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ANTI LOCK BRAKING SYSTEM PERFORMANCE. INTERNATIONAL

REGULATIONS NOW AND IN THE FUTURE - SOME SWEDISH VIEW-

POINTS

Olle Nordström, Swedish Road and Traffic Research Institute

ABSTRACT

The braking performance is one of the most important accident avoidance

characteristics of a road vehicle. It is however not only the braking

distance that must be considered during emergency braking but also

stability and steerability. Wheel locking must be avoided on at least some

wheels in order to meet these demands. Braking systems designed to

perform this automatically irrespective of the applied pedal force are

often called anti-lock braking systems (ABS). Such systems were first

offered as optional equipment on some US passenger cars about 1970 and

became standard equipment on US heavy vehicles from 1975 to 1978 and

on a large volume European passenger car in 1985. Today most vehicle

manufacturers offer at least optional anti-lock systems. A low cost

system for cheaper models is already on the market and others are being

announced.

The evaluation of the safety aspects of these very sophisticated systems

is a difficult and expensive task. The importance of international per-

formance test methods and requirements is therefore obvious.

The United Nations Economic Commission for Europe (ECE) has developed

a large number of international road vehicle regulations. The ECE

Regulation No. 13 addresses brakes and contains since 1979 an annex

concerning requirements on anti lock brakes. A revised version became

effective in 1987. The same rules have also been adopted by the European

Economic Community (EEC) in 1986.

The author took active part in the establishment of the revised version of

the ECE-anti lock regulation and has also been responsible for several

studies concerning anti-lock system performance under winter conditions

carried out by the Swedish Road and Traffic Research Institute (VTI).



This paper describes briefly the ECE anti-lock regulation and the VTI

investigations. Based on these investigations winter service test methods

and requirements are proposed to be added to the ECE/EEC-regulations.

These are:

- J turn braking test on ice

- Split-friction test with very low friction on one side

Straight line braking on ice

- Transition from low friction to high friction surface

A hybrid laboratory test is envisaged as a future possibility of checking

these performances for electronic anti-lock systems. In this test the

vehicle is stationary and connected to a computer.



1 INTRODUCTION

The braking performance is one of the most important accident avoidance

characteristics of a road vehicle. It is however not only the braking

distance that must be considered during emergency braking but also

stability and steerability. Wheel locking must be avoided on at least some

wheels in order to meet these demands. Braking systems designed to

perform this automatically irrespective of the applied pedal force are

often called anti-lock braking systems (ABS). Such systems were first

offered as optional equipment on some US passenger cars about 1970 and

became standard equipment on US heavy vehicles from 1975 to 1978 and

on a large volume European passenger car in 1985. Today most vehicle

manufacturers offer at least optional anti lock systems. A low cost

system for cheaper models is already on the market and others are being

announced.

The evaluation of the safety aspects of these very sophisticated systems

is a difficult and expensive task. The importance of internationally

accepted performance test methods and requirements is therefore obvi-

ous. Differences in climatic conditions between countries have however

turned out to be a problem as well as nationally different technical

solutions especially for heavy vehicles.

The United States National Highway Traffic Safety Administration

(NHTSA) issued the first anti-lock performance regulations in the world in

1971 which became effective in 1975. This Federal Motor Vehicle Safety

Standard FMVSS 121 concerned air braked vehicles only. In 1973 the

American SAE published an extensive Recommended Practice SAE J #6

for testing of slip control systems (ABS). Due to several unfortunate

circumstances NHTSA had to withdraw the anti-lock part of FMVSS 121 in

1978.

The United Nations Economic Commission for Europe (ECE) has developed

a large number of international road vehicle regulations. The ECE

Regulation No. 13 addresses brakes and contains since 1979 an annex

concerning requirements on anti-lock brakes. A revised version became

effective in 1987. The same rules have also been adopted by the European

Economic Community (EEC) in 1986.



Sweden took active part in the establishment of the revised version of the

ECE-anti lock regulation but has still not ad0pted it in its national

legislation. The author of this paper represented Sweden in this work and

has also been responsible for several studies concerning anti lock system

performance under winter conditions carried out by the Swedish Road and

Traffic Research Institute (VTI).

