20-41P (J1) connector pin |

MS3476W20-41P (J1) connector pin n
MS3476W20-41P (J1) connector pin p
MS3476W20-41P (J1) connector pin g
MS3476W20-41P (J1) connector pin r
MS3476W20-41P (J1) connector pin s
MS3476W20-41P (J1) connector pin t

MS3476W20-41P (J1) connector pin m

B T T T e T S

15.0 Pin Wiring to MS3476W20-41P (J1) connector
15.1 Pin Roadside Front Pressure Transducer Wires

15.1.1 Strip outer jacket back 1-1/2 inches
15.1.2 Strip wires 3/16 inches
15.1.3 Crimp MS39029/4-110 pin onto stripped wires
15.1.4 Slide wire into MS3476W20-41P (J1) strain relief
15.1.5 Insert white wire into MS3476W20-41P (J1) connector pin A
15.1.6 Insert black wire into MS3476W20-41P (J1) connector pin B

N~ TS TS TS YN Y Y
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15.1.7 Insert red wire into MS3476W20-41P (J1) connector pin C

15.2 Pin Curbside Front Pressure Transducer Wires

15.2.1 Strip outer jacket back 1-1/2 inches

15.2.2 Strip wires 3/16 inches

15.2.3 Crimp MS39029/4-110 pin onto stripped wires

15.2.4 Slide wire into MS3476W20-41P (J1) strain relief

15.2.5 Insert white wire into MS3476W20-41P (J1) connector pin D

15.2.6 Insert black wire into MS3476W20-41P (J1) connector pin E

15.2.7 Insert red wire into MS3476W20-41P (J1) connector pin F

15.3 Pin Roadside Rear Pressure Transducer Wires

15.3.1 Strip outer jacket back 1-1/2 inches

15.3.2 Strip wires 3/16 inches

15.3.3 Crimp MS39029/4-110 pin onto stripped wires

15.3.4 Slide wire into MS3476W20-41P (J1) strain relief

15.3.5 Insert white wire into MS3476W20-41P (J1) connector pin G

15.3.6 Insert black wire into MS3476W20-41P (J1) connector pin H

15.3.7 Insert red wire into MS3476W20-41P (J1) connector pin J

15.4 Pin Curbside Rear Pressure Transducer Wires

15.4.1 Strip outer jacket back 1-1/2 inches

15.4.2 Strip wires 3/16 inches

15.4.3 Crimp MS39029/4-110 pin onto stripped wires

15.4.4 Slide wire into MS3476W20-41P (J1) strain relief

15.4.5 Insert white wire into MS3476W20-41P (J1) connector pin K

15.4.6 Insert black wire into MS3476W20-41P (J1) connector pin L

15.4.7 Insert red wire into MS3476W20-41P (J1) connector pin M

15.5 Pin Suspension Pressure Transducer Wires

15.5.1 Strip outer jacket back 1-1/2 inches

15.5.2 Strip wires 3/16 inches

15.5.3 Crimp MS39029/4-110 pin onto stripped wires

15.5.4 Slide wire into MS3476W20-41P (J1) strain relief

15.5.5 Insert white wire into MS3476W20-41P (J1) connector pin N

15.5.6 Insert black wire into MS3476W20-41P (J1) connector pin P

15.5.7 Insert red wire into MS3476W20-41P (J1) connector pin R

15.6 Slide strain relief up to connector, screw it on and tighten clamp

B i T e T e T T e T e T
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Work by/Date
1.0 DAS S/N /
2.0 Verify DAS Hardware /
2.1 Open DAS unit /
2.2 Verify that the board on the top of the stack is an

ATCO01-CM102 /
2.3 Replace lid on DAS /
3.0 Connections /
3.1 Make sure the MS3126F20-41P connector is on J5 /
3.2 Make sure the MS3126F16-26P connector is on J4 /
3.3 Attach Ethernet cable from laptop to connector J5 /
4.0 Prepare DAS for Testing /
4.1 Unbolt DAS from mounting plate /
5.0 Test Sequence /

5.1 Run Hyperterminal on laptop with DAS configuration
(19200, 8, n, 1)
5.2 Start the tractor to power the DAS
5.3 Wait 30 seconds
5.4 Watch for startup routine on laptop via Terminal window
5.5 Check GPS
5.5.1 In Terminal window enter, "GPSon" command
5.5.2 If no GPS scrolls across the screen, enter
"GPSsetup™” command and follow on screen
Instructions
5.5.2.1 Returnto 5.5.1
5.5.3 GPS data should begin to scroll in Terminal window
5.5.4 Enter "GPSoff" command to stop scrolling data
5.6 Execute "CANon" command
5.6.1 CANbus data present
5.7 Execute "GetDevStatus" command
5.7.1 VIN acquired
5.8 Run "Monitor" program using Internet Explorer and
enter IP address
5.9 If IP address is not known
5.9.1 Type "ifShow" in terminal window
5.9.2 Return to 5.7
5.10 Scroll to bottom of channel list, find RsFrontPress
channel, highlight it and the next 16 channels, thru
Wipers/Lights /

~ Y~~~

~ Y e~~~

~ O~~~
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Data Sheet DAS1: Tractor DAS Checkout Page 2
Work by/Date
5.11 Enter "AnalogOffset” command /

5.12 Ensure that all pressure channels read 0
5.12.1 Roadside front pressure
5.12.2 Curbside front pressure
5.12.3 Roadside intermediate pressure
5.12.4 Curbside intermediate pressure
5.12.5 Roadside rear pressure
5.12.6 Curbside rear pressure
5.12.7 Tractor protection valve pressure
5.12.8 Treadle valve pressure
5.12.9 Steering angle
5.13 Execute "cmdOpenFile” command
5.14 Check pressure transducer channels
5.14.1 Apply brakes with hard application
5.14.2 Check that all pressure channels go to about 100 psi
5.14.2.1 Roadside front pressure
5.14.2.2 Curbside front pressure
5.14.2.3 Roadside intermediate pressure
5.14.2.4 Curbside intermediate pressure
5.14.2.5 Roadside rear pressure
5.14.2.6 Curbside rear pressure
5.14.2.7 Tractor protection valve pressure
5.14.2.8 Treadle valve pressure
5.15 Check steering angle sensor, monitoring for appropriate
signal changes
5.15.1 Turn steering wheel 360 CW
5.15.2 Turn steering wheel back to original position
5.15.3 Turn steering wheel 360 CCW
5.15.4 Turn steering wheel back to original position
5.16 Test digital channels and observe presence of signals
5.16.1 Turn headlights on
5.16.3 Turn high beams on
5.16.4 Turn high beams off
5.16.2 Turn headlights off
5.16.5 Turn right turn signal on
5.16.6 Turn right turn signal off
5.16.7 Turn left turn signal on
5.16.8 Turn left turn signal off
5.16.9 Turn on wipers on
5.16.10 Turn wipers to high
5.16.11 Turn wipers off
5.17 Check accelerometers
5.17.1 Tilt the DAS 90-degrees backward and observe -1g
5.17.2 Tilt the DAS 90-degrees to the side and observe -1 g

~ e~ e~ N N~~~ N N~~~ " s~~~ N~~~
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Work by/Date

5.18 Check yaw rate /

5.18.1 With DAS level, rotate CW and CCW and

observe + and - yaw rates

5.19 Execute "cmdOpenfile” command
5.20 Download file and save
5.21 Ensure orderly DAS shutdown

5.21.1 Turn off the tractor

5.21.2 Observe proper DAS shut down
5.22 Checkout complete

~ Y N~~~

QA review by Date




DTFH61-02-X-00096 ECBS FOT Final Report Appendices Page 1

Loveland Instrumentation Checkout Plan
Tractors

May 1, 2005

Perform the checkout as described below on all 47 Freightliner tractors and record information in
Tractor Final Checkout spreadsheet.

1)
2)
3)

4)

5)

6)

7)

8)

Turn on tractor and record vehicle mileage.
Record DAS serial number
Remove data card from DAS and record removal date and data card number.

Conduct DAS checkout by connecting PC to DAS using serial connection
a. Insert “checkout” data card into DAS.
b. Verify:
i. Proper DAS boot up
ii. Version of Firmware (VxWorks)
iii. Configuration file number (active and default).
Correct to latest if needed: FLTRC_20 (T2 tractors), EBST3 07 (T3
tractors) or EBST3_91 (T3 VSTC tractors).
c. Double-check:
i. Zero out analog channel offsets
ii. GPS coordinates
d. Turn off tractor and remove checkout data card.

Insert new FOT data card into tractor. Record data card number and date installed.

Document all CB noise reduction steps that have been taken in the tractor (grounding
wires, cardboard, wood, etc.).

Perform quick visual checkout of tractor instrumentation, looking for any obvious
defects. Note and attempt to repair any defects.

Document front axle brake hose modifications.

FREIGHTLINER LLC
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APPENDIX E. SURVEYS
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DRIVER PROFILE
(To be filled in once - prior to FOT start)
Driver ID#: Location:
Truck #: Date:

1. What is your age? Circle one:  18-30 30-40 40-50 50-60 Above 60

2. How many years experience do you have driving commercial vehicles?
Circleone: 0-2 3-5 6-10 Morethan 10

3. What kind of freight do you normally haul?

4. What is the normal loaded weight of your tractor-trailer?
5. What is your average daily mileage?
6. Have you driven a tractor equipped with disc brakes? Circle one: Yes No
If so, which manufacturer’s system(s)? Circle one: Bendix ArvinMeritor

Have you driven a trailer equipped with disc brakes?  Circle one: Yes No

If so, which manufacturer’s system(s)? Circle one: Bendix ArvinMeritor
7. Have you driven a tractor equipped with a next generation or “advanced” anti-lock
braking system with stability control? Circleone: Yes No

If so, which manufacturer’s system(s)?

Have you driven a trailer equipped with a next generation or “advanced” anti-lock
braking system with stability control? Circleone: Yes No
If so, which manufacturer’s system(s)?

8. Have you driven a tractor equipped with an electronically controlled braking system
(ECBS)? Circle one: Yes No
If so, which manufacturer’s system(s)? Circle one: MeritorWabco Bendix

Have you driven a trailer equipped with an electronically controlled braking system
(ECBS)? Circle one: Yes No
If so, which manufacturer’s system(s)? Circle one: MeritorWabco Bendix

FREIGHTLINER LLC



DTFH61-02-X-00096 ECBS FOT Final Report Appendices Page E-3
9. Have you driven a tractor equipped with adaptive cruise control (SmartCruise)?

