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On January 6, 1997, the Truck Manufacturers Association (TMA) submitted a petition to
NHTSA requesting that the Federal Motor Vehicle Safety Standard (FMVSS) No. 121 be
amended in several areas. The TMA, working with other industry representatives through a
Society of Automotive Engineers (SAE) Task Force, reviewed in detail the requirements for a
vehicle to comply with FMVSS No. 121. As a result of their effort, an SAE Recommended
Practice “J1626, Braking, Stability, and Control Performance Test Procedures for Air-Brake-
Equipped Trucks (rev APR96)” was developed to provide a process to verify vehicle compliance

while minimizing test variability.

This study examines the effect of one of the TMA proposals on static retardation and grade
holding test results. They have requested that when determining parking brake force in either the
static retardation pull test (S5.6.1) or the grade holding test (S5.6.2), that a full service brake
application be permitted prior to applying the parking brakes. This coincides with the SAE
J1626 procedure for parking brake testing which specifies a full application of the service brakes,
with the air reservoirs at tractor’s compressor cut-out pressure, prior to applying the parking
brake.

This report documents the results of testing air-braked Class 8 heavy vehicles including one
straight truck and two tractors in parking brake performance tests. FMVSS No. 121 requires that
all air-braked vehicles, except converter dollies, be equipped with sufficient parking brake
capability to meet the requirements of either a static retardation force test or a grade holding test

(the test selection is at the manufacturer’s option). This test series did not sample buses.
ix



Section 5.6 of FMVSS No. 121 specifies two options for testing the holding capability for the
parking brakes of an air brake system: Section 5.6.1 Static Retardation Force or Section 5.6.2
Grade Holding. Both of these procedures were used to examine what the effect of varying the
initial service brake application pressure prior to applying the parking brake (compounding) had
on parking brake holding capability. The procedures were also used to study the effect of brake
anti-compounding systems on the pin forces generated by the dual diaphragm brake chambers.

Additional tests were also performed to examine the effects of brake anti-compounding.

All three test units met the FMVSS No. 121 requirements for the static retardation test
procedure. The measured static retardation forces increased with increasing initial treadle
pressure. Tests conducted at the tractor’s compressor cut-out pressure produced results that were
25 to 36 percent higher than those for test conducted with no initial treadle pressure. This
significant increase in retardation force may not always be achievable during in-service use. For
example, a leak or restriction in the service brake system could render that vehicle’s system
nearly or fully inoperable. As a result, the service brake system may supply little or no

supplemental retardation force at the time of engaging the parking brake.

Only two of three vehicles tested were able to meet the requirements for the grade holding part
of the standard. Air-braked vehicles only have to pass either the static retardation or the grade
holding test, and since all three vehicles passed the static retardation requirements, they were not

required to pass the grade holding test.

The grade holding test produces a binary result - pass or fail. Since the static retardation force is
not measured, it is difficult to say how varying the initial treadle pressure effects results. None
of the test conditions evaluated produced results that went from a non-passing to a passing result

due to varying the initial treadle pressure.

The last test procedure conducted was a combination of service brake and parking brake
applications. This was a static test where no drawbar tension was applied. The tests were
conducted over a wide range of initial treadle pressures and with the anti-compounding systems
either activated or made inoperative (to simulate a vehicle with no anti-compounding). The anti-
compounding systems were found to be quite effective at limiting excessive forces and stresses

exerted on the brake systems when the service brake and the parking brake were compounded.



1.0 INTRODUCTION

The Federal Motor Vehicle Safety Standard (FMVSS) No. 121 [1] establishes performance and
equipment requirements for vehicles equipped with air brake systems. It applies to trucks,
tractors, buses, and trailers equipped with such systems. The purpose of this standard is to
ensure safe braking performance under normal and emergency conditions.

On January 6, 1997, the Truck Manufacturers Association (TMA) submitted a petition [2] to
NHTSA Safety Performance Standards requesting that the FMVSS No. 121 be amended in
several areas.