This paper describes briefly the ECE anti-lock regulation and the VTI

investigations. Based on these investigations winter service test methods

and requirements are proposed to be added to the ECE/EEC-regulations.

These are:

J-turn braking test on ice

- Split-friction test with very low friction on one side

- Straight line braking on ice

- Transition from low friction to high friction surface

A hybrid laboratory test is envisaged as a future possibility of checking

these performances for electronic anti-lock systems. In this test the

vehicle is stationary and connected to a computer.



2 THE NEW ECE/EEC ANTI-LOCK BRAKING REGULATION

The complete story of the development of the ECE anti-lock braking

regulation Annex 13 in the ECE Regulation 13 from the very beginning

can be found in P Oppenheimers excellent paper on international braking

regulations (2). Here only the latest version of Annex 13 which was

finalised in 1985 and became effective in 1987 will be discussed.

In this new Annex 13, which entered into force as Annex X in the EEC

Directive already in 1986, three new performance categories have been

established for motor vehicles but not yet for trailers. The perhaps most

important reason for introducing these categories was the introduction of

the split-friction test with low friction on one side and high on the other.

In this test presently manufactured anti-lock system equipped vehicles

can behave in three different ways: 1) meet both the stability and braking

efficiency demands, 2) meet only the stability demands, 3) meet none of

the demands due to lack of steerability.

Category 1 is the most sophisticated and must comply with all

requirements in the annex. These vehicles are designed for optimum

performance in terms of stability, steerability and braking perform-

ance under all conditions. It is represented by most passenger car

systems and the systems for heavy air braked vehicles typically used in

the Federal Republic of Germany , Scandinavia and Finland (Bosch and

Wabco).

- Category 2 is equal to category one except that it does not have to

comply with the braking efficiency requirements in the split-friction

test. It is represented by typical US and UK anti-lock systems with

"select low" axle control adapting the braking force after the lowest

wheel friction.

- Category 3 which does not have to meet any split friction test

requirements is the simplest and is typically represented by systems

acting only on the rear axle. These ensure stability superior to a

normal braking system because the rear wheels will not lock at full

brake application even on low friction. Steerability can however be

lost due to front wheel locking. Only axles or bogies with at least one



directly controlled wheel have to comply which relevant parts of the

anti-lock annex. Category 3 vehicles must comply with the basic

efficiency and stability requirements for vehicles without anti lock

system, i.e. the front wheels shall tend to lock before the rear wheels

for all friction levels between 0.2 and 0.8. This may be demonstrated

by calculation or practical tests.

The trailer systems presently in use are in fact either category l or

category 2 from performance point of view. Against proposals from

Sweden and the Federal Republic of Germany the majority of the ECE

countries decided not to introduce categories for trailers which conse-

quently are not subjected to any split-friction test. It can be noted that

US and UK trailers are normally "category 2" and in Sweden and FRG only

"category l".

Figure 2.1 gives an overview of the performance requirements for motor

vehicles and trailers equipped with anti-lock braking systems.

2.1 Electrical failure indication is required for all vehicles.
 

Internal failure in the electronic controller is however not included. The

failure indication must be visible from the drivers seat. Mechanical

failure indication except for hydraulic leakage is not required.

2.2 Service brake performance after electrical failure outside

the electronic controller must for motor vehicles be at least the same

that is required after & hydraulic circuit failure in the normal braking

system. The same applies for secondary performance where also a hand

brake may be used. The electronic controller is regarded as not subject to

failure mainly due to testing difficulties. For trailers there are no

requirements.

The present Swedish brake regulations do not allow any reduction in the

normal braking performance in case of ABS failure, and the US supple-

mental Notice of Proposed Rulemaking SNPRM 135 for passenger car

brakes does only allow a reduction of 20% in service braking performance

from 6.12 to 4.9 m/sZ.



For international harmonisation it is obviously desirable to fit? :i common

requirement. That the problems are real is illustrated by the fact that a

wide spread antilock system with integrated antilock and electrohydraulic

full power rear brake system will have no rear brakes after electrical

failure in the hydraulic pump. Fully laden on friction 0.8 the vehicle will

at best be capable of a deceleration of 4.8 m/s2 (82% of the Swedish and

98% of the proposed US requirements).

