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DISCLAIMER

This publication is produced under the auspices of the Technical
Steering Commirtee of rhe Vehicle Weights and Dimensions Srudy. The
points of view expressed herein are exclusively those of rhe authors
and do not necessarily reflect the opinions of the Technical Steer-
ing Commirree, Canroad Transporrarion Research Corporarion or irs
supparting agencies.

This report has been published for the convenience of individuals or
agencies with inrterescrs in the subjecr area. Readers are cautioned
that the use and inrerpreration of the dara, material and findings
concained herein is done at their own risk., Conclusions drawm from
this research, particularly as applied to regulation, should include
consideration of the broader conrext of Vehicle Weights and Dimen—
sion issues, some of which have been examined in other elemencs of
the research program and are reporred on in orher volumes in this
series.

The Technical Steering Commicree will be coensidering the findings of
these research Invesrigarions in preparing its "Final Technical
Report” (Volume 1 & 2}, scheduled for complerion in December 1986,
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EXECUTIVE SUMMARY

The braking performance of neavy articulated vehnicle combinations
is a complex sublect which is very difficult to address through controlled
research, either with computer simulation techniques or in actual field
testing. The principal difficulties relate to the highly complex physical
nature of braking and the 7nability to control the factors necessary to
aobtain consistent and comparable research results. Ffor these reasons, a
detailed review of existing research, literature, regulations, and technical
documentation is carried out and the results are presented.

The ohjectives of this study are:

- To review available heavy vehicle brake hardware and control
systems; and

- To review the past and current research on heavy vehicle
braking.

In order to fulfill the objectives of this study, the following
steps were carried out:

1. A number of manufacturers of brake systems and components
hardware, and control systems were contactedin order ta colect
information and data pertinent to the objectives of this study.

2. A number of heavy vehicles manufacturers and hauiers in Canada
were interviewed in person in erder to survey on the brake
hardware utilized in canadian trucking fleet and to compile
comments and subjective assessments on the use cof various
advanced braking hardwares.

3. A number of individuals working in the general area of heavy
vehicle braking were contacted in order to compile informatien
related to this study.

4. Relevant Titerature, regulations, and technical documentation
in the area of neavy vehicle hraking were collected from
several sources, and then reviewed and presented in this study
in arder to meet the objectives.

Based on the methodology outlined abave, the detailed description
of the findings are summarized as follows:

1. The names of the manufacturer’s of brake hardware and control
systems who were contacted are listed. A summary of the information compiled
based on the survey of canadian trucking fleet manufacturer's and haulers are
also presented.



2. The fundamentals of heavy vehicle braking and requirements are
presented. Braking functions, requirements of brake sub-systems, comparison
of various requlations, performance levels of air brake systems, functions of
foundation/service brakes, static and dynamic characteristics of air brake
systems, simple analysis of mechanical friction brakes, ané &ir Drake system
maintenance and troubleshooting are presented.

3. A detajled account of brake system hardware and control systems
ijs presented. Description of an air brake system for a tractor semi-trailer
is presented along with the single (pre-121) and dual (121} air brake system
circuitry. Several custom built brake circuitry designed for tractor,
trailer, and dolly are presented. A detailed description of individual
hardware used in brake system, their availability, and specifications is also
presented.

4. Heavy vehicle auxiliary braking devices are presented. Engine
retarders: engine brakes (Jake or Jacobs brake) and exhaust Dbrakes, are
presented in detail which includes operating principle, design
caonsiderations, salient features, and available hardware. Driveline
retarders: nydrodynamic and electric retarders are also presented in &
similar fashion.

5. A detailed review of past and curreént research on heavy vehicle
braking is presented. The review is presented to include braking performance
via theoretical analysis and experimental work, commercial vehicle brake
nardware, braking system, S-Cam and wedge brake performance, disc Drakes,
prake lining, oroportioning valve, contaminant removal, air brake adjustment,
brake testina, and new types af brakes.

6. A detajled discussion on anti-lock/anti-skid brake systems is
presented. The operating principle and the advantages of anti-skid Systems
are presented. The basic components Tn anti-skid systems are identified, the
various hardware manufacturers are listed, and a comparison of the variety of
systems available in North America and Europe are presented in a tabular
form. A State-of-the-art review of research resuits on anti-skid devices are
alse outlined.

7. A discussion on future brake systems is presented.



The

ABSTRACT

braking performance of heavy articulated vehicle combinations

is a complex subject which is very difficult to address through controlled
research, either with computer simulation techniques or in actual field
testing. The principal difficulties relate to the highly complex physical
nature of braking and the inability to control the factors necessary to
ocbtain consistent and comparable research results. For These reasons, &
detailed review of existing research, 1iterature, regulations, and technical

documentatian
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is carried out and the results are presented.
objectives of this study are:

To review avajlable heavy vehicle brake hardware and control
systems; and

To review the past and current research on heavy vehicle
braking.

presentation in this report covers:

The function, operating principlie, and requirements of nheavy
vehicie air brake system;

Comparison of braking regulations;
Available brake hardware and control systems,

Varjous air brake system circuitry for tractor, trailer, dolly,
and vehicle combinations;

Operating principle, design considerations, and availability of
auxiliary brake systems/retarders;

Review of research work in heavy vehicle braking performance
and brake hardware;

Anti-skid brake system hardware-availability, operating
principle and past research results; and

Future direction in air brake systems.
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CHAPTER 1
INTROBUCTION

1.1 GENERAL

The braking performance of heavy articulated vehicle combinations
is a sybject which is very difficult to address through controlled research,
eitner with computer simulation techniques or in actual field testing. The
principal difficulties relate to the highly complex physical nature of
braking and the inability to contraol the factors necessary to obtain
consistent and comparable research results.

There are, however, considerable research results on the handling
of heavy artjculated vehicles availaple in open literature. Although, these
research results do not provide answers to all types of heavy vehicle
combinations. and variations in vehicle parameters and brake systems,
specific issues related to the performance of heavy vehicle braking systems
can be derived. A concerted effort of reviewing existing research,
lTiterature, regqgulations, and technical documentation will be helpful 1n
understanding the braking behaviour of heavy articulated vehicles and in
establishing criteria for determining acceptable vehicle performance.

1.2 DBJECTIVES
There are two specific objectives in this study. They are:

1. To review the availahle heavy vehicle brake hardware and control
tystems, and

2. To review the past and current research on heavy vehicle
braking.

The first objective deals with a review of the current state of the
art in heavy vehicle brake design and technology in arder to assemble
technical documentation and provide technical guidance on the relative merits
and applicability of specific hardware and components to the canadian

trucking fleet,

The second objective concerns in documenting results available from
research which has been carried out in Canada and the United States.

1.3 METHCDCLOGY

In order to fulfill the objectives of this study, the following
sTeps were carried out:

1. A number of manufacturers of brake systems and compenents
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hardware, and control systems were contacted in orcer ©ooliect
information and data pertinent to the objectives of this study.

2. A number of neavy vehicles manufacturers and haulers in Canada
were interviewed in person {n order to survey on the brake
nardware utilized in canadian trucking fleet and to compile
comments and subjective assessments on the use of various
advanced braking hardwares.

3. A number of individuals working in the general area of hedvy
venicle braking were contacted fin order to compile information
refated to this study.

4. Relevant literature, regulations, and technical documentation in
the area of heavy vehicle braking were collected from several
sources, and then reviewed and presented in this study in order
to meet the objectives.

1.4 DESCRIPTION OF THE FINDINGS

Based on the methodology ouwtlined above, the detailed¢ description
of the findings are summarized as Tollows:

In Chapter 1, the names of the manufacturer's of brake hardware and
control systems who were contacted are listed. A summary of the information
compiled based on the survey of canadian trucking fleet manufacturer’s and
haulers are also presented.

In Chapter 2, the fundamentals of heavy vehicle braking and
requirements are presented. Braking functions, requirements of brake sub-
systems, comparison of various regulations, performance Jevels of air brake
systems, functions of foundation/service brakes, static and dynamic
characteristics of air brake systems, simple analysis of mechanical friction
brakes, and afir brake system maintenance and troubleshooting are presented.

Chapter 3, presents a detailed account of brake system hardware and
control systems. Description of an air brake system for a tractor semi-
trailer is presented along with the singie (pre-121) and dual (121) air brake
system circuitry. Several custom built brake circuitry designed for tractor,
trailer, and dolly are presented. A detailed description of individual
hardware used in brake system, thejr availability, and specifications is also
presented. The hardware includes:

- ajr compressor

- air COmpressor governor

- conditioning devices - alcohol evaporator, air dryer;
- reservoir

- service brake chambers

- spring brakes

- drum brakesg

- di1sc brakes

- slack adjuster
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- quick release valves

- relay quick release valves
- relay emergency valves

- ratio valves

- service brake valves

- tractor protection valve

- spring brake cantral valves
- trailer control valves

- pther control valves

- check valves

- drajn valves

- safety valves

In Chapter 4, heavy vehicle auxiliary braking devices are
presented. Engine retarders: engine brakes (Jake or Jacobs brake) and
exhaust brakes, are presented in detai] which includes operating principle,
design considerations, salient features, and available hardware. Oriveline
retarders; nydrodynamic and electric retarders are also présented in a
similar fashion. :

Chapter 5 presents & detailed review of past amrd current research
on heavy venicle braking. The review 15 presented to include braking
nerformance via theoretical analysis and experimental work, commercial
vehicle brake hardware, braking system, S5-Cam and wedge brake performance,
disc brakes, brake lining, proportioning valve, contaminpant removal, air
hrake adjustment, brake testing, and new types of brakes.

Chapter &, presénts & detajled discussion on anti-lock/anti-skid
brake systems. The operating principle and the advantages of anti-skid
systems are oresented. The basic components in anti-skid systems are
identified, the various hardware manufacturers are listed, and & comparison
of the variety of systems available in North America and Furope are presented
in a tabular form. A State-of-the-art review of research results on anti-
skid devices are also outlined.

Finally in Chapter 7, a discussion on future brake systems is
presented.

1.5 MANUFACTURER/HAULER SURVEY

Taple 1.1 Tlists the names of various mapufacturers of brake
hardware, and contro} systems, who were contacted to collect information and
data pertinent to the objectives of this study.

Table 1.2 1ists the names of various heavy vehicle manufacturer's
and hauler's in Canada who were surveyed during the course of this project.
The information received from these manufacturer's and hauler's is listed in
Table 1.3. The following 1ists a summary of the findings:



Table 1.1 List of Manufacturers of Heavy Vehicle

Erake Hardware and Control Systems

1. Robert Bosch Corporation

2. ITT Automotive Products Worldwide

3. Bendix Chassis and Brake Components Division
4, Fkelsey-Hayes {o.

5. Lucas Industries Inc.

6. Rockwell Industries, Automotive Businesses
7. Eaton Corporation

8. Dana Corporation, Spicer Mobile
Off-Highway Axle Division

9. Bundy Corp., North America Tubing Operations
10. The Budd Cao.

11. utility Trailer Mfg. Co.
After Market Division

12. Vernay Laboratories Inc.

13, uWabash Electrical Components Group
14. Wabco Automotive Products Group

15. Wajnwright Industries Inc.

16. Goodrich B.F. {anada

17. Aeroquip (Canada) Inc.

18. Berg Division of Echlin Canada Ltd.
19. Aeroquip Corporation

20. Midland-Ross Corp., Midland Brake Division
21. A.C. Spark Plug Division, GM

22. International Transquip Industries

23. ILASA International Marketing Inc.




Table 1.2 List of Manufacturers and

Haulers Surveyed

10.
11,

Shell Canada

Gulf Canada

Hutchinson

Fruenauf

Bulk Carriers
Westank-Willock

Ultramar

Provost Transport

Trimac

Canadian Liquid Air Ltd.

Remtec Inc-




1. A1l companies surveyed confirmed that the hraking systems used
on heavy vehicles are of conventional air brake system.

2. Based on compents made by survey respondent's, majority of
companies 40 not use any brakes on the steering axle.

3. Drum brakes with S-Cam and automatic slack adjuster are the
most commnan brake on tractor rear wheels and trailer wheels.

4. Disc brakes are used only by a small percentage of heavy
venicle haulers.

5. The brake 1inings are of non-asbestos material with dimensions
16 1/2" x 7" and are either banded or riveted.

§. The brake air chambers have standard diaphragm area of 30
sg.in.

7. Majority of air reservoirs have manual drain valve.

8. Many tractors use retarders. The mosT commen retarder utilized
is engine brakes manufactured by Jacobs.

9. Anti-lock Dbrakes are not uysed by a&ny company.

10. Use of brake propartioning valves are reccgnized as a means of
improving brake balancing.

1.6 SOME DISCUSSIONS ON FRONT STEERIMG AXLE BPAKES

A1l provinces in Canada except Prince Edward Island and Manitoba
allow heavy vehicles with three axles or more to fit brakes on two axles. In
consequence, this vehicle cenfiguration has traditionally been built without
brakes on the front steering axle. Although Manitoba legislates brakes on
all wheels, the regulation has never peen enfarced.

In the past, the testing of heavy vehicles without and with brakes
have indicated that tne use of front wheel brakes does shorten stopping
distances and also afds in venicle stability. However, the brakes are
omitted from the front steering axle of the tractor as historically, it was
felt that excessive braking en the front axie could cause jackknifing. Eased
on the compiled results of the survey of canadian manufacturer's and hauler's
of heavy vehicles (Table 1.3) and the comments made by survey respondenls,
clearly shows that no company intérviewed uses front steering axle brakes.

Some of the reasons given by experts in favour of front steering
axle pbrakes can be listed as follows:

1. Drive wheel locking is more 1ikely to happen if the front wheels
have no brakes.

2. The drive wheel tires are pushed closer to their limit as they
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compensate for the work the front wheels are failing to do.

Limited front wheel braking with anti-lock devices can eliminate
front wheel Tock-up even in snow and ice.

Limited front wheel braking with proper balancing will maintain
stability.

. At high venicle deceleration during braking, weight 13

transferred to the front axle. Without front wheel brakes, the
vehicle retarding potential must be provided by the tractor
drive wheels. This will cause the vehicle to take longer to
stop or the drive wheels to lock, causing it to Jackknife.

CONCLUSTONS

In this chapter, the objectives, and the methodology followed to
fulfill these objectives are presented. A brief account of what is presented
in other chapters is described. Summary of the findings based on the review
of information collected from manufacturer's and hauler's of heavy vehicles
on brake hardware and contrel system is also presented. Finally, a brief
discussion on front steering axle brakes 1s outlined.
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CHAPTER 2
FUNDAMENTALS OF HEAVY VEHICLE BRAKING AND REQUIREMENTS

2.1 BRAKING FUNCTIONS

Heavy vehicle brakes are fundamentally air brakes which are
required to carry out three braking functions:

- Service braking,
- Parking brake, and

- Emergency braking.

Service Brake System

The service brake system applies and releases the braking effort
during normal vehicle operation upon driver's command.

Parking Brake System

The parking brake system applies and releases the park braking
effort upon driver's command.

Emergency Brake 3Iystem

The emergency brake system is in reality not a separate brake
system, but rather the means by which different portions of the service and
the parking brake systems are used to stop the vehicle in the event of a
failure somewhere in the supply or control system.

2.2 BRAKE SUB~SYSTEMS

Air brake system c¢an be considered to he divided into three major
sub-systems. They are:

- Supply system,
- Control system, and

- Foundation brakes.
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Supply System

Tne supply system provides clean, dry, and moisture free compressed
air to control system for actuating the brakes.

Control System

The contro] system includes all the valving and plumbing between
the supply system and the prakes.

Faundation Brakes

The foundation brakes include the brakes, brake chambers, slack
adjusters, and the friction pads.

2.3 POINTS TO NOTICE IN BRAKE SYSTEM DESIGN

- Keep 1t simple.
- Avoid unneeded functions or valves.
- Reliability must he a major considsration.

- Emergency brake control nust be the same 4&s the service brake
control.

- Avoic implementing separate control lever/button/pedal for the

emergency system. Use the service brake pedal to actuate the
emargency brake effort.

2.3.1 Parking Requirements

- FMvSS/Canadian 121 regulations require that all parking brakés
are mechanically lacked {i.e. spring hrakes).

2.3.1.1 Tractor-Sepitrailer

- Spring brakes on tractor drive axie.

- Spring brakes an trailer axle.

2.3.1.2 Tractor-Trailer Combinations

- Spring brakes on tractor drive axle.

- Spring brakes on semi-trailer axle.
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- Dollies:

. Pneumatically held by the relay emergency valve at dolly
front axle.

. Spring brakes on dolly rear axle.

2.3.2 Emergency Brake System

The emergency brake system is used in the event of brake System
fajlure somewhere in the supply or control system. Such a failure results in
the loss of air pressure from either of the service reservoirs. Then, the
following serjes of events take place:

1. The emergency brake system should warn the driver that a failure
has occurred;

2. The emergency brake system should not actuate automatically and
introduce automatic prake application, surprising the driver;

3. The emergency brake system should provide the driver with
necessary means of safely control and stop the vehicle. For
this purpose, there must be sufficient air pressure stored in
the remaining reservoirs to bring the vehicle to a Timited
number of safe, contrelled stops; and

4. The emergency brake system should not permit unlimited operation
of the vehicle with tne partially failed system. This s a
safety feature. When there is a failure, and if the vehicle is
operated continually, ignering the failure, eventually the
parking brakes should come on preventing the use of the vehicle
until the problem is remedied.

2.4 REGULATICNS

In order to optimize brake control, brake performance, and brake
response on the vehicles combinatien, vehicle regulations have been proposed.
In the United States, FMVSS 121 (FMVSS: Federal Metor Vehicle Safety
standards} is the major regulation governing air brake systems. In Canada,
CMVSS 121 i the standard that regulates nheavy vehicle air brake systems. It
should be noted that CMVSS 121 is very similar tc the FMVSS 121 requirements
in general. Hence, is this repert all discussions are made in reference to
FMVSS 121.

Further, the United Nations' Economic Commission for Europe (ECE)
with headquarters in Geneva, European Economic Community (EEC) with its
headquarters in Brussels, and the Swedish National Road Safety Board (NR3B)
have ectablished their own regulations for air brake systems. Although, many
of the requirements are similar in all these regulations, there are
variations to suit the local conditions or their spécial requirements.
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Federal Motor Vehicle Safety Standards (FMvSS) 121

FMVSS 121 is the major regulation governing prakes systems in the

Supply System

The requirements for the supply systems are:
- Minimum reservoir size:

. controlled as a ratio of the maximum volume of the brake
chambers.

- Minimum compressor size:
. controlled by the minimum build-up time from 85 to 100 psi.

~ Air pressure gages and low pressure warning devices.

Control System

The requirements for contraol system are:

A single control for &ll parking brakes.

- The service control must be the emergency control.

- Specified minimum brake response times for both application and
release.

- Requirements on towing venicle protection jin the event of a
failure on the trailer.

- Requirement of a protected réservoir for parking brake release on
trailers.

Foundation Brakes

The requirements for foundatjon brakes are:
- A1l parking brakes are held mechanically (spring brakes).

- Service brakes are required in all axles.
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- various dynamometer requirements for the various brakes:
. Fade/Power in all hrakes;

. Effectiveness/retardation (trailers only};
. Recovery (all brakes except tractor freont axle).

vehicle Performance Requirements

The only venicle performance requirement in FMV3S 121 is the 20%
grade holding requirement for the parking brakes.

Performance requirements of critical components

- Air compressor build-up time {accerding to FMVSS "121°
regulations).

Table 2.1 illustrates the brake system requirements for FMVS5 121,
original and new standards.

2.4.2 Other Motor vehicle Safety Regqulations jn the U.S5.A.

In additien to the FMVYSS 121 regulations, BMCS has & series of
regulations that cover the vehicle in operation on the highways. The BMCS,
Federal Motor Carriers Safety Regulation, Part 393, has a section that
pertains to brake systems. There is also tne New-York Thruway regulaticons.
These regulations are summarized as follows:

2.4.2.1 BMCS - FMCSR Part 393 [2.2]

Requirements on Brake Systems

Many of the requirements are very similar to the FMVSS 121
requirements. However, there are few additional requirements in the BMCS -
FMCSR, Part 393. They are:

- The tractor must automatically apply the trailer brakes when the
system pressure drops to between 45 to 20 psi in the supply line
between the tractor and trailer.

- Single service control for all brakes on the venicle,
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Table 2.1: FMvSS 121 Regulations (Original and New) [2.1].
ORIGINAL NEW
Air Compressor * Same
. Build up rimes
Reservairs * Same

. Staric pressure rest
. Mapual drain valves
. Regulared capacilcy

Service Brake Performance

. Sropping distance on
wer & dry Toads
Scaylng wirhin a 12 fr.
lane

Application & Release Times
. Trucks & traccors
Trailers

Parking Brake Ferxrformance
. Apply by mechanical means
. Abilicy to hold om 20% grade

Emergency Braking
Scopping distance requive—
ments

Anri-Lock S5ystem
All sreerable and the two
rearmost nop-steerable axles
cannotr lock up-

Toundarion Brake Performanpce
Dynamometer Tescing

Miscellenenus
. Dyal system check valves,
warniog devices, ercc.

Some discacces removed.
Same
. Modified for trucks-tracrors-

trailers
Flus pow includes dollies

. Modified
. Hold by mechanical means
. Same

. Same

. Nev includes emergency regu-
lacions for dollies

* ELIMINATED

. Same

. Same
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- The parameters relative to front brake limiting valve are
specified as:

. No manual front brake limiting valves for 1375 vehicles or
newer;

. An automatic front brake limiting device is needed for
limiting front brakes up to a maximum of b0% at pressures
below 85 psi.

- An automatic application of trailer brakes 1in the event of a
traller breakawdy.

Foundation Brakes

- Parking brakes must be mechanically held and must hold on all
grades.

- Service brakes are required on all wheels except the steer axle
of 3-axle tractors.

venicle Performance Requirements

- Tne stopping distances for service Dbrakes under all TJoad
conditions on a dry surface from 20 mph and in a 12-ft lane are:

. Trucks 35 frt;
. Compinations 40 ft.

- The stopping distances for emergency brakes under all Tload
conditions on a dry surface from 20 mph and in a 12-ft lane are:

. Trucks 85 ft;
. Combinations 90 ft.

2.4.2.2 New-York Thruway Regulations [2.2]

The New-York Thruway regulations for doubles are very similar to
BMCS requirements. However, it introduces additional requirements. There
must be a means at each dolly or at the end of each trailer to accelerate the
application and release of the rearward units. Also, the application signal
cannot pass directly through more than one trajler and must bpe dead-ended at
dolly or rear of each trailer. This can be achieved by using booster relay
valve which takes the control 1line signal and relays it along the other
vehicles behind.

2.4.3 ECE/EEC Regulations [2.3]

The summary of Drake system reguirements under ECE/EEC regulations
are listed below and in Table 2.2. These regulations cover both air and
nydraulic brake systems.
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Summary of Brake System Requirements - ECE/EEC

10.

11.

1z.

13.

14.

15.

16.

17.

18.
15.

Road test suyrface myst have good adhesion.
No wheel Jockup or deviation from path during testing.

Type approval certificate includes brake lining "make and
type".

Divided service brake c¢ircuits {after Oct. 1, 1974 for MI-M2-
N1-N2}.

Manual or automatic 1ining wear adjustment.

Adequate reserve travels when brakes are hot or partly worn.
Transparent fluid reservoirs or Tow fluid level warning 1ight.
Hydraulic failure warning light (red).

Low energy level warning (optical or acoustical) at 65% of
normal pressure {in addition to pressure gauge).

No “"redundant” members normally at rest and only activated by
fajlura.

Brake system application time to prescribed performance at
least favoured axle not to exceed 0.6 s. (N.B. Additional
requirements for towing vehicles and trailers with air brakes).

Auxiliary equipment must not deplete service brake energy

reservoirs below 65% of normal pressure.

Full-power systems musTt have two findependent reservoirs and
circuits (each with low pressure warning device), but may use
single pump.

Energy reservoir capacity must retain emergency brake
performance after eight full applications.

System pump-up time at maximum engine rpm to 65 and 100% of the
service brake pressure must be within 3 and & min.,
respectively, (6 and 9 min. for combinations).

Failure of parking brake power-assistance must enable another
energy source to be used (also for release).

Failure of coupling or trailer brakes must not prejudice
tractor emergency brake performance.

Trailer air brakes must use at least two lines.

Failure of coupling must automatically stop trailer (except
single-axle trajlers of less than 1.5 t. using chain or cable).
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Table 2.2: Summary of FCE/EEC Regulations [2.3].
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Normal maximum trailer feed-pressure to be between 6.5 and 8.0
pars.

2.4.4 Swedjsh Requlations [2.3]

The summary of brake system requirements under swedish regulations
are listed below and in Table 2.3.

Summary of Brake System Requirements - Swedeén

12.

13.

14.

15.

l6.

. Road tests on 0.8 friction coefficient {interpreted as Skid

Number 80Q).
No uncontrolled deviations during testing.
Divided service brake circuits.

System must resist 100 kg pedal effort.

. Brake pipe corrosion resistance equivalent to 0.025 mm zinc on

steel.

. Brake fluid to SAE 70R3.

. Sarvice brake automatic lining wear adjustment or warning

indicator when lining wear precludes emergency Dbrake
performance.

Adequate reserve travels wnen brakes are hot and partiy worn.
Transparent fluid reservoirs or low fluid level warning light.

Hydraulic failure warning light {red} and activation pressure.

. Low energy level warning (red 1ight or acoustical) at 65% of

estimated pressure {in addition to pressure gauge).

Ne “redundant” members normally at rest and only activated by
failure.

Brake system application (0-75%) and release (75%-10%) times
not to exceed 0.6 s (0.4 s at coupling head of towing vehicles;
0.8 s at trailers in combinaticns}.

Pressure tapping (M1é x 1.5) at least favoured air brake
chamber.

Air reservoirs in accordance with Swedish Pressure Vessel
Commission.

Auxiliary equipment must not deplete service brake energy
reservoirs below 60% of estimated préssure.
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17. Service brake energy reservoir capacity not less than 12X
combined brake chamber volume at 2/3 maximum piston movement
(8-12 for trailers).

18, System pump-up time at maximum engine rpm to 65% of estimated
pressure within 4 min. (6 min. for combinations).

19. Towing vehicle-trailer compatibility relationships for control
pressure versus deceleration.

20. Failure of coupling or trailer hrakes must not preclude service
brake function on towing vehicle.

21. Trailer air brakes must use two lines and predetermined
coupling locations.

22 . Maximum trailer feed pressure to be between 6.5 and 8.0 bars.

23, Trailers over 3,500 kg must have autcomatic 1ining wear
compensation.

24. Trailer axles whose laden-to-unladen weight ratio exceeds 4:3
must nave automatic brake force regulators.

?5. Failure of coupling or supply pressure must automatically stop
traijler.

2.4.5 Comparison of Regulations [2.3]

Oppenheimer [2.3] has presented & comparison of the various brake
system testing procedures, requirements, and regulations. These comparisons
are presented in Tables 2.4 and 2.5, and Figures 2.1(a) and 2.1({b).

2.5 HEAVY VEHICLE RETARDING CAPACITY {2.2]

When a heavy vehicle weighing approximately, say 80,000 1b
traveling at a speed of 55 mph, decelerates, the kinetic energy is dissipated
primarily by the foundation bDrakes as friction. The vehicle kinetic energy
is also dissipated by other secondary factors, such as: gerodynamics drag,
tire rolling resistance, friction losses in the drive train, and engine
braking. Figure 2.2 shows the vehicle retarding capability of a typical
f-axle tractor/trailer combination. It can be seen that with the improved
aerpdynamics of vehicles, improved tires such as low resistance radials,
improved lubricants in the engine and drive trains, improved, more
fuel-efficient, and smaller engine cause considerable reduction in
aerodynamics drag, rolling resistance, friction loss in driveline and engine
brake respectively. This causes an fincreased effort on the foundation
brakes. The energy dissipated must be divided among the varjous brakes on
the venicle which leads to variations in brake balancing.
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Brake Test Procedures in ECE/EEC, Sweden, and U.S.A.