Circle one: Yes No

If so, which manufacturer’s system(s)?

10. Have you driven a tractor equipped with a collision warning system (CWS)?
Circle one: Yes No

Circle the types of CWS that you’ve driven:
A) Side Collision Warning
B) Forward Collision Warning
C) Rear Collision Warning

If yes, which manufacturer’s system(s)?

11.  What have you heard about each of the following technologies? If so, what are your
thoughts or perceptions about each of these technologies? (If this is the first time the
driver has heard about a technology, please note that).

a. Air disc brakes

b. Advanced anti-lock braking system with stability control

c. Electronically controlled braking system (ECBS)

d. Adaptive Cruise Control (ACC or SmartCruise)
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12.

e. Forward Collision Warning (FCW or Eaton Vorad)

f. Side Collision Warning (SCW)

g. Lane Tracking/Road Departure (SafeTrac)

h. Rear Collision Warning (RCW)

If you had the opportunity to add a new technology to your truck, what would it be?

FREIGHTLINER LLC
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DRIVER INTERVIEW
T2C1- MW ABS and Drum Brakes
(To be completed by each driver after 6 months)

Driver ID#: Date:

Truck #:

Technology Definitions:

Next Generation Anti-lock Brake (ABS) System provides the same anti-lock brake features as
current systems, but also include hardware to support anti-rollover and future vehicle handling
support programs. Two next generation ABS systems from MeritorWabco (MW) and Bendix
are under evaluation in this field operation test. The MW system supports anti-rollover
programs.

Next Generation ABS Questions

1. How would you rate your level of acceptance in next generation anti-locking brakes?
Circle one: High Moderate Neutral Low Very Low

Why?

2. How would you rate your level of confidence or trust in next generation anti-locking
brakes? Circle one: High Moderate  Neutral Low  VerylLow

Why?

3. Has the ABS warning light come on to indicate a problem during the test period?
Circleone: Yes No
If yes, did it happen often? Circleone: Yes No
Was it clear to you why the light was coming on?
Circle one: Yes No
How did you respond? Circle one:
A.) Pulled-over/called for tow
B.) Continued operating until next service station
C.) Did nothing
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4. Did you notice when the ABS was operating during the test period?

Circle one: Yes No

If yes, when did it primarily operate?

5. During the testing program, have you experienced any issues with hauling a
trailer with one of the following technologies:

A) Air Disc brakes: Yes No (circle one).

If yes, explain:

B) Electronically controlled braking system (Can be identified by a second
connector on the front of the trailer): Yes No (circle one).

If yes, explain:

FREIGHTLINER LLC
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DRIVER INTERVIEW
T2C2- MW ABS and Air Disc Brakes
(To be completed by each driver after 6 months)

Driver ID#: Date:

Truck #:

Technology Definitions:

Next Generation Anti-lock Brake (ABS) System provides the same anti-lock brake features as current
systems, but also include hardware to support anti-rollover and future vehicle handling support
programs. Two next generation ABS systems from MeritorWabco (MW) and Bendix are under
evaluation in this field operation test. The MW system supports anti-rollover programs.

Air Disc Brakes are a new foundation brake design for heavy-duty vehicles. They consist of a caliper,
brake pads, and rotor. Your truck is equipped with air disc brakes.

Next Generation ABS Questions

1. How would you rate your level of acceptance in next generation anti-locking brakes? Circle
one: High Moderate Neutral Low Very Low

Why?

2. How would you rate your level of confidence or trust in next generation anti-locking brakes?
Circle one: High Moderate  Neutral Low  VerylLow

Why?

3. Has the ABS warning light come on to indicate a problem during the test period?
Circleone: Yes No
If yes, did it happen often? Circle one: Yes No
Was it clear to you why the light was coming on?
Circle one: Yes No
How did you respond? Circle one:
A.) Pulled-over/called for tow
B.) Continued operating until next service station
C.) Did nothing
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4. Did you notice when the ABS was operating during the test period?
Circle one: Yes No

If yes, when did it primarily operate?

5. During the testing program, have you experienced any issues with hauling a trailer
with one of the following technologies:

A) Air Disc brakes: Yes No (circle one).

If yes, explain:

B) Electronically controlled braking system (Can be identified by a second connector on
the front of the trailer): Yes No (circle one).

If yes, explain:

Air Disc Brake Questions

6. How would you rate your level of acceptance in air disc brakes?
Circle one: High Moderate Neutral Low Very Low

Why?

FREIGHTLINER LLC




DTFH61-02-X-00096 ECBS FOT Final Report Appendices Page E-9

7. How would you rate your level of confidence/trust in air disc brakes?
Circle one: High Moderate  Neutral Low Very Low
Why?
8. Do you feel that air disc brakes improve pedal feel? Circle one: Yes No
9. Do you feel that you are able to better modulate air disc brakes?

Circle one: Yes No

10. Do you feel that air disc brakes improve braking performance?
Circle one: Yes No
If yes, how much? (circle one) A Little Moderately A lot

11. Have you had a state inspection?
Circleone: Yes No
If yes, have state inspectors had any difficulties in inspecting air disc brakes?
Circle one: Yes No
If yes, how much? (circle one) A Little Moderately A lot
Do you feel that air disc brakes make it easier to pass state inspections?
Circle one: Yes No

12. Do you operate air disc brake tractors in a different manner than drum brake tractors?
Circle one: Yes No
If so, how?
13.  During this test period, have you experienced any issues with hauling a trailer with one

of the following technologies:
A) Air disc brakes: Circle one: Yes No

If yes, explain:
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B) Drum brakes: Circle one: Yes No

If yes, explain:

C) Electronically controlled braking system (Can be identified by a second connector on
the front of the trailer): Circle one: Yes No

If yes, explain:

FREIGHTLINER LLC
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DRIVER INTERVIEW
T2C3- MW ECBS and Air Disc Brakes
(To be completed by each driver after 6 months)

Driver ID#: Date:

Truck #:

Technology Definitions:

Electronically Controlled Braking System (ECBS) controls the service brakes electronically rather than
pneumatically. The system has an improved ABS function and supports anti-rollover and vehicle
handling support programs. Your truck is equipped with ECBS from MeritorWabco. The anti-rollover
and handling support programs were not active for this phase of the test program.

Air Disc Brakes are a new foundation brake design for heavy-duty vehicles. They consist of a caliper,
brake pads, and rotor. Your truck is equipped with air disc brakes.

ECBS Questions

1. How would you rate your level of acceptance in electronically controlled brakes (ECBS)?
Circle one: High Moderate Neutral Low Very Low

Why?

2. How would you rate your level of confidence/trust in electronically controlled brakes?
Circle one: High Moderate  Neutral Low Very Low

Why?

3. Has the ECBS warning light come on to indicate a problem during the test period?

Circleone: Yes No

If yes, how did you respond? Circle one:

A) Pulled-over /called for tow

B) Continued operating until next service station
C) Did nothing

If yes, did you notice a change in the operation of the brakes? Circle one: Yes No
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If yes, explain:

4. How long did it take you to adjust to the feel of the brake pedal? Circle one:
A) less than 2 weeks
B) 1 month
C) 3 months
D) 3 to 6 months
E) greater than 6 months (specify: )

5. Do you feel that ECBS reduces pedal feedback?
Circle one: Yes No

If yes, how much? Circle one: A Little Moderately A lot

6. Have you had any difficulties connecting the communication link (wire harness)
between an ECBS tractor and an ECBS trailer? Circle one: Yes No

If yes, what were the difficulties?

7. Do you operate a tractor with an ECBS differently than you would a tractor without
ECBS? Circleone: Yes No
If yes, how?

8. Do you feel that ECBS improves braking performance?
Circle one: Yes No
If yes, how much? (circle one) A Little Moderately A lot
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9. During this test period, have you had any issues with hauling a trailer equipped with
ECBS? Circle one: Yes No

If yes, explain:

10. Has the ABS warning light come on to indicate a problem during the test period?
Circleone: Yes No
If yes, did it happen often? Circleone: Yes No
Was it clear to you why the light was coming on?
Circle one: Yes No
How did you respond? Circle one:
A.) Pulled-over/called for tow
B.) Continued operating until next service station
C.) Did nothing

11.  Did you notice when the ABS was operating during the test period?
Circle one: Yes No

If yes, when did it primarily operate?

Air Disc Brake Questions

12.  How would you rate your level of acceptance in air disc brakes?
Circle one: High Moderate Neutral Low Very Low

Why?
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13. How would you rate your level of confidence/trust in air disc brakes?
Circle one: High Moderate  Neutral Low Very Low

Why?

14. Do you feel that air disc brakes improve pedal feel? Circle one: Yes No

15. Do you feel that you are able to better modulate air disc brakes?
Circle one: Yes No

16. Do you feel that air disc brakes improve braking performance?
Circle one: Yes No
If yes, how much? (circle one) A Little Moderately A lot

17. Have you had a state inspection?
Circle one: Yes No
If yes, have state inspectors had any difficulties in inspecting air disc brakes?
Circle one: Yes No
If yes, how much? (circle one) A Little Moderately A lot
Do you feel that air disc brakes make it easier to pass state inspections?
Circle one: Yes No

18. Do you operate air disc brake tractors in a different manner than drum brake tractors?
Circle one: Yes No
If so, how?
19.  During this test period, have you experienced any issues with hauling a trailer with one

of the following technologies:
A) Air disc brakes: Circle one: Yes No

If yes, explain:
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B) Drum brakes: Circle one: Yes No

If yes, explain:

C) Electronically controlled braking system (Can be identified by a second connector on
the front of the trailer): Circle one: Yes No

If yes, explain:
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DRIVER INTERVIEW
T2C4- Bendix ABS and Air Disc Brakes
(To be completed by each driver after 6 months)

Driver ID#: Date:

Truck #:

Technology Definitions:

Next Generation Anti-lock Brake (ABS) System provides the same anti-lock brake feature as current
systems, but also includes hardware to support future roll stability and vehicle handling support
programs. Your truck is equipped with a next generation ABS system from Bendix. It is not equipped
with a roll stability or a vehicle handling support program.

Air Disc Brakes are a new foundation brake design for heavy-duty vehicles. They consist of a caliper,
brake pads, and rotor. Your truck is equipped with air disc brakes.

Next Generation Anti-lock Brake (ABS) System Questions

1. How would you rate your level of acceptance in Bendix’s new anti-lock braking system (ABS)?
Circleone: High Moderate Neutral Low Very Low

Why?