2.3 Electromagnetic interference

The anti-lock system must not be adversely affected by electric and

magnetic fields. Test procedures have been discussed but none has yet

become part of the regulation. Manufacturers have to present test results

to be approved by the technical service of the approving authority.

ZA Operational speed range

The system must operate down to a speed of 15 km/h. This limit is too

high for satisfactory winter service. State of the art permits 5 km/h. The

upper limit is not specified but tests have to be made at 80°/o of the

maximum design speed but not more than 120 km/h and 80 km/h for

trailers.

2.5 Energy consumption

Requirements exist for motor vehicles of all categories and trailers. They

are however mainly a concern for heavy air braked vehicles. Depending on

the maximum design speed motor vehicles must perform an anti-lock

operation time between 15 and 23 seconds in laden condition on low

friction (0.3) followed by four stationary full brake applications without

energy supply. At a fifth brake application at least secondary brake

performance must be achieved with the vehicle laden. Trailers are tested

unladen on high friction with 15 seconds of anti-lock operation without

new air supply followed by five stationary brake applications. The air

pressure at the last application must correspond to a braking force of at



least 22.5% of the axle load of the laden trailer. Motor vehicles

authorized to draw a trailer shall have a 0.5 litre reservoir connected to

the control line and the pressure at the fifth full application must be at

least 50 % of the pressure obtained at a full application from the initial

pressure.

2.6 Adhesion utilization

Braking tests from 50 km/h with full pedal force application are required

for motor vehicles on a high and a low friction surface in laden and

unladen condition. The low friction must not exceed 0.3 but 0.4 may

exceptionally be allowed if a suitable surface is not available. Trailers are

tested unladen on a high friction surface. An adhesion utilization of at

least 0.75 is required, defined as the braking ratio (Braking ratio : decele-

ration/gravity) (Zmax) with the anti-lock system in Operation divided by

the coefficient of adhesion (K).K is calculated from the mean braking

ratio between 40 and 20 km/h measured with the vehicle itself using

single axle braking at the highest constant input force without wheel

locking from 50 km/h. In the case of category 3 vehicles and trailers

Zmax is calculated from single axle antilock braking ratio in the same

manner as K.



NEW ECE REGULATION 13 ANNEX 13 Effective 1987
(AND EEC DIRECTIVE 71/320 ANNEX X Effective 1986)

REQUIREMENT MOTOR VEHICLES TRAILERS
ANTILOCK CATEGORY

l 2 3

Electrical failure indication + + + +

Post failure performance + + +

Electromagnetic interference + + + +

Operational speed range + + + +

Energy consumption + + + +

Utilization of low friction + + +l) +2)

Utilization of high friction + + +l) +2)

1) Only for axles with at least one directly controlled wheel

2) Trailer unladen on high friction surface

 

ADDITIONAL CHECKS

Tests on high friction + + + +

Tests on low friction + + + _

High to low friction test + + + -

- Low to high friction test + + + -

- Split friction stability test + + _.

- Split friction deceleration + _ _ -

 

ECE REG 13 ANNEX 10
(EEc DIRECTIVE 75/524)

Laden compatibility
motor vehicle/trailer + + + +

- Adhesion utilisation - - +3) -

- Wheel-lock sequence/
stability check - - +3)

3) Only for those axles without a directly controlled wheel

Figure 2.1 Overview of new anti lock braking regulations in ECE
Regulation 13, Annex 13 (EEC Directive 71/320 Annex X)
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2.7 Additional checks

- Sudden full brake applications at high speed and low speed on high and
 

low adhesion (friction) must give stable braking without locking of

directly controlled wheels. The same tests with trailers only need to

be made on a high adhesion surface.

High to low friction test with transition speed 50 km/h must not result
 

in locking of directly controlled wheels for such a long time as to

cause instability or deviation from straight course. Trailers are

exempted from this test.

- Low to high friction test with transition speed 50 km/h must give
 

brake force adaption to the high level within "reasonable" time.