[2.3].

Brake Test Procedures

Instrumentation check

Preturnish effectiveness

Purnish procedure

Cold effectiveness {in
neutral)

Cold affectivansaa (in
g=ar)

High-apeed stops

{80z V)

Uheul—T%%king sequence

wet rToad (SN30) effectiveness

Partial failure {emergency
trake)

Inozerative power

{aa=ist) units

Fade and recovery
Weter recovery

Spike stops
Parking brake

{ &==de=-hold)

F arlking brake
{dynamic tests)
Dynamepeter brake
tests

B:E{Eic Sweden USA 1052 USA 123

X

tate:

X

L]

MM M

K MM

MO EHMNM M

X
X
X

HEH M =

L
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Table 2.5: Brake System Requirements in ECE/EEC, Sweden, and U.5.A. [2.3].

Brake Svetem Requirementsa ECE/FEC Swedan US4 1052 0SA 121

X
X

Divided ciTcuats X
System strength

Adequate pedal travel reserve
No "redundant” members
Erake application time
Brake release time
Warmang indicators for:
Fressure logs X=
Low fluad level Xn
4antilock system failure

Parxking brake "applied”
Compenent &pecifications for;
Eydraglic brake hozes

Hydraulie brake fluid

Erake pipe corrosion resistance
Autapatic lining wear adjustment
“ransparent fluid reservoir X*
Fluid reservoir CARACITY

Fluid reservoir labeling

Lining material approval X
Air and vacuum huses
Energy Teservolir capacity
Energy source capacity X

M
ME MMM
H MMM
Lo o T k]

Ee R a Rt o]

]

=
RIS

B b B
o b B

rAlternatives.,
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2.6 PERFORMANCE LEVELS OF AIR BRAKE "SYSTEMS

A typical brake application in narmal stops is represented by the
histogram (Figure 2.3). It can be seen that in excess of 50% of the stops
are below 25 psi brake pressure.

A typical tractor-semitrailer having & tractor front brake size
(15" x 4"}, tractor rear brake and trailer brake size {16 /2" x 7%), absorbs
less than 8% energy at the front brakes, about 11% each by the drive axle
brakes, and about 12% each by the trailer axle brakes.

Use of front brake limiting valves reduces the energy absorbed by
the front axle. Also use of system modifying valve on the drive axle or
trailer axles influences brake balance.

The performance levels of air brake systems can be divided 1nto two
categories:

- High deceleration performance;
- Low deceleration perfarmance.

High deceleration performance is required during panic type stops-
The FMVSS 121 reguirements are:

Tractor Trailer Dolly
Application (0 to 60 psi) 0.45 sec. 0.30 sec. 0.35 sec.
Release (95 to 5 psi) 0.55 sec. 0.65 sec. 0.65 sec.

At these low pressures, the brake torgue can fluctuate
significantly witn pressure {Figqure 2.4). A variation of 1 psi car cause 30%
variation in braking torque. With & & psi varjation between tractor rear and
trailer brake pressures can introduce 120% variation in torque. Currently,
in heavy vehicles, a variation of 4 psi and greater exists. Hence, it is
ecsential in the future to maintain this pressure variation below 2 psi
guring the 10 - 25 psi brake application.

various major parameters that influence braking performance are:

- Brake jnputs;

- Brake and wheel size and design;

- Brake maintenance and adjustment.

The brake input parameters of importance are:
- Pressure delivered to the brake actuators by the control system;

- §5ize of the actuator and 1ts effectiveness;
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- Strength of the return springin the actuator;

- 5Yack adjuster length.

The brake and wheel design parameters of importance are:
- S§-Cam Brake and size
. Example: 16 1/2" diameter x 7" wide
- Wedge-brake and size
. Example: 158" diameter x 7" wide
- Types of brake lining
- Tire rolling radius

- Reduced tire rolling radius will give increased energy, increased
ratardation, and reduced wheel-lock pressure.

2.7 FOUMDATION/SERVICE BRAKES

There are three types of air actuated brakes that are used in heavy
vehicles. They are:

- S-Cam Drum Brake:
. Used on 90% of vehicles
- Wedge Crum Brake:
. Used since 1960°'s
- Disc Brakes:
. Air actuyated, mechanical brakes

. Hydraulic actuated, hydraulic brake
. New development and considered brake of the future

2.7.1 S-Cam Drum Brake

when air is applied to the brake chamber, 1T causes the slack
adjuster to rotate the S-Cam. The 5-Cam is a constant rise cam, acting like
a half-inch lever between the cam shaft and tip of the shoe. This causes
both the shoes to advance the same amount. However, the forces will not be
the same on both shoes. The Jleading shoe will exert more force than the
trailing shoe. This results in non-uniform shoe and S-Cam loading, but both
the shoes are forced to do the same amount of work in the }ife of the 1ining
and both wear at the same rate.



~ 30 -

whenever, one 1ining wears faster than the other, load from the 5-
Cam is shifted to the opposite shoe. Most S-Cam brakes have tapered lining
which utilizes all 1ining material replacement.

- Advantage:

. Simple

- Disadvantages:

. Heaviest brake

. Requires automatic adjustment
. Prone to noise and chatter

. Fade at high températures

2.7.2 Wedge Drum Brake

Wedge drum brake uses twin wedges, ane far each shoe, and operated
by two actuators. Both top and bottom shoes are leading or self-energized
shoes. The forces within the twin wedge brake are completely symmetrical;
each shoe and wedge Joading is the same as s the loading between the shoes
and the drum. Automatic adjacement is built into the upper piston. Lining
wear is sensed on brake apply and adjustment occurs during release.

- Advantages:
. Ligntest brake

. Automatic adjustment
. Smaller chambers/less air requirement

- Disadvantages:
. More sensitive to 1ining variation

. Contamination if seals fail
. Fade at high temperatures

2.7.3 Air Disc Brakes

The ajir actuated disc brakes have two shoes wnich are clamped an to
the rotor by a caliper which s1ides to compensate for outer shoe 1ining wear.
The high clamp loads required on a disc brake is achieved by a mechnanical
mechanism with a mechanical advantage of 12 or 13 to ane which converts 100

psi air to 15 tons of <¢lamp load.

Disc brakes produce a wmoere constant brake torque throughout the
stop and thus provides a clear perfarmance advantage over the drum brake.

- Advantages:

Stable, uniform brake torque
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. Little fade
. Excellent water recovery
. Simple reline

2.7.4 Brake Balance with a Mix of Foundation Brakes

Wwhen S$-Cam, wWedge, and disc brakes are mixed 1in venicle
combinations, the following comments can be made regarding the pneumatic
palance.

The mix of air aisc brakes with S-Cam brakes has a good pneumatic
balance and therefore no pressure modification is required.

The wedge brake has a mechanical design difference that requires 4
to 7 psi more pressure to make shoe to drum contact. The hrake torque
comparison shown in Figure 2.4, shows up to 50% difference in brake torque at
actuator pressures less than 15 psi. This will cause the S-Cam or disc brake
to do additional braking up to 82% of the time in normal service.

For brake bhalance at low pressures, pressure modifiers/hold-off
springs are reqguired in relay or gquick release valves. Tne brake balance
improves at pressures below 20 psi for S-Cam and air disc brakes combination.
when wedge brakes are mixed with 5-Cam and or disc brakes, pressure modifiers
are required in relay or quick release valves.

2.7.58 Brake Rating

Brakes are rated by GAWR of the vehicle. Brakes must have a
minimum rating of the lowest load carrying component of the axle.

Exampte for the following load rating:

. 20,000 1b. Spring

. 23,000 Tp. Tires

. 23,000 1b. Axle

. Brakes should be rated at 20,000 1b. GAWR minimum

Vehicle Performance Requirements:

. 20% grade holding ability in parking

Dynamometer Performance Requirements:

1

. Torque stability
. Brake torque
. Fade resjstance

- Tne factors that affect the brake torque and brake balance are:
. Actuator pressure

. Brake chamber size and effectiveness
. Brake chamber pressure sSpring
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. Slack adjuster length

. Mechanical design of brake
. Brake drum diameter

. Brake lining

. Tire rolling radius

. Brake adjustment

. Brake maintenance

A typical brake chamber output curve s shown in Figure 2.5. It
shows how increasing stroke affects output force. At point "A", the shoes of
the S-Cam brake are in firm contact with the brake drum with a well adjusted
brake. At paint "B", the output force corresponds toe the maximum stroke with
a cold, well adjusted brake. Point "C" is the maximum recommended cold brake
stroke hefore adjustment is required. Stroke can increase from "B" te “C"
due to wear oOr brake drum expansion due to heat. The Drake starts to fade
beyond point “C" and the driver can sense this. This is & mechanical fade
and not 1ining fade.

The cold brake stopping distance increases 25 to 35% at maximum
readjustment stroke (point "C"). Tné NOT Draké stopping disTanceé incregses

75% at maximum readjustment stroke.
- various surveys show:

. Half of the air braked vehicles have at least one brake out
of adjustment.

. One fourth of the air braked vehiclies have 40% of their
brakes out of adjustment.

2.7.6 Brake Adjustment

An 5-Cam brake will require 20 adjustments in the life of the
1ining, unless the brake adjustment 15 made exactly when the recommended
maximum stroke is reached. In practice, 30 adjustments is more 1ikely.
However, the operating time or mileage between adjustments will vary widely.
With an air brake system, the driver has no warning that brakes are out of
adjustment until he senses fade.

Automatic slack adjusters can improve safety and be cost effective.
Mixing manual and automatic adjusters on the same vehicle will result in more
wark and lining wear on the automatically adjusted brakes 1if the manual
adjusters are frequently adjusted.

Poor brake adjustment will cause low brake torgue, mechanical fade,
noise and chatter, and drum cracking.
2.7.7 Brake Pads

Non-asbestos friction materials are used on tracter and trajlers.
The non-ashestos materials that are used for friction materials are:
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Fiberglass:

i

. Provides adequate reinforcement with only 10 - 20 % by
volume.

Kevlar:

. Amounts below 10% and often Jess than 5% used in a frictjon
materials.

Steel Fibers:

. Add considerable weight to a friction material and require
more weight for an equivalent reinforcement.

Processed Mineral Fiber (PMF)

- Ceramic Fibers:
. $imilar to PMF with a difference in their melting point.

All the asbestos-free fibers listed above are high temperature
resistant materials and provide strength equivalent to asbestos blocks.
Asbestos-free blocks show similar fade characteristics as asbestos containing
plocks.

Since most of the non-asbestos fibers are higher in friction than
aspestos, less abrasive is required for a given friction level. Orum wear is
in general less than for an equivalent asbestos block-. Non-asbestos fiber
blocks wear less than ashestos plocks in some temperature ranges. Figure 2.6
shows a comparison of this phenomenon. For nan-asbestos materials, wear of
both the block and mating surface can be better at the lower operating
temperatures but, in general, is no better at the high temperatures.

Non-asbestos materials have similar swell and growth
characteristics. Swell is the change which occurs while under heat. Average
swell of a 0.750" block for a temperature range of 4000 to 7009 F. is 0.002"
to 0.04" for asbestos-free material and 0.003" to 0.03" for asbestos
material. Growth is the permanent change remaining after the black cools
down. Average growth of a 0.750" block for a temperature range of 400% to
7009 F. is below 0.030" for non-ashestos materials and below 0.020" for
asbestos materials.

2.7.8 Brake Block Edge Code

SAE J 866 s a recommended practice, intended to provide a uniform
means of identification which may be used to describe the initial friction
characteristics of brake lining and brake blocks for use on metor vehicles.

SAE is working on a new methods of classifying friction levels.
The block edge code which is used to characterize the jnjtial block friction
is estaplished in a laboratory controlled dynamometer witn a 11" diameter
drum and a one square inch sample. The Tanle 2.6 shows a comparison of the
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Table 2.6 Comparison of Edge Code Friction Test and Truck Brake

Friction Test Truck Brake Comments
(§-Cam : 16 1/2" x 7")
Surface Speed |1,200 feet/min |1,200 ft/min = 36 mph Responsable
comparison

Unit Loading

Variable to a maximum With pressure

sensitive materials

Constant at

I
I
|
!
l
|
|
|
I
|
!
I
I

150 1b/in2 300 1b/in? this could be a
difference
surface Area 1 in? | 224 in? Significant

difference

| A major difference
446 1b/in? | which affects the

i
Drum Mass/ 17.66 1b/inZ |
Area Ratio i |rate of nheating and
i | coaling of the
i | friction material
I
i |
Constant Drag,! Intermittent, |
Brake Fixed Input | Constant Output, | Significant
Application lLoad, | Friction Heat | aifference
I |
i |

Artificial Heat
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edge code friction test and truck brake. ‘As it can be seen from the comments
in the Table 2.5, the block edge codes provide only a reasenable estimate of
brake performance fade or wear in service.

2.8 THE STATIC AND DYNAMIC CHARACTERISTICS OF PNEUMATIC ACTUATION
SYSTEMS
2.8.1 Static Proportioning

Tne preoportioning of the brake torgque generated as a function of
axle pesition is generally achieved by varying the “brake power" at each
brake. For an S-cam brake, the brake power is determined by the choice of
hrake chamber size and the length of the slack adjuster arm. For a wedge
brake, the wedge angle and the chamber size determine the brake power.
Essentially, static proportioning is adjusted by selecting a value of brake
power that will give a desired maximum torque from the brake operated at
maximum system air pressure {usually 100 psi).

2.8.2 Dynamics of Actuation Systems

One dynamic phenomenon exhibited by the actuatien system 1is
hysteresis. This hysteresis created a time lag in reducing brake torque
because the pressure must fall te & lower level than that originally required
1o obtain a given torque. This effect is important primarily in trying to
prevent or remove wheel Tockup.

2.8.3 Air Delivery System

An important operational characteristic of the air delivery system
is the length of time between the application of pressure at the treadle
valve and the achievement of a corresponding pressure in each of the brake
chambers. This response time depends upon the “plumbing” of the air system,
which is a fairly complicated arrangement of air lines, conpectors, relay
valves, check valves, and cother specialized devices (see Figure 2.7). The
response time depends upon the Jengths of the air lines, the sijzes of the
orifices, and the volumes to be filled. As with most vehicle companents, a
very complicated model could be constructed o study the operation of the air
system in detail. Rather than developing a detailed model with the burden of
representing a wide varijety of air system components, Jjudgement and
experience indicate that the input/output characteristics of the air delivery
system can be satisfactorily represented using a relatively simple model.

Figure 2.8 shows some time histories of the pressure in trailer
brake chamber of some vehicles 17sted.

These apply times are measured from the instant of pressure
jncrease at tne treadle valve. The data are characterized by a time delay
for the pressure signal to arrive at the relay valve, a short, slow increase
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in pressure as the air chamber is filled, and a rise time as the chamber
pressure is increased.

Interestingly, the data obtained show that 3/8 1inch diameter air
lines may be faster than 1/4 inch or 1/2 inch line diameter 1ines in typica)
vehicle systems. Apparently, the 1/4 inch 1ines are slower due to frictional
effects and the 1/2 inch lines are slower due the increased volume when

compared to the 3/8 inch line.

2.9 SIMPLE ANALYSIS OF MFCHANICAL FRICTION BRAKES USED ON HEAVY TRUCKS

Heavy trucks are equipped almost exclusively with 3-cam or wedge-
actuated drum brakes. Currently with the development of disc brakes, heavy
trucks are being equipped with these.

2.9.1 Disc Brakes

A simple apalysis shows the torque output of the d1sc brake to be
related to actuation force by the following equation:

T = 2 RF
where
T is torque,
is 1ining/drum friction coefficient,
R is effective radius based on the pad location and dimension,
and F 1is the actuation force applied to the pad.

The above equation snows that for simple disc brake operated at a
given actuation force, the torque changes linearly (proportionally) with
changes in friction coefficient, thereby leading to a "staple” {that Iis,
constant) sensitivity to small changes in friction coefficient regardiess of
the nominal value of friction ceefficient. Disc brakes provide uniform brake
torques and have a brake output Tinearly related to input.

2.9.7 Drum Brakes

Figure 2.9 illustrates the self-energizing principle applicabie to
Jeading shoe of a drum brake. This simplified brake configuration shown,
consists of a single brake bleck located on an axis through the center af the
drum. (As brakes are typicaliy mounted in trucks, this would be a vertical
axis on the truck.) The actuation force, FI» is applied to the point, B,
that is a distance, h, above the pivet point A. The force components between
shoe and drum act at point C which is a distance, u, outside the pivot
point and & distance, v, helow the center line shown. By summing mements on
the shoe about point A, the following equation descriping the gain of the
brake 15 ocbtained:
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Figure 2.9:

Self-Energizina in a Drum [2.4].
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The ratio of the resultant tangent force (Fp) to the actuation
force, Fy, is defined as the "shog" factor. Note that for this direction of
rotation of the drum, the force, FD, produces a mement about the pivot point
A aiding the actuation force, FI, in applying the brake. In this sense, the
leading shoe is said to be "self-energizing" or *gelf-actuating”. If
k= v/, the shoe factor becomes infinite and for #>V/y , the wheel is self-
locking, that is, the brake "sprags" with rotation of the drum becoming

impossible.

In the case of reversal of rotation, the shoe shown beccmes a
"trailing” shoe. In tnis case, the drag force, Fp, opposes the actuation
force, 1, in creating a moment rotating the shoe about the pivot point,
Fquation below, descriding the shoe factor for a trailing shoe, indicates
that, as u bacomes large, the gain of the trailing shoe approaches n/y
Howevar, for typical brake geometry and values of u, Fo/F1 is less than one
for a trailing shoe.

Fressure DNistributions Over the 1lining

The simple model just employed is clearly not a good approximation
1o reality in that the linings subtend a large arc equal to more than half of
the circumference of the drum. However, equations of the form expressed
above can be used Tto express the shoe facters derived for most drum brakes.

Te perform a more scphisticated analysis of drum Drakes, the
classical approach has bheen to elther assume a pressure distribution or
develop a rationale, usually based on wear, that will detarmine a pressure
distribution. For example, assume that:

a) The brake drum, shoe, and shoe pivot are rigid;

b) The lining follows the shape of the drum; and

¢} The wear at any point on the lining is proportional to
pressure, then the pressure distribution has a sinusoidal shape.

Another approach has been to:
1. Assume a uniform pressure distribution;
2. carry out the calculations for the shape factors; and

3. Compare the results with results obtained using a sinusoidal
pressure distridbution.
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These comparisons show only minor differences between the use of a
sinusoidal versus a uniform pressure distribution. Nevertheless,
experimental results obtained with (1) an extremely elastic shoe (a condition
that might be believed to Tead to a uniform pressure distribution) and (2) a
very rigid shee, have shown much larger torque capabilities for the brakes

with the elastic shoe.

Figure 2.10 shows an example result indicating the influence of
stiffness properties on the pressure distribution. Note the wide variation
in the form of the pressure distribution. Clearly, if these predictions are
representative, the flexible shoe will have a higher average 1ining pressure
and therefore produce a higher torque than that abtained with rigid shoe.

2.9.3 s-Cam and Wedge Actuation Mechanisms

The input to the actuation mechanism is the force, produced by the
prake chambers. The function of the air chamber is to apply rotary motion to
a cam or linear motion to a wedge.

In the case of the cam brake, the input force, Fp, acts at a
distance, f¢ {the "slack adjuster" arm Jength), to produce a torqué on the
cam. However, since the cam is fixed, the forces to the two brake shoes need
not be equal. Rather, the deflections of the shoes are equal. The moments
of the reaction forces acting on the cam are 1n balanCe with the torque
applied to the cam shaft. From Figure 2.11, the follawing Equations (1), (2)
and (3) can be derived to describe the moment balance on the cam and about

both shoe pivot points.
Te = (FL+ Fa) Re (1)

where R. = effective cam radius

hu

Foy = 7= 11 (2)
N

Fop = v T2 (3)

Note that point B is on the leading shoe and C is on the trailing shoe.

Considering that the displacement of the two shoes are equal, the normal
forces FDi/u and FD2/u are also assumed to be equal. Tnerefore Equations (2}
and (3) can be substituted in Equation {1) and FDy = FDa = Fp.' This will
give the relationship between the drag force and the cam shaft torque T. as:
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The simple result obtained in Equation (4) has several interesting
implications. First, the "w-sensitivity” of the brake is linear even though
it is a leading/trailing shoe brake. Caonsequently, if the friction
coefficient changes slightly during a stop, the gain of the brake onlty
changes slightly, '

Second, since the two actuation forces are not equal, the classical
idea of adding shoe factors to obtain an overall brake factor is not
applicable to the S-cam brake. It seems reasonable to use an expression like
Equation (4) and not try to employ a brake factor.

Finally, as the cam rotates, the effective radius changes and the
gain othhe brake decreasas as the radius increases at higher levels of input
force, o

The wedge actuation mechanism is amenable to employing the brake
factor approach. In the case of a dual-wedge brake, one side of a wedge
serves to apply the input force to a leading shoe and the other side of That
wedge acts against a reactive plunger (see Figure 2.12}). For normal values
of friction coefficient, the two-leading shoe brake factor for a dual-wedge
brake eguation.

.
F1 vV - oup

¢an be used with:

Fro= Fo (s

1 = Fp (5 Cotay2)
where 8, 15 the wedge angle, and
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{i.e., both shoes), the following result is obtained:

FT hu
- = Cot (84/2)

B =
F Fp vV - up

where Fp is the force from one brake chamber and Bf is the brake factor.

The overall effectiveness is given by:

T Rpuh
— = A (
p

——) Cot (8,,/2)

where A is the effective area of one brake chamber and P is the air pressure
in the brake chamber.

The above equation illustrates that as u appreaches v/u, the
p-sensitivity of the dual wedge brake is greater than that for a cam brake.

2.10 AIR BRAKE SYSTEM MAINTENANCE AND TROUBLESHOOTING [2.2])

Majority of the problems in air Drake system are caused by either
component Jeakage or malfunction. '

The steps involved in determining the overall system leakage and
correcting the component function are as follows:

Ohjective:

- Isolate the leaking or malfunctioning component.

Steps:
a) Determine whether each component functions the way it should,

b) Determine whether leakage in the system is within allowable
Timits.
Tests:

1. Verify proper functioning of air compressor, governor, and Jow
pressure warning systems. (Check the pressure build-up}.
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Table 2.7 Causes and Remedies for Brake System Problems

Cause

Remedy

Air System

Contamination

Drain reservoirs frequently (daily}.
Periodically inspect automatic drain valves.

Use ajr dryers to remove moisture.

Ajir
Compressor

Excessive Heat,

Carbon Formation
in Inlet and

Discharge Valves,
and

Discharge Lines

e e e e e e e e et e et e e e e s s s i et bt et e 4

Proper cooling, lubrication and intake filtration.

Minimum coolant 1ine size is 1/2 " Tubing;
Minimum coolant flow is 2.5 U.S gal/min. at
engine gaverned speed;

Coolant temperature should not exceed 2000 F,

Minimum oi]/lubricant supply line size is 1/4"
tubing;
Minimum 0i] return 1ine size is 5/8" tubing.
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2. Cneck for leakage in the .supply side/reservoir air supply.
(Check the time required for the pressure drop and establish
whether the leakage is within allowable 1imits).

3. Check both the front and rear service circuits for leakage.
(With brakes applied, estimate the time required for 1tne
pressure dropl.

4. Check out the manual, driver controlled emergency brake
system, and confirm the manual contrel of the spring brake
system.

5. Check out the automatic emergency system which is triggered by
the loss of system pressure.

Some of the causes of brake system problems are:
- Air system contamination;
- Air compressor excessive heat.

The Table 2.7 shows the remedies for evercoming the problems.

2.11 CONCLUSIONS

In this chapter, the fundamentals of heavy vehicle braking and
requirements are presented. The highlights on FMVSS 1zl, BMCS - FMCSR Part
393, and New York Thruway regulations are outlined. Heavy venicle retarding
capacity and performance Tlevels of air brake systems are summarized. A
detailed discussion on foundation brake, brake talance, brake rating, brake
adjustment, brake pads, and brake block edge code js presented. The sratic
and dynamic characteristics of pneumatic actuation systems and & simple
analysis of mechanical friction brakes are also presented. Finally, a brief
discussion on air brake system maintenance and troubleshoating is pravided.
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CHAPTER .3
BRAKF SYSTEM HARDWARE AND CONTROL SYSTEMS

3.1 AIR BRAKE SYSTEM

Air brake system for heavy vehicles are designed to meet the
FMYSS/CMYSS 121 regqulations.

A schematic diagram of a tractor-semitrailer air brake system 1is
j1lustrated in Figure 3.1 [3.11. The air brake system produces compressed
air, stores the air, and makes 1ts use possible by converting its energy into
mechanical work used to actuate the wheel brakes of the venhicle.

Referring to Figure 3.1, the compressor (1) takes air from the
atmosphere, compresses it, and pumps it into the reservoirs {2) where it 7s
stored for use. The governor, mounted cn or near the Compressor, controls
the compressor so that when maximum reservoir &ir pressure is obtained no
further air is pumped to the reservoir. The reservoir capacity should be no
less than 12 times the combined volume of all brake chambers used on the
vehicle. Through the compression process, the humidity in the air liquefies
and collects in the reservoir. To keep the brake system in good condition,
daily draining of the reservoirs is required. To overcome the water vapor
problem, standard air brakes use two reservoirs. The first one in line 1is
called the wet (or supply} reseryoir. The second one is called the service
resepvoir and stores the air which is used for brake actuatjon. In Figure
3.1 a single reserveir with two compartments is illustrated. A reservoir
mounted moisture ejectar is sometimes used which autematically ejects
moisture with each brake application. Finally, an air dryer may be used
which removes water from the compressed air before it gets into the
reservoir. To protect the air in the reservoir in case of compresser or
supply failure, a one-way check valve (3) is installed in frent of the
reservoir which it protects.

The brake application valve (4) is used to control the flow of air
to the wheel brakes and to allow modulation of the braking process. Air at
reservair pressure is constantly supplied to the brake application valve.
Brake 1ines, running from the brake application valve to the front and rear
brakes, contain air only when the brakes are applied, and then only at the
pressure demanded by the driver.

Air brake systems are equipped with oné or more quick rejease
valves to achieve a faster brake release. The valve exhausts brake line
pressure at the point of installation, Thus supplementing the exhaust at the
brake application valve.

The relay quick-release valve (8) is connected intoe the line
leading to the rear brakes as shown in Figure 3.1. The valve helps speed
brake application and release.

The compressed air at the wheel brakes is converted into mechanical
energy by the brake chamber (7) and slack adjuster {or wedge}. Movement of
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the slack adjuster arm causes it to rotate a cam shaft whicn forces the brake
shoes to contact the brake drum.

When a trailer is added to the tractor, special provisions are made
to apply the trailer brakes. A trailer reservoir (&) as shown in Fiqure 3.1
js used to store the compressed ajr for the trailer brakes. A relay-
emergency valve {10) installed on the trailer is used to supply the trailer
reservoir with compressed air from the fractor reservoir and to cantrol the
prake line pressure and hence the brake force of the trailer - as demapded by
tne driver. The contral line comes from the brake application valve and,
when the driver depresses the foot pedal, pressure equal to the tractor prake
line pressure opens a port in the relay-emergency valve and allow air at the
same pressure level To leave the trajler reservoir and go through the relay-
emergency valve to the trailer brake chambers. The relay-emergency valve
also acts as an emergency device in case of severe air loss or trajler
breakaway. In case of a trailer breakaway the trailer brakes will be applied
automatically because the emergency section of the relay-emergency valve will
use full trailer reservoir pressure to apply the trailer brakes. If a severe
trailer brake leak or trailer breakaway oOccurs, the tractor brake system is
protected by tne tractor protection valve (11) as jllustrated in Figure 3.1.
It is designed to control the service and supply lines to the trailer. It is
both automatic and manual. In an emergency the driver can activate it by use
of the manual control (12) Tocated 1in the cah. If the driver does not
operate the control, the tractor protection valve automatically will apply
the trailer brakes -when the trailer brake 1ine pressure has decreased to
between 20 and 45 psi - by venting the supply or emergency line and thereby
triggering the emergency section of the relay-emergency valve. The relay
emergency valve is combined with a quick-release valve to allow a quick
release of the air from the brake chambers when the brakes are released.