2. How would you rate your level of confidence/trust in Bendix’s new anti-lock braking system?
Circleone: High  Moderate Neutral Low  VeryLow

Why?

3. Did the ABS warning light come on to indicate a problem during the test period?
Circle one: Yes No
If yes, did it happen often? Circle one: Yes No
Was it clear to you why the light was coming on? Circle one: Yes No
How did you respond? Circle one:
A.) Pulled-over/called for tow
B.) Continued operating until next service station
C.) Did nothing
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4. Have you noticed the ABS operating during the test period?

Circle one: Yes No
If yes, when did it primarily operate?

Air Disc Brake Questions

5. How would you rate your level of acceptance in air disc brakes?

Circle one: High Moderate Neutral Low Very Low
Why?
6. How would you rate your level of confidence/trust in air disc brakes?

Circle one: High Moderate  Neutral Low Very Low
Why?
7. Do you feel that air disc brakes improve pedal feel? Circle one: Yes No
8. Do you feel that you are able to better modulate air disc brakes?

Circle one: Yes No

9. Do you feel that air disc brakes improve braking performance?
Circle one: Yes No
If yes, how much? (circle one) A Little Moderately A lot

10. Have you had a state inspection?
Circleone: Yes No
If yes, have state inspectors had any difficulties in inspecting air disc brakes?
Circle one: Yes No
If yes, how much? (circle one) A Little Moderately A lot
Do you feel that air disc brakes make it easier to pass state inspections?
Circle one: Yes No
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11. Do you operate air disc brake tractors in a different manner than drum brake tractors?
Circle one: Yes No
If so, how?
12.  During this test period, have you experienced any issues with hauling a trailer with one

of the following technologies:

A) Air disc brakes: Circle one: Yes No

If yes, explain:

B) Drum brakes: Circle one: Yes No

If yes, explain:

C) Electronically controlled braking system (Can be identified by a second connector on
the front of the trailer): Circle one: Yes No

If yes, explain:
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DRIVER INTERVIEW
T3- MW ECBS and Air Disc Brakes
(To be completed by each driver after 6 months)

Driver ID#: Date:

Truck #:

Technology Definitions:

Electronically Controlled Braking System (ECBS) controls the service brakes electronically rather than
pneumatically. The system has an improved ABS function and supports anti-rollover and vehicle
handling support programs. Your truck is equipped with ECBS from MeritorWabco. The anti-rollover
and handling support programs were not active for this phase of the test program.

Air Disc Brakes are a new foundation brake design for heavy-duty vehicles. They consist of a caliper,
brake pads, and rotor. Your truck is equipped with air disc brakes.

1. How would you rate your level of acceptance in electronically controlled brakes (ECBS)?
Circle one: High Moderate Neutral Low Very Low

Why?

2. How would you rate your level of confidence/trust in electronically controlled brakes?
Circle one: High Moderate  Neutral Low Very Low

Why?

3. Has the ECBS warning light come on to indicate a problem during the test period?
Circleone: Yes No
If yes, how did you respond? Circle one:
A) Pulled-over /called for tow
B) Continued operating until next service station
C) Did nothing
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If yes, did you notice a change in the operation of the brakes? Circle one: Yes No

If yes, explain:

4. How long did it take you to adjust to the feel of the brake pedal? Circle one:
A) less than 2 weeks
B) 1 month
C) 3 months
D) 3 to 6 months
E) greater than 6 months (specify: )

5. Do you feel that ECBS reduces pedal feedback?
Circle one: Yes No
If yes, how much? Circle one: A Little Moderately A lot

6. Have you had any difficulties connecting the communication link (wire harness)
between an ECBS tractor and an ECBS trailer? Circle one: Yes No

If yes, what were the difficulties?

7. Do you operate a tractor with an ECBS differently than you would a tractor without
ECBS? Circleone: Yes No
If yes, how?
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8. Do you feel that ECBS improves braking performance?
Circle one: Yes No
If yes, how much? (circle one) A Little Moderately A lot

9. During this test period, have you had any issues with hauling a trailer equipped with
ECBS? Circle one: Yes No

If yes, explain:

10. Has the ABS warning light come on to indicate a problem during the test period?
Circleone: Yes No
If yes, did it happen often? Circle one: Yes No
Was it clear to you why the light was coming on?
Circle one: Yes No
How did you respond? Circle one:
A.) Pulled-over/called for tow
B.) Continued operating until next service station
C.) Did nothing

11.  Did you notice when the ABS was operating during the test period?
Circleone: Yes No

If yes, when did it primarily operate?
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Air Disc Brake Questions

12. How would you rate your level of acceptance in air disc brakes?
Circle one: High Moderate Neutral Low Very Low

Why?

13. How would you rate your level of confidence/trust in air disc brakes?
Circle one: High Moderate  Neutral Low Very Low

Why?

14. Do you feel that air disc brakes improve pedal feel? Circle one: Yes No

15. Do you feel that you are able to better modulate air disc brakes?
Circle one: Yes No

16. Do you feel that air disc brakes improve braking performance?
Circle one: Yes No
If yes, how much? (circle one) A Little Moderately A lot

17. Have you had a state inspection?
Circle one: Yes No
If yes, have state inspectors had any difficulties in inspecting air disc brakes?
Circle one: Yes No
If yes, how much? (circle one) A Little Moderately A lot
Do you feel that air disc brakes make it easier to pass state inspections?
Circle one: Yes No

18. Do you operate air disc brake tractors in a different manner than drum brake tractors?
Circle one: Yes No
If so, how?
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19.  During this test period, have you experienced any issues with hauling a trailer with one
of the following technologies:

A) Air disc brakes: Circle one: Yes No

If yes, explain:

B) Drum brakes: Circle one: Yes No

If yes, explain:

C) Electronically controlled braking system (Can be identified by a second connector on
the front of the trailer): Circle one: Yes No

If yes, explain:
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DRIVER INTERVIEW
T2C1- MW ABS and Drum Brakes
(To be completed by each driver after 12 months)

Truck #: Driver I1D#: Date:

(Will be kept confidential)

Your truck is equipped with Anti-Lock Braking System (ABS), Roll Stability Control (RSC) and
Adaptive Cruise Control (ACC). As you may recall, RSC and ACC were activated earlier this year for
the second phase of the test program.

ABS and RSC Questions

The Anti-lock Brake System (ABS) on your truck provides the same anti-lock brake feature as current

systems, but also includes hardware to support Roll Stability Control (RSC) technology. As detailed in
the training package you received in January 2006, Roll stability control (RSC) is a tractor-ABS-based

system designed to help you manage road conditions that can lead to vehicle rollovers.

1. How would you rate your level of acceptance in the anti-locking brakes? Circle one:
High Moderate Neutral Low Very Low
Why?

2. How would you rate your level of confidence or trust in the anti-locking brakes? Circle one:
High Moderate Neutral Low Very Low
Why?

3. Has the ABS warning light come ON to indicate a problem during the test period?
Circleone: Yes No

If yes, did it happen often? Circleone: Yes No
Was it clear to you why the light was coming on? Circle one: Yes No

How did you respond? Circle one:
A.) Pulled-over/called for tow
B.) Continued operating until next service station
C.) Did nothing
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4. Did you notice when the ABS was operating during the test period? Circle one:
Yes No

If yes, when did it primarily operate?

5. Did you notice the roll stability control operating during the test period? Circle one:
Yes No

If yes, did it happen often? Circle one: Yes No

If yes, when did it primarily operate?

If yes, did you feel that the roll stability program (circle one):
A) Assisted you in maintaining control
B) Had no effect on your control of the vehicle
C) Contributed to loss of vehicle control

6. Do you operate an ABS tractor equipped with a roll stability control system in a different manner
than a tractor not equipped with a roll stability control system?  Circle one:

Yes No

If yes, how?
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7. During the testing program, have you experienced any issues with hauling a trailer with one of the
following technologies:

A) Air Disc brakes: Yes No (circle one).
If yes, explain:

B) Electronically controlled braking system (Can be identified by a second connector on
the front of the trailer): Yes No (circle one).
If yes, explain:

Adaptive Cruise Control (ACC) Questions

As detailed in the training package you received in January 2006, the Adaptive Cruise Control (ACC) is
a radar-based tracking system that:
e Maintains a set speed when no vehicle is ahead, i.e. acts similarly to a conventional cruise
control, and
e Maintains a predetermined time gap when there is a vehicle detected ahead.

8. How would you rate your level of acceptance of adaptive cruise control (ACC)?
Circle one:

High Moderate Neutral Low Very Low
Why?
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9. How would you rate your level of confidence/trust in ACC? Circle one:

High Moderate Neutral Low Very Low
Why?

Page E-27

10. Do you feel that ACC assists in reducing driver fatigue...
At night? Yes No (Circle one)
During theday? Yes No (Circle one)
Explain:

11. Compared to conventional cruise control, would you say you like ACC :

Better The same Less (Circle one)
Why?

Thank You very much for taking the time to respond to this survey!
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DRIVER INTERVIEW
T2C2- MW ABS and Air Disc Brakes
(To be completed by each driver after 12 months)

Truck #: Driver I1D#: Date:

(Will be kept confidential)

Your truck is equipped with Air Disc Brakes, Anti-Lock Braking System (ABS), Roll Stability Control
(RSC) and Adaptive Cruise Control (ACC). As you may recall, RSC and ACC were activated earlier
this year for the second phase of the test program.

ABS and RSC Questions

The Anti-lock Brake System (ABS) on your truck provides the same anti-lock brake feature as current

systems, but also includes hardware to support Roll Stability Control (RSC) technology. As detailed in
the training package you received in January 2006, Roll stability control (RSC) is a tractor-ABS-based

system designed to help you manage road conditions that can lead to vehicle rollovers.

1. How would you rate your level of acceptance in the anti-locking brakes? Circle one:
High Moderate Neutral Low Very Low
Why?

2. How would you rate your level of confidence or trust in the anti-locking brakes? Circle one:
High Moderate Neutral Low Very Low
Why?

3. Has the ABS warning light come ON to indicate a problem during the test period? Circle one:
Yes No

If yes, did it happen often? Circleone: Yes No
Was it clear to you why the light was coming on? Circle one: Yes No

How did you respond? Circle one:
A.) Pulled-over/called for tow
B.) Continued operating until next service station
C.) Did nothing
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4. Did you notice when the ABS was operating during the test period? Circle one:
Yes No

If yes, when did it primarily operate?