Trailers are exempted from this test.

Split fricion stability test is only required for motor vehicles of
 

category 1 and 2.

Split fricion braking efficiency test is only required for category 1
 

vehicles.

2.8 ECE Reg. 13 annex lO and EEC 75/52Ll concerning adhesion

utilization and stability for vehicles with normal brakes is not applicable

to vehicles with anti lock systems except for the following cases.

- Laden compatibility between motor vehicle and trailer. The relation

between control pressure and laden vehicle braking ratio

(deceleration/g) when the anti-lock system is not operating must be

within prescribed limits for both vehicle types.

- Adhesion utilization and wheel-lock sequence/stability requirements in

terms of calculated brake force distribution when the antilock system

is not Operating have to be met by category 3 vehicles. If this is not

the case, practical tests with the antilock system working may be

made on a high and a low friction surface in order to demonstrate

braking efficiency and stability.
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3 SWEDISH PROPOSAL FOR COMPLEMENTARY WINTER

SERVICE REQUIREMENTS TO BE ADDED TO THE NEW

ECE REQUIREMENTS

In Sweden icy winter roads can be expected for about six months of the

year. Safe braking under these conditions is a considerable problem.

Anti-lock braking systems with good performance on ice are therefore

expected to give a significant reduction in traffic accidents where braking

is involved.

In the following winter test procedures and requirements are proposed

which are based on results of investigations made by the Swedish Road

and Traffic Institute (VTI) from 1980 to 1986. The tests are proposed as

complementary winter service requirements to be added to the new ECE

anti-lock braking regulation.

The test procedures are

- a driver controlled J-turn test on ice

a more severe split friction test

a straight line braking test on ice

- a transition test from low to high friction

For simplified testing a future hybrid laboratory test is envisaged.

The VTI investigations have been made with heavy vehicles and vehicle

combinations from about 5000 to more than 65000 kg as well as for a

number of passenger cars as shown in figure 3.1. Five different antilock

systems for heavy vehicles and three for passenger cars have been tested.

All but two systems were category 1. The two exceptions were category 2

air brake systems.
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Figure 3.1 Test vehicles
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4 DRIVER CONTROLLED J-TURN TEST ON ICE

4.1 General

Vehicles with anti-lock systems on steered wheels will if they meet the

requirements of a straight braking efficiency test and a split-friction test

certainly possess some degree of steerability. The split-friction test can

indeed be regarded as a kind of high friction steerability test. On very low

friction surfaces a bad anti-lock system may, however, give either very

poor stability or very poor steerability due to high slip levels and poor slip

distribution between front and rear axles. In both cases the expected

safety benefits will not be obtained and in the unstable case it might even

be more dangerous to use such an anti lock system than a normal brake

system or vehicles with anti-lock system only on the rear axle. It is

therefore essential to test the steering qualities during emergency braking

on low friction in a special test.

This is also true for trailers as the steerability and stability of a vehicle

combination depend also on the performance of the trailer.

4.2 Proposed test specifications

A driver controlled J-turn test on ice is proposed which is illustrated in

figure 4.1 and has the following specifications.

- The track surface shall consist of ice with a lateral friction corre-

sponding to a maximum cornering speed between #0 and 60 km/h.

- The test track has a 30 m long entrance corridor, 0.5 m wider than the

vehicle, followed by a 100 m radius circular track 1.5 m wider than the

vehicle.

The test procedure comprises

- determination of maximum steady state cornering speed VM

- determination of the deceleration from the maximum speed V0 from

which the vehicle can be braked with full pedal force.
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Brake application line
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Figure 4.1 J-turn antilock braking test with driver control. Test track
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Optional reference tests are

- locked wheel straightline braking from 40 km/h on the same surface

- determination of an ECE-type maximum constant deceleration in the

turn without wheel locking from 75% of VM based on front axle

braking.

4.2 Performance requirements

Proposed steerability/stability performance is

- to stay within the track boundaries with all parts of the tyre treads

not to exceed a steering correction of +/ 180°

- to have a stability/steerability factor E5 not less than 0.64 where ES :

(Vo/VM)2, i.e. successful braking from 80 % of the maximum cornering

speed.