Since the tractor-protection valve is easy to use by the driver Dy
means of the control lever in the cab, it is frequently used to apply the
trailer brakes for parking the tractor-semitrailer. However, this should not
pe done. If a leak develops, no more air can be supplied to the trailer
raservoir from the tractor since the tractor protection valve has vented the
supply or emergency line between the tractor protection valve and relay-
emergency valve.

The most widely used parking brake system on air braked vehicles is
the spring brake (Figure 3.1}. It operates the vehicle service brakes
(tractor rear axle brakes) by the energy stored in compressed coil springs.
Wwhen the parking is not applied, the reservoir pressure 15 used 1O compress
the coil springs and hold the brakes in the released position. A separate
reservoir (13) as illustrated in Figure 3.1 is used for this purpose. A
tractor parking valve (14) is used to apply the parking brakes. A quick-
release valve (15) is used to exhaust the air of the “parking" chamber in
case of a parking brake application.

Frequently, a dash mounted tripping control valve (16) is used to
apply tnhe trailer service brake through the action of the relay-emergency
vazlve when the Tractor reservoir pressure drops to 55-60 psi.

Air brake systems used in pre-121 systems with single circult and
FMVSS 121 system with dual circuit designed by Bendix are shown in Figures
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respectively.

Several custom designed air brake systems are available far
tractor, trailer, and dolly. Figures 3.4 to 3.10, show Bendix custam
designed air brake systems circuitry and instructions for:

1.
2.

Faur or 5ix Wheel Tractor;

Two or Four Wheel Trailer with Service and Parking Brake
Control:

Single Axle Towing Trailer;
Tandem Axle Towing Trailer;
Single Axle Doilys;

Two Axle Dolly; and

Two or Four Wheel Dolly with Emergency Valvae.

For Fleets utilizing existing trailers and dollies, and mixing them
with new trailers and dollies, the fallowing should be considered [3.2].

1.

1f the vehicles are pre-FMVSS 121, it is highly recommended that
both the towing trailers and dollies he updated peér the
information provided in [3.2]. Converting non-towing trailers
to towing type should be done according to these same
guidelines.

To meet the New Yark Thruway Provisions, arrange the equipment
<o that there s always & Dooster relay valve on every other
unit of a train. The R-8P booster relay valve can be Tocated on
eitner the towing trailer or towed dolly.

The most economical arrangement for fleets purchasing new
dollies to convert existing trailers to doubles and triples
operation is to specify the R-8P booster relay valve on the
dolly, because fewer R-8P valves are required. This can only be
done when converting existing trailers since the conversion 1s
not covered by FMVSS 121 and the trailers do not have to comply
with the requirements.

3.2 AIR BRAKE SYSTEM HARDWARE

In the following section, the various air brake system hardware are

described.

Their operating principle, requirements, and the names of major

manufacturers are presented.
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[[TEM JQTY. | BENDIX | BENDIX DESCRIPTION

HO. MCODEL (FECE NO.

1 1 AIR COMPRESSOR CFM

2 1 D-2 GOVERNOR

9 1 AD-P AIR_DRYER

4 7 AESERVCIR-SUPPLY
5 1 RESERVOIR-SERVICE-FAONT AXLE

& 1 RESERVOIR-SERVICE-REAR AXLE

7 1 RESERVOIR-ACCESSORY SUPPLY

g 4 DRAIN COCK

k] 1 PR-4 PRESSLIRE PROTECTION VALVE

10 1 ST-3 SAFETY VALVE

11 2 SC-1 SiNGLE CHECK VALVE

12 2 LP-3 LOW PRESSURE INDICATOR

13 2 AR GAGE

14 2 DC-4 DOUBLE CHECK VALVE

15 1 E-6 DAL BRAKE VALVE

16 1 TC=2 TRAILEAR CONTROL VALVE

17 1 ns-2 DELE. CHK. VALVE & STOP LAMP SW
18 1 TP-3 TRACTOR PROTECTION VALVE

18 1 PP=1 PARKING CONTROL VALVE

20 1 PP-7 TRAILER SUPPLY VALVE

27 1 PR-8 TRACTOR PARKING CONTROL VALVE
2z 1 QR-1 OuCK RELEASE VALVE

23 2 QR-1C OUICK RELEASE/DQUBLE CHK. VALVE
24 1 R=12/R-14 SERVICE RELAY VALVE

25 2 BRAKE CHAMBER-FRONT

28 4 SPRING BRAKE ACTUATOR-REAR

27 2 ASA-2 SLACK ADJUSTER-AUTOMATIC-FRONT
28 4 ASA-2 SLACK ADJUSTER-AUTOMATIC-REAR
29 1 HC-2 HOSE COUPLING-TRAILER SERVICE
30 1 HC-2 HOSE COUPLING-TRAILER SUPPLY
3 1 LP-3 PARKING INDICATOR SWITCH

SYSTEM NOTES / FEATURES
1. Maximum recommended ag brake reservoir pressures 1 125 pos.i.
2. All tubing to be 3/8 o.d. {coppéer or syntlex nylon spec bw-250-m}

unless otherwise specified. Inserts must be used with nylon twbing. Do
not use nylon tubing where temperature exceeds 180 degrees F.

3. Air brake tubing must be arranged to ehiminale elbows, close bends,
reducer fittings, unnecessary line lengths, and etc., wherever possible.

4. Compressor air inlake 10 be connecied 10 the intake manfold ar ail
path air cleaner of engine unless air strainer is used.

5. Compressor oil return passage should be of such size and location to
prevent compressor crankcase Hooding.

6. All accessories must be supplied through pressure protection valve
{11em 9) & accessory supply reservoir (item 7).

7. Mount check valves (item 11) directly on reservoirs as (flustrated.
Mount double check valve {item 17) aireclly on tractor protection valve
(item 18).

8. This Bendix system fealures a control valve (item 21} which permits
independgent control of the racior parhing brakes. This control vaive 1s a
non-agtomatic type valve and mus! beé located in area remote and
dertached from parking conirot and trailer supply valves (items 18 & 20).

9. Tris 15 a piping schematc only and 15 ot a coNsStruchion drawing.
Q.E.M. manulaciurers may deviate for convenience.

Figure 3.4b: Air Brake System for a Four or Six Wheel
Tractor (Instructions) [3.2].

- 80 -
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BENDIX DEVICES SPECIFIED

MTeml atv.| BENDIX [BENDIX DESCRIPTION

NO. MODEL RIECE NO. ]
1 1 101127 RESERVOIR-SERVICE-FRONT
| 2 1 101128 RESERVOIR-SERVICE-REAR
3 2 DRAIN VALVE-MANUAL
4 1 SA-4 oz TRAILER VALVE ASSEMBLY
5 1 R-12/R-14 RELAY VALVE
B 4 SPRING BRAKE ACTUATOR
7 4 ASA-2 SLACK ADJUSTER-AUTOMATIC
8 1 HC-2 COUPLING-SERVICE
9 1 HC-2 COUPLING-SUPPLY
18 2 AMCHOR FITTING

SYSTEM NOTES / FEATURES
1. Maximum recommended air Drake reservoir pressure 13 125 p.s.i.

2. Al tubing 1@ be % O.D. {coppér or synflex nylon spec. BW-250-M) unless
otperwise specified. Insers must bé used wilh nylon wbing. Do not use
nylon wbing where temperature eaceeds 180° F.

4. Air brase tubing must be arrangeda 1o eliminate ciose bendas, elbows,
reducer hllings, unnecessafy ne lengins, and etc., wherever passible.

4. Reservarrs specified are suitable for four {Type 30) spring brake aciualors.

5. Thes Bendix system features anti-compounding piping that prevents
simulianeous application of the service and parking Drakes.

&. Thisis a pping schemauc only ang 1snota construction drawing. O.E.M.
manufacturers may deviate for convenience.

7. if this vehicle is 1o be a two-wheel trailer remove (2} of tems i & 7, and
related piping.

Figure 3.5b: Air Brake System for a Two or Four Wheel
Trailer with Service and Parking Brake
Control (Instructions) [3.2].
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SINGLE AXLE TOWING TRAILER (UP TQ 28 FEET)

O Line ;g—?:.:'
Camrot
-— e
) it
Retay
Yahve Seonng Town
. Suppty Line Yahe o Sunnrg
TYPICAL
DEVICE MODEL PC. NO,
Quick Releasza Valve QR-M 103995
Ralay. Vaive R-12 102185
Spring Brake Valve SR-2 28737%
PERFORMANCE FEATURES DESCRIFTION

1. Vaives spacified whan equipped with praper sized
hase and tubirg enable compliance with FMVSS
127’ tUming regquiramants.

2 Pressure diffarsnce between signdi and brake
chnamber prassure is less than 4 psi in the namal
braking range.

1. Pressurs difference between "In" coupling and
“Qyut” couphng prassure is 1 psi maximum.

The qulck release valve is used on the 28’ single axla
trailer to compiy with braka chamber rajease times ra-
quired by FMVSS "121.°

BENDIX HVSD RECOMMENDATIONS

Mount the QR vaive as ciose as possible (Two feet
desired) to the trailer ralay vaive. An R-12 ralay vaive is
racommended {or tha service ralay vaive.

Figure 3.6: Air Brake System for a Single Axle
Towing Trailer [3.2].
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TANDEM AXLE TOWING TRAILER (UP TO 48 FEET)

Corrtroi Lne Eﬂ':?g
=] Front 3 :i
Soning \Hﬂﬂ
Braxa
Vaive H bk Towing
. Suppty Lne 1 = Supply
Q
TYPICAL
REVICE MODEL PC. NO.
Boeostar Raelay Valve RAP 287114
Relay Vaive R-12 102165

Spring Brake Valva
PERFORMANCE FEATURES

1. valves specified when equippead with praper sized
nose ang lubing anable compiiance wiih FMVSS
21" timing requiramants,.

2. Prassure difference batween signal and brake
chamber pressuses is leas than 4 psiin the normal
praking range.

3. Fressyra differance batween *In” coupling and
»Out” coupling pressura is zero psl

DESCRIPTION

Compilance with timing requiremens of the ragula

Figqure 3.7:

SR-4 01112

tions requires a booster relay valve. The R-BP heoster
relay valve i3 designed specifically as a ratransmis-
sion devica lor multi-bottam vahicies. The R-EF has
no pressum differantial and tranamils ihg contral
prassura 1o the towed tralier and/or doily without &
prassure loss. |

BENDIX HVSD RECOMMENDATIONS

The R-BP boostar relay valve should be located as
close as possibla (two feel desired) 1o ihe WOwing con-
trel coupling. An R-12 relay vaiva is recommaended for
the sarvica ralay valva.

Air Brake System for a Tandem Axle

Towing Trailer [3.2].
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Contoy Line

Suppty Line

i~

rom 0 O
Hanger B G
B

Torenng
| Suppty
b——_

DEVICE
Booater Relay Valve

Relay Emargancy Vilve

PERFORMANCE FEATURES

1. Valvas specifled whan equipped Wit propar siznd
hase and tubing enable compllanca with FMYSS
21" timing requiramentd.

7 Prassura ciffarenca batween signal and braxe
chambar pressure is less than 4 pal in the nomal
braking —ngs.

1. Fressurs differance between “In” coupling and
“Qut” coupling presaure I3 zem, p3l.

4 Can ba towed unladen by connacting the owing
contrel ne 1o ity hosa hanger.

5. Boosiar ralay valve required on New York Thruway
{If net on tha towing trailer)-

& Improves timing and prassura balanca in 3l 1owed
units {rearwary) in tNe rain.

DESCRIFTION

A oocater relay vaive on doilles (3 the most ecanam-
Je3sl means af train compilance for New Yorx
Thruway Provizians.

Figure 3.8:

- 65 -

TYMCAL
MCODEL  PC NO.

Bap 287114
RES 281672

The R-EP ralay valve is dasigned specifically as a
retransmission device for muitiple trailer applica
rons. Tha R-8P has no prassure diffarental and
transmits (he control pressurs (o the towed tratler of
dolly without 3 pressules jcas.

BENDIX HVSD RECOMMENDATIONS

The R8P nocstar relay valve ahouid be located ad
clasae a3 possible (twa faet gesirad) 1o the 1owing Con
rol line. An RE-E miay emergsncy valva |3 recam
mandag for the sarvics relay vaive,

NOTE: The use of spring brakes are not mquired by
FMVSS "127 an doilys ana maat vahicla oper
ators have ¢hoaan nat to use tham. If you
dasire spring brakes on dollys for your 0perm
tion, Banalx HVSD has system gesigns avail
apla. Contact Benalx HVSD for further infor
matlan.

Air Brake System for a Single Axle Daliy [3.2].



TWQ AXLE DOLLY

Canut J -

= Front

Suooty Line

Tawing
Control

e

e K
B o Hanger

aE

DEVICE
Relay Emergancy Vaive

PERFORMANCE FEATURES

1. Vaive specifiad whan equipped wilh proper lzea
nose and tubing anabie complianca with FMVSS
*127' timing raquirementa.

2 Pressure differance between signal and brake
chamber prassure |3 (ass than 4 pal in the normal
braking range.

1 Prossure diffarance herwean “In” coupiing and
~CQyut™ coupling pressura is zam p3i.

4. Can be lowsad uniaden By cennecling the towing
cantrol lina 1o its hosa hangaf.

DESCRIPTION

This aclly can only be used with trailars squinped
with baaater relay valves wnen cperating on the Naw
York Thruway. It would generaily be ysed with towing
wranars longer than 28 feat or most "doubles™ rather

Fiqure 3.9:

- B -

TYPICAL
MODEL PG, NG.

RES mEn2

than “triples” combinations. These trailers i
plumbed per tha Bendlx HVSD mcommendaucr
woculd have the R-8P boostar ralay valve.

BENDIX HVSD RECOMMENDATIONS

An AE-6 rmiay amergency vaiva is recommandad fi
the servica miay valve.

NOTE: The yse of spring brakes ars not raguirad {
FMVSS "121" on dollies ang moat vehicle ope
ators Nave chosan not to use them. If yc
geslire apAng brakes on dollies for your oper
tion, Bandix HYSD has system dasigns avaul
pia. Contact Bangix HVSD for further infc
martien.

Air Brake System for a Two Axle Dolly [3.2].
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BENDIX DEVICES SPECIFIED

[ (TEM BENDIX BENDIX

NO. | aTY. | WMODEL | PIECENQ. DESCRIPTION
1 1 RESERVOIR — SERVICE
2 1 PRAIN VALVE
a 1 RE-§ 2871865 |RELAY EMERGENCY VALVE
4 1 R-8P 2877114  [PILOT RELAY VALVE
5 1 Sv-1 283700 | SYNCHRAQ VALVE
3 1 PP-1 282684 | EMERGENCY BRAXE REL. VALVE [Cpronay
7 4 HRAKE CHAMBER
8 4 ASA-2 SLACK ADJUSTER — AUTOMATIC
9 2 HC-2 27B852 [COUPUNG — SERVICE

10 2 HC-2 278853 | COUPUNG — SUPPLY

11 2 12227 [ COUPLING — DUMMY

12 4 ANCHOR FITTING

SYSTEM NOTES/FEATURES
1. Maxsmum recommended ak brake reservor pressure is 125 p.sa.

2. Af ubing lo be 3/8" 0.D. (copper or synfiex nykon spec. BW-250-M) uniess
otherwise specitied Insers must be used with Nylon wbing. Do not use tubing
whera lemperalure esceeas 180°F.

3. Ar brake Wwbhing must be aranged to ehmmate closa bends, ebows, reducer
firngs unnecessary fine iengths and elc. wherever possitie.

4. Agtomatic slack adjusters (tem 8) mus! be installed per Bendix insiucton
sheet By-5-582.

§. Pipe mpples used 10 mount brake conlrel valves must be haavy wall type.

6. The optonal emergency brake reiease vaive (item €) must pe mouyntad in a
protected iocation away hom wheel splash, mud. Snow and e accumulation.

7. This system provides sefvice and emergency brake contrdl only, if parking
brakes are required, refer 0 T.A.B.5. system BWS-846

8. All ar brake equipment must be Benthx.

9 For a single axle Two wheel dolty delate two each of brake chamber tem 7 and
aulomatc slack adjusier tem 8

10 This is a piping schemaltic only and is nat a tonstruction drawing. O.E.M.
manufacurers may devidle trom the physical almangement of components
tor convenence

Figure 3.16b: Air Brake System for a Two or Four Wheel
Dolly with Emergency Valve (Instructions)

[3.2].
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3.2.1 Air Compressor

Air compressor js the source of energy for the air hrake system.
The function of air compressor is to provide and maintain air under pressure
to operate deyices in the air brake system. [t is driven Dby the vehicle
engine, either by pelt (5%) or drive gear (9R%).

The compressor assembly is comprised of three cast iron major sub-
assemblies: the cylinder head, the cylinder block and the crankcase. The
cylinder head houses the discharge valving and is installed to the cylinder
block. The cylinder plock houses the cylinder bores and inlet valves and is
installed to the crankcase. The crankcase houses the crankshaft and main
bearings. The cylinder head and block are cooled by coolant routed to the
compressor from the engine ceoling system. Lubrication fer the internal
parts of the compressor s provided by the engine's pressurized 071 system.

Operating Principle

The compressor 1s driven by thne engine and operates continuously
while the engine is running. Actual compression of air is controlled by the
compressor unloading mechanism and the governor. The gqovernor is generally
mounted on the compressor and maintains the brake system air pressure 10 a
preset maximum and minimum pressure level.

Air flowing through the engine compartment from the action on the
engine's fan and the mevement of the vehicle assists in cooling the
crankcase. Coolant flowing from the engine's cooling system through
connecting lines enters the compressor and flows tThrough the internal
passages in the cylinder block and head and is returned back to the engine.
Proper cooling is important in maintaining discharge air temperatures below
the maximum recommended 4000 F. The cool air flow must be minimum 4 m/s as
measured at cylinder Head. For water cooled compressors, the amount of water
passing through the cylinder head must be at least 2 litres/min and its
temperature should not exceed +809 (. measured at the air compréssor cylinder
head intake.

Requirements

There are four major requirements far the air compressor:

1. The build-up time to charge the supply system;

2, Tne charge time for the total system;

3. Recovery time from governor cut-in to cut-out; and

4, Air compressor duty cycle;

The build-up time according to FMV3S 121 requirement is to charge

the supply system (twelve times the brake chamber volumes) from 85 to 100 psi
in 25 seconds maximum.
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The typical charge time for the total system from O to 120 psi for
tractor semi-traller is 4 minutes, 42 seconds. This is the time required to
charge the system for the first time. For multiple trailers, the charge time
increases approximately by 70% (8 minutes} for 45' doubles and 36% for 27°
triples (6 minutes, 22 ceconds). Use of larger air compressor, this charge
time can be reduced by 50% (6 minutes 15 seconds/doubles, 4 minutes 55

seconds/triples).

The typical recovery time from governor cut-in to cut-out

(typically 15 psi) when_the vehicle is in actual service is 25 seconds

(tractor semi-trajler), For multiple trailers, the recovery time increases

approzimately by 70% for 45' doubles (43 seconds) and 35% for 27' triples (34

ceconds). Use of larger air compressar, the recavery time can pe reduced by
25% (32 seconds/doubles, 26 seconds/triples).

Typical duty cycle or on/off time of air compressor is 5% Toaded
and 95% unloaded. New vehicles currently increase the duty cycles by 40% for
triples (7% loaded) and 20% for doubles (6% loaded}. An increase to 9% load
cycle rate are within the capabilities of most air compressor designs and
hence the trend for using compressor clutch viable [3.3].

Make and Size

There are six major manufacturers:

- Bendix, Rorg-Warner, Midland, Cummins, Caterpillar, and Wapco.
There are four ranges of ccmpressor sjzes from Bendix:

a) 7 - 10 CFM, small

by 12 - 13 CFM, medium

c) 14 - 17 CFM, large

d) 24 - 34 CFM, speciality.

Tables 3.1, and 3.2 show the specifications of Bendix and Wabco air

COMpPressors.

3.2.2. Air Compressor Governor

Description and Operating Principle

The Air Compressor Governor, operates in conjunction with air
compressor unloading mechanism to contral air préssure automatically in the
air brake or air supply system between the desired, predetermined maximum and
minimum pressures. The air compressor runs continually while the engine
runs, but actual compression of air is controlled by the governor which stops
or starts compression when the maximum or minimum reserveir pressures are
reached. The governor has a piston upon which air pressure acts 10 overcome
the pressure setting spring and control the iplet and exhaust valves to
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Table 3.1 Air Compressor Specifications

HMake Banalz
| ¥ !
1 I TrpE |
' ; ; T T |

]
l[ Parameter I Bx - 2,180 1 Tu-flLO 501 ! TU - FLO 708 { Ty = FLO 1,000 %

} !
: I T | t |
I Average wefgnt {1bs} } KX] } 42 ]l 46 ! T2 {
{
1 I I I I I
| numoar of Cy)inders I 1 : 2 = 2 : 4 !
| |
| T T T T I
i Bore & Stroke {in) 1 3.375 x 1.468 | 2,625 x 1.5 | 2.750 x 1.8} } 2.500 « 1.688 }
i | 1 |
| T 1 | | 1
iDisglacement & 1,250 rpm | 9.5 1 11.78 } 15.5 | 24 |
I (CFM) | ] ! } !
I T | ] [ i
| 1 | ; | 3,000 w., cooled |
| maximum Recommenaea rpm | 3,000 1 3,000 i 3,000 : 2,400 atr cadlea .!
§ ] | i
i T ! T | 1
H Mifimum Coolant Flow 1 1 i 1 1
I {water-capled} Cpm {B.5.} | | i I |
1 3t Mazimum rpm | 2.5 } 2.5 ] 2.8 1 2.5 |
1 AT Minimum rpm 1 0.3 [ 0.5 1 0.5 | 0.5 |
1 L i 1 | [
| I i I f b
| Minimem Coolant | i ] | 1.500 CFH !
1 Flow/Pressure (2ir-cooled) | N/A [ N/A [ H/A % @ 100 psig Mscn.!
i i ¢ i
| l I I i 1
| approaimate pf Required | | 1 L |
| 2 1,250 rpm & 120 psig | 1.7 | 2.3 | 3.5 b 4.4 |
| tnaturally aspirated} | | i i }
| i | 1 | i
f [ 1 T T i
| Turpe Cnarge timits | | 1 | 1
i Maximum rpm 1 2,200 | 2,200 1 2.200 1 2,260 |
IMaximum Press.(gauwge) {psigt 1s | 25 | 18 } 28 |
| Maaimum 1nlet temp. {(SF) | 250 | 250 1 250 1 250 1
| i | 1 1 |
} i I T T |
| mMazimum Discrarge Alr | | | ! t
| Temperatare (9F) | 400 l 400 } 400 f 400 |
| ! i |
I I | | I |
| Minifum Pressure fequired | ! i 1 |
{ te uUnlcad (mat. asp.} | 60 ! 60 | 60 | 60 1
! [psigl 1 1 1 | II

I ! | T
1 LUERICATION | ENGINE | EMGINE/SELF | ENGINE | ENBINE/SELF |
| minimum 031 | I I | I
| Fressure Required (psig) } ] ] § | 15 1 15 I
! | | |
|  maximun Gaverned Engine | 16 ] 15 i 15 1 15 1
| Speed | | 1 } |
i | | 1 | |
! T I 1 I |
i 011 Capacity of 3elf- | I | | 0.98 gt. I
1 | K/A I N/A i N/A I 1.75 gr. #281118 |
; Lubrieated Magel | I | { 5.0 qu. 4288578 |
| | | y |
| T I T I i
| Minimum Line SiZes ID {1n) ] | | | 1
] Discnarge Line ] 1r2 | /2 | 172 ¢ 172 |
| Ceglant Line | /8 1 /8 | 3/8 ] 38 i
| 011 Sypply Line ] 3/1& | 3716 | /16 ] 3716 }
| 01} Rerwrn Line | 1/2 i 1/2 ] 172 ! 172 1
I Atr Inlat Line 1 5/8 i 5/8 | 578 | 5/8 |
| unloader Line | 3/16 i 3/16 | ET41 i /16 |
| | ] i | 1




Table 3.2 Air Compressor Specifications

Mak@:  Wabco

72 -

unloader Line

] T !
1 | TYPE i
I [ I 1 T T !
1 Parameter | 911004 1 411040 [ 41104l { 411042 : 411043 :
| | |
: 1 I T T ] §
| Average Weight {Kg) | 6.5 | 8.2 - 9.2 } 1-11 '|11.5 - 12.5 |I 2 -11 II
! | |
| ! I 1 I I |
| Kumper of Cylinaers | 1 : 1 : 1 { 1 : 1 }
1 |
| I 1 1 I I 1
| Bore x Stroke (mm} | 65 x %3 | 715 x 2 | 75 = 3% | 80 x 36 | 90 x4a6 |
| | (76 em3) | (106 cm3} ] {159 cm) { (229 cmd) | (293 amd) |
| 1 1 1 | !
| 1 | ! | 1 [
| ] | | | air coaled | air cooleg |
| Displacement & 1,250 rpm | B O S par | 75 @ 6 par | 140 @ 6 Dar] 200 @ & par| 260 @ & parl
1 Titre/min 115 @ 16 par | I |water cooledlwater coaleal
| 12} ¢ 12 par 1 § { 210 & & bar| 265 @ & pari
| 1 I 1 1 | !
1 ] 1 T I ! 1
| Haaimum Recommended rpm ! 4,000 | 3,500 | 3,500 | 3,000 } 1,000 :
1 1 1 ]
I T 1 | T T I
| Maximum Ayr Pressuyre {har) | - i 11 I 10 i 10 | 10 |
| 1 § 1 | | 1
1 I T I I ] |
i minimun Coatant Flow | I | 1 i i
{ {water=cooled} I l i 1 | !
i 4T Mzaimum Fpm | - | - 1 - 1 - | - ]
{ at minimum rem | | | I | |
] | | | | I |
i 1 I T I I |
| Minimum Coolant } K/A I 10 par | W0par | 10 mar | 10 par |
| Flom/Pressure {a1r-conleg) | ] } 1 | ]
| i | | ! | |
| f T | i T |
| ! | | I Alr ecalea | Air coolea |
i Approximate HP Required | Kw =Dar | HP - bar | Kw =oDar | HP = bar | Hp - par
i 10.5 @0 14| 158 & |1.7@ & T3 B & 142846 |
| Rw/H#F & 2,000 rpm | .77 @ B ¢ | 13.28 8 14 86 |
| [ 0.75 6 4-101 | iwater cooledimater coolea)
1 I i | i | |
| [ I I f ] |
i Turno Cnarge Limts | ! 1 i i |
b HMaximum rpm | i | | 1 |
|Mastmum Press.{gauge) {psig)] - | - b - | - I - i
| masimym inaler Temp. (9F) | | 1 | | §
i ] i ] | | H
i I [ 1 I | !
| Masimum Di1senarge Afr Temp.| - | - 1 - 1 - 1 - 1
I | | | | | ]
I T 1 ] | | 1
I minimum Fressure Required | - | - ! - | - I - |
] to uptoad [nat. asp.) 1 I | 1 | |
! [ps1g} | i | | | |
| ] T I I T |
l LUBRICATION i ENGINE | ENGINE | ENGINE | ENGINE | |
1 mintmum 011 | ! 1 | | |
: Pressure Roguired {psigl | - } - | - | - b - :
| 1 | 1
1 Max. Governed Engine Spewq | | | | | !
i 1 | 1 i ! |
! I 1 ] i 1 !
1 011 Capactty of Self- | i | ! | ]
I Lubricated Model | - | - 1 - 1 - | - |
| | 1 | | b I
] T T I | I [
i HMinimum Line Sizes 10 | | I | b 1
] Cyscharge Line | 22 mm ! 26 mm | 26 mm | 26mm ] 26mm [
| Coolant Line i | ] i 2Wem | 22w [
| 041 Sypply Line | 10 mm | 22 rm | 22 mm § 22 mm [ 22 mm |
| 811 Return Line 1 | 22m ] 22 mm 1 ZZ2mm ] 22mm |
: Afr Inlet Ling | i3mm | 26 mm I 26 mom 1 26mm | 26 mm |
] | | i | |
[ ! ] i 1 i |
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either admit or exnhaust air to or from air compressor unloading mechanism.

fovernors can be attached to the air compressor or mounted

remotely.

