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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the
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Road vehicles — Hydraulic braking systems, including those
with electronic control functions, for motor vehicles — Test
procedures
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document (including any amendments) applies.

ECE H
incorp

ECE

3 T
For th

3.1
vehic

cope
nternational Standard specifies the method of testing the hydraulic brakingysystems
bries M and N which are built to comply with ECE-R 13/09, including supplements 1 to 7.
b brackets [ ] are taken from ECE Regulation No. 13 for information.

ulic braking systems include vacuum-assisted and power hydraulic-assisted braking syste
wer hydraulic braking systems.

Test methods covering the Electrical Regenerative Braking Systems of Electrical and Hybrid \
d in this edition. This omission may be corrected by a further annex once these vehicles are in mo
itable practical test methods have been developed.

ormative references

bllowing referenced documents are indispensable for the application of this docume
hces, only the edition cited applies.. For undated references, the latest edition of th

Regulation No. 13, Uniform provisions concerning the approval of vehicles with regar
orating the 09 series of amendments including supplements 1 to 7

R.E.3, Consolidated Resolution on the Construction of Vehicles

erms and definitions

b purposes\of this document, the following terms and definitions apply.

bf vehicles of
The values in

ms as well as

ehicles are not
€ common use

ht. For dated
e referenced

d to braking,

e’categories as defined in ECE R.E.3

3.141

category M
power-driven vehicles having at least four wheels and used for the carriage of passengers

3.1.2

category N
power-driven vehicles having at least four wheels and used for carriage of goods

3.2

categories of anti-lock braking function (ABS) as defined in ECE Regulation No. 13, Annex 13
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3.21
category 1

that which meets all the requirements of ECE R 13, Annex 13

3.2.2
category 2

that which meets all the requirements of ECE R 13, Annex 13 except paragraph 5.3.5.

NOTE

3.23
category 3

that which mg

NOTE A

3.3
vehicle loadi

3.3.1
laden vehicl
vehicle lade
acknowledge

NOTE
distribution on
planned, the di

n];to its maximum technically permissible mass

Thi

No braking rate on split-adhesion surfaces is prescribed.

ets all the requirements of ECE R 13, Annex 13 except paragraphs 5.3.4 and 5.3.5

Split-adhesion tests are omitted.

hg

M,

max as specified by the vehicle manufactur

by the Technical Services

5 mass may exceed the “maximum authorized total mass~permitted by national regulations,
he axles is to be stated by the vehicle manufacturer. In the gvent of several load distribution pattern
stribution of the maximum mass among the axles is such.that the load on each axle is proportional

maximum techmically permissible load for that axle.

3.3.2

unladen vehicle

vehicle at its

90 % of the @

tools and spa

NOTE Du

of up to 200 kg

If necessary, s

minimum mass
provisions are 1

3.4

erb mass [without load or occupant. hut with the fuel tank filled at the start of the test to a
apacity stated by the vehicle manufacturer and complete with cooling fluid and lubricant
e wheel(s)]

ing the tests, the fuel quantity.is)maintained at least at 50 % of the tank capacity, with an allowed in|

bme vehicle mass may have to be removed. For a vehicle without a body, the manufacturer decla
which has to be reached on each axle, to represent the vehicle with a body and spare wheel(s) i
oreseen.

hydraulic prgssures (Booster and Full Power Systems)

3.41

cut-in pressu

ro

er and

Mass
5 being
to that

t least
5, and

crease

over the unladen vehicle level. This comprises, for instance, the driver, one observer and instrumentation.

es the
[ these

o

system operational pressure in an energy storage device at which the energy source is reconnected

3.4.2

cut-out pressure
system operational pressure in an energy storage device at which the energy source is disconnected

3.5
cold brakes

brakes, the hottest of which has an initial temperature, when measured on the disc or on the outside of the
drum or on the brake linings, lower than 100 °C before each stop

NOTE
cold condition.