1.1 Background

The TMA, working with other industry representatives through a Society of Automotive
Engineers (SAE) Task Force, reviewed in detail the requirements for a vehicle to comply with
FMVSS No. 121. As a result of their effort, a SAE Recommended Practice “J1626, Braking,
Stability, and Control Performance Test Procedures for Air-Brake-Equipped Trucks (rev-
APR96)” [3] was developed to provide a process to verify vehicle compliance while minimizing
test variability.

This study examines the effect of the TMA proposal for minimum initial treadle pressure on
static retardation and grade holding test results. They have requested that when determining
parking brake force in either the static retardation pull test (S5.6.1) or the grade holding test
(S5.6.2), a full service brake application be permitted prior to applying the parking brakes. This
coincides with the SAE J1626 procedure for parking brake testing which specifies a full
application of the service brakes, with the reservoirs at compressor cut-out pressure, prior to
parking.

There is some concern that by allowing a full treadle brake application prior to setting the
parking brake for a standards test, some vehicles may experience reduced grade holding ability at
lower initial pressures in actual on-highway application. One example stems from the
construction industry, where a truck may be stopped on a grade in the unloaded condition by a
partial application of the brake treadle valve prior to the operator applying the parking brake. In
this lightly loaded condition, the driver may not make a full treadle valve application since it
would not be needed to stop the vehicle on the grade. Then, if such a vehicle were loaded (e.g.
with dirt from a front-end loader or crane), there is some possibility that the vehicle could roll
away.

In addition, there is some concern about the effect of full service brake applications, prior to
engaging the parking brake, on the durability of brake components such as the brake chamber
support brackets. The trend in recent years has been to reduce the mass of many truck
components, and these components could suffer from deformation under high loading conditions
imposed by compounding full service brakes and spring brakes. Another concern is the effect on
foundation brake components when vehicles are parked with their brakes at high temperatures,
because as the brake drums cool they would impose greater forces on the foundation brakes,
which could lead to permanent deformation or fracture of some components.



1.2 Purpose of This Study

The Vehicle Research and Test Center (VRTC) of the National Highway Traffic Safety
Administration (NHTSA) conducted a series of parking brake tests on three Class 8 vehicles.
The goal of the testing was to identify the effect of different initial service brake pressures upon
parking brake holding capability and to indicate how much strain was placed upon various brake
components at these levels. Parameters studied included service brake pressure at the treadle
valve, service and parking brake chamber pressures, and chamber pushrod forces (an array of
chamber bracket displacements were added for the third test unit). Test procedures explored
included the static retardation and grade holding tests outlined in the “Laboratory Test Procedure
For FMVSS 121V (Vehicles) Air Brake Systems” [4].

1.3 Report and Experimental Overview

This study examined the parking brake capability of three Class 8 trucks and tractors, which
represent typical units used today in commercial service. A description of each truck tested,
which includes a 4x2 straight truck, a 6x4 tractor, and a 4x2 tractor, is given in Chapter 2.

Several preparations were made before testing the vehicles. First, they were inspected for brake
condition and adjustment. The brakes on two of the in-use trucks were tested “as received”, and
the third (a new tractor) was run through a complete burnish before testing (Chapter 2). Next,
instrumentation was installed to measure parameters including: line pressures, chamber
pressures, pushrod stroke and force, and chamber movement (Chapter 3).

Static retardation and grade holding test procedures were performed on all three vehicles
(Chapter 4). The static retardation tests were performed in accordance with FMVSS No. 121
Section 5.6.1. The grade holding tests were performed on a slope with a 20 percent grade (11.3
degrees). These tests were performed in accordance with FMVSS No. 121, Section 5.6.2.
Additional tests were also performed and are discussed in Chapter 4.