They are adaptable to either mounting. rigure 3.11 shows a

typical governor with its reservoir, compréssor unloading and exnaust ports.

Make

Bendix manufactures (model D-2) air compressor governor.

3.2.3 Conditioning Davices

For & tractor-semitrailer in service for 100,000 miles, the air can
be exposed to approximately 30 quarts of water. There are number of
alternatives in cenditioning the air quality.

The following four alterpatives are consiaered:

1.

wet tanks with manual or automatic drain valves as the minimum
level of performance. They are inconsistent and susceptible to
contamination.

The alcohol evaporator or jnjector can be installed to reduce
the temperature that would cause freeze-ups. This does not
remove the water.

After coolers to filter and condense water from the air alter
the dew point temperature by no more than 100 F.  Removes
approximately 22.3 quarts of water.

Desiccant air dryers are the latest technology for elimipating
water and oil from the a2ir brake system. The desijccant
materjal can reduce the air dew point by 30° F to 600 F, when
incorporating pre-coolers and filters. This unit removes
approximately 29.6 quarts of water.

3.2.3.1 Alcohol Evaporator

The alcohal evaporater serves as an antj-freezing device for air

brake system.

It introduces vaporized alcohol into the system through the

air compressor induction system.

Make

- Bendix manufactures one model: AE-2.
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Unicoder
Pams (3]

Rarurvonr Mounllng
Fars [3) Hales

Figure 3.11: Air Governor
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3.2.3.2  Air Dryer

Dascription

The air dryer collects and removes moisture and contaminants before
air reaches the first supply reservoir. This provides "dry and clean air”
for the braking and other air operated systems. The air dryer must be
mounted vertically at the Towest Tevel of the sysTem. Ysually it is mounted
in a compartment anead of the Teft rear wheel and connected in discharge line
between cocling coil and reservoir.

Figure 3.12, shows sectional views of a typical air dryer. IT
consists of a safety valve mounted in the housing assembly which protects
against excessive pressure build-up within the housing. A desiccant
cartridge and pleated paper oi} filter are placed inside the air dryer and
are removable for servicing. It also has a heater and thermostat assembly to
prevent freeze-up in the purge drain when the dryer is used in severe winter
conditions.

Operation

The air dryer operates in two cycles:
- the charge cycie;

- the purge cycle,

Charge Cycle

when the compressor is in its "loaded" or compressing cycle, air
from compresscr enters the air dryer through theé compressor discharge line.
Wwnen the air, aleng with water and contaminants, enters the air dryer, the
velocity of the ajr reduces supstantially and much of the liquid drops to the
pottom or sump of the air dryer, The initial air flow is toward the bottom
of the dryer, but air flow direction changes 1809 at the bottom of the air
dryer, dropping some water and oil. The air now passes through the oil
filter which removes scme oil and foreign material but does not remove water
vapor. At this point, the air remains saturated with water. The filtered
air and vapors penetrate the desiccant drying bed and the absorption pracess
begins., Water vapor is removed from the air by the desiccant, The
unsaturated "dry and clean air" passes through the ball check valve and purge
orifice into the purge volume. From the purge volume, air flows past an
inline purge volume reservoir and check valve jocated outside the air dryer,
into the supply reservoir.

Purge Cycle
Wnen desired system air pressure is reached, the governor cuts out,

pressurizing the unloaded cavity of the compressor which unloads the
compressor (non-compressing cycle). The line connected from the compressor
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unloaded port to the end covéer purge valve port (bottom of the air dryer) is
also pressurized, moving the purge valve plunger, opening the exhaust of the
purge valve to atmosphere. With the exhaust of the purge valve open,
contaminants in the discharge line and dryer sump are purged, or forced past
the open exhaust out to atmosphere.

The reserve air flow across the desiccant starts the removal
process of moisture from the desiccant surface. Dry air flowing from tThe
purge volume reservoir, dryer discharge line and dryer purge volume through
the purge orifice and across the drying bed further dries the desiccant.

Installation

The air dryer must be mounted vertically at the lowest Tevel of the

system.,

Make

There are four major manufacturers:

- Bendix, Anchorlok, Borg-Warner, and Brakemaster.
3.2.4 Reservoirs

The reservoirs serve the air brake system as storage tanks for
compressed aijr. The size of the reservoir, (and the volume of compressed
air) is sized by the vehicle manufacturer to provide an adequate volume of
air for use by the braking system and auxiliary control devices. Generally,
mere than one reservoir 15 used in ajr-brake systems. A secondary function
of reservoirs is too provide a location where the air, heated by compression,
may be cooled and the water vapor condensed.

Reservoirs are available in various sizes in both single and double
compartment design configurations.

3.2.5 Service Brake Chambers

Description and Cperating Principle

Brake chambers are used to actuate the foundation brake mechanism
in order to force the brake shoes against the brake drum,.

Figure 3.13, shows a schematic diagram of the operation of the
brake chamber. There 1is one independent chamber at each wheel hub. The
chamber consists of a flexibple diaphragm which separates the chamber jnto two
parts. The pressurized air from brake air tanks enters on one side of the
diaphragm by way of the relay valves, and pushes it against a push rod assem-
ply. A return spring 1is placed on the other side of the diaphragm and is
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compressed during the actuation of air pressure in the chamber. When air is
exhaysted, the compressed spring returns to its ariginal length, moving the
push rod assembly back.

Make
There are four major manufacturers: Bendix, Aeroquip, Midiand/Berg,

and Wabco. Both Bendix and Wabco make brake chambers in several sizes,
providing a wide range of output forces and strokes {refer to Table 3.3).

3.2.6 Spring Brakes/Brake {hambers with Spring Brakes

Spring brakes or brake chambers with spring brakes are widely used
far both as service brakes and as parking brakes. Figure 3.14 shows a
schematic diagram. It operates the vehicle service brakes (tractor rear axle
brakes) by the energy stored in compressed coil springs. When the parking is
not applied, the reservoir pressure is used to compress the cail springs and
hold the brakes in the released positien. Hence, during normat driving, air
pressure cages the spring and holds it ready for parking or emergency
braking. During normal service brazke operation, the spring brake does not
apply. Air pressure keeps the spring caged. For spring Drake parking,
application of the dash control valve exhausts air from the spring brake
chamber, permitting the spring force to actuate the service brake for
pasitive parking. For emergencies, the spring brake can be installed to
operate automatically upon loss of air pressure.

Make

There are four major manufacturers:

- Bendix, Aeroquip (maxibrake), Anchoriok, and Berg.

3.2.7 Drum Brakes

In neavy vehicles, drum Drakes are actuated via S-Cam and slack
adjuster or wedge. Figure 3.15 shows a schematic of a 5-Cam and wedge
brakes. The following lists the various manpufacturers of drum prakes and
their specifications.

S-Cam Drum Brakes

1. Manufacturer: Eaton

Mcdel number 31ze Application

£8 - 160 15" x 4" Steer Axle
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“—Cam and Wedge Brakes [3.7].

us

Figure 3.15:
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Table 3.3 Brake Chamber Specifications [3.2]

Dimension in Inches
Clamp Type Brake Chamber Data

[ 1 | | b |
[ | Effective | | |  Maximum Stroke |
| | Area | Outside | Maxjmum | at Which Brakes |
| Type | (8q. In.} | Diameter { Stroke {Shoqu Be Readjusted]
] | | ]
1 | i I ] |
E & { & ; 41/2 i 15/8 = 11/8 l|
E 9 % g { 51/4 ]I 1 3/4 { 1 3/8 {
{ 12 ; 12 { 5 11/16 1 134 | 1 3/8 !
| |

{ 16 l 16 | & 3/8 ! z21/4 | 1 3/4 [
| | f I

} 20 } 20 ; & 26/32 | 21/4 | 1 3/4 |
! J }

} 24 } 24 } 77/32 I 21/4 | 13/4 |
! f |

} 30 } 30 } 8 3/32 E 21/2 | 2 |
l |

| 36 | 38 | 9 | 3 | 21/4 I
| | | | 1 i

Chamber Stroke with Brakes Adjusted Should be as short as possible without
brakes dragging.
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S-Cam Drum Brakes

1. Manufacturer: Eaton (continued)

Application

Model number Size
EB -~ 165 16 1/2" x 56"
16 1/2" x 6"
16 1/2" x 7"
16 1/2" x 8 5/8"
For Trucks
EB - 180 18" x 7"

2. Manufacturer: Rockwell

Steer Axle
Steer Axle; Drive Axle
Drive Axle; Trailer Axle
Drive Axle

Heavy-Duty Drive Axle

Model number Size Application

0 - Series 16 1/2" x 6" Drive Axle
16 1/2" x 7"
16 1/2" x 8 5/8"
16 1/2" x 10"

0 - Series 12 1/4" x 7 1/2" Tractor Axle
16 1/2" x 7"
16 1/2" % 8 5/8"
16 1/2" x 10"

T - Series 15" x 3 1/2" Front Steering Axles

'Isli X 4"
Note: "Q" Serjes is also applicable to extra-heavy duty front
axles.

Wedge Drum Brakes

1. Manufacturer: Rockwell

Application

Model number Size
RDA 15"
RDA 12*
RDA 15"

Rear axle rating
18,000 T1bs;

Front axle rating
12,000 1bs.

Front axles up to
12,000 1bs.
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Wedge Drum Brakes

1. Manufacturer: Rockwell {continued)

Mode) Designation
R Stopmaster Brake; Wedge Actuated.
S Single Actuated (Simplex)

Leading/Trailing Shoe.

D Double Actuated (Duo-Duplex). Two Tleading
shoes directions.

A Air operated.

Miscellaneous - Drum Brakes

1. Manufacturer: Kelsey=-Hayes
. "Gunite®” full cast drums;
. Hydraulic brake parts.

2. Mapufacturer: Midland-Berg

. Cams for S-Cam drum brakes.

3.2.8 Disc Brakes

There are two types of disc brakes depending on the type of
actuation. They are:

- Mechanical - Ajr actuation

- Hydraulic - Hydraulic actuation

Mechanical - Air Actuation (Floating Type)

There are four manufactures supplying mechanical - air actuation
disc.brakes:

- Bendix, Kelsey-Hayes, Lucas-Girling, and Rockwell.

1. Manufacturer: Bendix

Actuation is accomplished with standard S-Cam type air chamber
actuation with automatic slack adjuster.
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Type 1: For front steering dxles up to 13,200 1bs G.A.W.R.

Type 11: For Rear/drive and trailer axles, up to 13,200 1bs
G.A.W.R. single or 40,000 1bs tandem.

Note: Both 15.25" {390 mm) dia, vented rotor, and thickness:
Type I - 1.535" (3% mm), Type II - 1.97" (50 mm).
2. Manufacturer: Kelsey-Hayes
Air Chamber actuation, integral brake automatic slack adjuster.
Model 1: Front steering axles upto 15,000 1bs G.A.W.R.
Mode] II: Rear axles upto 23,000 1bs G.A.W.R. single and
40,000 1bs G.W.A.R. tandem.
3. Manufacturer: Lucas-Girling (metric)
Air Chamber actuation, integral brake adjustment (automatic

adjustment), optional integral parking brake, and 36,000 1bs
clamping force.

Hydraulic - Hydraulic Actuation (Direct: Floating Type)

1. Manufacturer: Lucas-Girling (metric)

Model 1: Double piston upto 19,704 1bs (87.65 kN) clamping
force.

Model Il: Single and double piston upto 22,700 1bs (101 kN)
clamping force.

Mote: Optional mechanical parking {spring brake).

2. Manufacturer: ATE (metric)
Model: Double piston uptc 20 kN.m braking moment

Mote: Optional mechanical parking (spring brake).

3. Manufacturer: Kelsey-Hayes

lMode]: Front axles - 15,000 1bs to 20,000 1bs G.A.W.R.
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3.2.9 Slack Adjuster

Description and Operating Principle

The slack adjuster is a mechanism which converts the rectilinear
motion of the air chamber push rod into rotational motion at the S-cam in
order to apply the brake shoes against the brake drum.

The adjustment mechanism is operated by a rack that is connected
through a clearance notch in the control arm assembly. This control arm must
be connected to a stationary or “fix point" member that is attached to the
cam shaft housing. Correct installation of the fix point is extremely
important for proper operation. There is a special spring-loaded cone clutch
system that helps to prevent over adjustment.

The slack adjuster can be manual or automatic. Figure 3.16 shows a
typical slack adjuster. Slack adjusters are designed for a maximum torque
rating and are available in various arm configurations ({straight and off-
set), lengths and spline type.

Automatic slack adjusters perform the same function as the manual
slack adjusters, except that it automatically adjusts for Tining wear. The
automatic adjustments may be based on either stroke-sensitive or force-
censitive mechanisms. The units also provide for manual adjustment.

The main features of different makes of slack adjusters: Rockwell,

Kelsey-Hayes, Bendix, Wabco and Midland-Berg are presented in Tables 3.4 to
3.7.

3.2.10 Quick Release Valves

Description and Operating Principle

Quick release valve is used to rapidly exhaust air from the
controlled device, rather than requiring the exhaust air to return and
exhaust through the control valve. Normally it is located adjacent to the
controlled device and thus decreases release time,

Air brake systems are equipped with one or more quick release
valves to achieve a faster brake release. The valve exhausts hrake line
pressure at the point of installation, thus supplementing the exhaust at the
brake application valve.

A quick release valve is shown in Figure 3.17. Air pressure from
the brake application valve enters the quick release valve through the port
above the diaphragm and forces the center of the diaphragm to seat tightly
against the exhaust port. Air pressure also overcomes diaphragm tension to
deflect the outer edges of the diaphragm and air flows through the side ports
to the brakes. During release, the pressure above the diaphragm is released
quickly and brake Tine pressure coming from the wheel brakes raises the
center of the diaphragm from the exhaust port and permits direct air escape
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Table 3.4 Slack-Adjusters

Make

Model / Comments

Rockwell

Automatic
Front steeling axle: 5", § 1/2" arms lengths.
Drive and trailer axle:

5", & 1/2*, 6", 6 1/2", 7" arms lengths,
30 000 Tps-in. torque capacity.

kelsey-Hayes

I
!
|
[
|
]
!
|
|
|
!
I
!
f

Automatic

5 172", 6", 6 1/2", arm lengths.

Bendix

Automatic
5 1/2", 6", 6 1/2" arm lengths.

Standard slack adjuster are also available.

Midland-Ross

Manual

4 172", 5%, &5 1/2", 6", 6 1/2", 7", arm lengths,
up to 30 000 lbs-in. torgue capacity.

Wabco

I
}
|
I
!
|
|
!
I
f
I
|
|
!
I
|
I
|
I
I
!
|
|
|
!
I

Manual

100 mm to 365 mm arm lengths,
up to 2 8OO N-m torque capacity.

Automatic

120 mm to 250 mm arm lengths, straight, off-set.
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Tla 16 Daobun] - Autamatie CTank Adjunctons

ch: Chamber

iHandled
}

] Type| | |
| ! Steering Axles | Drive and Trailer Axles |
| Parameter | : }
] !
iLength (in.) 15, 5 1/2 :5, 5 172, 6, 6 1/2, 7 |
{ | |
| | | |
| Camshafts 1 1/2 - 18 i1 172 - 10 |
1Spline $izes |1 1/2 - 28 11 1/2 - 28 |
land Number |1 1/4 - 10 }1 5/8 - 37 |
| [
| ! |
| Arm I | |
| |$traight, .625" offset clevis | - |
|Configuration] ] |
| | |
[Clevis j0.5-20 for ch. type 9, 12, 15 {0.625 - 18 for ch. type 20, |
| | I |
| Thread 10.625 - 18 for ch. type 20, 24 24, 30, 36 }
| | | !
| ) [ |
fMaximum I |
1 Torque } 30,000 in.-1bs |
|
| I
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Table 3.6 Kelsey-Hayes/Slack Adjusters

} ! |
| Parameter | Automatic ;
[ |
| | i
[Length (in.) { 51/2,6,61/2 }
|
] ] |
! ] |
[Spline Type | 10 -1 1/4", 37 -1 1/2" J
[ | 10 - 1 1/2" |
jand Number | 28 -1 1/2° |
| ] |
| | I
{Arm i Straight |
]
[Configuration] 0ffset |
{ I !
! [ ]
IWeight (1bs) | N/A I
| | |
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Table 3.7 Bendix - Slack Adjusters

Parameter

Automatic

Length {in.}

51/2, 6, 6 1/2

Camshafts

Standard 10C

Involute spline

Arm
c

anfiguration

Strajght, 5/8" offset

Weight (1bs)

e et e et i e et e e e e e e e — ] ———

|
|
|
|
|
|
|
|
|
{Spline Site
|
|
i
i
!
|
|
I
|

N/A
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to the atmosphere.

Generally, gquick release valves are designed to aeliver within 1
psi of control pressure.

Taple 3.8 shows the 1ist on available hardware.

3.2.11 Relay valves/Relay Quick-Release Valves

Description and Operating Principle

Relay valves are used to apply and release rear axle(s) service or
parking brakes.

The vaive helps speed brake application and release. The relay
quick-release valve is connected into the line leading to the rear brakes as
shown in Figure 3.18. Until the brake application cycle starts, the relay-
inlet valve is closed and the exhaust valve is open to the atmosphere. When
brakes are applied, the metered air pressure from the brake application valve
forces the refay piston down, closing the exhaust port. Further movement of
the piston opens the inlet valve, allowing air pressure from the auxiliary
reservoir to enter the valve, pass througn the delivery ports, and on 10 the
brake application lines. As braking pressure underneath the piston egquals
controlling pressure above, the piston balances and allows the inlet valve
return spring to close the inlet exhaust valve. When the brakes are held,
the decrease in controlling pressure above the piston bhalances and allows the
inlet valve return spring to close the jnlet exhaust valve. When the brakes
are released, the decrease in controlling pressure unbalanced the relay
piston and permits the exhaust port to open, thus releasing braking pressure
directly to the atmosphere.

Table 3.9 lists the available hardware.

3.2.12 Relay Emergency Valves

Relay emergency valves are commonly used on pre-FMYSS 121 trailers.
It is a2 dual function valve. Under normal braking conditions, it serves as a
relay valve, applying and releasing the service brakes. When the supply line
pressure falls below & predetermined minimum, the emergency portion of the
valve will automatically apply the vehicle brakes from its own protected
reservoir.

Table 3.10 lists the available hardware.

3.2.13 Ratio valves

The ratio valve is installed in the front axle delivery line.
During normal service brake applications, the ratio valva automatically
réduces application pressure to the front axle brakes. However, as brake
application pressure s increased the percentage of reduction is decreased
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Table 3.8 Quick Release Valves

Model / Comments

Aeraquip

kSv 4040737

|
. Make }
|
Bendix | QR-1
|
i QR-1C Dual function valve. It functions as &
! quick release valve far the emergency side
| of the spring brakes and.its integra]
| double-check valve prevents simultaneous
l application of the service and emergency
l side of the spring brakes, {anti-
} compounding).
!
Williams | WM=314
{
Midland-Ross| N-12916
|
1
Wagner | AC 15793
|
f
Sealco | 2000
|
|
Velvac | 32-C
|
|
MGM | QR 318
|
|
Berg | 21602
[
|
|
]

i R A i e ey e i A A T e P = A o i A e T A e T s s e o e e ot P i g s
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Figure 3.18: Relay Ouick-Release valve [3.1]
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Table 3.9 Relay Valves/Relay Quick Release Valves

Aeroquip

KSv 4040846

i
Make ] Model / Comments

]
i

Bendix | R-6
]
i R-8p Designed specifically as a control line
[ relay valve in multi-venicle combinations.
j Provided balanced pressure to all trailer
j and dolly brakes. Does not cause a drop
i in pressure in the service brake signal.
i The R-8P will replace any dolly booster
| relay valve.
|
] Incorporate an integral balance port
! R-8 and which provides an anti-compounding
! feature to control spring actuated
| R-12 parking brakes/service brakes. 3erves
] up to four Type 30 brake chambers.
|

Williams ! WM-227-A
|
| WM=227-B
|

Midland-Ross| N-20829-C
|
| N-2531
|

Wagner | AF 37500
|
y

Sealco } A-1100
!

Berg I 1660
1

velvac | 32-B-31
|
!
|
|

T ke e T e e e e P bl e ekl e o . e A o e e o o A i et el et | e o e e A = — —



_ g7 -

Table 3.10 Relay Emergency Valves

l
Make | Model / Comments

|
|

Bendix | RE-4 Both are piston operated; Available in
| both remote and resevoir mounting
I RE-6 configurations.
|

Williams ! WM-101-A Modulated pressure
|
i WM-101-B Modulated pressure
%

Midl and-Ross| N-4171
|
| N-3714
|
[

wagner | AF 37410

Sealco ! A-1000

Berg 11675, 11678, 11679

11685, 11688, 11689

Velvac

32-A-31
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until the full pilot pressure (approximately €0 psi) is delivered. The vajve
is available with several different hold-off pressure which prevents tne
front brakes from operating until the hold-off pressure is exceeded.

Table 3.11 1jsts the available hardware.

3.2.14 Brake Valves/Service Brake Valves

Brake valves are used for applying and releasing air brakes on the
tractor and vehicles combination. They are availaple in varjous mounting
configurations, floor, fire-wall mounted, etc. Actuation of the valve can be
treadle, pedal and lever/linkage arrangements. The sensitivity of the valve
varies depending on the method of actuation and the design. All brake valves
are designed to provide a gradual means of applying air in the 5 psi to 80
psi range, with the capability of delivering full reservoir pressure.

Brake valves can be grouped inte two types:
- A single cireuit valve employed in pre-FMVSS 121 vehicles;
- A dual circuit valve employed in FMVSS 121 vehicles.

In the case of dyal circuit, it uses two separate supply and
dgelivery circuits for service and secondary braking. Primary circuit is
mechanically operated through the action of the treadle/pedal and plunger.
The Secondary circuit operates similar to relay valve, with control alr
delivered from the primary circuit. In the case of fajlure of the primary
supply (emergency situation), the secondary inlet valve js mechanically
opened Dy a push through mechanical force from the driver’s foot via the
treadle/pedal, plungér and primary piston.

Table 3.12 1ists the available hardware.

3.2.15 Tractor Protection Yalves

The tractor protection valve is used to protect the tractor air
brake system in the case of either trailer breakaway or where severe air
leakage develops in the tractor or trailer. This valve is also used In
everyday use, to shut off the trailer service and supply lines pefore
disconpecting the tractor from the trailer. The valve 1s usually mounted at
the rear of the tractor cab and¢ operates In conjunction with a dash mounted
control valve.

Table 3.13 ]ists the available hardware

3.2.16 Spring Brake Valves/Spring Brake Control Valves

Spring brake valves are used an tractor and trailers. They provide
emergency braking control on tractor rear axle and control both the parking
and tne emergency brake functions in the case of trailer.
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Table 3.11 Ratio Yalves

Aeroquip

KSY 4040738

|
Make | Model / Comments

!
i

Bendix } LQ-4
] LQ-2 Pre - FMYS5 121 vehicle; Yimiting quick
| refease valve.
i

Williams { WM-318 B Preset
| WM-318 Adjustable
]
i WM-318 A Adjustable
]
|
|

- ek i et it et et o e el o et T e b e e et
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Table 3.12 Brake Valves/Service Brake Valves

Model / Comments

|
Make I

I
I .
[ Single circuit:
|

Bendix | E-2, E-3 Floor mounted, treadle or lever-operated;
| E-3 has longer plunger travel and softer.
I
[ E-5 Similar to E-3, but has a suspended
| pedal; fire-wall mounted valve within the
| cabp.
|
I
i Dual circuit:
I
I £-6, E-10 Floor mounted; treadle operated.
|
| E-7 Fire-wall mounted; suspended pedal.
i
[

Williams ! WM-477
|

Midland-Rosst TCV-3
|

Wagner | AE 48611
|
|

Sealco | 6100
|
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Table 3.13 Tractor Protection Valves

|
Make | Model / Comments

|

Bendix | TP-2 Used on pre-FMVSS 121 tractors;
| Requires dash mounted control valves such
| as TW=1 or PP-1; Houses both the service
[ and emergency valves; Three lines-
| cantrol line, trailer service 1ine, and
| trailer supply line, are connected.
I
I Tp-3 Used on pre-FMVYSS 121 and 121 tractors;
i Houses only service line shut-off valve;
I Controlled by pressure delivered by the
| control valve in the cab; Uses PP-3/FP-7
| contro]l valves; Two lines-trailer supply
| line, and trailer service line are
| connected; Will function automatically
| between 20 and 45 psi as supply pressure
| is reduced.
[
[ TP-4 Proprietary valve
I
] TP-5
[

L [

Williams } WM-67-A
|
| WM-57 Standard
|
| WM-320 Fast brake application
|

Midland-Ross| TPV-2
[
| N 30073
i
|

Wagner | AC-24912
!
!

Sealco ] 3700
|
i 7700
|
! 5100
|
i

Berg ] 1501
|

|
|
I
I
!
t
I
|
|
|
I
|
|
I
|
!
]
|
|
I
I
|
!
|
|
!
I
|
I
I
|
|
|
I
|
I
I
I
I
I
I
|
!
|
}
!
|
|
I
I
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In tractor, it is used in dual dircuit brake systems and serves two
functions; during normal aperation, i1t limits hold-off pressure to the spring
brakes via a relay valve or guick release valve, generally 90 or 95 psi.
Wwhen there is a loss in the rear service brake supply, it will modulate
spring brake application at the rear axle proportional to service braking
pressure delivered te the front axie

Table 3.14 1ists the available hardware.

3.2.17 Trailer Cantrol Valves

The trailer control valves are used for independent control of
trailer service brakes. However, the valve can be used_for any application
where graduated application pressure between approximately 5 psi and end of
graduation range is required. They should not be used for parking. The
valve employs a cam, cam follower and a graduation spring to control air
delivery pressure.

Taple 3.15 11sts Tne available hardware.

3.2.18 Other Contral Yalves

There are several control valves used in the air brake system to
cantrol various system companents. They are generally dash mounted in the
cab.

Table 3.16 Jists the avaijlable hardware.

3.2.19 Check Valves

Both in-1ine single check valves and double check valves are used
in air brake system. The following manufacturers supply this unit:

- Bendix

- Willjams

- Basch

- Wabco

- Aerdquip

- Mid}and-Ress
- Wagner

- Sealco.