With the exception of the hot braking performance test, all other tests are carried out with the brakes in this

© I1SO 2005 — All rights reserved


https://standardsiso.com/api/?name=c63a87ec77dcf465a581de8259f4d193

3.6

ISO 6

wheel control in anti-lock braking (ABS) functions

3.6.1

directly controlled wheel

wheel

3.6.2

whose braking force is modulated according to data provided at least by its own sensor

indirectly controlled wheel
wheel whose braking force is modulated according to data provided by the sensor(s) of another wheel or other

597:2005(E)

wheels

NOTE Anti-lock braking functions with select-high control are deemed to include both directly and.indi
wheelg. In functions with select-low control, all sensed wheels are deemed to be directly controlled wheels.
3.7

full cycling

that sfate of the anti-lock system in which the brake force is repeatedly madulated to preve

contrd

NOTE
definiti

3.8
Electr
brakin

lled wheels from locking

Brake applications where modulation only occurs once during/the-stop are not considere
bN.

onic braking system (EBS)
g system in which control is generated and processed<ds an electrical signal in the control

ectly controlled

nt the directly

d to meet this

fransmission
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4 Symbols
Table 1 — Symbols
Symbols Meaning Unit
E Wheelbase m
F Force N
F Normgl reaction of road surface under dynamic conditions with the anti-lock system N
dyn nlnprnh\/n
F, Normal reaction of road surface on axle i (f or r) under static conditions
Figyn Fgyn 0N axle i (f or r) in case of power-driven vehicles
g Acceleration due to gravity (9,81 m/s2) m/q2
3 Height of centre. of gravity specified by the manufacturer and agreed by the Technical m
Service conducting the approval test
k Coefficient of adhesion between tyre and road 1
ke k-factor of the front axle 1
ky k-value determined on high-adhesion surface 1
k. k-value determined on the low-adhesion surface 1
Kioek Value of adhesion for 100 % slip 1
ke Mean k-factor of the vehicle (dynamically weighted) 1
koeak Maximum value of the curve “adhesion versus slip” 1
k, k-factor of the rear axle 1
M Mass of individual vehicle kg
M ax Permissible maximum mass kd
P Pressure baf
s Stopping distance m
t Time interval s
tm Mean value of several measurements of ¢ S
tmin Minimum value’of ¢ s
v Vehicle'speed kmih
Vmax Maximum speed of vehicle (declared by the manufacturer) kmih
z Braking rate 1
ZpL Braking rate z of the vehicle with the antilock system operative 1
Zm Mean braking rate 1
ZMALS z,, of the power-driven vehicle on a “split surface” 1
£ The adhesion utilized by the vehicle: quotient of the maximum braking rate with the
anti-lock system operative (z,, ) and the coefficient of adhesion (k) values for high and 1
& €Y low-adhesion surfaces respectively

4 © I1SO 2005 — All rights reserved
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5 Test site conditions

5.1

5.1.1

Road conditions

Surface

597:2005(E)

Except for ABS tests (see 5.2), the road surface shall be a smooth, hard-surfaced roadway of asphalt,
concrete, or other surface with an equivalent coefficient of adhesion.

The road surface shall be free from loose material and dry for those tests requiring high adhesion.

5.1.2 | Gradient
The rpad surface shall be substantially level, a tolerance of + 1 % average gradient,, measured over a
minimum distance of 50 m, is allowed.
The type Il test or the braking system hill-holding test may be conducted on a spéecified gradienf or on a level
road ysing a towing vehicle.
5.1.3 | Camber
The camber or transverse gradient across the road surface shall not exceed 2 %.
5.2 [Test area for vehicles with an anti-lock braking function (ABS)
5.2.1| An area for tests on vehicles with ABS shall be“provided consisting of a surface proyiding a peak
coeffigient of adhesion (kpeak < 0,4) and of a size_sufficient to enable the tests to be performed in safety.
Furthgrmore this area shall be preceded and followed by a surface which provides a peak|coefficient of
adhesion of about 0,8, which is of sufficient lenhgth on the approach side to enable the test [speeds to be
attaingd.
For testing vehicles fitted with ABS of categories 1 or 2, a low-adhesion surface shall have a high-adhesion
surfade on at least one side so as_to.enable the split-adhesion tests to be performed. Each surface shall be
sufficiently wide to allow the separate determination of its peak coefficient of adhesion.
5.2.2 | The surfaces used forthe split adhesion tests shall be such that:

kil = [0,5] and ky/kf—>"[2]
If any|doubt arises;that this requirement is met, the peak coefficient of adhesion shall be ascertgined by using
the prpcedure.detailed in D.3. It is always necessary to measure the peak coefficient of adhesion when testing
a vehicle fitted with ABS of categories 1 or 2.
5.2.3 | “For tests of the ABS, the track used shall be regularly characterized by preparation| (for the low-
adhesion surface) of a curve showing the actual coefficient of adhesion versus slip from 0 to 100 % slip at a
speed of approximately 40 km/h.
NOTE Plotting this graph may require a special ABS capable of operating at any preset level of slip.