Chapter 5, Parking Brake Results, details the findings of the tests performed. The first section
covers the Static Retardation Tests, including the comparison of the forces measured by the two
static friction measuring devices, the correlation between forward and rearward pulls, the mean
and standard deviation of the forces, and a comparison to the requirement of FMVSS No. 121.
The next section of the chapter covers the Grade Holding Test Results. All three vehicles were
subjected to this test. In the last section are the results of the static No-Pull tests, where various
combinations of initial treadle pressure and anti-compounding modes were combined to examine
the net effect on pin force and stroke displacement without the added effects of drawbar pull or
grade induced self-energization.

Chapter 6 concludes the report with a review of the vehicle brake performance, followed by a list
of documentary references in Chapter 7.



2.0 TEST VEHICLE AND BRAKE SYSTEM DESCRIPTIONS AND CONDITIONING

Three Class 8 trucks/tractors were selected for the parking brake test series. The vehicles
selected were representative of the trucks commonly driven on the highway today. The first two
units were rented in-use vehicles, each with a year or more of service. The third unit was a new
tractor with only two short road trips on its log. Each unit had antilock brakes (ABS) and was
equipped with an anti-compounding device that limited the brake chamber force to no more than
that produced by applying only the service brakes in the upper treadle pressure ranges.

2.1 Navistar 4x2 Dump Truck - Test Unit PB01

The first test unit was a 1997 Navistar 4900 straight truck (Figure 2.1) built in January, 1997. It
has since been in service as a dump truck and snow plow, accumulating 13,508 miles. It had a
4x2 axle arrangement with a gross vehicle weight rating (GVWR) of 35,350 1bs. The truck was
configured with a Galion model 408-U dump body with a capacity rating of 5.6-7.7 cubic yards.
The wheelbase was 152 inches. The parking brake system consisted of MGM type 30-30 spring
brake chambers (only on the drive axle) applying force to 6-inch Haldex automatic slack
adjusters. The cam rotation was in the same direction as the wheels when traveling forward.
The rear axle was rated 23,000 lbs and had a 31,000 lbs rated Vari-Rate ferrous spring
suspension. The brakes were Rockwell Q-Plus type with R-301 linings. See Appendix A.1 for
the full Vehicle Information Sheet - PBO1.

o

Figﬁre 2.l1 - PBOI - Navis.taf 4x2 Dump Truck

2.2 Freightliner 6x4 Tractor - Test Unit PB02

The second test unit was a 1999 Freightliner Century Class tractor (Figure 2.2) built in late 1998.
It has since been in service as a commercial rental tractor for over-the-road use, accumulating
41,644 miles. It had a 6x4 axle arrangement with a GVWR of 48,000 1bs. The wheelbase was
195 inches. The parking brake system consisted of MGM type 30-30 spring brake chambers
(only on the rear-most drive axle) applying force to 5-inch Rockwell automatic slack adjusters.



The cam rotation was in the same direction as the wheel when traveling forward. The drive axles
were rated 19,000 1lbs (per axle) and had Firestone air springs on the suspension. The brakes
were Rockwell Q-Plus type. See Appendix A.2 for the full Vehicle Information Sheet - PB02.
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Figure2.2 - PB02 - Freightliner 6x4 Tractor
with Unbraked Control Trailer

2.3 Sterling 4x2 Tractor - Test Unit PB03

The third test unit was a 2000 Sterling A9513 tractor (Figure 2.3) built in August, 1999. Its
service record only included two short road trips, each towing a lightly loaded flatbed trailer, and
accumulating just 3,092 miles. It had a 4x2 axle arrangement with a GVWR of 34,700 lbs. The
wheelbase was 148 inches. The parking brake system consisted of Maxibrake type 30-30 spring
brake chambers (only on the drive axle) applying force to 6-inch Haldex automatic slack
adjusters. The cam rotation was in the same direction as the wheels when traveling forward.
The rear axle was rated 22,700 lbs and had a 23,000 lbs rated Hendrickson suspension with
shock absorbers and Firestone air springs. The brakes were Rockwell Q-Plus type. See
Appendix A.3 for the full Vehicle Information Sheet - PB03.