3.2.20 Drain Valves

Drain valve is installed in air-brake reservoirs for draining the
accumulated contaminants collected in the reservoir. Available 1in both
manual and automatic types. The following manufacturers supply this unit:

- Bendix
- Wabco
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Table 3.14 Spring Brake Valves/Spring Brake Control Valves

Make

Model / Comments

Bendix

SR-1
SR-2
SR-4

For tractors
Three-reservoir trailer air brake system

Two-reservoir trailer air brake system
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Table 3.15 Trailer Control Valves

[ |

Make | Model / Comments I

[ !

| |

Bendix | TC-2 |

] |

[ TC-6 i

| |

| TC-7 |

| |
|

Williams | WM-606-A1 0-60 psi range |

| |

! WM-606-B1 0-90 psi range |

| I

| WM-606-C1 0-120 psi range |

| ' |

Midland-Ross| HCV=-3 ;
|

] N 30060 |

| |

I |

Wagner | Type HE {
J

i AE 28340 |

I

Sealco | 5800 f

!

§

1163100 |

|

Berg |
i
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Table 3.16 Control Valves

Model / Comments

i
|
|
PP-1 Used in pre~FMV3S 121 - Single ¢ircuit |
tractor air system; Centrols parking and |

emergency brakes; Works in conjunction with |

TP-2 tractor protection valve. ]

[

!

PP-2 Used for parking and emergency brakes;
Features an anti-compounding port ta prevent]
simul taneous application of both service and|
parking brakes.

Pp-3 Used to control the TP-3; Tractor protection
valve in pre-FMVSS 121 fractor air system.

FP=5 Hsed Tn conjunction with vehicie Torque
converter systems, engine speed contral
systems, and some parking brake systems.

PP-7 Used in FMVSS 121 dual air circuit system
To control Tractor protection system;
Employs &n air operated override control
in the Tower pody which will apply the
trailer brakes when the tractor spring
brakes are applied.

PpP-8 Used to control the tractor brakes only 1in
the FMV55 121 dual system; Non-automatic;
Remains in the applied {(button in) positien
regardliess of delivery or supply pressure.

Willtiams

WM=-672

Midland-Ross

N-14488; N-2092B-A

v ] e ] e e ] st it et i ] e it ] e et e e e — e e e e A — e et e i e . e et e et s P ] i ot ]

Wagner AD-25077; AD-36130

Sealco 17600; 9960

Berg 15h0; 1505h; 1705; 11558; 11559; 117h5-A; 215590
western Safety £000

MGM 2700
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- Bosch.

Automatic Drain valve

Description and Operating Principle

The Automatic Reservoir quin.Va1ve ejects moisture and
contaminants from the reservoir to which 1t 15 connected.

When there is no air pressure in the system, the jnlet and exhaust
valves are closed. Upon charging the system, a slight pressure opens the
inlet valve, which permits air and contaminants to collect in the sump. The
inlet valve remains open until maximum {governor cut-out) pressure is
reached. The spring actjon of the valve guide in the sump cavity closes the
inTet valve. The inlet valve and the exhaust valve are now closed. When the
reservair pressure drops slightly (approximately 2 psi), air pressure in the
sump cavity opens the exhaust valve, and allows moisture and contaminants to
pe ejected from the sump cavity until pressure in the sump cavity drops
sufficiently to close the exhaust valve.

The length of time the exhaust valve remains open and the amount of

moisture and contaminants ejected depends upon the sump pressure and the
reservoir drop that occurs each time air is used from the system.

3.2.21 Safety valves

The safety valve protects the air brake system against excessive
air pressure build-up. Installed in the same reservoir where the compressor
discharge line is connected. Normally set for the pressure range 140 to 160
psi. Available in both adjustable and non-adjustable types.

Table 3.17 lists the available hardware.

3.3 NEW DEVELOPMENTS TO REPLACE SPRING BRAKES [3.4]

There is a new type of brake chamber called "Mini-Max", a patented
brake system manufactured by International Transquip Industries Inc. in
Houston, Texas, and now distributed in Canada by the Truckline Farts Division
of Hayes Dana Inc. which replaces the conventional spring brakes.

The "Mini-Max" 1s essentially a basic service brake chamber with a
pit of extra valving and ratchet detent. In normal use, it functions about
the same as a service brake.

Figure 3.19 shows a pictorial view of a Type 30 "Mini-Max" brake
and a cross-sectional view illustrating the basic operation.

The "Mini-Max" brake functions as service, emergency and parking
brake. The champer is bolted on to the mounting bracket and connected to the
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Table 3.17 Safety Valves

WM-342-A

I
Make | Model / Comments

|
|

Bendix | 57-1 { Adjustable
}
] 5T-13 { Non-adjustable)
f
| 1/4% or 3/8% N.P.T.
|

Williams } WM-342-B
|




@
37 :

Figure 3.19a: “"Mini-Max" Brake [3.4].
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slack adjuster in the conventional manners Supply air is piped to the relay
emergency valve and to the piston, keeping it in the raised position during
normal vehicle operation.

The service brake operates in the conventional manner. As fair is
used for brake applications, it is automatically replaced from the supply
1ine into the tank.

A conventional relay emergency valve is incorporated in the system.,
With this system there is either a full brake application or over 45 psi tank
pressure available for application. Trafler brakes are automatically applied
when dash valve is pulled, when pressure falls below 45 psi, or when trailer
is disconnected because the supply line is interrupted. Truck tractor brakes
are applied when dash valve is pulled or when ajr pressure falls below 45
psi. When the system is again pressurized to a safe” operating level the
brakes can be released safely.

The mechanical feature of the "Mini-Max" brake only engages when
there is a drastic loss of air in the emergency tank. This feature
eliminates unnecessary lock-ups and brake drag. The piston never ratchets
along the push rod rack so no wear is ever experienced on these partis. Back
force required to shear these parts is over 5,000 1bs compared to 1,200 Tbs
required to compress the spring on a conventional brake. Brake holding 1s
improved.

Some of the salient features claimed by the manufacturer are:

- Safe and simple maintenance.

- Na brake drag.

- Unwanted lockups are eliminated.

- Delayed mechanical parking ensures no compounding.

- Easily released in extreme cold.

- Service applies under 2 psi to allew safe operation.

- Brake life similar to service brake chamber - over 10 years.

- Weight only 12 Tbs.

- Brake application force:

. 3,000 psi @ 100 ips air pressure.
. 1,800 psi @ 60 1bs air pressure.

- Caging takes 2 minutes, safe and only cages parking brake, not
emergency brake.

- Meets FMVSS 121 regulations.
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3.4 CONCLLSIONS

In this chapter, a detailed account of brake system hardware and
control systems is presented. Description of am air brake system for a
tractor semitrailer along with air brake circuitry 1s also presented. A
detailed description of individual hardware, availability, and specifications
is outlined.
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CHAPTER 4
HEAVY VEHICLE AUXILIARY BRAKING DEVICES

4.1 INTRODUCTION

The performance of the braking system of road vehicles, and heavy
vehicles in particular, is becoming more and more an important parameter in
the design of safe vehicles. The friction brake, although extensively
developed and refined, does not fully satisfy some of the reguirements
imposed by the modern traffic conditions, especially during steep mountain
descents.

During braking, force is generated at the wheels to oppose the
motion of the vehicle and to dissipate the associated kinetic or potential
energy as heat.

Conventional friction brakes can stop a vehicle fully loaded with
high deceleratjons generally independent of the speed. Under these
conditions, the torques generated by the brakes are high and the rates of
energy absorption are extremely high for short periods. For example, a
venicle braking from 110 kph at a deceleration of 0.79g. would dissipate 104
kW per tonne [4.1]. Tnis is possible bacause of the heat reservoir effect of
the brake drums and adjacent components. However, these high rates of energy
dissipation occur only seldom and for short periods.

As mentioned earlijer, the mountainous terrain imposes certain
specific conditions and therefore of equal concern is the necessity of
absorbing energy at lower rates over longer periods of time. Under these
conditions, the brake temperature rises until a temperature gradient
sufficient to achieve equilibrium between heat input and heat dissipation to
the atmosphere and the adjacent compenents is reached. At this point, the
heat capacity of the brake will influence the time required to attain
equilibrium but not significantly its fipal value. Although, teday much
progress has been made in 1ining materials capable of operating of high
temperatures, problems of brake fade and high 1ining wear are still present.

One means of overcoming these problems is to fit a retarder which
opposes the vehicle motion at relatively low levels of power dissipation for
Tong periods.

Rertarders can be divideda into two major categories, either
“driveline” or "engine speed" retarders. Driveline retarders, (hydrokinetic
or eddy-current type) applies torque to a rotative element connected to the
wheel without a transmission in between. An engine speed retarder acts in
the engine which will produce the retarding force. The engine speed retarder
will produce braking force at the wheels anly when the transmission is in

gedar.
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4.2 ENGIME RETARDERS

Engine retarders can be ¢lassified in two main classes, i.e. engine
brakes and exhaust brakes.

4.2.1 Engine Brakes {"Jake" Brakes)

4.2.1.1 Operating Principle

The engine brake, like the Jacobs engine brake ("Jake" brakel,
operates on the principle of converting the aiesel engine intoc a
power-absorbing air compressor. This is done by opening the exhaust valves
near top dead centre on the compression stroke, releasing the compressed air
ta exhaust. Since the epergy of the compressed air is not returned to the
pisten on the expansion stroke, there s & net energy lo0ss and the work dane
in compression is not returned during the expansion process.

As shown in Figure 4.1, on engines using a third cam on the main
camshaft to provide the necessary moticen for the fuel injection, the master
piston in the engine brake rousing takes the motion of the injector cam via
the injectaor push rod and transfers it to the exhaust valve hydraulically.
The master piston A takes the motion of the injector push rod B. The slave
{engine brake) piston £ transfers this motjon to the exhaust valves. This 1Is
accomplished when the electric solenoid-operated valve D is actuated by the
driver., 0i1 from the control valve F 1ifts a return spring and opens the
passage to the top of the master piston A and forces the master piston into
contact with the injector push rod B. The ball check valve in the control
valve traps the ofl in the master-slave piston circuit thus forcing the o7l
under pressuré on to the engine brake piston which in turn opens the exhaust
valves G. Tnerefore as long as the main sclenoid valve is actuated, there is
z hydraulic link between the twQ Operating pistons. #hen the solenoid valve
is switched off, oil pressure is released from felow the control valve which
then exhausts the oil trapped in the master/slave piston circuit allowing the
master piston to return, under the action of its spring, to the rest position
without contact with the injector push rod.

On some engines, having a <separate injection pump to operate the
engine brake, an alternative source of operating the engine exhaust cycle 1s
needed. For example, on a six cylinder engine three cylinders are taken
together as a unit and the apprapriate exhaust cam and push rod are used to
provide the brake engine timing. Table 4.1 snows the arrangement for a Mack
673-engine [4.2].

In recent years, the engine brake was further refined. An example
is the Model 404 Jaccbs engine brake for Cummins 4-cycle L10 Diesel engines
[4.3]. This new retarder was needed to compensate for loss of natural
retarding capabilities in modern trucks due to fuel-ssving devices such as
radial tires, fan clutches, aerodynamic improvements, réduced friction in the
truck components, etc. This new version of engine brake 1s presented n
Figure 4.2 which illustrates the interactions of master and slave pistons as
well as single-exhaust valve use. The mode of oparation is similar to the
older model already described. The difference js that the new system uses &
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Table 4.1 Master/Slave Cylinder Relationship

in Engine Firing Order [4.2]

I
|
!
|
|
|
|
I
|
|
|
|
|
l

ACTUATES
|
LOCATION OF MASTER PISTON | LOCATION OF SLAVE PISTON

%
Mo. 1 Pushrod | No. 3 Exhaust valve
No. b Pushrod | No. & Expaust valve
Mo. 3 Pushrod | No. 2 Exhaust valve
No. 6 Pushrod | No. 4 Exhaust valve
Nag, 2 Pushrod ! No. 1 [xhaust valve
No. 4  Pushrod ; No. 5 Exhaust valve
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modified injector rocker arm adjusting screw to transfer motion from injector
push rod to brake master piston. The L10 engine has four valves per cylinder
but the Model 404 Jake brake uses only one of the two exhaust valves. This
is shown in Figure 4.3 compared to the older system using both exhaust
valves. Jacobs brakes for engines with only two-lobe camshafts {intake and
exhaust) use exhaust pushrods from adjacent cylinders to drive the brake

master piston.

Among the design considerations for the new brake was the
7imitation in engine height due to the necessity of the brake housing to be
mounted on top of the overnead assembly under the valve cover. This calls
for a compact design and also & good distribution of the housing mass in
order to abtain an evenly stressed structure.

4.2.1.2 Further Design Considerations

An important aspect of the design of an engine brake are the
controls available to the driver- Since the brake must come on and off
quickly ana witnout interference with the normal driving habits and the
controls must be straightforward simple and foolproof, fast operating
electric solenojd valves are used T0 control the hydraulic circuits with
simple automatically actuated electrical switches for the throttie and
clutch. A simple dash switch ensures that when the dash switch is "on" and
the driver releases the throttle apd the brake comes into action
simultaneously. As scon as the driver touches the clutch pedal to change
gear, the engine brake automatically goes out of action and the engine runs

normally.

For the new Jacobs Mode]l 404 engine brake having a single braking
valve, requirés a hydraulic reset mechanism in the brake system so That
normal valve motien is not impaired by the engine brake. The valve motions
during one cycle with and without the reset mechanism are shown in Figuyre

4.4.

The major part of the reset mechanism is mounted in the slave
piston adjusting screw. To accommodate this, the slave piston and control
valve assembly were slightly modified. The reset mechanism acts 1in
conjunction with the slave piston to obtain the desired valve motion, as
shown in Figure 4.5. The reset valve plunger follows the slave piston in its
downward motion until jts main spring overcomes the hydraulic pressure
holding the reset plunger against the slave piston. The plunger then
retracts back into the reset mechanism's body and uncovers the hole in the
top of the slave piston. This allows the oil from the high pressure circuit
to filow out through this hole into tne low pressure supply 0il. This allows
the exhaust valve to return to jts sealt and resume normal operation.

Because only one valve is used, this valve must 1ift twice as mush
as the valve 1ift for two valve brake system, in order to provide sufficient
exhaust valve flow area, as compared to other engine brake models where two
exhaust valves per cylinder are used for braking. Full valve opening occurs
near top dead center on the compression stroke. Sufficient clearance was
provided by the manufacturer to avoid any interference between the valve and
the piston., The brake master/slave piston ratic was selected so as TO assure
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a safe clearance at maximum brake valve opening.

The Model 404 brake unit has two housing assemblies, attaching
hardware and controls. In Figure 4.6, the front housing is presented. It is
symmetric about the engine's mid-plane with the rear housing.

Since the engine overhead oil pressure and flow are quite laow, 01l
is supplied externally from the oil filter head to the engine brake, in order
to meet the brake activation time and make-up 0il flow requirements. This
supply ©il is routed through a valve cover spacer built inta the front
housing. There it is distributed to the solenoid valves through a connector
and passages incoerparated in the front and rear housing. Each housing is
controlled by its solenoid valve through a three-position switch, allowing
the activation of one or both brake housings for partial or full retarding
power. The single exhaust valve in each cylinder is actuated through a
unique crosshead adjusting screw assembly.

For the Mcdel 404 prake, the exiating engine exhaust crosshead is
used. Tnhe crosshead adjusting sc¢rew is replaced by a special hollow screw
containing & pin wpnich slides freely 1n the vertical direction. Wwhen the
engine brake js activated, the slave piston pushes down on this pin, cpening
the exhaust valve.

To compensate for component thermal varjation, a clearance between
the slave piston and the pin upper portion (slave piston lash) is set during
housing jnstallation.

4.2.1.3 Engine Performance

In general, engine brake performance is mainly a function of either
cylinder displacement or the intake air consumed. By turbecharging, a small
engine can become as efficient &s & large naturally aspirated engine.
Two-stroke engines performed as well as equally rated 4-cycle engines, since
they breath more air than the actual piston displacement requires.

The absorbed power increases if the engine 1s turbocharged due to
the fact that with the engine brake operating, enough exhaust energy 7is
available to drive the turbine and compressor to a high enough speed to
produce a significant increase in intake manifold boost. As an example, an
engine with an ocutput of 220 HP equipped with a Jacobs engine brake model 20
will absorb 165 HP at 2100 rpm. The same engine, turbocharged, with an
output of 250 HP when equipped with the engine brake, will absorb 226 HP
[4.2]. The increase in input horsepewer is due to an increase in air density
due to the jncrease manifold pressure produced by the turbocharger. Exhaust
temperatures are lower with the engine brake and result in lower exhaust
energy. This brings lower terminal rotational speeds of the turbochdrger
than that obtained during full load engine operation.

In a turbocharged engine using an engine brake, the turbine
accelerates faster when the engine brake is applied than it does with the
sudden application of full fuel load at high engine speeds. AT high
altitudes, turbine speed decreases instead of increasing as is the case with
a normally aspirated engine.
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The new engine brake design, 1ike the Jacobs Mode] 404 installed on
the Cummins engine having a rated output of 270 HP produces 295 HP at the
flywheel, resulting in about 350 HP retarding power at the rear wheel of a
class-8 vehicle. This represents a retarding power up to 130% of the Cummins

L10 engine’s rated output.

The testing of these new engine brake designs showed that engine
brakes were mostly used at higher engine speeds, usually over 1500 rpm.
Also, it was found that in the Model 404, there js a nearly straight line
relationship between retarding power and engine speed over the operating

range.

4.2.1.4 Vvehicle Performance

The performance of vehicles equipped with Jacobs engine brake is
illustrated in Figure 4.7. This curve shoews the horsepower absorbed versus
time and it is evident that the vehicle brakes can absorb quite large amounts
of power for short periods of time. This older model of Jacobs engine brake
pased on which the curves were obtained is not capable of high horsepower but
can abhsorb moderate horsepower for indefinite perjods of time. Also, the
power absorption capability is superior to friction brakes after about three

minutes [4.2].

4,2.1.5 Salient Features of Jacobs Engine Brakes (As Per Manufacturer's

Ciaim)

The salient features of dJacobs engine brakes can be listed as

follows:

1. Newly-designed Jacobs engine brakes can deliver retarding
power up to 130% of the Cummins L10 engine's rated output.

?. Reduces service brake wear with an average service brake
1ife of at least 2 1/2 times longer.

3. Minimizes engine wear due to consistent engine operating
temperatures which reduces engine stress. In additijon,
the removal of carbon build-up from the ¢ylinders by the
scavenging effect of the engine braking cycle improves
engine maintenance.

4, Minimizes tire wear.

5. Improves vehicle performance and vehicle control.

4.2.2 Exhaust Brakes

4.2.2.1 Introduction

) Exhaust brakes are the simplest form of auxiliary brakes on a heavy
venicle. They require only simple modifications to the vehicle and there is
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no need of any additional egquipment for energy or heat dissipation.

Initially, exhaust brakes were used on gascline engines but
problems were encountered due to the high exhaust temperatures and hard
carbon deposits.

The use of diesel enginés on neariy all the heavy vehicles improved
the reliability of exhaust brakes since the exhaust temperatures are lower
and the carbon deposits being a2lso softer, the 1ikelinond of the seizure of
the butterfly spindle is less if the exhaust brake is so eguipped.

4.2.2,2 (Operating Principle

The exhaust brake 1s a valve which 1s fitted ynto the exhaust 1ine
between the exhaust manifold and the exhaust silencer. When this valve is
c¢losed, air 1is compressed against it through the open exhauyst valve by the
piston in its upward motion, on the exhaust stroke. During this operation,
the engine becomes & low pressure single stage compressor driven by the
vehicle momentum, resulfing in a retarding effect being transmitted thraugh
the transmission to the driving road wheel [4.5].

The bSrake torque generated depends on the gearing and engine speed.
In general, at moderate and high velocities the primary braking system also
must be applied since the generated brake torgue is 1imited to about 70% of
the motor drive torque. The major 1imiting design factor of an exhaust brake
is associated with the exijt valve spring. Increased pressure in the exhaust
system tends to overcome the valve spring, forcing the valve to stay open and
cansequently limiting the compressor action,

Further improvement in engine brake torque can be achieved by
altering tne camshaft timing such that the compressor actien of the engine is
increased. Tre engine brake toraue may be gver 100% of the maximum drive
torque of the engine. Large retarding torques, however, can only be achieved
by using 2 law gear, which in turn results in undesirably low ¢ruising speeds
and thus increased per mile operating casts. No adverse effects on engine
wear have been observed with this type of brake. It is claimed that shoe and
drum wear can be reduced from 25-50% with the use of exhaust brakes,
depending on conditions. Of sigrnificance is the effect of engine braking on
the thermal state of the combustion engine. Changing thermal conditions
(undercooling) may cause premature wear and related problems. Research
findings indicate that, when Dbraking on a downhill grade while using the
whee]l brakes, the combustion cylinder surface temperature decreased from 40109
to 1679 F. Tne same test with exhaust brakes showed a temperature decrease
from 4019 to 3029 F, indicating more favorable thermal engine operating
conditions [4.6].

Figure 4.8 shows three typical pv-diagrams of the diesel engine.
The hatched area represents the indicated work. Indicated power is produced
in {a) and (D) whereas in (c) power is absorbed. The calculated cylinder
pressure during exhaust and inlet stroke of a 6-¢cylinder in-Tine engine is
shown in Figure 4.9.

As the exhaust valve starts to open at point 1, the cylinder
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pressure 1s lower than the pressure in the exhaust manifold (see also Figure
£.10). The cylinder is at first filled with compressed air from the exhaust
manifold and its pressure rises to the level of the manifold pressure which

consequently drops lightly.

During the first part of the exhaust stroke, the air is compressed
in the cylinder and in the exhaust manifold. Towards the end of the stroke,
between the points 2 and 3, the pressure drops due to the exhaust opening of
the next cylinder. At the end of the stroke (3:4), the pressure rises again
due to restricted Tlow through the closing exhaust valve. As the inlet valve
opens at point 4, the air expands from the cylinder into the jntake manifold.

The intake stroke then folloews as under narmal operation. A small

pressure rise shortly before BRC is due to the uncontrolled opening of the
exhaust valve and this allows reverse flow into the cyli#nder.

4.2.2.3 Exhaust Brake Performance

The performance of exhaust brakes iz affected hy the design of the
engine, gearing of vehicle and, to a lesser extent by the Tocation of the
brake relation to the exhaust manifeold.

The influence of the engine design consists of three factors:

a2) the braking pressure which the engine can develop,

b) the size of the engine, and

c) the engine speed.

The maximum braking pressure is governed by the strength of exhaust
valve springs in relation to the size of the valves, and the valve overlap
timing of the engine. The pressure build-up .in the exhayst manitold and pipe
up to the brake is due to the piston compressing air through the open exhaust
valve as it rises on the exhaust stroke.

‘ . Brake power can be calculated fTor the 4-cycle engine as follows
4.71.

Ng = (Pig - PR} n z ¥4
d

where
Ng - absorbed brake power
Pig - mean indicated pressure under exhaust brake operation (<0)

mean pressure resulting from friction and gas exchange

=
=
1

= |
b

engine speed
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z - numbker of cylinders

Y. - swept valume of one cylinder

A certain zmnount of compression is 1ost back through the inlet
valve due to valve overlap. The braking pressure reaches a maximum at
between 1,100 and 1,500 rpm and above this speed, 1t remains constant due to
the effects of valve overlap and the fact that the exhaust valves are acting
as relief valves to the pressure in the exhaust manifold.

Maximum braking efficiency is obtained in the higher rpm range.
Therefore, the driver should use his gears to keep the engine at high speeds.

Although, different manufacturers will suggest different locatian
for the exhaust brake, the usual practice is to install the brake a short
distance from the manifold, the main consideration being the available space.
It has been found that when the exhaust prake is installed very close to the
manifold, it is usually necessary to install the actuator either remotely
or on an extended bracket in order to protect it from excessive heat.

When the brake is installed far from the manifold, the pressure
build-up is nat as rapid as when it 1s close to the manifold, but this
difference does not create any practical difficulty-

From a metallurgical point of view, the more remote the valve ijs
from the engine, the less stringent are the temperature requirements [4.8].
The remote location increases the tendency of the valve to gum up, therefore
the maintenance requirements are alsc more stringent. Also the remote
location raises the number of leakage peints substantially [4.8]. By
locating the brake closé to the manifold, the leakage points can be reduced
in number.

Table 4.2 shows the variation of the brake performance as a
function of the brake Tocation.

4.2.2.4 Types of Exhaust Brakes

There are four categories of exhaust brakes: butterfly valves,
swing valves, poppet valves and slide valves. OF &11 four, the most common
is the butterfly valve type.

The butterfly valve js a simple balanced valve lying parallel to
the gas flow in open position and pivoting through an angle from 459 to 900
tc closed position. Design variations were Timited to refinements of the
spindle gland to reduce seizure due to carbon deposits. Also new materials,
pbetter suited to high temperature erosion, like stainless steel spindles,
ware recently introduced in butterfly valve design.

seme typical designs are shown in Figure 4.11 where it is shown
that the leakage is different depending on the particular design.

A butterfly valve intended far mechanical controls is presented in
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Table 4.2: Variations In Performance with Differing
Brake valve Locations [4.8].

Graden! P10 Engine & cyhnders
Lengin of gradent 800 mietres 58 Lures
Gruss vehle weht 6800 kg nunifally aspiraled
Positan of Marymum Mavmum | Tine 100 Eahagas Brane
brake valve vallivle enNgine descent wystem vilve
speed speed pressure
MaAxiMum
Systcm .
volumie kph PR Fre kN/fm
il 10
4 TLRERN tHITEY 4
manluld 59 3300 58 - Open
212 s 33-5 2030 L] 29y Shut
R cvhaust
PiPc Pt
o alenoer 539 31350 68 5 - Open
109 birea 33 2100 90 290 Shut
AL rear
Wl =aliusy
ayalem ol 3500 66 - Open
8l 54 34-5 2050 85 290 Shut




- 133 -

@Q
L
Tt

A e T

Figure 4.11: Examples of Exhaust Brake Types [4.7].
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Figure 4.12. The flap in this design pivots through less than 909 to seat in
the bore of the housing. In Figure 4.13 another design is presented 1in
which, in order to overcome problems due to compressed air operation of the
nrake where it was found that the sudden impact of the hot vaive against jts
seating can lead to premature failure, the valve pivots through a full age
and leaves & narrow gap between the pivating flap and the port in the brake
housing.

The "Haller" butterfly valve, as shown in Figure 4.14, incorporates
a spring loaded pressure relief valve at one end of the spindle.

4,2.2.5 Exhaust Brake Contrals

The requirements for the design of the control are as fallows:

1. Simultaneous with closing the exhaust brake valve, the injection
pump must be set at stop at the jdle position, to prevent black
smoke after recpening.

2. 5talling of the engine should be avoided when the above
condition is met with the clutch disengaged. This is necessary
in order to ensure proper functioning of the power steering.

There are four types of exhaust brake controls:
a) Mechanical control;
b) Pneumatic contrel in 1 or 2 steps;

c) Electro-pneumatic control, e.g. in the brake application valve
not adjustable and it needs an rpm protector switch;

d} Electro-magnetic ¢ontrol.

The mechanically operated controls are the cnes used exclusively in
the earlier years and are still quite pepular. The control usually consists
of a hand lever in the cab with either rods or a flexible cable connecting it
to the brake valve on the exhaust pipe. Then the development of vacuum
assisted exhaust brakes showed that it required quite large actuators 1o
provide reliable operation, particularly on exhaust pipes of 4 1n. diameter
and larger. Electrical actuation of the exhaust brake by means of a solenoid
has also been emplaoyed. The electrically operated Ashanco exhaust brakes are
used in U.K. [4.5].

Use of compressed ajr operated controls have been used. The
original form consisted of hand valve or foot valve control. Foot valve
control of the exhaust brake is particularly popular in Germany [4.5]. The
synchronization of the exhaust brake with the wheel brakes so that the
exhaust brake was applied by the first pressure on the brake pedal are
popular in Eurape. The method of cperation is to actuate the brake by méans
of a solenoid operated control valve wired to the vehicle's stop light
switch. In many of this type of exhaust brake, the brake automatically
disengages when the ¢lutch pedal is depressed.