5. Did you notice the roll stability control operating during the test period? Circle one:
Yes No

If yes, did it happen often? Circle one: Yes No

If yes, when did it primarily operate?

If yes, did you feel that the roll stability program (circle one):
A) Assisted you in maintaining control
B) Had no effect on your control of the vehicle
C) Contributed to loss of vehicle control

6. Do you operate an ABS tractor equipped with a roll stability control system in a different manner

than a tractor not equipped with a roll stability control system?  Circle one:
Yes No

If yes, how?
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Air Disc Brakes Questions

Air Disc Brakes are an alternative foundation brake design to drum brake design for heavy-duty
vehicles. They consist of a caliper, brake pads, and rotor.

7. How would you rate your level of acceptance in air disc brakes?
Circle one:

High Moderate Neutral Low Very Low
Why?

8. How would you rate your level of confidence/trust in air disc brakes?
Circle one:

High Moderate Neutral Low Very Low
Why?

9. Do you feel that air disc brakes improve pedal feel?
Circle one: Yes No

10. Do you feel that you are able to better modulate air disc brakes than drum brakes?
Circle one: Yes No

11. Do you feel that air disc brakes improve braking performance?

Circle one: Yes No

If yes, how much? A Little Moderately A lot (circle one)
12. Have you had a state inspection?

Circle one: Yes No

If yes, have state inspectors had any difficulties in inspecting air disc brakes?
Circle one: Yes No

If yes, how much?
Circleone:  ALittle Moderately A lot
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Do you feel that air disc brakes make it easier to pass state inspections?
Circle one: Yes No

13. Do you operate a tractor equipped with air disc brakes in a different manner than one equipped with
drum brakes?

Yes No (Circle one)

If yes, how?

14. During the testing program, have you experienced any issues with hauling a trailer with one of the
following technologies:

A) Air Disc brakes: Yes No (circle one).

If yes, explain:

B) Drum brakes: Yes No (circle one).

If yes, explain:

C) Electronically controlled braking system (Can be identified by a second connector on
the front of the trailer): Yes No (circle one).

If yes, explain:
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Adaptive Cruise Control (ACC) Questions

As detailed in the training package you received in January 2006, the Adaptive Cruise Control (ACC) is
a radar-based tracking system that:

e Maintains a set speed when no vehicle is ahead, i.e. acts similarly to a conventional cruise
control, and
e Maintains a predetermined time gap when there is a vehicle detected ahead.

15. How would you rate your level of acceptance of adaptive cruise control (ACC)? Circle one:
High Moderate Neutral Low Very Low

Why?

16. How would you rate your level of confidence/trust in ACC? Circle one:
High Moderate Neutral Low Very Low

Why?

17. Do you feel that ACC assists in reducing driver fatigue...
At night? Yes No (Circle one)

During theday? = Yes No (Circle one)

Explain:

18. Compared to conventional cruise control, would you say you like ACC :
Better The same Less (Circle one)

Why?

Thank you very much for taking the time to respond to this survey!
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DRIVER INTERVIEW
T2C3- MW ECBS and Air Disc Brakes
(To be completed by each driver after 12 months)

Truck #: Driver 1D#: Date:

(Will be kept confidential)

Your truck is equipped with Air Disc Brakes, Electronically Controlled Braking Systems (ECBS),
Electronic Stability Control (ESC) and Adaptive Cruise Control (ACC). As you may recall, ESC and
ACC were activated earlier this year for the second phase of the test program.

ECBS Questions

Electronically Controlled Braking System (ECBS) is an integrated brake control system which controls
the service brakes electronically rather than pneumatically (as with ABS). As detailed in the training
package you received in January 2006, the system supports stability control programs (e.g., ESC) and
other advanced control systems requiring active braking.

Electonic Stability Control (ESC) is designed to detect and assist you in avoiding vehicle instabilities,
including roll over or yaw conditions, to help you stay on course.

1. How would you rate your level of acceptance in ECBS? Circle one:
High Moderate Neutral Low Very Low
Why?

2. How would you rate your level of confidence or trust in ECBS? Circle one:
High Moderate Neutral Low Very Low
Why?

3. Has the ECBS warning light come ON to indicate a problem during the test period?
Circleone: Yes No

If yes, did it happen often? Circleone: Yes No
Was it clear to you why the light was coming on? Circle one: Yes No

If yes, how did you respond? Circle one:
A.) Pulled-over/called for tow
B.) Continued operating until next service station
C.) Did nothing
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If yes, did you notice a change in the operation of the brakes? Circle one: Yes No
Explain

4. Has the ABS warning light come ON to indicate a problem during the test period?
Circleone: Yes No

If yes, did it happen often? Circleone: Yes No
Was it clear to you why the light was coming on? Circle one: Yes No

How did you respond? Circle one:
A.) Pulled-over/called for tow
B.) Continued operating until next service station
C.) Did nothing

5. Did you notice when the ABS was operating during the test period? Circle one:
Yes No

If yes, when did it primarily operate?

6. Did the brake pedal feel different to you (compared to an ABS equipped tractor)?
Yes No (circle one)

If yes, how long did it take you to adjust to the feel of the brake pedal on ECBS? Circle one:
A) Less than 2 weeks
B) 2 weeks to 1 month
C) 1 to 3 months
D) 3 to 6 months
E) More than 6 months (specify: )

7. Do you feel that ECBS reduces pedal feedback? Circle one:
Yes No
If yes, how much? Circle one: A Little Moderately A lot

8. Do you feel that ECBS improves braking performance?
Circle one: Yes No
If yes, how much? (circle one) A Little Moderately A lot
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9. Have you noticed the stability control program (ESC) operating during the test period?
Yes No (circle one)

If yes, do you feel that the stability program (circle one):
A) Assisted in maintaining control
B) Had no effect
C) Contributed to loss of control (circle one)

10. Do you operate a tractor with ECBS and ESC differently than you would a tractor with a
conventional brake systems (ABS and no stability control)?  Circle one:

Yes No

If yes, how?

11. Have you had any difficulties connecting the communication link (wire harness) between an ECBS
tractor and an ECBS trailer? Circle one:

Yes No

If yes, what were the difficulties?

Air Disc Brakes Questions

Air Disc Brakes are an alternative foundation brake design to drum brake design for heavy-duty
vehicles. They consist of a caliper, brake pads, and rotor.

12. How would you rate your level of acceptance in air disc brakes? Circle one:
High Moderate Neutral Low Very Low

Why?
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13. How would you rate your level of confidence/trust in air disc brakes? Circle one:
High Moderate Neutral Low Very Low
Why?

14. Do you feel that air disc brakes improve pedal feel?
Circle one: Yes No

15. Do you feel that you are able to better modulate air disc brakes than drum brakes?
Circle one: Yes No

16. Do you feel that air disc brakes improve braking performance?
Circle one: Yes No

If yes, how much? A Little Moderately A lot (circle one)

17. Have you had a state inspection?
Circle one: Yes No

If yes, have state inspectors had any difficulties in inspecting air disc brakes?
Circleone: Yes No

If yes, how much?
Circleone:  ALittle Moderately A lot

Do you feel that air disc brakes make it easier to pass state inspections?
Circle one: Yes No

18. Do you operate a tractor equipped with air disc brakes in a different manner than one equipped with
drum brakes?

Yes No (Circle one)

If yes, how?
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19. During the testing program, have you experienced any issues with hauling a trailer with one of the
following technologies:

A) Air Disc brakes: Yes No (circle one).

If yes, explain:

B) Drum brakes: Yes No (circle one).

If yes, explain:

C) Electronically controlled braking system , ECBS (Can be identified by a second
connector on the front of the trailer): Yes No (circle one).

If yes, explain:

Adaptive Cruise Control (ACC) Questions

As detailed in the training package you received in January 2006, the Adaptive Cruise Control (ACC) is
a radar-based tracking system that:
e Maintains a set speed when no vehicle is ahead, i.e. acts similarly to a conventional cruise
control, and
e Maintains a predetermined time gap when there is a vehicle detected ahead.

20. How would you rate your level of acceptance of adaptive cruise control (ACC)?
Circle one:

High Moderate Neutral Low Very Low

Why?
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21. How would you rate your level of confidence/trust in ACC? Circle one:

High Moderate Neutral Low Very Low
Why?
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22. Do you feel that ACC assists in reducing driver fatigue...
At night? Yes No (Circle one)
During theday? Yes No (Circle one)
Explain:

23. Compared to conventional cruise control, would you say you like ACC :

Better The same Less (Circle one)

Why?

Thank you very much for taking the time to respond to this survey!
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DRIVER INTERVIEW
T2C4- Bendix ABS and Air Disc Brakes
(To be completed by each driver after 12 months)

Truck #: Driver I1D#: Date:

(Will be kept confidential)

Your truck is equipped with Air Disc Brakes and a next-generation Antilock Braking Systems (ABS6).

Next Generation ABS Questions

Next Generation Anti-lock Brake System (ABS6) provides the same anti-lock brake feature as current
systems, but also includes hardware to support future roll stability and vehicle handling support
programs.

1. How would you rate your level of acceptance in the anti-locking brakes? Circle one:
High Moderate Neutral Low Very Low
Why?

2. How would you rate your level of confidence or trust in the new anti-lock braking system? Circle
one:

High Moderate Neutral Low Very Low
Why?

3. Has the ABS warning light come ON to indicate a problem during the test period?
Circleone: Yes No

If yes, did it happen often? Circleone: Yes No
Was it clear to you why the light was coming on? Circle one: Yes No

How did you respond? Circle one:
A.) Pulled-over/called for tow
B.) Continued operating until next service station
C.) Did nothing
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4. Did you notice when the ABS was operating during the test period? Circle one:
Yes No

If yes, when did it primarily operate?

Air Disc Brakes Questions

Air Disc Brakes are an alternative foundation brake design to drum brake design for heavy-duty
vehicles. They consist of a caliper, brake pads, and rotor.

5. How would you rate your level of acceptance in air disc brakes? Circle one:
High Moderate Neutral Low Very Low
Why?

6. How would you rate your level of confidence/trust in air disc brakes? Circle one:
High Moderate Neutral Low Very Low
Why?