Figure 2.3 - PB03 - Sterling 4x2 Tractor

2.4 Brake Conditioning

The brakes on the two rental units (PBO1 and PB02) were tested “as received”, as they both
already had accumulated substantial milage. The brakes for these vehicles were checked for
adjustment, but not given any additional brake conditioning (burnish snubs), as the primary goal
of this program was to look at anti-compounding pressures and pushrod forces. The Sterling
(PB03) was relatively new, so a full 500 snub conditioning series (specified in FMVSS No. 121,
Section S6.1.8) was completed on the brakes before running the parking brake tests.

2.5 BM Roller Dynamometer Baseline Brake Force Measurement

A Hans Hermann BM BrakeTest Roller Dynamometer was used to measure both the service
brake and the parking brake retardation forces produced by each test vehicle. This procedure
was primarily done to verify that all of the brakes on the truck/tractor were in good working
order. The Roller Dynamometer used two 24-hp (18-kW) electric motors to individually drive
both wheels of the selected axle simultaneously at 1.55 mph (2.5 kph). While the driver applied
an increasing force to the brake pedal to activate the brakes over the whole service range, a pedal
force transducer or a treadle pressure transducer recorded the input effort, and load cells in the
dynamometer measured the axle weight and the generated braking forces with respect to time.
Plots were then generated to reflect the output brake force for the given input effort. The results
of this testing are presented in Appendix B.



3.0 INSTRUMENTATION

The following pre-test preparations and instrumentation will be discussed in this chapter:
Pressure Measurements, Temperature Measurements, Treadle Pedal and Parking Brake Control
Movement, Chamber Stroke Displacement, Spring Chamber Bracket Movement, Clevis Pin
Measurement, Baseline Brake Force Measurement, Draw-Bar Force Measurement, Data
Acquisition System, Wheel Distance Travel, and Hunter Brake Plates.

3.1 Pressure Measurements

Multiple pressure lines were monitored to identify which brake system was active or quiescent,
and to compare their inter-related timing sequences. A typical air brake system is depicted in
Figure 3.1. The service brake pressure was monitored at the drive axle (primary) outlet port of
the treadle valve by installing a full flow tee in the line, with a 150 psi pressure transducer
mounted in the side port.
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Figure 3.1 - 4x2 Tractor Airline Schematic with Pressure Transducers Added
Drawing does not show ABS modulator valves.
Drawing adapted through the courtesy of Honeywell Bendix.



Similar tee connectors and pressure transducers were installed at the inlet ports to each of the
brake chambers. The steer axle chamber pressures and all of the drive axle chamber service
pressures were monitored to verify that each of the service brakes were released at all times other
than during a service brake application. The parking (emergency) brake chamber pressures were
monitored to determine if the emergency application springs were being held off by residual line
pressure, and to track application and release timing of the spring brakes.

Unit PBO3 (the Sterling) was an in-house vehicle and several extra transducers were added that
not only aided in the understanding of how the brakes were operating during this study, but for
other planned research as well. Pressure transducers were added to both the drive axle (primary)
and the steer axle (secondary) reservoirs to monitor the supply pressures for each “Initial
Treadle Pressure” being applied before setting the parking brake. These pressure transducers
doubled as “level of safety indicators” by also showing that enough air was maintained in the
reservoirs for the service brake to be used to stop the truck from running away if the truck
experienced a parking brake failure during a 20 percent grade holding test. A final pressure
transducer was installed in a tee connector mounted in the anti-compounding balance (or
feedback) line that led to the anti-compounding input port on the spring brake control valve. This
transducer indicated when (and to what extent) the service control valve was supplying feedback
pressure to the quick release valve.

A dial pressure gauge was installed at the treadle outlet port for all three vehicles. The driver
read this gauge to determine what pedal effort was required to achieve the desired initial service
brake pressure before applying the parking brake.