The braking efficiency EBY with the maximum cornering acceleration ay

as reference is proposed to be at least 0.5.(EBY : axABS/ay 2 0.5)

or

the efficiency EBL based on the locked wheel deceleration to be at least

0.9O.(EBL = axABS/axL 2 0.90)

or

the efficiency EBE based on the maximum deceleration without wheel

locking to be at least O.75.(EBE = axABS/axE Z 0.75).

The test is also proposed for trailers which should be tested in

combination with an approved anti-lock motor vehicle.

4.3 Test results

Results from-the closed loop J-turn test are presented in figure 4.2, 4.3

and 4.4.

Figure 4.2 illustrates the relationship between the stability/steerability

factor Es and the braking efficiency EBY for passenger cars and heavy

duty vehicles.
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Figure 4.3 presents the relationship between E5 and EBL also with

separate results for passenger cars and heavy duty vehicles.

Figure 4.4 shows the relationship between E5 and EBE for passenger cars.

The diagrams show no correlation between the stability/steerability

factor and the braking efficiency. Results from tests with increasing

initial speed have given both increasing and decreasing braking efficiency

depending on the tyre equipment. From the diagrams can be seen that if

all results were to be accepted, Es should be at least 0.5 instead of the

proposed 0.64. The latter choice is based on the opinion that this value is

more representative for the state-of-the-art. The vehicles that did not

meet this requirement should be improved.
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5 SPLIT FRICTION TEST WITH VERY LOW FRICTION ON

ONE SIDE

5.1 General

The split-friction test which is already part of the ECE/EEC regulations

is illustrated by figure 5.1. The test track consists of two parallel tracks,

one with a high friction K1 and the other with a low friction K2. The test

is performed from an initial speed of 50 km/h in three steps.

The two first steps give the values of Kl and K2 by means of maximum

constant pedal force single axle braking without wheel locking. The third

step gives the split friction ratio 23.

The ECE/EEC performance requirements are

a maximum lateral displacement where no part of the tyre treads

cross the common track boundary

- a maximum steering correction of 120 degrees within the first two

seconds and 240 degrees during the rest of the stop

- a minimum braking ratio 23 3 O.75(#K2+Kl)/5 but not less than the low

friction K2.

The last requirement in combination with an allowed ratio K2/Kl as high

as 0.5 is a major weakness in the regulation as it allows an efficient

"select low" system to pass the test. This type of system adjusts the total

braking force to the low friction.

5.2 Proposal for winter condition requirements

As a realistic compromise it is proposed that the braking efficiency

formula should be based on the actually achieved anti-lock braking ratios

Zl and ZZ instead of 75% of Kl and K2 and become 23 3 0.2 (422+Zl). It

is also proposed that the ratio ZZ/Zl must not exceed 0.4 and 22 not 0.15.

It is furthermore proposed that the applicable requirements should also be

met by trailers as they can represent a large part of the total combination

mass. The trailer should be tested together with a representative towing
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vehicle equipped with an approved anti lock system. The braking efficien

cy of the trailer should also be tested by means of separate trailer

braking. When 21, ZZ and 23 are calculated the rolling resistance of the

towing vehicle can be set to 0.015 for driven wheels and _<_0.0l for non

driven wheels.

SPLIT FRICTION TEST

ECE/EEC : K1min=0.5 K2max=0.5K1

za:o.75(4x2+x1)o.2 23=K2

B Low chnon x: E

Vo-BO kun/h

 

 

  
 

 "nm ..............................................................
..............................................................................
............
.......................................................................

........................

........................
 