7. Do you feel that air disc brakes improve pedal feel?
Circle one: Yes No

8. Do you feel that you are able to better modulate air disc brakes than drum brakes?
Circle one: Yes No

9. Do you feel that air disc brakes improve braking performance?
Circle one: Yes No

If yes, how much? A Little Moderately A lot (circle one)
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10. Have you had a state inspection?
Circle one: Yes No

If yes, have state inspectors had any difficulties in inspecting air disc brakes?
Circle one: Yes No

If yes, how much?
Circleone:  ALittle Moderately A lot

Do you feel that air disc brakes make it easier to pass state inspections?
Circle one: Yes No

11. Do you operate a tractor equipped with air disc brakes in a different manner than one equipped with
drum brakes?

Yes No (Circle one)

If yes, how?

12. During the testing program, have you experienced any issues with hauling a trailer with one of the
following technologies:

A) Air Disc brakes: Yes No (circle one).

If yes, explain:

B) Drum brakes: Yes No (circle one).

If yes, explain:

C) Electronically controlled braking system (Can be identified by a second connector on
the front of the trailer): Yes No (circle one).

If yes, explain:

Thank you very much for taking the time to respond to this survey!
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DRIVER INTERVIEW
T3- MW ECBS and Air Disc Brakes
(To be completed by each driver after 12 months)

Truck #: Driver 1D#: Date:

(Will be kept confidential)

Your truck is equipped with Air Disc Brakes, Electronically Controlled Braking Systems (ECBS),
Electronic Stability Control (ESC) and Adaptive Cruise Control (ACC). As you may recall, ESC and
ACC were activated earlier this year for the second phase of the test program.

ECBS Questions

Electronically Controlled Braking System (ECBS) is an integrated brake control system which controls
the service brakes electronically rather than pneumatically (as with ABS). As detailed in the training
package you received in January 2006, the system supports stability control programs (e.g., ESC) and
other advanced control systems requiring active braking.

Electonic Stability Control (ESC) is designed to detect and assist you in avoiding vehicle instabilities,
including roll over or yaw conditions, to help you stay on course.

1. How would you rate your level of acceptance in ECBS? Circle one:
High Moderate Neutral Low Very Low
Why?

2. How would you rate your level of confidence or trust in ECBS? Circle one:
High Moderate Neutral Low Very Low
Why?

3. Has the ECBS warning light come ON to indicate a problem during the test period?
Circleone: Yes No

If yes, did it happen often? Circleone: Yes No
Was it clear to you why the light was coming on? Circle one: Yes No

If yes, how did you respond? Circle one:
A.) Pulled-over/called for tow
B.) Continued operating until next service station
C.) Did nothing

FREIGHTLINER LLC




DTFH61-02-X-00096 ECBS FOT Final Report Appendices Page E-43

If yes, did you notice a change in the operation of the brakes? Circle one: Yes No
Explain

4. Has the ABS warning light come ON to indicate a problem during the test period?
Circleone: Yes No

If yes, did it happen often? Circleone: Yes No
Was it clear to you why the light was coming on? Circle one: Yes No

How did you respond? Circle one:
A.) Pulled-over/called for tow
B.) Continued operating until next service station
C.) Did nothing

5. Did you notice when the ABS was operating during the test period? Circle one:
Yes No

If yes, when did it primarily operate?

6. Did the brake pedal feel different to you (compared to an ABS equipped tractor)?
Yes No (circle one)

If yes, how long did it take you to adjust to the feel of the brake pedal on ECBS? Circle one:
A) Less than 2 weeks
B) 2 weeks to 1 month
C) 1 to 3 months
D) 3 to 6 months
E) More than 6 months (specify: )

7. Do you feel that ECBS reduces pedal feedback? Circle one:
Yes No
If yes, how much? Circle one: A Little Moderately A lot

8. Do you feel that ECBS improves braking performance?
Circle one: Yes No
If yes, how much? (circle one) A Little Moderately A lot

FREIGHTLINER LLC




DTFH61-02-X-00096 ECBS FOT Final Report Appendices Page E-44

9. Have you noticed the stability control program (ESC) operating during the test period?
Yes No (circle one)

If yes, do you feel that the stability program (circle one):
A) Assisted in maintaining control
B) Had no effect
C) Contributed to loss of control (circle one)

10. Do you operate a tractor with ECBS and ESC differently than you would a tractor with a
conventional brake systems (ABS and no stability control)?  Circle one:

Yes No

If yes, how?

11. Have you had any difficulties connecting the communication link (wire harness) between an ECBS
tractor and an ECBS trailer? Circle one:

Yes No

If yes, what were the difficulties?

Air Disc Brakes Questions

Air Disc Brakes are an alternative foundation brake design to drum brake design for heavy-duty
vehicles. They consist of a caliper, brake pads, and rotor.

12. How would you rate your level of acceptance in air disc brakes? Circle one:
High Moderate Neutral Low Very Low

Why?

13. How would you rate your level of confidence/trust in air disc brakes? Circle one:
High Moderate Neutral Low Very Low
Why?
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14. Do you feel that air disc brakes improve pedal feel?
Circle one: Yes No

15. Do you feel that you are able to better modulate air disc brakes than drum brakes?
Circle one: Yes No

16. Do you feel that air disc brakes improve braking performance?
Circle one: Yes No

If yes, how much? A Little Moderately A lot (circle one)

17. Have you had a state inspection?
Circle one: Yes No

If yes, have state inspectors had any difficulties in inspecting air disc brakes?
Circle one: Yes No

If yes, how much?
Circleone:  ALittle Moderately A lot

Do you feel that air disc brakes make it easier to pass state inspections?
Circle one: Yes No

18. Do you operate a tractor equipped with air disc brakes in a different manner than one equipped with
drum brakes?

Yes No (Circle one)

If yes, how?

19. During the testing program, have you experienced any issues with hauling a trailer with one of the
following technologies:

A) Air Disc brakes: Yes No (circle one).

If yes, explain:

B) Drum brakes: Yes No (circle one).

If yes, explain:
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C) Electronically controlled braking system , ECBS (Can be identified by a second
connector on the front of the trailer): Yes No (circle one).

If yes, explain:

Adaptive Cruise Control (ACC) Questions

As detailed in the training package you received in January 2006, the Adaptive Cruise Control (ACC) is
a radar-based tracking system that:

e Maintains a set speed when no vehicle is ahead, i.e. acts similarly to a conventional cruise
control, and

e Maintains a predetermined time gap when there is a vehicle detected ahead.

20. How would you rate your level of acceptance of adaptive cruise control (ACC)?
Circle one:

High Moderate Neutral Low Very Low

Why?

21. How would you rate your level of confidence/trust in ACC? Circle one:
High Moderate Neutral Low Very Low

Why?

22. Do you feel that ACC assists in reducing driver fatigue...
At night? Yes No (Circle one)
During theday? @ Yes No (Circle one)

Explain:

23. Compared to conventional cruise control, would you say you like ACC :
Better The same Less (Circle one)

Why?

Thank you very much for taking the time to respond to this survey!
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MECHANIC PROFILE
(To be filled in once - prior to FOT start)

Mechanics ID#: Date:

Location:

1. What is your age? Circle one: 18-30 31-40 41-50 51-60 Above 60

2. How many years experience do you have maintaining commercial vehicles?
Circleone: 0-2 3-5 6-10 More than 10

3. What type of vehicles do you maintain?

4. What are your typical maintenance duties?

5. How many maintenance jobs do you perform in a typical day?

6. Have you maintained a vehicle equipped with air disc brakes? Circle one: Yes No

If so, which manufacturer’s system(s)?

7. Have you maintained a vehicle equipped with “advanced” ABS with stability control? Circle
one: Yes No
If so, which manufacturer’s system(s)?

8. Have you maintained a vehicle equipped with an electronically controlled brake system
(ECBS)? Circleone: Yes No
If so, which manufacturer’s system(s)?

9. Have you maintained a vehicle equipped with an adaptive cruise control (ACC or SmartCruise)
system? Circleone: Yes No
If so, which manufacturer’s system(s)?

10. Have you maintained a vehicle equipped with a Collision Warning System (CWS or Eaton
Vorad)? Circleone: Yes No
If so, which manufacturer’s system(s)?

11. Have you maintained a vehicle equipped with a Lane Tracking/Road Departure (SafeTrac)
system? Circle one: Yes No
If so, which manufacturer’s system(s)?
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12. Have you heard about the technologies listed below? If so, what are your thoughts or
perceptions about each of these technologies?

a. Airdisc brakes

Circle one: Yes No

b. Advanced anti-lock braking system with stability control

Circleone: Yes No

c. Electronically controlled braking system (ECBS)

Circle one: Yes No

d. Adaptative Cruise Control (ACC or SmartCruise)

Circleone: Yes No

e. Collision Warning Systems (CWS or Eaton Vorad)

Circle one: Yes No

g. Lane Tracking/Road Departure (SafeTrac)

Circleone: Yes No
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MECHANIC INTERVIEW
(To be completed after 6 months)
Mechanic ID#: Date:
Location:

Technology Definitions:

Next Generation Anti-lock Brake (ABS) System provides the same anti-lock brake features as current
systems, but also include hardware to support anti-rollover and future vehicle handling support
programs. Two next generation ABS systems from MeritorWabco (MW) and Bendix are under
evaluation in this field operation test. The MW system supports anti-rollover programs.

Air Disc Brakes are a new foundation brake design for heavy-duty vehicles. They consist of a caliper,
brake pads, and rotor. Two air disc brake systems from ArvinMeritor and Bendix are under evaluation.

Electronically Controlled Braking System (ECBS) controls the service brakes electronically rather than
pneumatically. The system has an improved ABS function and supports anti-rollover and vehicle
handling support programs. Two ECBS from MeritorWabco and Bendix (trailer only) are under
evaluation.

Next Generation Anti-lock Brake (ABS) System Questions

1. How would you rate your level of confidence or trust in the reliability and maintainability of
next generation ABS?

Circleone: High  Moderate Neutral Low  Very Low

Why?

2. Have you performed any maintenance on next generation ABS during the test period?

Circle one:  Yes No

If yes, explain?
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3.

Has the next generation ABS generated any fault codes during the test period?
Circleone: Yes No

If yes, explain?

4. How would you rate the level of difficulty in diagnosing and repairing next generation ABS?
Circle one:
High  Moderate Neutral Low  VerylLow
5. How would you rate the frequency of required maintenance for next generation ABS?
High  Moderate Neutral Low  VerylLow
6. Overall, how would you rate the maintenance requirements of next generation ABS compared
with current ABS technology? Circle one:
A) Less difficult
B) Same difficulty
C) More difficult
Why?
7. Do you feel that next generation ABS require more frequent replacement of electrical

components than current anti-lock braking systems?