Figure 4.12: Z.F. Exhaust Compression Brake With Full Closing
Flap (for operation by a mechanical Jinkage) [4.5].
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Fiqure 4.13: Z.F. Exhaust Compression Brake With Full Swivel
Flap (for power operaticon) [4.5].
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Figure 4.14: ‘Haller' Butterfly Valve Exhaust Brake [4.5].
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A recent development is the use of accelerator synchronization of
the exhaust brake, where the exhaust brake comes inte action when the
throttle is released. This type of exhaust brake js used in Australia for
approximately 75 per cent of tota] exhaust brake installations and is gaining
popularity in the u.K. [4.5]. Such systems are also being used in North
America in the recent years. The usual installation incorporates an
jsolating switeh in the cab which enables the driver to turn off the switch
if it is required, but in actual practice the exhaust brake is left ocperative
at all times.

Fuel Control

gn a diesel engine with a mechanically governed fuel pump, &
shut-down device for the fuel pump 15 not essential. As long as the throttle
is closed when the exhaust brake is in operation, the mechanical gevernor
will return the pump rack to the idle delivery pesition. when this method is
used, the exhaust brake must be adjusted to a suitable bypass opening so as
to allow the engine to idle while the exhaust brake is applied. If this
condition is not wet, the combustion of the idle mixture 15 jncomplete and
heavy carboning of the valves and injector nozzles will result. The correct
adjustment varies from engine toc engine but on & typical applicatien, the
idle is set at approximately 50 to 74 rpm below its normal idling speed.

On diesels equipped with pneumatically governed fuel pumps, a
positive fuel pump shut-down mechanism must be employed. Since there is &
leak back of pressure into the inlet manifold while the brake is applied the
effect of this pressure will cause the pneumatic governor to "throw” the fuel
pump rack to the full delivery pesition. This results in heavy carponing,
negligible braking effect and possible damage to the engine.

For turbocharged engines, the exhaust brake can be fitted ejther
pefore or after the turbocharger. The installation then becomes similar to
that for a normally aspirated engine. For exhaust brakes placed dawnstream
from turbochargers, the major drawback is that the turbine casing 1s
subjected to the back pressure from the exhaust brake and this can result in
premature failure of the spindle seals.

4.2.2.6 Make
Williams Compression Brakes, Exhaust/Brakes are avajlable in

several models in the U.S.A. These units fit all 4-stroke cycle diese]
engines and come either bolt-on or weld-on types for easy installation.

4.2.2.7 Salient Features of Exhaust Brakes [4.6]

1. with use of exhaust bdrakes, the mean overall vehicle
deceleration increases to nearly 0.03g in comparison to 0.0l5¢g
for engines without exnhaust brakes.

2. To maintain a steady speed of apout 20mph on down gradients with
the vehicle in top gear, the use of foundation brakes are not
required on slopes of 1 in 22 or less.
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3. On gradients of 1 in 10, a savings of about 33% in usage of the
main brakes can pe expected.

4. In normal traffic applications, savings of about 20% in usage of
the main wheel brakes can be expected.

5. Only a small increase in the maximum braking performance of the

vehicle can be expected when using the exhaust brakes in
addition to the normal wheel brakes for emergency stop.

4.3 DRIVELINE RETARDERS

Driveline retarders can be classified in two main classes, i.e.
hydrodynamic retarders and electric retarders.

4.3.1 Hydrodynamic Retarders

4.3.1.1 Princinle of Operation [4.6]

The nydrodynamic retarder js a device that uses viscous damping as
tne mechanism for producing a retarding torque [4.9 to 4.111. The viscous
damping or internal fluid friction is transformed into thermal energy and
dissipated by a heat exchanger. In its design, the hydrodynamic retarder is
similar to that of a hydrodynamic ¢lutch; however, its turbine or drive rotor
is stationary. The retarding torgue is produced by the rotor which pumps a
fluid against the stator. The stator reflects the fluid Dback against the
rotor, and a continuous internal pumping cycle is developed. The reaction
forces, and hence the retarding torque, are absorbed by the rotor which is
connected to the drive wneels of the vehicle. The magnitude of the retarding
torque depends upon tne amount of fluid in the retarder and the preéssure
level at which it is introduced into the retarder.

The application of the retarder may result from a hand lever
movement or a combined service brake/retarder control such as the foot pedal
as shown in Figure 4.15. Depending upon the level of applied control farce,
compressed air travels over the rejay valve to the charge tank and control
valve. The compressed air in the charge tank forces the retarder fluid into
the hydrodynamic brake simultaneously disconnecting the line between the
contral valve and the retarder. For a given control input ferce the control
valve allows a constant retarding torque to develep. The degree of fluid
application to the retarder determines the ameunt of fluid ang fluid pressure
and, consequently, retarding torque, Due to the pumping action of the rotor
of the hydrodynamic brake, a pressure difference js produced at the inlet and
exit ports, allowing a portion of the service fluid to be circulated through
the retarder fluid/water heat exchanger. Hydrodynamic retarders operate
independently of the engine, clutch, transmission, or electrical power
supply. They are connected to the drive axle and represent an almost
indestructible no wear braking element when designed properly. When used on
a trailer, & separate cooler becomes necessary without dropping the Tevel
below the cooling tubes. A connection to the retarder inlet is taken from
the delivery sjde of the engine cooling pump to supply fluid to the radiator
head.
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[T

Figure 4.15%: Hydrodynamic Retarder Integrated
with Foundation Brake [4.6].
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4.3.1.2 Typical Hydrodynamic Retarders

"SAMM" Retarders [4.12]

A typical installation of a "SAMM" retarder is shown in Figure
4.16. The radiator head is enlarged, or an auxiliary header tank fitted, to
contain sufficient water to fill the retarder.

The braking torque is cantrolled by regulating the fluid supply to
the retarder with an obturator valve in the retarder inlet line, The
efficiency of the engine cooling pump s important because the head developed
helps considerably in the initial filling of the retarder to reduce the
application time Tag. To aid the flow to the retarder a throttle valve in
the engine to header tank pipe can be linked to the retarder inlet contro] to
simultanecusly actuate the retarder and restrict flow through the engine.
Flow is further assisted by a centrifugal pump integral with the retarder
impeller. In addition te the working fluid connections, a breather pipe is
taken from the centre of the torus through the stator vanes to the radiatoer
head. The functien of this breather is to vent the centre of the retarder
when the control valve is shut to facilitate the discharge of water Pack to

the radiator.

Thempson Retarder [4.6, 4.13, 4.14]

The Thompson retarder fits a transmission-mounted unit, using oil
as the working fluid in a closed system. Heat is dissipated to the engine
cooling system via an oil-to-water heat exchanger. The schematic layout
{Figure 4.17) illustrates the Thompson principle of controlling torque by
"injecting” fluid into the retarder with an air-to-o0il Jloading cylinder.
Torque is limited by controlling the air pressure acting on the piston in the
cylinder. Sufficient air is present in the oil system to permit the retarder
to purge itself of oil when no air pressure is acting on the loading
cylinder. Tne torque and power characteristics for this type of retarder
fall off at higher speeds. Altnhough this loses the self-stabilizing speed
characteristic of the simple hydrokinetic retarder it does alleviate the
thermal dissipation probiem as the speed increases.

The use of a separate fluid system for the retarder ensures that
cool fluid is used for the initial retarder application. Thic overcomes the
problem of the radiator water boiling after a steep ascent when the retarder
energy is added to the already hot system.

The property of torque increasing by the square of the retarder
speed 15 frequently exploited to produce a smaller unit for a given retarding
force. In consequence, the retarder needs less fluid for the initial
application, thus improving the response.

Yoith, Fuller, Caterpillar "Brake Saver", Retarders [4.12]

voith retarder works on the same borinciple as the Thompson's
retarder and uses an integral step-up gear from the final drive. The
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retarder has a self-contained radiator and a transmission driven cooling fan.
By a suitable choice of fluid, this approach permits the dissipation of fluid
heat direct to atmosphere at high temperatures, thus minimizing the size of
the radiator and making its capacity independent of the engine cooling
system. Compared to direct drive retarders which requires one second time
lag, the Voith retarder operates with only half a second time lag. VYoith
retarders, in general, requires high-capacity gearing.

The Fuller retarder and the caterpillar "Brake Saver" are driven
off the power take-off and engine crank-shaft, respectively, hence the driven
speed and effective retarding torque is dependent upon the gear engaged.
This approach enables the retarder output to be matched more c¢losely to the
radiator thermal capacity. Also, the effective retarder torque will be
reduced by the "high" gear ratios associated with high vehicle speeds., These
retarders acts as an exhaust brake, but with superior energy absorption and
control and are quieter.

4.3.1.3 Salient Featuyres

1. Operate independently of the engine, clutch, transmission, or
electrical power supply.

2. Connected to the drive axle and represents an almost
indestructible no-wear braking.

3. Retarding force 1is greater at higher venicle speeds and
approaches zero retarding torque with decreasing retarder drive
shaft speed.

4. Prevents undercooling of the engine below normal operating
temperature on long mountain grades by transferring the thermal
energy generated through viscous damping in the retarder to the
engine cooling system.

5. High power-weight ratio.

4.3.2 Electric Retarders

4.3.2.1 Principle of Operation [4.6]

The principle of the electric retarder js based on the production
of eddy currents within a metal disc rotating between two electromagnets
which develop a retarding torqgue on the rotating disc. When the
electromagnets are partially energized, the retarding torque is reduced.
wnen the electromagnets are not energized, the retarding torque is zero. The
eddy currents result in the heating of the disc. The cooling of the disc is
accomplished by means of convection heat transfer with ventilated rotors.
Initially, all retarding energy is absorbed by and stored in the rotor
material. Only at elevated temperatures does cooling occur. The major
problem of the eddy current retarder is associated with the necessity of high
brake temperatures for efficient convective cooling capacity - similar to
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that experienced with friction-type wheel brakes. The high temperatures
cause a decrease in retarding effectiveness due to the demagnetizing of the
rotor, Depending on the particular material composition involved, this
1imiting temperature lies near 1350¢ F.

The maximum retarding performance of an eddy current retarder is
1imited by the cooling capacity of the ventilated rotor. In order to 1imit
the demagnetizing effects, the operating temperatures should not exceed
values of 7000 to 9000 F. At these levels a reduction in retarding
effectiveness of approximately 20 to 30% exists.

4.3,2.2 TYPICAL ELECTRIC RETARDERS

Telma Retarder Type CA [4.15].

Figure 4.18 shows a cross-section of & conventional Telma retarder
(type CA) wnich employs te own tranemission shaft. .

The stator {3), holds 16 induction coils (&), energized separately
in groups of four and central hub (10}, housing taper roller bearings (5],
equipped with a spring-loaded grease overflow valve (8), and a grease nipple
{8), The coils are made up oFf varnished aluminum wire, moulded 1n epoxy
resin. The stator assembly s supported resiliently through anti-vibration
mountings on the chassis frame of the vehicle.

The rotor is made up of two discs (1 and 2), which provide the
braking force when subject to the electro-magnetic influence when the coils
are excited. Careful design of the fins which are integral with the disc
permit independent cooling of the a&rrangement. The coupling flanges {7),
which are solidly mounted on the shaft {4), in turn supporting the discs,
provide connection to the propeller shafts of the vehicle.

The air gaps (E} for both discs are adjusted by means of the shims
(C).

Focal Type Retarder [4.15]

The Telma Focal retarder s similar tc the CA type retarder
described above, except that it has no transmission hub. The cross-section
of tnis retarder is shown in Figure 4.19.

The stator (3}, attached rigidly to the axle housing (5), or t¢ the
gearbox housing through an intermediate support (4), nolds eight induction
coils (8), energized separately in groups of two. These coils are made up of
varnished copper wire meulded in epoxy resin.

The rotor is made up of two discs {1 and 2) which differ from those
of the CA type of retarder by the form of their radial arms which are brought
pack to the centre of the assembly on to a central coupling ring. The
adaptor (7), coupled directly to the pinion driving flange of the axle (8),
or to the output driving flange of the gearbox, supports the rotor and
provides a connection te the prapeller shaft of the vehicle.
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‘ The air gaps (E) are adjusted on the stator mounting side by the
chims {C 1) and on the side of the remote rotor by the shims (C 2}).

ILASA Electro-Magnetic Decelerater

ILASA Electro-magnetic decelerator/retarder is an integrated axle
mode]l that comes complete with hubs, drums, brakes, "$"-Cams [less slack
adjusters), and electrical accessories consisting of: steering whee] mount
nand control, and cables. This retarder is available in the U.5.A. and a
sample specification of the unit is attached (Table 4.3}.

4.3.2.3 Installation of Electric Retarders

The Telma CA type retarder has been mounted in the transmission
line. 1ts location requires sufficient space between the gearbox and the
rear axle. The propeller shaft is divided and fitted with a sliding
universal joint and is connected to the coupling flange on the retarder. The
retarder is fitted into the cnassis of the venicle by means of anti-vibration
mountings.

The Telma “"Focel" retarders are combined as & part of the
transmission components such as gearbox, or rear axle. This allows
jnstallation of retarders on venhicles having very short prepeller shafts.

4.4 CONCLUSIONS

In this chapter, heavy vehicle auxiliary braking devices are
presented. Engine retarders/brakes, exhaust brakes, hydro-dynamic retarders,
and electric retarders are discussed jndependently. Their operating
principle, design considerations, major manufacturers, specifications, and
salient features are presented.
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CHAPTER &
REVIEW OF PAST AND CURRENT RESEARCH ON HEAVY VEHICLE BRAKING

5.1 INTRODUCTION

The handling characteristic of articulated heavy vehicles are much
more complex than the behaviaur of single vehicle, since the units affect one
another due to inner forces acting at their towing points. Considerable
offorts nave been dedicated in the past by several researchers through
theoretical and experimental works related to the handling performance of
commercial vehicle combination. An excellent literature survey on the
nhandling performance of tractor-semitrailer, truck-trailers, and multi-
articulated vehicles, had been presented by Vlk [5.1] that includes:

- Directional Performance

Rol11 Dynamics

Brake Performance with and with-out Antilock Device
Combined Braking and Steering.

This paper includes large number of references that deal with
theoretical , experimental, and comparative investigations. Tables 5.1, 5.2,
and 5.3 list the various reference numbers and Table 5.4, 1ists the
carresponding references.

In addition to reference [6.1], there are two other State-of-the-
Art Review papers available that deal with_handling and dynamic performance
of articulated highway venicles [5.2, 5.3]. In the follewing sections, a
detailed account of a review of research on braking performance of heavy
vehicles, brake component and system, and brake Testing are presented.

5.2 BRAKING PERFORMANCE

5.2.1 Theoretical Analysis

petzel [5.4] studied a typical articulated vehicle configuration in
terms of balancing of brakes and the shortening of brake response as means of
improving stopping distance and stability. He showed that unless brake
response times were improved, the practice of 'balancing brakes to be
proportional to axle load would not be effective, since the tractor brakes
would reach full power in 1.5 sec. ahead of semi-trailer, which would allow
jackknifing to occur if the tractor wheels Jocked.

Leuzzi [5.5] studied the gdesign of a tandem axle suspension for a
semi-trailer. He included tne wheel rotational effects along with Tload
transfer on the tandem axle, and the forces and moments associated with
suspension geometry. These results ingicated that the load on the forward
axle of a tandem can be decreased due to action of the equalizing bar during
braking, which results in premature wheel leckup. He also proposed a new
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MRAKING
PLRHORMANCE

anmilock

(6,8, 15,69 113,119, 149,
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suspension design that, when analyzed, showed satisfactory results.

Fritzsche [5.6] investigated theoretically the influence of static
control of the braking forces for truck-trailer vehicles. Bode and Gorge
using mathematical analysis [5.7] found that the braking behaviour of
articulated vehicles was generally unsatisfactorily and had tendency to
jackknife on a slippery surface. They showed that various design and load
factors affected braking behaviour. They are wheelbase, centers of gravity,
position of the coupling, tractor/trailer weight ratic, and braking force
distribution. They also showed that for typical vehicles, lTarge Tongitudinal
forces in the coupling, couplings over or nearly over the rear tractor axle,
and high tractor/trailer weight ratio have undesirable effect on braking
performance.

Schmid [5.8] investigated the braking effects on the directional
stability of the truck-trailer vehicle. He concluded that the greater the
proportion of the overall braking force on the combination upon the axles of
the trajler, the less the jackknifing. Overbraking on the truck rear axle
found to be dangerous. Load sensitive brake force distribution for the truck
only reduces the occurance of jackknifing. On the other hand, load sensitive
brake proportioning device used on the trailer axle has a favorable influence
on stability. However, overbraking of the trajler axle results in trailer
axle locking and thus causing the trailer swing.

Koutny [5.9, 5.10] investigated the directional stability of a
truck-trailer during braking using scale model tests. The results of
straightline braking can be sutmarized as follows:

- Trailer axle Tocking did not cause any instabhility;
- Truck rear axle locking produces Jackknifing;

- The brake response times did not exert any influence upon the
behaviour of the vehicle combination.

Morse [5.11] investigated the load transfer during braking of a
tractor-semitrailer. Since vehicle stability is more likely to be a problem
on wet pavement than on dry, he evaluated the brake effectiveness (the ratio
of the torque cutput of the brake to its actuating force) with dynamic axle
1oads of 0.3g. By means of the calculated deceleration versus brake-line
pressure relationship, he demonstrated the difference in bhraking
characteristics between a vehicle whose brakes were statically balanced and
one whose brakes are dynamically balanced at 0.3g dynamic load. The results
can be summarized as follows:

- The effect of dynamic balancing was to increase the frant axle
braking effectiveness, reducing braking effectiveness on the
trailer rear axle, while not changing the braking effectiveness
of the tractor rear axle significantly.

He also demonstrated that the use of load sensitijve proportioning
valves would improve brake balance even more. He recommended that
improvement of pneumatic balance through elimination of pressure and time
differentials, and uniform pushout pressures for all brakes on a given
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vehicle, would aid braking response, especially on lTow-coefficient surfaces.

Noon, et al. [5.12] investigated the braking perfermance using a
computer simulation which included the thermal effects such as heating and
cooling. Variatiens in brake parameters suCh as pressure, response times,
lining coefficient, and heat transfer characteristics were also studied.
Both actual vehicle operations and standard brake tests were simulated. His
mathematical model did not inciude the impartant suspension effects that lead
to spring windup, brake hop, and steering effects due to axle articulation

during braking-

North and Oliver [5.13] investigated the brake response time using
an in-plane model of an articulated vehicle. They determined tne dynamic
axle loading for three conditions of vehicle load: emp%y, Taden {low c.g9.},
and laden (high ¢-g.); and two braking inputs - a step, "¢ and an exponential
Fy (1-¢ 10T). Based on tne results and examining the axle Joadings, it was
possible to make deductions about the possibility that wheel Tock would
occur. The study provided the following conclusions:

1. Brake delays increase the possibility of locking ef the tracter
rear wheels if no load proportioning valve is fitted to the
system.

2. If such a valve is fitted to the system, it should respond to
transients to minimize the probability of wheel locking.

3. wheel lockup would be more likely to occur under & step input,
since the step jnput causes more transient load oscillations
than the exponential input.

The mathematical model considered by North and Qliver neglected the
wheel rotational dynamics and dry friction in the suspension System.

Runge [5.14] investigated the influence of the static (manual)
braking control of the trailer depending on the load of the trailer. The
effect of tne trailer brake pressure reducer and the proparticnal control of
the trailer brake pressure on the braking performance of the truck-trajler
vehicles was studied. He concluded that the automatic (dynamic) Toad
sensitive brake proportioning device for the truck and for the trailer are
essential for better hrake force distribution for all loading conditions.

Bendas [5.15] through theoretical and experimental means
investigated the influence of brake pressure reducer devices that were used
on all axles of a given truck-trailer vehicle except for the truck front
axle. He showed that brake pressure reducing devices improved directional
stapility and stopping distance.

Limpert [5.16] investigated the brake force distribution on typical
tractor-semitrailer vehicles using friction utilization as the ¢riterion. He
demonstrated that typical combination venicles do not achieve braking
efficiencies much higher than 60%. He suggested that braking efficiency can
be increased as high as 75% hy the following:

1. Optimizing the brake force distribution among the axles, and
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2. Employing tandem axle suspensions that tend to minimize the
inter-axle load transfer and thus prevent premature wheel
Jackup. For braking efficiency Rrigher than 75%, he suggested
the use of load-sensitive propartioning schemes.

Hales [5.17], Fritzsche [5.18], Stump [5.15], Mitsche and Runge
[5.20], have shown analytically the use of load - and deceleration-
sensitive proportioning valves in 1improving the stability and response of
articuiated vehicles.

Snilton [5.21] studied by analytical means the cempatibility of
truck and drawbar trailer performance. With Jload sensing equipment, he
calculated the adhesiaon utilization curves for the laden/unladen truck and

the laden/unladen trailer.

John [5.22] studied the braking influence on the directional
stability of a four axle truck-trajler vehicle. He concluded that the
vehicle behaviour during braking depends on the size of the braking ratios of
the truck, £, and of the trailer, &2. If Z; L5, then compressive force
originate at the drawbar, i.e the trailer pushes the truck, and jackknifing
occurs. He also suggests the order in which the axles start to Jock in
truck-trailer vehicles to be:

.2-1 -3 -4 (numbering of axles starts with frant truck axle).

Hales [5.23] investigated the directional stability of the truck-
trailer vehicles braked up to the adhesion 1imit; i.e. with one ar more axie
Tocked.

EEC Regulation 13, covers various regulations in Europe on the
distribution of braking between truck and/or trailer axles and the braking
compatibility between towing vehicles and trailers (without anti-locking
devices). The problems of legislative control of articulated vehicle braking
were analyzed by Livingstone [5.24] and Oppenheimer [5.28]. At present the
FEC Council Directive on “Braking Devices" (RREC 71/320 EEC)} does not Tay
down the braking efficiency for trailers of type "o" which should be
determined. Hoffmann and Rothmann [5.26]1 have offered a "new" procedure
which invelves determining the trailer braking ratie Dy measuring
deceleration and the drawbar force.

5.2.2 Experimental Work

Bode and Merz [5.27, 5.28] discussed the brake testing methodology,
instrumentation suitable for testing articulated vehicles, and measurement of
coupling force. Bode and Gorge [5.29] reported test procedures for
articulated vehicles and they correlated their analytical results to the
experimental results. They found the values for brake actuater pressure
buildup time, response delay, and force buildup time. Factors contributing
to these buildup times and delays were discussed along with their effect on
forces at the coupling on performance were also studied. Tests were
conducted using both a single-axle trailer and a tandem-axle trailer.

Fxperimental work on synchronizing brake response and minimizing
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time lags has been reported. Both Underhill [5.30] and Sido [5.31] used
brake system mockups closely resembling the vehicle brake system to obtain
their results, whereas Guevara [5.32] performed response tests on actual

vehicles.

Nelson and Fitch [5.33] reported the well-known Utica tests which
ysed to demonstrate that longer truck combinations (double 40' and triple
27'), when employing properly maintained equipment in current use, could
achieve braking, stability and structural characteristics comparable with
shorter combinations. The test program consisted of the following:

1. Brake actuyation and releases timing tests (both bench tests and
vehicle tests}.

2. Torque balancing according to SAE J88Q procedure.
3. Vehicle brake rating tests.

4. Braking performance tests.

5. Stopping distance tests.

6. Directional stability tests.

7. Structural integrity tests.

The tests demonstrated that obtaining the desired results
necessitated some modifications of the braking system on the vehicles, as
received, including the use of smooth inner wall tubing with streamline
fittings, addition of relay and quick release valves, and, in certain cases,
the use of load-sensitive proportioning valves.

Kibbee [5.34] and the State of Virginia [5.35] compared the draking
performance of a five-axle tractor semi-trailer and a five-axle tractor
double-trailer combination. In straight-ahead stops on wet and dry pavement,
with the vehicles fully loaded, half loaded, and empty. The results indicate
that the vehicles had equivalent performance over a range of speed of 20-55
mph, with the vehicles capable of achieving average decelerations as high as
17 ft/s?. The results indicate that by appropriate maintepance of brake
system, adjustment of the brakes, and proper brake balance, good braking
performance can be achieved by multi-articulated vehicles.

Experimental investigations on the effect of brake proportianing
have been reported [5.36, 5.45]. Genbom and ail. [5.46] carried out
experimental work to investigate the effects of axle locking during
straighline braking of the four axle truck-trailer venicle. The results
indicate that the axles should lock in the following order:

.3-1=-4 -2 {numbering of axles starts with front axle}.

Pepoy [5.47] described a commercial vehicle braking simulation that
jncludes user's point of view where economic restraints place additional
burden on the simulation beyond just modeling vehicle performance. The
aspects of input definitien, verification, confidence in results and
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acceptance criteria are considered as they affect the definition of whether
the simulation “works® or not. Recommendations are made which should lead to
a more commercially useful tool. The basic factors defined are appiicable to

ather vehicle simulations.

Murphy, Limpert, and Segel [5.48] presented a paper on the
developments of braking performance requirements for buses, trucks, and
tractor-trailers. Both vehicle testing and analytical techniques, including
dynamic modeling and simulation, were used in the program. Performance
qualities essential to braking systems are enumerated, The paper presents
brake test procedures for:

Effectiveness;
Brake failure;
Minimum stopping distance; and
- Statjc timing.

Brake testing included vehicles fitted with proportioning valves
for tractor rear brakes and trailer brakes, supplied by Borg-Warner, adaptive
nraking system (antilock device), with & sensor and contreller mounted on
each of the wheels aof the combinatien vehicTle to prevent wheel Tockup during
braking, supplied by Bendix-Westinghouse; and trailer brake synchronization
(syncron) system, which effectively applies the trajler brakes as soon as the
treadle valve is depressed, supplied by the Berg Manufacturing Co.

The findings, as derived both from analysis and test, inaicate that
three major steps will nave te be taken to significantly upgrade the maximum
braking performance of commercial vehicles.

First, the basjc braking systems of the majority of these vehicles
will have to be improved by use of more effective brakes, hetter brake
palance, and faster system response on air braked vehicles.

Second, the traction characteristics of tires used op the majority
of medium and heavy commercial vehicles will have to be improved so that the
advantage of improved brake effectiveness can be fully utilized at the tire-
road interface.

Third, advanced brake control systems wil]l have to be employed to
allow rapid brake applications withcout 7instigating vehicle instability
whether the vehicle be Toaded or empty, and operating on a dry or slippery
surface.

A number of design alterpatives exist for achjeving these
objectives:

1. The effectiveness and fade resistance of the braking systems on
medium and heavy trucks can be improved significantly by use of
disk brakes.

2. The effectiveness of the braking systems of tracters can be
improved by use of large brakes on the front axle of tractors
with tandem rear axles (a design configuration in which front
brakes are generally absent) and by use of Targer brakes on the
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front axle of two-axle tractors.

. The braking efficiency of many trucks and tractor-trailers can

be improved by careful distribution of braking effort among the
axles of the vehjcle.

The brake response time of air braked systems can be improved
significantly through use of larger hoses, mproved connectors
and fittings, quick release valves, relay valves on tractors,
and trailer brake synchronization.

Braking performance can be improved significantly on trucks,
buses, and tractor-trailers through use of the advanced brake
control systems. These systems, ranked in order of potential
for improving braking performance, are: antilock system; dynamic
load sensitive proportioning system; static load sensitive
preoportioning system.

The following points are also suggested for serious consideration:

1.

2.

More effective hrakes will reguire stronger suspension and
stronger adjacent venicle structures.