 

  
 

MAX STEERING CORRECTION

(.a YO______C
ame

TIME T 0-2 sek 2-Tstop sek

PROPOSED NEW K2max = 0.40 K1 or

WINTER SERVlCE 22max : 0.40 21

REQUIREMENTS 2320.2(422021)

Figure 5.1 Split friction test procedure

The very poor performance of a select low system is demonstrated by

figure 5.2 which shows that K2=0.1 gives about 60 m longer braking

distance from 50 km/h compared to a fully individual wheel control

system. The difference between the ECE/EEC and the proposed require-

ment, which was first formulated by E. Petersen from WABCO, is also

shown.
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Figure 5.2 Split friction braking efficiency

5.3 VTI tests and test results

VTI has performed tests on split friction surfaces with ice as low friction

surface having peak and locked wheel friction coefficients 0.1 with

standard tyres and sand bonded to the ice with water as high friction

surface giving a friction coefficient of about 0.6. The test speed was

50 km/h. Anti-lock braking tests were performed on the low and high

friction surfaces for reference purpose. Part of the test program also

included measurement of the friction coefficients Kl and K2 according to

ECE/EEC regulations. This was done with front axle braking without

wheel locking.

Passenger cars, heavy trucks and truck trailer combinations with

commercially available systems and also one prototype system (see figure

3.1) have been tested. The systems represent different control strategies

from "select low" that adapt to the low friction to individual wheel

control.
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Results

In figure 5.3 the braking ratio Z3 obtained in the split friction test is

compared to the Optimum braking ratio defined as (21 + Zz)/2- The

braking ratios 21 and Zz are those obtained by anti-lock braking tests on

the high and low friction surfaces with the vehicle in question. Braking

ratio is defined as the mean deceleration divided by gravity acceleration

(9.81 m/sz).

It can be seen that the select low systems have a braking efficiency of

only 27-4596 of the optimum braking ratio compared to values between 67

and 90% for systems with a higher degree of individual wheel control. In

figure 5.4 the braking ratio 23 is compared to a minimum required braking

ratio (422+Zl)/5 proposed by E Petersen from WABCO. The tested

vehicles with select low anti-lock systems did not meet this requirement.

In figure 5.5 test results are compared with the ECE/EEC requirement

Z330.75(#K2+K1)/5. The ECE/EEC requirement was easier to meet than

that from WABCO.
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5.4 Split friction braking performance of vehicle combinations

with and without anti-lock system in operation

In 1984 split friction tests were also carried out in order to compare

performance with and without anti lock system. Four unladen heavy

vehicle combinations (vehicles 6, 7, 10 and 11 in figure 3.1) were used. All

were equipped with load sensing valves and WABCO anti-lock systems.

Three drivers took part in the test but each combination was tested by

only one driver.

The result of these tests was that the braking efficiency in most cases

was 10-2096 higher with the normal braking system than with the anti-lock

system in operation. The efficiency of the anti-lock systems was about

8096 of (Z 1+22)/2. Both with and without anti lock system it was possible

to keep the vehicle within a 3.5 m lane. The steering and braking task

was, however, more difficult without anti-lock system. The maximum

steering angles were about 90 degrees with and 1350 without anti lock

system.
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6 STRAIGHT LINE BRAKING ON ICE

6.1 General

Straight line braking on a homogeneous surface is the classic and basic

way of testing the braking performance of vehicles. The ECE/EEC anti-

lock braking regulations prescribe straight line low friction tests. The

friction level is however allowed to be as high as 0.4. A test on ice is

therefore regarded as a useful winter service approval requirement.

6.2 Tests carried out by VTI

Straight line anti-lock braking tests on ice have been made in comparison

with

- locked wheel braking

- best driver control braking

- peak friction measured with single axle braking according to ECE/EEC

anti-lock regulation-

- standard reference tyre friction coefficient measured with the

Swedish constant slip (IB-15%) friction test vehicles BVll and BV12

(see figure 6.1 and 6.2) measured at 40 and 20 km/h. BV11 had a 4.00-8

tyre and BV12 a 5.60-15 PIARC "Europe" tyre both with rib tread, in

accordance with ISO TR 8349 on friction measurement.

Tests have been made from initial speeds ranging from 70 to 35 km/h for

trucks and trailers and, for passenger cars from 110 to 50 km/h.

Most of the tests have been done in the temperature range -50C to -20°C

but tests have also been made near 0°C and down to -30°C. Except in

1980 the tests have been made on ice roughened by the special multiwheel

trailer with studded passenger car tyres shown in figure 6.8. The

treatment results in a somewhat higher and more uniform friction and

reduces polishing effects which tend to lower the friction.
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6.3 Results

The results are summarized in figure 6.3, 6.4, 6.5, 6.6 and 6.7.