Circleone: Yes No
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Air Disc Brake Questions

8. How would you rate your level of confidence or trust in the reliability and maintainability of air
disc brakes? Circle one:

High Moderate  Neutral Low Very Low

Why?

9. Have the air disc brake systems required maintenance during the test period?

Circleone: Yes  No (If no, skip to question #13)

If yes, what was the cause?

10. How would you rate the level of difficulty in diagnosing and repairing air disc brakes? Circle
one:

High  Moderate Neutral Low  VerylLow
11. How would you rate the frequency of required maintenance for air disc brakes?
High  Moderate Neutral Low  VerylLow
12. Overall, how would you rate the maintenance requirements of air disc brakes compared with S-
cam drum brakes? Circle one:
A) Less difficult

B) Same difficulty
C) More difficult

Why?
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13. Have you had to perform any brake adjustments to the air disc brake equipped tractors or
trailers? Circleone: Yes No

If yes, how would you rate the brake adjustment procedures (circle one)?
A) Less difficult than drum brakes
B) The same as drum brakes
C) More difficult than drum brakes

Why?

Electronically Controlled Braking System (ECBS) Questions

14, How would you rate your level of confidence or trust in the reliability and maintainability of
electronically controlled braking systems (ECBS)? Circle one:

High Moderate Neutral Low Very Low

Why?

15. Have the electronically control brake systems required maintenance during the test period?
Circleone: Yes No

If yes, what was the cause?

16.  Have the electronically controlled brake systems generated any fault codes during the
test period?

Circleone: Yes No
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17. How would you rate the level of difficulty in diagnosing and repairing electronically controlled
braking systems (ECBS)? Circle one:

High  Moderate Neutral Low Very Low

18. How would you rate the frequency of required maintenance for electronically controlled braking
systems?
High  Moderate Neutral Low Very Low

19.  Overall, how would you rate the maintenance requirements of electronically controlled braking
systems compared with current ABS technology? Circle one:
A) Less difficult
B) Same difficulty
C) More difficult

Why?

20. Has the high-speed data cable that attaches between the ECBS equipped tractors and ECBS
trailers required any maintenance?

Circle one: Yes No

If yes, explain:

21. Do you feel that electronically controlled braking systems (ECBS) require more frequent
replacement of electrical components than anti-lock braking systems (ABS)?

Circleone: Yes No
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MECHANIC INTERVIEW
(To be completed after 12 months)

Please indicate your name. It will be kept confidential.

Technician ID# or NAME: Date:

Anti-lock Brake System (ABS) Questions

Next Generation Anti-lock Brake System (ABS) provides the same anti-lock brake features as current
systems, but also include hardware to support anti-rollover (example, RSC) and future vehicle handling
support programs. Both a Meritor WABCO and a Bendix antilock braking systems were under
evaluation in this field operation test. The MW system supports anti-rollover programs.

1. How would you rate your level of confidence or trust in the reliability and maintainability of
next generation ABS?
Circleone: High  Moderate Neutral Low  Very Low
Why?

2. Have you performed any maintenance on next generation ABS since the last reporting period?

Circle one:  Yes No

If yes, explain?

3. Has the next generation ABS generated any fault codes since the last reporting period?

Circle one:  Yes No

If yes, explain?
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4, How would you rate the level of difficulty in diagnosing and repairing next generation ABS?
Circle one:
High  Moderate Neutral Low Very Low (Circle one)

5. How would you rate the frequency of required maintenance for next generation ABS?
High  Moderate Neutral Low  VerylLow (Circle one)

6. Overall, how would you rate the maintenance requirements of next generation ABS

compared with current ABS technology? Circle one:

A) Less difficult
B) Same difficulty
C) More difficult

Why?

7. Do you feel that next generation ABS require more frequent replacement of electrical
components than current anti-lock braking systems?

Circleone: Yes No
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Air Disc Brake Questions

Air Disc Brakes are an alternative foundation brake design to drum brake design for heavy-duty
vehicles. They consist of a caliper, brake pads, and rotor. Two air disc brake systems were under
evaluation: ArvinMeritor (selected trailers only) and Bendix (tractors and trailers).

8. How would you rate your level of confidence or trust in the reliability and maintainability of air
disc brakes? Circle one:
High  Moderate Neutral Low  VerylLow (Circle one)
Why?

9. Have the air disc brake systems required maintenance since the last reporting period?

Circleone:  Yes No (If no, skip to question #13)

If yes, what was the cause?

10. How would you rate the level of difficulty in diagnosing and repairing air disc brakes? Circle
one:

High  Moderate Neutral Low Very Low (Circle one)

11. How would you rate the frequency of required maintenance for air disc brakes?
High  Moderate Neutral Low  Very Low (Circle one)

12.  Opverall, how would you rate the maintenance requirements of air disc brakes
compared with S-cam drum brakes? Circle one:

A) Less difficult
B) Same difficulty
C) More difficult

Why?
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13. Have you had to perform any brake adjustments to the air disc brake equipped tractors or
trailers? Circleone: Yes No

If yes, how would you rate the brake adjustment procedures (circle one)?

A) Less difficult than drum brakes
B) The same as drum brakes
C) More difficult than drum brakes

Why?

Electronically Controlled Braking System (ECBS) Questions

Electronically Controlled Braking System (ECBS) is an integrated brake control system which controls
the service brakes electronically rather than pneumatically (as with ABS). The system supports stability
control programs (e.g., ESC) and other advanced control systems requiring active braking. ECBS was
installed on tractors and on trailers.

14, How would you rate your level of confidence or trust in the reliability and maintainability of
electronically controlled braking systems (ECBS)?

High  Moderate Neutral Low  VerylLow (Circle one)

Why?

15. Have the electronically control brake systems required maintenance since the last reporting
period?
Circleone: Yes No

If yes, what was the cause?

16.  Have the electronically controlled brake systems generated any fault codes during the
test period?

Circleone: Yes No
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17.

18.

19.

20.

21.

How would you rate the level of difficulty in diagnosing and repairing electronically controlled
braking systems (ECBS)? Circle one:

High  Moderate Neutral Low  VerylLow

How would you rate the frequency of required maintenance for electronically controlled braking
systems?

High  Moderate Neutral Low  VerylLow

Overall, how would you rate the maintenance requirements of electronically controlled
braking systems compared with current ABS technology? Circle one:

A) Less difficult
B) Same difficulty
C) More difficult

Why?

Has the high-speed data cable that attaches between the ECBS equipped tractors and ECBS
trailers required any maintenance?

Circle one: Yes No

If yes, explain:

Do you feel that electronically controlled braking systems (ECBS) require more frequent
replacement of electrical components than anti-lock braking systems (ABS)?

Circleone: Yes No

Thank you very much for taking the time to respond to this survey!
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APPENDIX F. TRAINING MATERIALS ON ENABLED TECHNOLOGIES
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Contents Of This Packet

Introduction

You will learn more about the background of this program, with a special
message from the US DOT to you.

Survey
Please promptly complete this survey and return to your service manager.

Training Materials

Please read the documents in this section as they will tell you about new
exciting technologies which are enabled on either the tractor you are driving
and/or the trailer you are pulling

In addition, a training video will be available to you after 1/24/2006.

If you would like to learn more about the systems, go talk to your service
manager to view the 1-hour video.

Acknowledgment Form

After reviewing the material contained in this package, please sign the
acknowledgment form and return to your service manager
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Introduction

5
\x/

The purpose of the Field Operational Test is to help improve safety of trucks operating
on our nation’s highways by improving our understanding of the performance, reliability
and safety benefits of electronically controlled brakes, air disc brakes, adaptive cruise
control, and electronic stability control safety systems for heavy trucks. In this study,
different combinations of brake systems and advanced safety technologies have been
installed on 47 Wal*Mart tractors and 100 Wal* Mart trailers. Data are recorded on the
operation and performance of the systems and, if they occur, any faults that might be
registered. The information collected will be compiled and analyzed to determine the
performance and safety benefits of these new technologies.

There are several phases to this study. Initially, data were collected on select
International tractors, the 47 Freightliner tractors, and the 100 trailers to gather basic
information about Wal* Mart routes, and general driving practices, with and without
electronically controlled brakes and air disc brakes. In the last phase of the study,
which begins now, additional safety technologies such as adaptive cruise control and
electronic stability control safety systems are activated. These systems are intended to
reduce the risk or likelihood of an accident over that of conventional vehicles. This
study will help Freightliner and the Department of Transportation demonstrate the
reduced risk.
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A message from the US Department of Transportation to you:

é’“wu% As the government project manager for this Field Operational Test, |
% would like to thank you for your participation in this important program
§ “ 2 to operationally test advanced braking systems. The project is vitally
‘%o Uﬁg important because it is testing new safety systems that can help drivers
Tares of reduce their risk of an accident or crash. These new technologies
have the potential to reduce thousands of crashes involving heavy
trucks on our nation’s highways each year. But we need your help to make this test a
success!

Your help in responding to driver surveys and in keeping the advanced safety systems
and associated data collection equipment operational throughout the test will ensure
that the highest quality data is collected, enabling US DOT, and our industry partners,
including Wal>* Mart, to gain a thorough understanding of the safety benefit, driver
acceptance, reliability, and maintainability of these systems.

Again, many thanks for making this a successful research program that will benefit the
trucking industry and the general public by enhancing safety on our nation’s highways.

Tim Johnson

Government Project Manager for the ECBS FOT and
Chief of Heavy Vehicle Research,

National Highway Traffic Safety Administration (NHTSA)
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Survey

Please complete this survey today

and return to your service manager.
Your identity will not be disclosed.

FREIGHTLINER LLC
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Training Materials

Please read the documents in this section as they will tell you about the
new exciting technologies which are enabled on either the tractor you
are driving and/or the trailer you are pulling.

S
\x/

After reading this information, please complete the acknowledgement form on
the last page, and return it to your manager along with the completed survey.

The table below shows you which technologies are active on vehicles as a
function of the tractor ID.

You will be exposed to the following technologies:
If your truck ID
is: RSC | AcC | ECBS ESC ECBS & RSS ECBS & TRSP
(trailer) (trailer)

T2C1 o o o
T2C2 o o o

T3 o o [
T2C3 o o o
T2C4 [ o

RSC - Roll Stability Control
ACC - Adaptive Cruise Control
ECBS - Electronically Controlled Braking System
ESC — Electronic Stability Control
RSS - Roll Stability Support for trailer
TRSP — Trailer Roll Stability Program for trailer

WATCH

In addition, a training video will be available to you after 1/24/2006.

you would like to learn more about the systems, go talk to your
If Id like to | bout th Ik
manager to view the 1-hour video.
N
W\
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Roll Stability Control (RSC)
Driver Tips Roll Stability Control

Roll stability control (RSC) is a tractor-ABS-based system
designed to help you manage road conditions that can lead
to vehick rollovers, ASC is integrated into the Meritor
WABCO ABS that's installed on your tractor,

Roll stability control ks automatic. It becomes active when the
ECL senzes an imminent rollover condition - even i you don't.
But you will notica a differance in your vehicle when stability
control i functioning.