Large brakes on the front axles of tractors could require new
front axle and steering system designs, and, in ma&ny cases, the
use of power steering.

. With increased deceleration capability, methods of cargo

restraint will have to he reevaluated. On buses, passenger
restraint systems may have to be utilized.

. The relatively high ratic of center of gravity height abave

roadway to truck wijdth, that is common to straight tTrucks,
caused vehicle stability problems to be encountered at moderate
decelerations. It js expected that the problem wil}] be worse at
higher decelerations. This problem may be alleviated by use of
antilock systems. However, at this peint in time, the problem
is not clearly defined and requires much more study before a
definite solution can he suggested.

If proportioning and/or antilock systems are to he widely used,
cognizance should be taken of maintenance and reljability
problems asscociated with each system. Load sensitive
proportioning systems require mechanical, pneumatic, or other
means of sensing changes in load. Due to wear, corrosion, and
gther degrading factors, the level of coulomb friction in the
suspension system may change, thus requiring periodic inspection
and adjustment of the 1inkage. Since antileck systems for air
braked vehjcles are still in the developmental stage,
reliability is a problem with hoth mechanical and electronic
components. It is mandatory that antilock systems have & high
degree of reliability because of the human invelved. The test
program has pointed out that regardless of load or surface
condition, the driver will make rapid, high-level brake
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applications if he knows the antilock system is operational,
whereas he will be extremely sensitive to load and surface
conditions when applying the brakes without the antilock system
in operation. Serious stability problems are possible if the
driver applies the brakes rapidly thinking that the antilock
system is operational where, indeed, it is not due to a

component failure.

5.3 COMMERCIAL VEHICLE BRAKE HARDWARE

Slack [5.491 presented a review of commercial vehicle brakes. The
review was carried out in three stages:

- The first stage considers the foundation brakes currently in usé
on commercial vehicles.

- The second stage reviews the selection of hrakes against
particular application. Some ways of rating brakes are
indicated, along with factors involved in selecting friction
materials and typical methods of approving the brakes selected.

- The third stage deals with some developments of 3-Cam brakes.
Specific ways of improving the mechanical efficiency, liner
utilization and freedom from vibration are considered.

Tnornton [5.50] presented the operation and redesign of axles and
brakes to meet FMVSS 121. The purpose of this paper is to discuss the detail
vnown to affect the design of axles, brakes, wheels, and related equipment
that will be used on ajr-braked vehicles under Federal Motor vVehicles Safety
Standard (FMVSS) 121. In specific, this paper shows the change that 1is
expected to occur an redesigned axle and braking equipment compatible with
the higher levers of venicle deceleration and controllability ta satisfy the
Standard. Variables affecting vehicle brake performance and design and
application problems related to MyvSS 121 qualification are presented.

5.4 BRAKING SYSTEM

Fisher [5.51] dnvestigated brake system compenent dynamic
performance through analysis and experimentation. His analytical
investigation included man-machine interaction during braking. Some
conclusions drawn by him about the relative speed of response of the
components in a typical brake system are:

- The mechanical brake unit, itself, has been found to have very
fast response;

- Small masses and large stiffnesses possessed by the brake pedal
and the master cylinder indicates that these elements also helang
in the fast respanse category.

Further, conclusians presented in the paper are:
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1. The pedal-force/pedal-displacement and brake line
pressure/pedal-force characteristics of a typical brake system
are highly dependent on the pedal-force applicatien rate.

2. Generalijzed mathematical models for & brake-pedal linkage,
vacuyum-assist device, master cylinder, and brake line have Dbeen
developed for purposes of facilitating analyses of the dynamic
performance of brake systems.

3. Analyses and tests have shown that the vacuum-assist device and
brake lines are the principal dynamic elements in a typical
brake system.

4. Experimental frequency-response data indicatée that short
sections of brake line exhibit response characteristics similar
tc thosa of an underdamped, second-order system.

5. Tests have shown that drum and disc Dbrakes have much higher
frequency response characteristics than has been previously
reported in the 1iterature.

6. If thermocouples are installed in brake linings for measuring
the temperature varijations in the brake rotor, they are subject
to gross errors cauysed by the steep temperature gradient in the
1ining, and the local distortion of the temperature field due to
the presence of the thermocouple.

O01sson and et al. [5.52] discussed the applicability of braking
control systems for highway vehicles. An evaluation of the applicability of
braking control systems for highway vehicles was carried out. Elements of
the study included development of a theary of vehicle response in braking
maneuvers, design of logic for a braking control system, incorporatien of the
control in a hybrid computer simulation of a motor vehicle, and evaluation of
control system performance. Benefits of braking control system are
illustrated in terms of improvement in stability characteristics {rear-wheel
control) and in directional control {four-wheel system).

Stearns [5.53] investigated the intermixing of tTractars and
trailers equipped with pre-121 and FMVSS 121 braking systems. There are a
number of factors affecting the braking stability on tractor-semitrailer
combination venicles when intermixing new and existing braking systems. The
changes in the stability of combination vehicles causes by the differences in
brake performance levels, brake torque utilization, and brake sysiem résponse
of new and existing systems are evaluated. Tne new and the existing systems
are pictorially compared and discussed to clarify the features and
performance parameters required on the new equipment which must work in
conjunction with pre-FMVSS 121 brake systems.
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5.5 S-CAM AND WEDGE BRAKES

Myres [5.54] investigated the interrelationship of the brake 1ining
with other brake components as affected by structural and dinensional
variations of the braking components using the "$" cam foundation air brake.
His study includes the effect of linings, shoes, cam profile, cam roller,
structure, and brake drum. He concludes that & faster wearing material on
leading shoe will increase the force to the trailing shce which improves
stability but drops output. A faster wearing material on the trailing shoe
will increase the brake output with a drop in consistency. The yield
strength of the shoe can be a problem. Dynamometer testing for FMVSS 121
conformance has frequently loaded the trailing shoe of one cam brake above
the yield point of the shoe steel; hence, altering the lining loading
distribution and absorbed some actuator stroke which, in turn, Increases the
leading shoe input and brake output torque. He also concludes that there may
be some vehicle dinstability with the stretched shoe. In the case of cam
profile, if the cam bushing clearance is excessive when new or due to wear or
crushing, the cam can float. This result in reduced stability, Tncreased
stroke to maintain clearance., and source of noise. The friction in the cam
roller reduces the braking performance.

Marting [5.56] recommended modifications of steering axles cam
brakes for FMVSS 121. The increased torgue levels regquired on front axles of
air brake vehicles to comply with the 60 miles per hour, 245 foot stopping
distance of FMVSS 121 created brake packaging problems not only due to the
brake assemblies being larger for a given axle weight, but due to the
inclusion of antilock haradware and the larger front axles. To produce the
additional torque, increased brake input power was needed, necessitating
material and design changes of the basic foundation brake. Many of these
design considerations are discussed in this paper.

Newton and England [6.56] presented a two-leading shoe air/spring
operated wedge brake for heavy commercial vehicles of up to 13 tonnes static
axle weight. They concluded that the dual-wedge design gives a more uniform
shoe-to-drum loading pattern than the conventional "S" cam. An auto
adjustment mechanism is available wnich is fully enclosed and functional.
The complete brake can be mounted onto the vehicle with a minimum of
complication to the vehicle manufacturer. It combines the facility for a
service and parking brake together with the actuating mechanism in one
compact module using common shoes and only requires connection to the
actuation system of the vehicle.

5.6 DISC BRAKES

Birge and Rinker [6.57] presented an excellent paper on the
designing of truck disc brakes that meets the requirements of FMVSS 121. The
paper presents various design approaches and design consideratioens dealing
specifically on lining area, piston retraction, o0il-ceoled multiple disc
brakes, and air-actuated disc brakes. An actual design of a heavy-duty disc
brake for FMVS5S 121 is also presented.

Raves [5.58] investigated hydraulic front disc brakes for heavy
trucks. The paper addresses the design parameters utilized in the
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development of the energy absorbing medium, namely, friction material and
rotor surface. The study included the evaluation of friction material
characteristics in terms of temperature, speed and pressure sensitivity.
Truck geometry is also studied along with friction materials to evaluate the
combined effects on stopping distances. Roter thermal stress and interface
durability characteristics are also discussed. He concluded the Timiting
factors on the stopping ability are;

Relationship of wheel base, to vertical center of gravity;
Road spring stiffness;

Suspension damping characteristics;

Rear drum brake stability; and

-~ Effectiveness and tire to road adhesion.

The following additional conclusions are also drawn:

1. With all-wheel disc brake installation, increased durability can
be anticipated as compared with the drum brake, for the same
compliance level.

2. With a neavy duty disc/drum combination, any brake system
adversities are manjfested in the disc brake, therefare
durability cannot he predicted.

3. With a medium duty disc/drum combination, full system durability
will be less than pre-121 by virtue of overall effectiveness.

Markert [5.59] described the activities in developing disc brakes
at the Bendix Corporation, pointing out the successes and problems
encountered.

Stokes [5.60] presented the findings of the testing on heavy truck
disc brakes. He outlines various laboratory tests which can be utilized to
evaluate heavy truck dis¢ brakes. The methods described include supplemental
techniques derived from improved dynamometer procedures which assure that the
brake components and assembly will perform the intended function and that a
practical and effective design has been obtained. They ensure that the
brakes will provide the “tougnhness” required in the "real world" environment.

Airheart [5.61] discussed various approaches to truck disc brake
design. Design of the disc and the effect of its design on brake performance
show current designs being proposed may be inadequate. Lining area must be
adequate for long life without restricting ceoling. Piston retraction and
adjustment by mechanical means s more reliable than seal retraction. A
multiple disc oil-cocled hydraulic disc brake can provide extended 1ife an
high torque in a small diameter package. Air-actuated disc brakes eliminate
the need for hydraulics, but introduce problems in force multiplication and
brake-to-brake balance.

Soltis [5.62] described the major features of the design of air
disc brakes and the development aduring the laboratory and vehicle tests.

vamamoto [5.63] described the straight-air disc brake systems for
neavy vehicles. The air-over hydraulic systems wili be replaced by advanced
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applications of straight-air brakes by eliminating the complexity of such
systems. Mechanisms for heavy duty are discussed while considering 1ts
linearity, durability, and dependability.

5.7 BRAKE LINING

Rhee [5.64] discussed various hrake materials, test methods, and
friction and wear mechanisms. He indicated that ceramic ingredients are used
primarily for controlling or stadbilizing friction, although they may affect
wear in the process. He also concludes that friction incredses with
increasing Asbestos content and with increasing hardness of ceramic
ingredients.

Joshi [5.65] highlights some of the most important characteristics
of a friction material in general, and in a disc brake application in
particular. He shows how the topic of friction materjal properties be
approached by using a "Friction Material Analysis Chart” developed 1in the
paper for selection of a friction material in 2 brake application.

Fox [5.66] presented the design considerations for wet wheel
brakes. The effect of friction materials, mating members, and grogve
patterns are discussed. A wet wheel brake's purpose is to retard, stop, or
hold a vehicle. It differs from the more conventional dry brake only in
being surrounded by a fluid environment which serves to Tubricate and coo]l
the friction surfaces. This will improve the braking system's durability,
reliability, and smoothness.

Anderson and Knapp [5.67] describes laboratory equipment and test
procedures which characterize lining strength and expansion behaviour, using
small specimens. A benchtop testing device js introduced which can be used
to perform shear and tensile tests on lining samples and singly-riveted
lining assemblies. Results are presented for a representative group of
production and experimental linings. Applications are discussed.

Aoki [5.68] discussed vehicle road testings of brake 1linings in
Japan. Various methods to evaluate lining characteristics by road test, both
governmental and industrial organizations, are reviewed. Japanese Automobile
Standards (JASQ) are established covering wide range of tests. This standard
is widely accepted by vehicle manufacturers, but still there are items not
defined jn this standard, and some of the manufacturers like to modify the
standard for various reasons. It is intended that JASO will cover all aspect
of road test procedure and be adopted by all Japanese manufacturers.
Further, this standard will serve for the rationalizaticn and harmenization
of international standards like IS0 and various regulations 1ike ECE, FMV35,
Japanese Regulations, etc.

5.8 PROPORTIONING VALVES

Sivulka and Willi [5.69] studied a dual-mode height sensing brake
proportioning valve. They described the performance, design, and operation
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of this new selective hrake proportianing valve developed by Kelsey-Hayes (o.
The valve combines positive braking performance with high reliability to
achieve significant gquality improvementis in the brake systems of vehicles
with large differences between unladen and Jaden weights. Use of this new
valve provides significant performance Tmprovements over & single fixed mode

brake system-

Limpert, Ropbins, and Girchrist [5,70], described an analysis,
design, and testing of two-way brake proportioning for improved praking in a
turn. The theory of two-way proporticning was discussed. The proporticning
of brakeline pressure based on braking deceleration and lateral acceleration,
permits the preduction of braking forces while turning which equal, but do
not exceed, the dynamic braking capability of each tire, thus ensuring
optimum utilization of tire/road friction. The principles discussed in the
paper are applicable to combination vehicles.

5.9 CONTAMINANT REMOVAL

Fuerst [5.71] describes methods of removing these contaminants to
reduce the number and severity of problems that may develop in the air brake
system. The basic mechanical and thermodynamic characteristics of compressed
air drying are discussed as they relate to dryers, aftercoolers, and other
devices available for moisture removal. An analysis of the benefits accrued
through contaminant removal is presented including such topics as reduced
corrosion, extension of compressar 1ife, reduced downtime, and elimination of
air system freezeup. Moisture expelling devices such as aftercoolers, heat
exchangers, and expulsion valves are compared to an contrasted with state-of-
the-art air dryers.

5.10 AIR BRAKE ADJUSTMENT

Radlinski, Williams, and Machey [5.72], described the impartance of
maintaining air brake adjustment in achieving optimum system performance.
The conclusions drawn by them can be summarized as follows:

- Increased prake chamber stroke results jn degradation of brake
torque dué to the pushrod force-stroke relationship of clamp ring
type service chambers and spring type parking and emergency
chambers used on mest air brakes.

- Drum brakes are particularly sensitive to adjustment due to drum
expansion and self energization.

5.11 BRAKE TESTING

Post, Fancher, and Berrard [5.73] presented the torque
characteristics of commercial vehicle brakes. The new over-the-road brake
dynamometer was developed to measure commercial vehicle brake
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torque at nearly constant speed, In this paper, results are presented from
the initial test program of this vehicle. The program included tests to
assess thne influence of initial drum temperature and rubbing velocity on
brake torque, as well as the occurrence and nature of brake fade and
nysteresis effects. Results of these tesis indicated that the rate of energy
flow into the brake system had more significant effect on brake torque than
jnitial temperature. Greatér hysteresis was found in the 5-Cam brakes than

in the dual-wedge brakes.

Steis [5.74] presented inertia brake dynamometer testing techniques
for FMVSS 121. The need for standardization in finertia brake dynamometer
techniques and the basic principles for setting up a "$" cam air brake for
evaluation under laboratory conditions are discussed. Specific brake
conditions show the need for standardization of brake set-up for obtaining
the optimum output from a brake and friction material combination.

Klein and Szostak [5.75] presented description and performance of
trailer brake systems with recommendations for an effectiveness test
procedure. The operation of electric and surge brake systems were described.
Investigations were made to predict stopping aistances of compinatian
vepicles as well as those trajlers having no brakes.

Hatenh [5.76] presented a brake test dynamometer program for Europe
and the U.5.A. The dynamometer was used to simdlate the behaviors of a brake
in a vehicle in service. Examples of the validity of the test procedures are
presented including the characterization of cast iren rotors, the effects of
surface finish and the direction of machining of rotors, measurement of
squeal, and of slight misalignment of the brake.

5.12 NEW TYPES QF BRAKES

Gerbert [5.77] describes a&nd analyzes a newly developed brake
mechanism supplied with an integrated automatic slack adjuster for heavy
vehicltes. The device is based on the crank mechanism principle. The
geometric properties are examined and it is shown how some design parameters
can be adjusted to meet specific requirements. The relation between applied
torque and the brake torque is derived and in an example an inherent brake
amplification property of the mechanism is shown. This property persists
even when friction in the mechanism is considered. The automatic adjusting
system is travel sensing, so the relation petween the travel of the sensing
device and the clearance is analyzed. Finally, the amount of correction of
the clearance is treated and it is shown how the prescribed clearance can be
maintained within very narrow 1imits.

5.13 CONCLUSIONS

In this chapter a detailed review of past and current research on
heavy vehicle braking 1s presented. Summary of simulation and experimental
results on braking performance is also presented. Discussions on commercial
brake system hardware, propertioning valve, brake testing, etc., are provided.
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CHAPTER 6
ANTI-LOCK/ANTT-SKID BRAKE SYSTEMS

6.1 INTRODUCTION

Systems intended to prevent or minimize wheel lockup during hard
prake applications have been known as anti-lock, anti-skid, antiwheel-lock,
and adaptive brake control systems. Wnile anti-lock is the term wused 1n
FMVSS 121, which perhaps is more accurate and descriptive terminology, anti-
skid has been used more frequently.

The anti-lock braking system (ABS) will provide:

Increased stability of the vehicle on the road during braking.

Good vehicle steerability while braking.

1

Minimize the tractor or semitrailer jackknifing.

Optimize the vehicle stopping distance.

On slippery rcads and more generally in emergency situations, aver
braking frequently induces wheel locking. A locked wheel transmits
practically no lateral force thus the vehicle 1s rendered unstable or in the
case of front wheel lockup, unsteerable. Articulated vehicles in these
circumstances are subject to trailer swing and jackknifing of tractor and/or
trailer. In the case of smooth or slippery roads, the stopping distance with
locked wheels is greatly increased; oOn rough roads, increase tire abrasion
results.

The FMVSS 121 regulation does not explicitly require anti-skid
systems. Inspite of this, several air brake anti-skid systems have been
developed and promoted with varjety of technical approaches, performance
claims, packaging techniques, jnstallation requirements, and other factors.
The following sections will outline a general review of anti-lock Drake
systems.

6.2 QPERATING PRINCIPLE

For a vehicle, at the tire to pavement interface, frictional force
reaches a peak at a nominal percentage of relative motion (slip} which if
exceeged, results in a reduction of friction force, leading te wheel Tockup
and skidding. In other words, the braking farce coefficient {7.e braking
force divided by imposed vertical load) produced by a tire reaches a maxijmum
when the peripheral speed of the tire is approximately 15% slower than the
linear speed of the vehicle (i.e. 15% wheel slip). After this peak point,
the braking force coefficient reduces as the longitudinal slip increases to
the locked wheel condition {100% slip). The lateral force coefficient (the
ratio of cornering force to imposed vertical load) also varies considerahly
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with slip, reaching a peak earlier, but then falling sharply until, the
locked wheel condition at which time it approaches zero. The friction-
coefficient (braking force coefficient) varies considerably according te the
condition of the road surface (Figure 6.1). By referring to Figure &.1, it
can be seen that the maximum braking force coefficient is significantly
higher at 15% wheel siip than with a locked wheel, therefore the function of
anti-skid system is to maintain the wheels at a controlled level of slip
during a braking application and thereby provide a high lateral force
coefficient such that the vehicle will retain its stability. If the
vehicle's front axle is also equipped with the system, the driver will be
able to maintain steering control and achieve better stopping distances than
would be possiple with Tocked wheels.

A schematic afagram af a typical anti-skid control system 15 shown
in Figure 6.2. The major elements of anti-skid system are £6.2]:

1. Wheel speed sensor:

- Monitor’s wheel speed and/or acceleration at least during
braking application.

2. vehicle speed or deceleration reference:

- Measures directly the vehicle speed or deceleration,
independent of wheels.

ar
- Preset exceedence criterion built into the system logic.
3. Electronic processor/controlier:

- Analyzes wheel speed inputs, performs necessary comparisons
with set value, issues proper control commands te the brake
madulating valves.

4. Modulator or memory controlled contrel valve:

- An electro-pneumatic device which, on commend from the
processar, regulates brake chamber air pressure Dy
controlling air input and/or outlet.

h. Failure detectar:

- A sub-system which monitors at Jeast the electrical
malfunctioning of the system and provides the required
warning in event of failure.

A1l of the present systems directly moniter wheel speed; one sSystem
yses a chassjs-mounted accelarometer to directly measure venicle
deceleration. Some systems determipe initial venhicle speed from wheel speed
at the onset of braking, and adjust internal deceleration references
accordingly. Most of the systems studied, however, have a "built-in" maximum
wheel deceleration value which will trigger the system into action.
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Curvas of friction coefficlant against brake siip
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Tdeally, each wheel and brake set on a vehicle would be an
jngependent subsystem, complete with ts own anti-lockup provision. With a
cteared axle, however, it has been demonstrated that wheel-by-wheel control
can be detrimental to vehicle control, particularly if the two wheels are on
surfaces of significantly different friction coaefficients. The resultant
difference in braking effort causes steering to "pull" taward the mare
heavily braked side, degrading steering control. So, it has become practice
to apply axle-by-axle control to steering axles, praviding simultaneous
modulation of the brakes on both wheels.

While steering *pull" is af little concern for nansteered axles,
aconomic factors may favor the choice of axle-by-axle cantrol over wheel-by-
whee] control. Such a choice dictates consideration of other factors, such
as which wheel on a given axle should prevail. "Sense high", and “sense low"
are the terms used by skid control manufacturers to describe axle-by-axle
systems which are governed by the faster or slower wheel on an axle,
respectively. The "sense high" mode has the advantage that it favors shorter
stopping distances, but sometimes will allow on wheel to Jock and remain
locked during an entire step. The “sense Jow® mode, however, prevents
sustained lockup of either wheel, but can sacrifice stopping distance i one
wheel is on a more slippery surface than the other.

Mos= manufacturers utilize the “sense low" mode, feeling that
preventing wheel lockup always is the predominant goal. However, there are
some departures from this rule. GOne system uses "senses law” on steering
axles only, because it minimizes steering "pull”, and "sénse high" on all
non-steered axles. Another uses & "biased average" approach, which processes
speed sensor signals from both wheels, and applies a built-in proprietary
criterion in =valuating the composite signal. And still another uses "sense
low" an steercd axles, but may use either “sense high" or "sense low" on non-
steered axles, depending upon the relative speed between the Two wheels.
Schemes used by the various manufacturers appear in the table "System
Operating Parameters”.

At least ane further compromise 15 possible, that of adopting
"pogie control” for tandem axle suspensions, a system in which opne control
unit is designed to modulate all four Drakes of a tandem axle installation.
This choice, of course, compounds the difficulty Tn determining whicn wheel
should prevail as the indicator of a lockup condition. However, there has
been considerable interest expressed in "bogie" control, largely due to the
economics of using only one valve and computer for a pair of axles. Little
actual testing has been accamplished with "pogie" contro] systems-

It is conceivable that a series of considerations and compromises
might lead to all of the above configurations being included in a single
venicle combination: axle-by-axle contrel on the front for good steering
characteristics, wheel-by-wheel control on the tandem drive axles for optimum
stopping ability, and "bogie" control on the trailer for maximum economy.

6.3 DISCUSSION ON ANTI-SKID SYSTEM'S HARDWARE

In MNorth America, there are nine major manufacturers of anti-skid
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systems. They are:

- A-C Sparkplug

- Bendix-Westinghouse
- Berg

- Borg-Warner

- Eatan

- B.F. Goodrich

- Kelsey-Hayes

- Rockwall

- Wagner Electric.

Tables 6.1 to 6.7 present a comparison of these anti-skid systems
[6.21. In Table 6.1, the wheel speed sensor system is compared which
includes operating principle, signal frequency and wave form, and detaiis on
mechanical constructions. Table 6.2, provides a comparison on the reguired
modifications to the running gear, special tools required, adjustment
details, and special precautions to be observed. A1}l details pertaining to
processor/digital controller: logic type, electronic configuration, rate of
update, electronic packaging, "learning” mode, and size are presented in
Tahle 6.3, Information on modulator valve assembly: modulation method,
mechanical packaging and dispesition of non-antilock valve hardware are
putlined in Table 6.4. In Table 6.5, system operating parameters such as
preferred control mode, high/low sense mode, vehicle speed reference, system
cycle criterion, and minimum operating speed are compared. Table 6.6,
provides information on miscellanecus details of the system: packages in 3-
axle system, assembly line test procedures, field service equipment,
operating temperature and monjtoring of failure modes. A1l reguirements for
the system electrical parameters: ground, veltage 1limits, current per axle at
12 v, and transient protection are compared in Table 6.7.

In Furope, there are three major manufacturers of anti-skid
systems. They are:

- Lucus-Girling
-~ Wabco
- Bosch.

Tables 6.8 to 6.10 present a detailed specification of these
systems.

From the various anti-skid systems presented in Tables, it can be
observed that there are several design solutions. Most systems presented,
have the wheel speed sensor rely upon the principle of variable reluctance
magnetic sensing. It is a permanent magnet sensor (stator) arranged in close
proximity to a toothed or slotted rotor producing a signal whose frequency is
a function of the number of teeth or slots in the rotor, and the speed of
wheel rotation.

Most wheel speed sensors fall into the following three basic
categories:

- Axial pickup, mated with stamped slotted rotor ring (Figure 6.3).
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Air Brake Antilock System Comparisons:

Table 6.1:
Wheel Speed Sensor System [6.2].
Operat Signal Frequency ) )
(;‘;::::c}::::) Princi;:f and Waveform Mechanical Contruction
Variable relucrance magnetic 60790 cycles/rev Teeth castin brake dram; axial pickup mounted to air chamber
AC Spark Flug (Ve el * sincwave support bracker; other Types available

Leck Brake Contral)
Borg/ Fiat (Electronic
Braking System)

Eaton (Skid Control)

8. F. Goodricn (Skad
Conirol)

Kelsey-Hayes (Com-
puter Brake Conurel)

Rockwel-Standard
{5kid-Trol}

Wagner Electric {Skid
Centrol)

Table 6.2:

Manufacturer
(Syftem Naume)

Sclf-energized

Variablc reluctance magnetic
Scifcnergized

Variable rejuctance magnetic
Selfcnerpized

Varigble relurtance magnenc
Self-energized

Variable relucrance magnetic
Self-cnergized

Varable reluctance magnetit

Eddy current generator

Alr Bra
Wheel §

120 cyclesfrey  Radially-toothed wheel and radially encnted magnetic pickup: rva
types available: faciary asscmbled outboard type, or inboard

sinewave 5 z
hub mounted rator and spider mourted pickap

Stamped perforated ring mounicd on hub; axial pickup mounted

&0 cycles/rey
on brake spuder

sinewave
60 cyclesfrev  Stamped roothed ring mounted on hub or brake drum; radiak-cype
sinewaye bipolar pickup mounted on brake spider

60,120 cyclesfrev Stamped perforated ring mounted on brake drum; axial pickup

sincware mouniad on spider

120 cycies/rev  Sramped petiorated rng mounicd op hub oil shinger; axial pckup
mounted on spider of backing plate

Concenric toothed rotor and stator with 360 deg "active” faces;
hub-mounted rotor and spindle-mount Jxarer

60 cycles/rev
nCwave

ke Antilock System Comparisons:
peed Sensor-Installation [6.2].