From the figures can be seen that as a rule the braking efficiency with

anti-lock systems is higher than with locked wheels and higher than best

driver performance. In tests with laden and unladen vehicles the unladen

vehicles tend to get higher deceleration but not necessarily higher braking

efficiency based on peak value.

The 7596 efficiency required by ECE/EEC regulations is not always met on

ice by anti-lock systems for heavy vehicles. For the tested passenger cars

with and without studs the efficiency is close to 10096.

Longitudinal friction coefficients obtained with the reference tyres on

friction test vehicles BVll and BV12 according to the constant slip

method gave the same values as the peak friction coefficients obtained by

single axle braking according to ECE Regulation 13 both for a truck and a

passenger car with standard tyres (0.17).

6.4 Discussion

According to Annex 10 in ECE regulation 13 are normal brakes allowed to

have a braking efficiency of 5096 at a friction coefficient of 0.2. It could

therefore be debated if the efficiency requirements on anti-lock systems

on ice should be as high as 75% of the peak friction coefficient. The test

results indicate that 9096 of the locked wheel friction could be a more

suitable requirement. A locked wheel test is also the simplest and least

expensive alternative. In order to avoid stability problems the locked

wheel braking tests on ice are recommended to be done from an initial

speed of 40 km/h.

6.5 Proposal for a straight ahead braking test on ice

Based on the field test experience and theoretical considerations the

following test is proposed.
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Test surface: The test surface should be ice with a locked wheel friction

of 0-1i0.05 or a peak friction of 0.2010.05 measured with the test vehicle

itself or the friction test vehicle BVll or equivalent equipment.

 

Roughness of the icy by means of the special multiwheel trailer according

to figure 6.8 is recommended. The air and ice surface temperature should

be below zero oC, preferably between -5 and -150C.

Test speed: The initial speed should be 40 km/h for vehicles with tyres

without studs and 50 km/h for tyres with studs (additional test for

passenger cars).

Braking tests: Locked wheel and anti-lock braking stops should be made
 

with a pedal force that on high friction would give at least 5 m/sz. The

mean value of the results from at least three tests of each type should be

used for the efficiency calculation. For each test the mean deceleration is

calculated by the formula å=5.56/T m/s2 where T is the time from

V=35 km/h to V=15 km/h.

Minimum requirement on braking efficiency:

åABs/åL > 0-9 or (ZABS/ZLOCK) 3 0.9

åABS : Mean deceleration with the antilock system operating. ZABS

: åA55/9.81

åL : Mean deceleration with all wheels locked. ZLOCK : ål,/9.81

Trailer tests: Trailer tests should be made by braking only the trailer and
 

correcting for the rolling resistance of the towing vehicle. The rolling

resistance coefficient for nondriven wheels may be assumed to be 0.01

and for driven wheels 0.015.

Alternative test method: Tests may also be performed according to the

procedure prescribed by ECE/EEC regulations but on the same ice

surface. It is considered as more difficult to carry out and meet the

requirements of this test.
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Figure 6.3 Straight line antilock braking efficiency in relation to locked
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Figure 6.8 Multiwheel trailer with studded passenger car tyres for ice

conditioning treatment



7 TRANSITION TEST FROM LOW TO HIGH FRICTION

7.1 General

When a vehicle with normal brakes is braked on very low friction and

suddenly encounters a transition to a high friction surface the braking

torque applied by the driver is immediately fully utilized up to the limit

of adhesion for each axle as they pass on the new surface.

In the same situation but braking a vehicle with an antilock system fully

adapted to the low friction there is a risk that the pressure recovery

might be very slow and result in an unacceptably long braking distance

compared with a normal braking system. The new ECE/EEC antilock

braking regulations therefore demand a test in this respect. The

requirement on the high/low friction ratio is however only 2:1 which is

low for winter service conditions

7.2 Tests carried out by VTI

Tests with one heavy duty truck antilock system on ice with very low

friction resulted in pressure drops to near zero with recovery rates of not

more than 3 bar/sec that could not be influenced by a sudden transition to

high friction. This corresponds to about 1.5 seconds to reach 4.5 m/s2

deceleration. Transition tests with other systems indicate that 0.7 seconds

is a reasonable target from a technical point of view.