Decreass in
engine torque

As engine torque is reduced, you may sense a decrease in power ...

RSC helps manage those road conditions
that can contribute to vehicle rollovers. decexation .

If the wehicle has an engine retarder, you'll feel the additional

Prassure may be applied to the tractor drive axke and trailer brakes.

T - '
MERITO] If this happens, you'll feel even mone deceleration.
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DTFH61-02-X-00096

RSC indicator Lamp

RSC, like ABS and ATC, is automatic. There's no switch or sslection
device. An indicator lamp on the dash lets you know stability
control will be available whan you need i,

Automatic Traction Control (ATC) and RSC functions share the
same dash indicator lamp so it's important to understand how
this lamp works:

Both lamps come

=
= - on at ignition ON
F,@: FJ@D): and tum off after

J approximately three

seconds. Vehicle

== equipped with
o |N K ABS and ATC.

Both lamps come

N YO g on at ignition ON.

(RRAE)
PRI ON Nl i I A
ATC/RSC lamp

N stays on briefly

‘l@i ‘ after ABS lamp
goes out. Vehicle

equipped with

= = ABS, ATC, RSC.
W B ﬁ

NOTE: If the ABS indicator lamp stays ON after 3 seconds,
there could be an existing fault in the ABS, ATC or RSC systems.
If thiz happenz, drive the vehicle at spesds above 4 mph (6 km/h).

» [f the lamp goes out the system is OK

# [f the lamp does not go out, there is an exeting fault in the
system (ABS, ATC or BSC). Hawe the wehicle sarviced as
=00 &8 possible.

FREIGHTLINER LLC
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ATC or Stability Control Event

The ATC/stability control lamp will come on and stay on during
a traction control or stability control event. The lamp will go off
when normal driving conditions are resumed.

» [f the ABS indicator lamp comes on and stays on during normal
operation there is a system fault. [f this ocours, take the wehicla
in for service as soon as possible.

Safe Vehicle Dperation

RSC - or any wehicle control system - is not a reason to take
unnecessary risks.

RSC helps reduce the tendency of the wehicke to roll over when
comering or changing directions, howeser, T CAN NOT PREVENT
ALL ROLLOWERS FROM OCCURRING.

When operating your vehicle always use safe driving techniques. The
driver is always the most important player in 2afe wehicle operation,

Dther Information For Drivers

Video

What Every Driver Should Know About ABS, T-06150v

What Every Driver Should Know About ATC, T-96150v

What Every Driver Should Know About Stability

Control Systems, T-0483V $20.00

Pamphlets

ABS Driver Tips, SP-03161

Trailer ABS Waming Lamp Driver Information, TP-97132
(Off-Road ABS Function Driver Tips, TP-2098

ATC Driver Tips, TP-2092

Hydraulic ABS Driver Tips, SP-9816

HPB Driver Tipg, TP-04109

Electronically Controlled Ar Suspension for Buses and
Ceaches Driver Tipe, TP-8920

Maritor WABCO Vahicia Control Systems

2331 West Bip Beaver Road

Sults 300 Litha In LSA

Tray, Michigan 42084-T121 USA

B00-535-5580 O Copynight 2005 Iesuad 02-06

whw, Mertorwabe, com Mheror WAHTO TR-05149 (4708511900}
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ADAPTIVE CRUISE CONTROL (ACC)
and
COLLISION WARNING SYSTEM (CWS)

=

What is ACC? What is CWS?

The Adaptive Cruise Control (ACC) is a radar-based fracking system that acts
similarly to a conventional cruise control when no vehicle is ahead. When there is a
vehicle ahead, ACC can track it, and display speed and range. The lane prediction
function can determine if a vehicle is in your lane.

ACC will maintain a set speed (no vehicle ahead) or a predetermined fime gap
{vehicle detected) by controlling Engine throtile, Retarder, andior Foundation brakes.

The ACC has an active braking control and Collision Warning System (CW3).

— The brake control is possible only when the ACC is active and will initiate
active braking with both a visual and audible alarm for impending collisions.

— The CWS is always active regardless of ACC but will only display a collision
waming and sound an alarm.

Things you should know...

When does ACC detect vehicles? ACC can detect targets up to 400 feet ahead and
allows sufficient following distance (300 feet at 65 mph). ACC may be set from
10 mph and up to 65 mph. It will disengage when your vehicle speed drops
below 6 mph.

How do can you disengage ACC? ACC can be disengaged by applying the brakes,
by depressing the clutch pedal, by activating engine retarder, by reducing
engine RPM below idle speed, or simply by switching off. Active braking can be
interrupted by driver throttle initiation.

Will the system warn you? An audible alarm will also sound if the ACC is accidentally
disengaged or if the engine RPM drops below idle level indicating the clutch
needs to be depressed.

When should you not use ACC? The ACC should not be activated when low fraction
road conditions are present such as wet, snow or ice covered surfaces. The
ACC should not be used on exceptionally winding roads whera it would lose
radar contact and may rapidly increase and reduce speed.

FREIGHTLINER LLC
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ACC and CWS in summary...
ACC and CWS OFF

Your vehicle operates as usual, without cruise contral.
The CWS will not emit collision warnings.

- ..

ACC and CWS ON, Speed Not Set

Your vehicle operates as usual when the cruise control speed is not set. The CWS is on
and will emit collision warnings.

|

When no vehicle is detected...
... the display shows that CWS is on & the radar is tracking.
You can set or resume your speed.

When a vehicle is detected in front of you...
... the display shows that CWS is on, the radar is tracking a
target at the speed shown. You can set or resume your speed.

ACC and CWS ON, Speed Set

The ACC set speed is displayed (ex: 55 mph), and five arrows are shown below the radar
symbol. The CWS is on, will emit / display collision warnings and will initiate braking.

When no vehicle is detected...
... the system operates similarly fo conventional cruise control. i

When a vehicle is detected in front of you...

... the system controls your speed to maintain a set distance
betwesn you and the detected vehicle. The vehicle detected, its
speed and its distance from you are shown on display.

FREIGHTLINER LLC
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Driver Tips On When To Use ACC

« ACC should be used wherever you would typically use
conventional cruise control.

« ACC should only be considered as an aid, and is not
intended to replace driver control over the vehicle at any
time.

- Safety features of ACC are only intended to initiate
braking of the vehicle in an effort to avoid an incident.
They should not to be relied on to always function and are
merely a backup safety system. In the event the ACC
system requires activation of the foundation brakes, there
is a limit to its maximum braking ability (by design). The
driver is expected to intervene and assume control of the
braking of the vehicle.

« ACC should not be relied on to track target vehicles when
either or both vehicles have entered and/or are traveling
through a curve in the road. Because of this, ACC is not
recommended for use on winding (curving) roads.

+ ACC is unable to regulate speed on anything more than
mild downhill and uphill grades.

+ ACC will not track stationary objects (anything stationary
or traveling below several mph).

« ACC should not be expected to track smaller objects (e.g.
motorcycles, mopeds, bicycles, etc.)

+ Just as with conventional cruise control, ACC is not
recommended for use in slow moving/congested traffic.

FREIGHTLINER LLC
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MERITOR WABCO W
Information Display for ACC/CWS

When the ignition is on, the vehicle is at standstill, or
below 10 mph...

... this screen is displayed.

A picture of the vehicle with radar broadcasting is shown.

The only functions active are:
CWS: ON, and
+  MMI setup button

The MMI (Man Machine Interface) setup button can be depressed to display the
options screen. The options screen will allow for UNITS, BRIGHTNESS and CONTRAST

adjustments.
» Pushing the SEL button will select one of disFlay ESC ‘
the 3 adjustments. gedions
+ Turning the knob will change the value wnitst Us  |eal. .
displayed. brishthess: 7
» When finished, pushing the ESC button will contrasts 12 .
return to the bottom display.

- SEL
These are the only setup adjustments allowed.

FREIGHTLINER LLC
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MERITOR WABCO

Information Display for ACC/CWS

When your vehicle speed is greater than 10mph...

Without a vehicle in front of you -

The set speed is now active.
— If the set speed button is pressed the
present vehicle speed will be set and
maintained.

If a speed has been previously set, the resume
button will be active also.

With a vehicle in front of you

The screen is the same except that it
also shows that there is vehicle
detected 315 feet ahead and traveling
at 60 mph.

The MMI button is still displayed on both screens
which means the options screen can be displayed.

FREIGHTLINER LLC
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MERITOR WABCD

Information Display for ACC/ICWS

When ACC is active and set at 55 mph.

The screen displays 5 arrows “p»»»»” below radar
symbol, and your “ACC set speed” (55.0 mph).
~ Disengage the ACC by pushing the "ACC Off" button.

~ Decrease your speed by pushing the “set/coast” button.
~ Increase your speed by pushing the “accel” button.

Without a vehicle in front of you

With a vehicle in front of you .

A vehicle has been detected at 243ft ahead
of you and traveling at 45 mph.

» The system will slow your vehicle down
to match the speed of the target, while
maintaining a set time gap.
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MERITOR WABCO

Information Display for ACC/CWS W

When there is a Collision Warning Event...

— A collision Warning symbol is displayed

. . 26
— An audible alarm is sounded ,,mm;;n,.
HHPHE_E
When ACC IS active >
— The braking control WILL activate, and BEC Cel cresdk
slow the vehicle. 09.5 meh
— The driver should also initiate braking if
needed.
When ACC is NOT active =

— The braking control will NOT activate.
— The driver should initiate braking.

FREIGHTLINER LLC
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MERITOR WABCO

Information Display for ACC/CWS W

When the system is off... Your display looks like this...

— The radar sensor not
transmitting diagnostic
information.

— The ACC and the CWS are
not active

If you want to learn more about this new system, a
Q‘/ information video will be available to you after 1/24/2006.

N You may go talk to Patrick Smith to view the 1-hour video.
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MERITOR WABCO

Electronically Controlled Braking Systems (ECBE%S) o

Tractor ECBS is an integrated brake control system:
— Tractor ECBS is designed to let drivers select a deceleration rate resulting is
shorter brake response time and reduced stopping distance.