Runaing Gear
Modifications Required

Special

Tools Required Special Precautions

Adrustment

AC Spark Plug
(Wheel Lock Brake
Canrtral)

Berg/Fuat
(Flectronic Braking
Sysrem)

Earon (Skid Conerel)

B. F. Goodrich {8kid
Control)

Kelsey-Hayes (Com-
puter Brake Cantrol)

Rockweli-Signdard
(5xd-Trol;

wagner Flecirie {S5xid
Conrrol)

Special notched brake drum
Additiona] bracket on
chamber bracker

Machined step on
hub (inboard mount)
Dirill heusing for wire
(ourboard mount)

Remaove shiager in some
cases

Remove slinger in some
cases

Drill hole for s2n.or wire

Dirilf nole for sensof wire

Machynea s1ep on hub
for ratar

Sensar should be mounted and adjusced
after assembly

Manual, after final
assembly of whee!
end hardware

None

Avoid damage 1o mboard type umat qur-
ing nub/drum as:ambly

Inboard —manual
using specified gage

Quibazrd—facrory
preadjusied

Gage for adjusting
inbaard type sensor

None Automal None

Usc care in aligning hub and drum duning
assembly procedure

Pickap location Fixed, for each

firure @|ven wnsfallation
None AulDmarc Aytomatc adjust feature must be preset
None AdlOmalic Remove scnsar reramer pin before
assembly
Nong None required Use carc i treaiment of sensor parts

{ircat a5 any ol sealy
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Table 6.3: Air Brake Antilock System Comparisons:
Computer Modules [6.2].
Manufacturer Electronic Data “Update” Electromcs e . §i¢c.
(System Name) Loge Type  Configuration Rate Packaging ~Learning” Made Heightx Widthx Depin, ;:

AC Spark Plug Hybrid— Hybrid Each brake system Etched circuit NA {In valve budy}

(Wheef Lack essentialy cycle poa:d. mownted
Braxe Cantrol) analog in valve assembly
cavity

Berg/Fiat Anzlog Present=hybrid Continuous anulog Erched circuit None 2 5%6.5% 7 {parc of
{Elecizons Future=LS! (cach 7/8 in of poard i pro- valve package)
Braking Sysiem) ground travel, tecied housing

1ypical}

Eaton (Skia Analog Preseni— Continuons analog Encapsulated cir-  Compates with previods  (Part of valve package)

Control) discrete wuil board 1n cycles
Future— housing attached
hyhbrid o valve hody

B. F. Goodrich Hybrid— Present— Comiinaous analog Within moduletor  From repeution of valve  (In valve body)

(Skid Conircl) essenually  dpscrete valve body cycling
analog Fumire—-L3]

Keisey-Hayes Analog Present=IC Conlituous analog Potied cirenit Adjusis vehicle speed 2.5x5.548 (intcgrared-
{Campures Brake discrete in plastie daiz through s:c- Ty pe unit alsd avadable)
Control} Funure—151 heusing cessiveé MEAsuTEMeEnts

Rockwel-Standard Depral LSl 20 ms Protected chamber “Remembers”™ conditions (In valve body)
(Skid-Trol) w valve housing of immediately pre-

ceding cycle
Wagner Electhe Analog Hybnd 3%.40ms Scaled separate From wheel acceleration  1.67x6x 1.5
(Skid Conirel) module rates
Table 6.4: Air Brake Antilock System Comparisons:
Modulator valve Assembly [6.Z2].
Manufacturer

(Sysiem Name)

Madulauon Method Used

Mecnanical Packaging, in

Disposition of Nonaatdock
Valve Hardware

AC Spurk Plug (Whee]

Single solenoid, onfoeff cycling

Lock Brake Contral)

Berg/Fiat {(Electronic
Braking System)

Faton (5kid Control}

B. F. Goodrich (Skid
Controd)

Kelsey-Hayes (Com-
puter Brake Conuel)

Rockwell-Siandard
(Siaa-Tral}

Wagner Elccine (Skid
Canurol)

Single salenoid plus pneumanc

logic

Single solenoid modulyung relay valve.
Prcumatic logwe controtling build rawe

Dual solenoid sysrem: 1/3, /3, 100%
qump, depending upon STOpRing

cond,

Swngle solenaid. oa/ell cycling

Single solenoid, 15 Hz pulsé=width

11ons

madulated

Swigle solenasd, 1wa cxhaust and

one 3pply 1ilc

Ex6x7 25, includes
compulter

Ox&6.5x 8.5,
includes compurer

6 32x8 30x5.50,
includes computer

7x6 25X5 (3,
includes computer

475X 2.25%3.75

1.17%8.10x 7.45,
meludes computer

4% 3x3

Replaces exisung relay and quick release valves

Replaces existing relay and quick release valves

Replaces existing relay and quick release valves

Replaces existing relay and quick relecase valwes

Two oprions: feplaces calsting valves: instalied

3N adaition 1o existing valves {"down siream )

Roplaces exisung relay and quick relégse valves

Replaves eanuing relay and quick releass vapees
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AC Spark Flug
(Wheel Lock
Brake Conrroi}

perp/Fiar
(Efectropic Brak-
ing Sysiem)

Eatcn
(Skd Centrol)

B F. Gesdnich
(Skid Control)

Kelsey-Hayes
{(Compater Brake

Table 6.5: Air Brake Antilock System Comparisons:
System Operating Parameters [6.2].

Preferred Sense Made Vehicic Speed Sysiem Cyele Qperating Speed,
Canirol Mode (High/Low} Reference Crtenon min, mph
Axie by axle  Combined average NA High wheel aeeckera- 5. wrucks

non o1 differential 10, wucks
wheel speeds
Axle by axle,  Scnse Jow (high deccleration Chassis mounted High wheel deccleration 4
or mndem wheel for release, low accelers- “deceleromerer™ dependent upon vehicle
ation wheel for apply) speed and deccleration
Axle by azle  Adapis 10 whee] speed Synthcsizes from whee] High wheel deccleration &
differential speed dacz
Axle by aale  Senst low (high wheel Inicrnally derived High wheel deceleration 37

Axle by axlc

deceleration)

Sense low (slower wheel)y'

Compuied f1om suc-
cesgive whee] speed

High wheel deccicration 35

Conzrol) MEeARIICMCTS
Rockwell-Standard Axle by axle  Sense low (SloweT whnesl} Compuled internally High wWheel decelerauon 3
{Skud-Trol}
Wagner Elecuic Axle by axle  Sense low siandad; usel may Compuicd intemally High wheet decrleration &1
(Skid Contzol) specify other modes 10 be (1.2 )
Badtan at factary
TJable 6.6: Air Brake Antilock System Comparisons:
System Electrical Parameters [6.2],
Manufacturer Valeage Current/Axle
{System Name} Ground Limits at 12V Transient Froteclion RFI and EMI Frorection?
AC Spark Flug +aor- 1016 0.06 A Wle Diode suppressors; Yes Earensive RFI rejection
(Wheel Lock 3.0 A average no limits specilied tesis performed
Brake Controf) 6.0 A max
Berg/Fiat tor- 9-16 {fuse blows at 0 A idie Zener diode proweeted;  Yes. Filiered inpuls 1o computer
tElectronic Braking V) 0.2 A average no lmats specifica
Sysiem) 3.0 A max
Earon (Skid + or - 9-1¢6 0.2 A wle Frotecied agamnst iypical Yes
Conrrol) Q.9 A averag:s iruck mduced insuenty
2.2 A max
B. F. Goodngch - af - £16 0.1 Aidle =300V, Sus Yes
{5k Cantrol) 2.0 A average *140 V, Sus
4.0 A max
Kelsey-Hayes ¥+ 0o — 815 0.1 A ille r 300V, |00us Yes Can withstand J00 W of
(Computer Brake 2.5 A average en-poard RF transmat power
Coaral) 3.0 A man
Kok webi-Standard +ar - 8-16, prowecied o 0.5 A ulle =300V, 1 ms Yes Fillored snpats
{Skit-Teal) 32V max 3.0 A average
5.0 A max
Wagner Eleciric rar - 9-16, prowecied 1o 0.05 A wle t 50V (no ume [imt Yes
(5kid Control} 22 V peak 2.5 A average specified)

2.5 Amax
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Table 6.7: Air Brake Antilock System Comparisons:
System-Miscellaneous [6.2].
Packages in Assembly Linc Ficld Sexviee Opcraning Falure Moges

3-Aale Systemn

Test Procedures

Fquipment

Temprerature Lumits. F

Manitared

AL Spark Plug

(wheel Lock Brake

Control)

Berg/Fiat

{Electromc Braking

Sysiem)

Eafon (Skid
Contral}

g I GCoadrich
[Sad Conirol}

Kelscy-Hayes
{Computcr Brake
Conuroel)

Rockwell-Suandard
{Skid-Trol)

Wagner Electric
(Skid Capwel)

3 ot

3 1oral

3 valvg/logic
1 (ailsre mode
4 tonal

3 1o1al

3 valver®
3 logic™
& total

3 voral

3 logic
3 valves
1 fadure wense

7 1otal

Spwial =t madule,
dynamomeier [&5l

Specizl 1es madule

Spinning whevl for
sensor check

Completed 5 stem seif
checking

Special tesr module
being doveloped

Vaojtmeler {07 ens0r;
internal »elf test plus
1 mip roed test

Special Test module
1a be availlable

Harness conunuity
checker 10 be
availahle

Speciat test
madule

Special teat
mnadule

VOM is adequate.
Spevial 1eater
avalable

YO is adequate.

Spevial 1&aler
avalabie

YOM is adequare.

Speaial vester
availabic

Specia} testes
available, but
not 1equired

Spevial westers
1o be vailable

*Combined mounwing available: also available with integrzted valvefcomputer module,

-4i}r 185

-40-+180

-40-+180

-40-r160

~40-+160

-40-+180

—40-+180

Open or shorted wisoz, power
loss; open or shorted solenoid

Open sensor leud; open or
shorted powcr circwil, open
solenoid

Electrical sharts ar openy, high
or low mpul vollagea. logic
malfuncuons

Open or shorted sensor; power
lass, excesnive release ime

Dpen SENSOT, power loss, apen
ar shorted solenoid

Sensor signd loss; power logg,
oper salenoid: bad power
transisior; susiained zerd
pressure command

Open or shorted harpess wires;
EACCSHVE OF LNPropor solenoid
operalich
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Table 6.8 Specifications of Lucus-Girling

Anti-Skid Systems (Skidchek) [6.3]

Parameter

Feature

Wheael Speed

Sensor

variable reluctance magnetic sensing.
Self-energized.

Stamped, perforated ring fized to the hub.
Automatic adjustment of sensar.

Sensor size: 18 mm dia.

Sensor weight: 0.115 Kg.

Exciter weight: 0.9 Kg.

Processor/

Controller

S0lid state analog computer.

Integrated circuitry for control and continuous
monitoring.

Hermetically sealed in an aluminum casing.
Suppressed against external interference.
Detects damaged perforated ring.

Suitable for 12 or 24 Volt electrical supply.
Installed on the jnside af the chassis frame,
adjacent to the apprepriate axle,

Sfze: 312 mm x 155 mm x 98 mm.

Weight: 2.44 Kg.

Modulator S5ingle solenoid on-off cycling.
Single unit consisting of a relay valve bhase,
Valve a memory chamber, a solenoid, and a latch valve.
Size: 165 mm x 104 s x 127 mm
Assembly Weight: 3.756 Kg.
Automatically reinstates anti-lock after wheelspin.
Fault shut down uses non-redundant components.
Axle control with individual wheel sensing.
System Detects wheel lock pefora it happens.
Sense low {1ower wheel speed).
Gperating Suitable for use in conjunction with brake load-
proportioning valves if fitted to vehicles.
Parameters System monitor size: 102 mm x 44 mm x 32 mm

System monitor weight: 0.148 Kg.
System opérating range:
- Temperature: -409C to +829C
Speed: 5 to 75 mph
Surface coefficient: 0.1 to 1.0
Tire rolling radii: 18 in to 22 1in
Power consumpticn/axle: 0.1 amp/72 watts {(max).

[ I |

i
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Table 6.9 specifications of Wabco

Anti-Lock Braking Systems (ABS) [6.4]

Parameter

Feature

Wheel Speed

Inductive sensor.
Self-epergized.

Toothed pole wheel rotating with the wheel hub.

Sensor
Automatic adjustment of sensor.
Sensor size: 16 mm dia.
L51 fully digital electronics.
Processor/ Sealed unit.

Controller

Suitahle for 24 v & 25%

Installed an the chassis.

Modulator Two solenoid en-off cycling.
Valve Modulator valves quickly adjust the brake pressure
(up to 5 times per second) to prevent wheel locking.
Assembly
Sjze: 102 mm =« 117.5 mm x 59 mm
Fail-safe circuit signals a fault to the driver
{red warning 1ight} and then switches off the
defective half of the system.
System
Wheel by wheel control.
Operating
System operating range:
Parameters

ot o o e et e s e o i et e et ] i e e et e e ] i el e i — et et | et e e it o o i et e st ] et s ]

- Temperature: -400C to +820C
- Speed: 5 km/n {min)
- Surface coefficient: 0.1 to 1.0
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Table 6.10 Specifications of Bosch

Anti-Skid Systems {ABS) [6.11

Parameter

Feature

Wheel Speed

variable reluctance magnetic sensing.

Self-energized.

warning lamp to driver when ABS switched-off.

I
;
i
i
|
|
|
Sensor i A.C., voltage excitation.
!
] A 100 tooth sensor ring fitted to the wheel.
|
| . . .
Processar/ | Micro-processor incorporating
|
Controller | special processor components-groups.
i
i _
] Three solencid operated,
] 2 channel pressure-contral valve.
Modulator |
| One pressure-control valve is required for each axle.
Valve i
] In case of tandem axles, the control of the service-
Assembly | brake cylinders can be combined on each side so that
| only one pressure-contre] valve is required for both
| axles.
|
] - -
| vehicle reference speed is obtained from each pair of
System | diagonally oppasite wheels.
I
Operating | Sense low.
}
Parameters | Automatic fault shut down.
!
I
I
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Figure 6.3: Typical Slotted Rotor/Axial Pickup Wheel
Speed Senser [6.11.
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- Radially oriented pickup paired with & toothed rotor
(Figure 6.4).

- Multitoothed rotor and stater pair operating concentrically
{Figure 6.5).

Some ABS systems have a discrete vehicle speed reference were a
Tongitudinally orjented accelerometer is used to obtain a deceleration signal
which is fintegrated to determine vehicle speed. Most systems function by
comparing a computed wheel deceleration value to a reference value stored in
each system's memory.

Fach of the ABS systems depend upon a logic center (processar) to
determine if and when a brake release should be initiated to avert wheel
leckup. For example, a comparison is made between the value from a wheel
speed sensor and stored reference value and this comparisen prompts the
processor that a wheel Tockup is about to occur which will then force the
valve in the ABS system to cause a brake release.

The modulator contrel valve accepts signals from a processor and
this signal is information about whether a wheel lockup will occur. The
modulator valve then will perform the required brake modulation on the brake
chambers. For example, if the wheel is apbout to Tockup then the processor
after comparison will sent a signal to the valve which will reduce the air
pressure in the brake c¢hambér. This 1is done by exhausting the air in the
champber at the same time blocking the inlet air Tine and then reestzblishing
ajr pressure after wheel Tockup has been averted.

The failure sensing system has no active role in the ABS system but
only provides failure indication at a level much lower than "total electrical
faiiure”.

Sensing systems can pe in many form such as:

- A subsystem included in the prime skid control computer module
for each axle.

- A separate "monitor module” wired to several axle systems on a
vehicle and capable of sensing and indicating failure of any or
all axles,

For anti-skid systems to become standard equipment on air braked
vehicles, they will require new designs or medifications for Heavy Venhicles:

- Finding space in which to mount additicnal components to the
chassis.

- Protection of the ABS system from the operating environment the
truck undergoes.

- Ontaining components for the ABS that are damaged or defective
for their particular ABS system installed.

Although, there are varjations between manufacturers, the basic
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Figure 6.4: wWheel Speed Sensor with Radially-
Oriented Pickup [6.2].
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Figure 6.5: Wheel Speed Sensor with Multi-toothed
Rotor ang Stator [6.2].
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concept of operation remains the same. These systems can be made available
at the time of vehicle manufacture or retrofitted to give single axle or
tandem axle control, in either or both of the tractor and semitrailer. Since
they operate off the standard eiectrical system and air supply, they will
function in any vehicle combination; for example, trailer with anti-lock and
a tractor without.

To meet the FMVSS 121 regulation with anti-lock systems, more
aggressive brake linings and larger air reservoirs are required. The
requirement for larger air reservoirs is due to the increased demand for air
during the air brake modulation and to meet the air brake timing
specification. Because of this and the complexity of retrofitting, anti-
Jock systems are generally only purchased for new equipment.

6.4 TANDEM ANTI-LOCK BRAKING SYSTEM [6.5]

Tandem control differs from other systems by having a singular
moauiator/controlier for both axles. Several options may exist for the wheel
sensing such as:

- Four Wheel Sensing.

Two Wheel Sensing on One axle.

{

Two Wheel Sensing with a Sensor on each Axle.

Remote Sensing of Driveline.

Bendix heavy vehicle systems have jnvestigated this Tandem AB3 by
analyzing two popular types of truck suspensions: the four spring and walking
beam suspension. In their apalysis of Tandem ABS, they used the four wheel
sensing and the two wheel sensing on one axle as the best choice for whee]
sensing. The four wheel sensing because at incipient lock of any one wheel
will modulate chamber pressure at all four wheels of the tandem pair. While
the two-wheel sensing on one axle is abtained by placing the wheel sensor &t
the axle pair which is determined to be more prope ta lock than the ather
axle {Figure 6.6).

To determine which axle was closer to locking, a refereénce
parameter known as the wheel lock coefficient (WLC) was established. The WLC
is directly proportional to brake effectiveness and chamber pressuré and
inversely proportional to vehicle Toading and tire rolling radius. An
increased WLC was investigated and represents a greater tendency to produce a
Tockup of the wheels.

Bendix investigated the behaviour of tandem suspensions under
braking conditions to obtain a Tandem Antilock System Dy devising a computer
model to establish which axle of a tandem was most 1ikely to go to lock under
any given set of circumstances.

After reviewing the results of the computer models and vehicle
testing, some conclusions are drawn.
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a: Two Sensor Tractor Tandem Control System
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Vehicles equipped with four spring suspensions generally are, with
come reservation, adaptable to the use of two sensor tandem systems. When
applying a two sensor system, the vehicle manufacturer wmust consider the
possible increase in stopping distance compared To individual axle control,
take into account the 1o0ss in braking efficiency caused by a high gain wheel
on the sensed axle, and must consider frame deflection under dynamic load

transfer.

Brake chamber pressure traces taken when testing axie contro}l
systems indicate that walking beam suspension equipped venicles tend to have
closely balanced axle loadings during braking and thus are more compatible
with four sensor tandem systems. Vehicle fest results taken when using a two
sensor system on the walking beam vehicles were successful in preventing
wheel locks only when the brakes were carefully kept in balance.
Introduction of an unsensed high gain wheel frequently resulted in nigh-speed
wheel Tocks.

6.5 STATE-OF-THE-ART REVIEW OF RESEARCH RESULTS ON ANTI-SKID SYSTEMS

A reasonable amount of research has been carried out in the past to
study the braking performance of heavy vehicles fitted with anti-lock
devices. Taples (5.1) to (5.4} show some of the relevant references in this
area. ‘

First attempt at anti-skid systems was in 1948 for the aircraft
industry by the Hydro-Air Division of Crane Co. The system was known as
HYTROL . It was then acquired by Kelsey-Hayes Co. and modified for heavy
vehicles.

tatvala and et al. [6.6] presented an adaptive braking system. The
theory of operation and the specifications of the system and performance
under several typical conditions were discussed.

Harned and et al. [6.7] discussed the measurement of tire brake
force characteristics as related to anti-lock brake system design. The
correlatijon of the measured data was establisnhed with anti-leck system
performance. Experimentally measured slip curves were given for a large
number of tire/road pairings. These measurements cover a wide range of
commercial tire .types on dry and wet road surfaces and glare ice. It was
shown how wet road characteristics are affected by road construction, water
cover depth, and tread wear. The measuring system used to obtain these data
were described.

Hickner and et al. [6.8] used a 17 degree-of-freedom hybrid
computer simulation to jnvestigate 4-wheel adaptive braking system (ABS).
The derivation and verification of the ABS medel, the form of the integrated
venicle/ABS model, and future plans for validation and utilization of the
integrated hybrid simulation were presénted.

Rixmann [6.9] conducted full-scale field tests with a MAN truck-
trailer vehicle having individual anti-skid caontrol on all wheels of the
venicle combinatiaon. The test were carried out on & very wet road surface
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during braking in a straight Tine and in a turn.

Fritzsche and Reinecke [6.10] presented the development of an anti-
skid control system for commercial air-braked vehicles. Field testing were
also conducted.

Muller, K1ing, and Schneider [6.11] compared the handling behaviour
of commercial vehicle trains during emergency braking with and without anti-
lock devices.

Guntur [6.12] presented some design considerations of adaptive
brake control systems. In this paper, some of the design aspects of adaptive
brake control systems were studied, especially the Jinteraction of the
software with the hardware of the system. Two modes of operation of the
hrake pressure modulator were considered; the software changes are effected
to modify further the mode of operation of the system. The effect of the
rate of rise of wheel cylinder pressure and the effect of rate of decay of
pressure on the effectiveness and the maximum wheel s1ip in the first cycle
had been studied. Tnhe hardware and the software were so modified as to give
satisfactory performance of the wheel anda tne venicte for four gifferent
forward speeds and for three different road conditions.

Grimm [6.13] investigated wheel lock control braking system. This
presentation discussed a system for preventing coentinuous rear wheel lock-up
of an automobile during maximum braking stops. Included was a description of
the control system components, tire and road characteristics, brake and
vehicle dynamics, and an analysis leading to the requirements for optimum
control.

Grimm and et al. [6.14] evaluated a vehicle installed with an anti-
lock device. A real-time hybrid computer sinulation which interfaced with an
air brake truck was described. The simulation interconnects with the wheel
lock electronic controller-modulator hardware and air brake system of a
multiple axle truck to provide a laboratory tool for simulating vehicle
hraking performance. This technique provided contrallable vehicle and road
cnaracteristics for evaluating the actual wheel loek and vehicle pneumatic
system hardware. A set of comparative data was given and the merits of the
simulation technique were discussed.

Cardon and et al. [6.14] presented the development and evaluation
of anti-lock brake systems. Six anti-lock system configurations involving
individual wheel and axle control were discussed. Alsc discussed weére
tachniques for evaluating the performance of anti-lock systems; included are
straight l1ine braking, the use of a split ccefficient surface and braking in
a2 turn. The results of computer simulation and vehicle tests conducted to
evaluate the performance of the various anti-lock system configurations were
presented. It was concluded that the best anti-Tock system configuration for
a particular vehicle requires a trade off among vehicle design
characteristics, desired level of braking, and venhicle handling performance
and cost.

Adams and Spencer [6.16] described practical aspects of testing
anti-lock systems on commercial vehicles.
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Fancher and Macadam [6.17] analyzed using computer simyiation the
braking performance of commercial vehicles equipped with anti-lock systems.
A technique for measuring the pressure modulation characteristics of anti-
lock systems was presented. A subprogram for synthesizing anti-lock system
perfarmance within the framework of a large-scale digital computer simulation
of the braking of trucks and tractor-semitrailer vehicles was described.
Comparisons between measured and cajculated vehicle performance were made to
indicate the validity of the simulation resuylts. Sensitivity of the hraking
performance of a truck to tire, brake, suspension, and anti-lock properties
were discussed.

Lam and et al. [6.18] evaluated tne bdraking performance of a
tractor-semitrailer equipped with two different types of anti-lock systems.
A digital computer simulation was used. A commercially available anti-lock
system and a proeposed System were jnvestigated. The merits and disadvantages
of the proposed system were also examined. Based on the results of the
simulation, guiding principles for the development of contrel logic of anti-
lock brake systems were suggested.

uffelmann [6.19, 6.20, 6.21] studied the directional behaviour
during braking of four-axle truck-trailer vehicles equipped with anti-lock
devices. The computer model included the afr-brake model and a model of an
anti-locking device. The dead time, the throttling of the lines and brake
valves, and also the hysteresis of the cam brakes were also modelled.

Srinivasa and et al. [6.22] evaluated the perfarmance of anti-Tlock
brake systems using laboratory simulation techniques. Twe commercially
avajlable anti-lock systems were tested and a comparison of their performance
were presented.

snelgrove, Billing, and Choi [6.23] presented the performance
evaluation of several jackknife control devices. The Kelsey-Hayes skid
control system was used in the evaluation. The results indicated that the
wheel anti-lock system provided the best means of maintaining vehicle control
under severe adverse braking conditions. The vehicle stayed within a lane
during braking and the jackknifing phenomenon did not occur.

6.0 CONCLUSIONS

In this chapter, anti-lock/anti-skid brake systems are discussed.
A brief outline on the operating principie and major elements of anti-skid
systems are presented. A detailed discussion on the available hardware in
North America and Europe is made. A comparison of these different hardware
units is presented in a tabular form. A State-of-the-art review on the
available research results jis described with salient points.
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CHAPTER 7
FUTURE SYSTEMS

There are a number of new developments for the future systems
[7-1]. They are:

1. Compressor Clutch

2, Long Stroke Brake Chambers
3. Automatic Slack Adjusters
4. Large Front Brakes

5. Disc Brakes

6. Brake Proportioning

7. Simplified Controls

8. Retarders

9. Antilock Braking

During a normal highway operation, the compressor pumps 1€ss than
10% of the time. An unloaded compressor uses only 0.9 to 1.8 H.P. Because
of the above facts, the compressor can be used for other secondary functions
without affecting its primary role of air compression. 0One such secondary
role is its use in compressor clutch. With compressor clutch, the compressor
1ife increases almost 100% and the oil consumption reduces significantly.

Long stroke brake chambers have a definite advantage of praviding
greater margin of safety.

Large front brakes will provide improved stability and adhesion
utilization.

Disc Dbrakes provide better side-to-side brake balance and thus
maintain stability, wuniform brake torque, little fade, excellent water
recovery and simple reline.

Brake proportioning/load proportioning system reduces the braking
effort on the rear axle(s) of a tractor in the bobtail mode, thereby,
reducing the tendency for lock-up. This will reduce the stopping distance,
and improve vehicle stability and safety. Figure 7.1 shows a typical tractor
brake proportioning system. The inversion valve picks up the signal from the
supply line indicating whether the tractor is hauling a trailer. If there is
no trailer, the supply line has no air pressure, the inversion valve senses
that fact and sends a positive signal to the rear proportioning valve which
cuts the pressure to the rear brakes to 30 to 50% of the front axle pressure.
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The system is fully automatic thus insuring that the improved stability and
braking capabilities will be available when needed. Figures 7.2, and 7.3,
respectively, show the improvement in stopping ability using proportioned
brakes in low and high coefficient surfaces.

Various types of retarders - engine brakes, exhaust brakes,
hydrodynamic anda electric retarders, aré available. [Demands depend on the
region - flat areas have less demand. Disc brakes may be an alternative in
mildly hilly areas. Use of retarders, saves wear on brakes and thus reduces
cost., Some of the concerns in the use of retarders are:

Stability;
Initial cost;
Welght;

Engine 1ife; and
Noise.

Future systems trend will inc¢lude more electronics:
- Tncreasingly on dashboard displays.

- On board diagnostic capability with output from sensors to
monitor:

Rates of change of pressure buildup in the air brake system
vs engine speed (check for compressor performance and
acceptable system leakage).

. Vibration on the engine to detect bearing wear Or compression
Toss.

- Engine and transmission with electronic control.

- Electronic accelerator pedal eliminating mechanical linkage
petween the pedal and an electranically controlled engine.

- Use of on-board recording systems for maintenance and management.
- Antilock braking:

Seriously considered; acceptance depends on economy and
safety.
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FUTURE SYSTEMS

Stopping Distance Tests
Standard Brakes vs Proportioned Brakes

Actuators: Front 16 and Rear 30
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Figure 7.2: Stopping Distance of Standard Brakes Vs Proportioned
' Brakes [7.1].
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FUTURE SYSTEMS

Stopping Distance Tests
standard Brakes vs Proportioned Brakes
_Actuators: Front 16 and Rear 30
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Figure 7.3: Stopping Distance of Standard Brakes Vs Proportioned
Brakes [7.1].
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