3.2 Temperature Measurements

The wheel temperatures were measured with a contact pyrometer for the two rental units (PBO1
and PB02). On PBO03, the brake linings were drilled and plugged with J-type thermocouples
(FMVSS No. 121, Fig.2) before the brakes were burnished. The thermocouples were monitored
with a ten channel Fluke #2166A Digital Thermometer.

An ambient temperature channel was later added for the PBO3 testing. This was most critical
during the grade holding tests, as the temperatures ran as low as 33 °F (the FMVSS No. 121,
Section S6.1.5, procedure specifies a valid test range of 32 to 100 °F).

3.3 Treadle Pedal and Parking Brake Control Movement - Driver Inputs

The devices discussed in this section were only used on unit PB03. The FMVSS Standard No.
121, Section S5.3.3, identifies the beginning of brake event timing as “the first movement of the
service brake control”. A normally open, foot-activated, contact switch was installed on the top
surface of the service brake treadle (foot pedal). The switch was pliable enough to close the
contacts by the time the driver applied enough force to the foot pedal to begin moving the treadle
valve, and resilient enough to release the contacts as soon as the driver lifted his foot from the
pedal. This gave crisp timing marks in the data to identify whether, or not, the driver was
pushing on the service brake control.



A proximity switch was used to measure the parking brake control activity. A micro-switch was
installed adjacent to the tractor parking brake control knob. Pulling the knob to the position
outward from the dash (apply parking brake position) closed the switch.

3.4 Chamber Stroke Displacement

The pushrod displacement (stroke) was measured on each spring brake chamber (Figure 3.2). A
4-inch linear potentiometer was mounted on the chamber mounting bracket parallel to the stroke
of the chamber pushrod. It was attached at a right angle to the automatic slack adjuster with the
measuring pin of the clevis pin transducer. The potentiometer indicated the relative
displacement of the pushrod during each application of the parking brake or the service brake.

3.5 Spring Chamber Bracket Movement

Displacement potentiometers were installed on unit PB03 to measure the relative movement of
the spring brake chambers and their mounting brackets during brake applications (Figure 3.2).
Suitable brackets were fabricated (in the shape of an “L”’) from 2x2-inch and 1x1-inch angle iron
to fit around the front of the spring brake chambers. The long side of the brackets were bolted to
two of the protruding axle u-bolts. The base of the “L” brackets extended across the front of the
chambers with a 1-inch clearance.

For each side of the tractor, a linear potentiometer was attached perpendicular to the long side of
the “L” bracket at a point 13.25-inches from the centerline of the brake cam tube. The extension
rod of the potentiometer was connected to a steel band fitted onto the spring cover of the
chamber, to measure the lateral movement. A pull-string potentiometer was connected to the
same pin on the chamber as the linear potentiometer. Its body was attached to the “L” base of
the bracket, parallel to the longitudinal motion of the chamber pushrod, to measure the
elongation of the bracket.

3.6 Clevis Pin Force Measurement

A new pair of dual axis, strain gaged, force pins (Figure 3.2) were acquired for this test series.
They were rated at 3,000 lbs capacity for both the “x-axis” and the “y-axis”, and were able to
withstand overloads within a reasonable margin. The pins were properly sized and easily
adapted to the clevis and slack adjuster combinations of the three vehicles being tested. The
sensors were installed to measure the longitudinal “x” output force of the spring brake chamber
and the small vertical “z” force caused by the inability of the chamber to rotate as the pushrod
extends while attached to the rotating slack adjuster.
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Figure 3.2 - Diagram of PB03 Left Wheel Parking Brake Instrumentation

3.7 Static Retardation Load Cell

A single in-line load cell was connected between the hydraulic ram and the tow chain to measure
the draw force during the static retardation force tests. The load cell was rated at 25,000 Ibs in
tension.

3.8 Distance Traveled During Static Retardation Tests
Five different techniques were explored for measuring the distance traveled during the Static

Retardation tests. Each technique showed both merits and deficiencies. The list includes:
marking the tire, a wire p