— ABS and Automatic Traction Control (ATC) are performance features supported
by ECBS.

— The system continuously monitors brake system performance, lining wear and
air leakage.

— ECBS is an ideal platform for advanced control systems requiring active braking
such as Stability Control (ESC) and Adaptive Cruise Control.

Trailer ECBS is an electronically controlled brake system with
an integrated Roll Stability System (RSS).

— If connected to a conventional tractor, it functions independently,

— If connected to a tractor equipped with ECBS, it is controlled by the tractor ECBS
through an additional tractor to trailer harness,

— It can function in back-up as a full pneumatic brake system,
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Warning Lamps for ECBS W

The tractor ECBS has 3 dash warning lamps :

— The 3 lamps are on at ignition and turn off after 3 seconds: the system is active.

— When either the ABS or EBS lamp stays on more than 3 seconds after ignition,
there is a system fault.

Indicates faults that effects ECBS, "The Brake System”.

Indicates faults with the stability system (ABS, ATC, ESC or LWC)

Indicates that the ECBS system is in backup mode: The brake system
) has reverted to a conventional air controlled brake system without ABS,
ESC, or ATC. The brake system may have a different pedal feel.

Indicates ATC or ESC is active. When the deep snow and mud switch is
activated, the lamp will blink continually.

The trailer ECBS has 2 indicator lamps: one on the tractor dash and one on

the side of the trailer.

— If either lamp stays on after ignition, a system fault has been detected. If any fault is
detected, the RSS will not function.
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MERITOR WABCO

Electronic Stability Control (ESC) W

The ESC is an tractor-based advanced safety system designed

to detect and assist you in avoiding vehicle instabllities.
— ltincludes RSC (see instructions) and yaw

. With
control to help driver stay on course. ) EsC
— Driver must ensure physical limits are not
exceeded Without
< ESC

— ESC is integrated in the tractor ECBS

When an instability occurs,
ESC is activated...

~ It will rapidly slow the vehicle down by reducing engine torque first,
followed, if needed, by activation of the retarder, and/or application of
the steer, driver of trailer axle brakes.

~ It will activate the Stability Control Lamp in the dash

If an ESC fault occurs, the system will not function and the
ABS indicator lamp comes on.

FREIGHTLINER LLC
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MERITOR WABCO

Rollover Stability Support (RSS) for Trailﬁ

The RSS is a trailer-based advanced safety system designed
to detect and assist you in preventing roll or instability events

RSS is integrated in trailer ECBS
RSS works independent of the tractor system (conventional or ECBS)

RSS continuously calculates lateral acceleration from wheel speeds
and lateral accelerometer during driving, and automatically takes into
consideration load condition.

it detects an impending instability, RSS is activated...

It will apply the trailer brakes to slow the vehicle down.

You will feel a strong deceleration from the trailer pulling against the
tractor.

If you are driving a tractor also equipped with RSC or ESC, the tractor
brakes may also be applied.

If either trailer ECBS indicator lamps are on, indicating a
system fault has been detected, the RSS will NOT function.

FREIGHTLINER LLC
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Trailer ABS & TRSP
Operator’s Manual

Bendix® Trailer Electronically
Controlled Brake Systems (TEBS-4)

Bendix

Read, understand and follow the information in this manual,

particularly the Important Safety Information about ABS
(page 3) and TRSP (page 5).

FREIGHTLINER LLC
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Antilock Brake System (ABS) . .. ... ... L.
Important Safety Information about ABS ... ... .. ...
Trailer Roll Stability Program (TRSPF) .. .. .. ... ... ... .. ...
Important Safety Infermation about TRSP ... ... . ... ... ..

Trailer ABS Indicator Lamps .. ... ... ... ... ...
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UNDERSTANDING
ANTILOCK BRAKING SYSTEMS (ABS) FOR
AIR BRAKED VEHICLES

What Is ABS?

ABS is an electronic control system that improves vehicle stability by preventing wheel lock
during braking.

How Does ABS Work?

The ABS system monitors wheel rotation, and if it defects any wheel locking up, the system
automatically reduces the brake pressure at that wheel If necesszary, the ABS sysiem
automatically modulates braking forces at one or more of the wheel ends. The system maintains
lateral stability by preventing wheel lock during braking.

IMPORTANT SAFETY INFORMATION ABOUT
ANTILOCK BRAKING SYSTEMS (ABS)

Braking With ABS

+ Do not pump your brakes. Use steady, even braks applications. Apply the brake pedal with
the same pressure as you would without AB5.

+ Do not attempt to modulate your brake applications to prevent wheel lock. The system
controls braking pressure automatically and independently at each whesl end.

Limitations Of ABS

+ ABS does not apply the brakes automatically. It's still up to you to apply the brakes at the
right fime and with the right amount of pedal force. A basic ABS system only starts to do its job
after vou apply the brake pedal.
Hote: The TRSP stability gystem may apply some or all of the brakes selectively to maintain
vehicle stability. See page 4.

+ ABS iz not a substitute for safe driving. Even with ABS, you must remain alert, maintain
safe speeds, react appropriately and in a timely manner, and drive defensively. Don't take
unneceseary risks. Cauficus driving practices, such as maintaining an adeguate distance
away from the vehicle ahead, not speading, anticipating cbsatacles and adjusting your vehicle's
speed for traffic, weather and road conditions, are essential for 2afe operation.
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UNDERSTANDING THE
TRAILER ROLL STABILITY PROGRAM (TRSP)

What |s TRSP?
TREP roll stakility gystem is a feature for stability system-equipped trailers that reduces the rigk of
rollovers.

How Does TRSP Improve Vehicle Roll Stability?

TRSP counteracts the tendency of a trailer to fip over while changing direction {typically, while
furning). The lateral forces during a turm can push a tractor-trailer horizontally and, if the friction
between the tires and the road iz sufficient, the vehicle may begin to ip and potentially could roll
aver.

To reduce the risk of rollover, TRSP detects potential rollover conditions and slows the vehicle
combination by automatically applying the frailer zervice brakes as needsd at the appropriate
wheels.

WARNING! During a TRSP system intervention, the vehicle automatically decelerates. TRSP
can slow the vehicle with or without you applying the brake pedal, and even when you are
applying the throttle.

During a TRSP gystem intervention, you can always use your service brake pedal to increase the
braking pressure that will be applied. However, if you were to apply less braking pressure than
needed — or even if you release the brake pedal entirely during 2 TRSP intervention — the
TRSP system will continue to apply the necessary amount of braking pressure automatically fo
the appropriate whesls to mitigate a potential rollover.

A Real World Example Of How TRSP Operates:
Excessive speed for road conditions creates forces that exceed the
threshold at which a trailer iz likely to rollover on a higher-friction surface.

TRSP automatically applies the frailer service brakes
{based on the projected rollover nisk) to reduce the vehicle
speed, thersby reducing the tendsncy to roll over.
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IMPORTANT SAFETY INFORMATION
ABOUT THE TRSP STABILITY SYSTEM

TRSP May Reduce Your Speed Automatically

TREP can make your vehicle decelerate automatically. TRSF can zlow the vehicle with or
without you applying the brake, and even when you are applying the throttle.

To minimize unexpected deceleration and reduce the rigk of a collizion:

* Ayoid aggressive driving maneuvers, such as sharp turns or abrupt lane changes, especially at
high speeds, which might trigger the stability zyatem.

* Always operate your vehicle safely, drive defensively, do not zpeed, anticipate obstacles and
pay attention to read, weather and fraffic conditions. ABS and TRSP stability systems are no
substitute for prudent, careful driving.

Limitations OFf The TRSP Stability System

Your TREP stakility system’s effecliveness may be greatly reduced if:

+ Your load shifts due to improper retention, accident damage or the inherently mobile nature of
some loads (for example, hanging meat, live animals or partially laden tankers),

* Your vehicle or load has an unusually high or off-set center of gravity (CG), or

* One side of your vehicle drops off the pavement at an angle that is oo great to be
counteracted by a reduction in speed.

To Maximize The Effectiveness Of TRSP:
* [Make sure that the weight of your load iz evenly distributed, front to back and side fo side, and
iz properly secured at all imes.
* Ewercize exireme caution at all imes while driving, and avoid sharp tumns, sudden steering
inguts or abrupt lane changes at high speads, particularly if:
o you haul loads that could shift, or
o your vehicle or load has a high or off-set center of gravity (CG) when loaded
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UNDERSTANDING YOUR TRAILER ABS INDICATOR LAMPS

Trailer-Mounted ABS Indicator Lamp In-Cab Dash ABS Indicator Lamps

Trailer-Mounted ABS Indicator Lamp
An amber Trailer ABS Indicator Lamp iz mounted on the rear road-side of the frailer.

Af each wvehicle ignition your ABS indicator lamp should illuminate as a bulb check for
approximately three seconds and then tum off. If the lamp does not illuminate at ignition,
you should have the vehicle serviced by a qualified mechanic as socon as possible.
Mote: without & functioning indicator lamp, you may not be able to determing the ABS status
without using an external diagnestic tool.

If the indicator lamp remains on for more than three seconds after ignition, or if it iluminstes as
you are driving, the ABS system may not e fully functional or its operation may be affectad by
an electrical short or power inferruption.  IF this happens, your vehicle will continue to have
normal service braking, and it can be driven, although without the benefits of ABS. If you
experience this condition, have the vehicle serviced by a qualified mechanic as soon as
possible to restore full ABS functionality.

In-Cab Trailer ABS Indicator Lamp
The Traller ABS Indicator Lamp is also dash-mounted in the cab.

All frailers built since March, 2001 communicate with the towing vehicle to operate the frailer
ABS indicator lamp on the fowing vehicle's dash. The trailer ABS indicator lamg functions just
like the fractor ABS indicator lamp (on for three seconds after each wehicle ignition, then off
unlezs a problem develops with the frailer ABS during operafion). The in-cab Trailer ABS

Indicator Lamp ig in addition to the Traler ABS Indicator Lamg that is mounted on the side of
the trailer itself.

@ 2005 Bendix Commercial VVehicle Systems LLC, All Rights Reserved. 11/05. Printed in USA.
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After reviewing the material contained in this package, please
sign the acknowledgment form and return to your manager.
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| have:

e Completed the survey
e Read the materials describing the new technologies
e Returned the completed survey along with this form.

Participating Driver

Driver or Vehicle ID

Signature Date
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