7.3 Discussion

If the vehicle deceleration is measured the wheelbase has to be taken into

account. At 50 km/h an additional time delay of 0.7 seconds will cover all

practical cases. A total deceleration transition time from 1.5 m/s2 to 14.5

m/s2 of 1.5 seconds for heavy duty vehicles and 1.0 second for passenger

cars has been considered to be a reasonable requirement for winter

service.
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7.4 Proposed winter service test

The test shall be made with full brake application at a pressure that

corresponds to a deceleration of at least 5 m/s2 starting on a low friction

surface which must not give the vehicle a higher deceleration than 1.5

m/s2 with the antilock system in operation. The vehicle speed at the

transition to high friction must not be less than 50 km/h. The high friction

surface must allow an antilock braking deceleration of at least 4.5 m/sZ.

This deceleration must be reached within 1.5 seconds for heavy duty

vehicles and within 1.0 seconds for passenger cars. This time is measured

from the front axle transition time.
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8 HYBRID LABORATORY TESTING - A FUTURE TYPE

APPROVAL PROCEDURE?

The practical difficulties are considerable both technically and economic-

ally in obtaining test tracks that give the desired friction characteristics

and are large enough for safe high speed and cornering tests. In fact they

are that severe that ECE/EEC regulations regard peak friction coeffi-

cients up to 0.4 at 40 to 50 km/h as low and do not specify speed or slip

characteristics of the tyre/road adhesion. Furthermore the problems

connected with brake lining characteristics must not be forgotten.

For antilock systems with electric wheel speed signals these problems can

be eliminated by real time computer simulation of the tyre/road charac-

teristics; brake torque characteristics and vehicle motion dynamics in-

cluding wheel speed sensor signals. The real vehicle that is to be tested is

connected to the computer through an interface so that the simulated

wheel speed signals are received by its antilock system controller and the

wheel brake cylinder pressures measured by sensors on each wheel are fed

back to the computer. During the test the vehicle is stationary in the

laboratory with the engine running. The test engineer has only to apply

the brakes after starting the computer program.

This technique has been used by VTI with promising results.

At present it is possible to simulate:

- Straight braking on a homogeneous surface

- Straight braking on a split friction surface with steering corrections

based on yaw motion

- Braking during steady state cornering with constant steer input

- J-turn braking with constant steer input applied at the same time as

the brakes

- Braking on a surface with changing friction can also be simulated as

the computer programme contains two tyre models for each wheel

Validation simulations have been made with a two axle truck with an

unladen weight of 6 500 kg and a laden weight of 13 000 kg. The vehicle
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was equipped with three different types of antilock systems. This vehicle

was also used in the already mentioned tests on real ice tracks, split

friction tracks as well as on high friction tracks.

The following tests were used for the validation:

Straight braking on homogeneous ice. Initial speed 10 and 20 m/s

- Straight braking on a split friction surface. Initial speed IO m/s

- J-turn braking on ice with constant steering input corresponding to

100 m radius applied at the same time as the brakes. Initial speed

ll m/s

- Straight braking on a high friction surface with the peak friction

coefficient 0.6. Initial speed 30 m/s

In all the tests the ranking order in performance was the same in

simulation and real test. The general characteristics in terms of decele-

ration, lateral acceleration and yaw behaviour over time were also quite

well reproduced. This also applies to wheel speeds and brake pressures.

Test were made both with identical tyre data on front and rear wheels and

with somewhat reduced friction on the rear wheels. The best results were

obtained in the latter case. This is in line with the fact that ice friction is

reduced by the polishing effect of slipping tyres. In this case the front

tyres polish the ice for the rear tyres. It is not believed that this method

of testing can replace real world tests but it looks promising as a future

complement for evaluating antilock system performance under conditions

that are too difficult, expensive or dangerous to require in real type

approval tests.
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