The peak value kpeo and the value at 100 % slip kioc shall be measured and the ratio kyeqi/kiock calculated
and rounded to 1 decimal place.

For the surface to qualify, this ratio shall be:

1

< kpeak/klock <2

Information on the method of measurement of adhesion levels shall be made available.

© 1SO 2005 - All rights reserved
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5.3 Ambie

nt conditions

The wind speed shall not exceed an average of 5 m/s.

The air temperature shall not exceed 35 °C. In exceptional circumstances, up to 45 °C may be accepted.

This shall be recorded in the test report.

6 General information

Decele

(MFDD). Whe

performance

6.2 Theus
should be dis

6.3 Thede
This shall be
deviation bei
suspension s

7 Prelimi

7.1 The tes
that practical
influence on f

adhesion

Any variation

7.2 Toredu
7.3 The pa
selected by th

7.4 A prelin
Because the
friction mater
condition be 1

n reference is made to “prescribed effectiveness”, this is the MFDD and stopping-dis
equired in ECE Regulation No. 13 for the relevant test.

p of either pedal-application machines or of robots does not reflect real-life vebicle brakin
couraged.

ermination of the optimum vehicle braking performance shall be entrusied to skilled test d
achieved without wheel-locking except immediately before stopping and without sign
g caused by braking. A period of familiarization with the ,vehicle braking, steerin
stems should be allowed.

hary comments on test procedures and requirements

Fation”
stance

g and

rivers.
ificant
y and

ts should be carried out in the recommended sequence described in Table 2, but it is recognized

circumstances may require variations fromgthis sequence. However, because of th
riction material behaviour, it is most strongly recommended that:

the fade fest is performed at the end of the sequence; and

utilization tests be performed before the corresponding & factor determination.
n the recommended sequence shall be noted.
ce load changes, all unladen tests are grouped together and followed by the laden tests.

king braking system tests and the response time measurements may be carried out at an
e vehicle manufacturer and agreed with the Technical Services during the testing sequenc

hinary series of five braking system applications may be carried out for vehicle familiari:
total number of stops can significantly change the thermal and mechanical properties
als“(and thus possibly the vehicle braking performance), it is recommended that ead
LR ho more than four times.

ermal

y time
E.

ration.
of the
h test

7.5

unlikely to prejudice subsequent road test results.

7.6

Re-testing in the course of the full procedure shall be avoided, although one or two extra stops are

Full or partial re-tests, after a failed test or to approve alternative braking system components, shall

again follow this procedure and with particular emphasis on the vehicle preparation and bedding procedures.

7.7

In order to avoid delays, tests may be carried out under adverse conditions but with due consideration

for safety; such adverse conditions shall be reported. Any failed test under such conditions may be repeated
under the correct conditions, but it is not necessary that all tests be repeated.

7.8

disengaged just before the vehicle stops, to avoid stalling the engine.

During the tests with the engine connected, on vehicles with a manual gearbox, the clutch may be

© I1SO 2005 — All rights reserved
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7.9 Tests with the engine connected should be carried out in the appropriate gear, defined as the lowest
gear which would normally be used to reach the speed without exceeding the manufacturer's recommended
maximum engine speed.

7.10 Control forces should be applied rapidly, but without significant overshoot, and then be maintained
constant during the stop to allow meaningful measurements to be made. Any departure from this International
Standard shall be mentioned in the appropriate test procedure paragraph.

7.11 All tests start with cold brakes, except the hot performance tests.

7.12 During all phases of this procedure, any unusual braking performance characteristics, such as deviation
or vibration, shall be reported

7.13 |Each specific failure mode appropriate to the vehicle braking equipment shall be eonsidered and the
service braking system shall be checked for the worst case failure modes (for EBS seé )Annex 18 reference
in A.1|d)).

7.14 |Where fault conditions are imposed on the braking system, they shall be removed after the appropriate
test hais been conducted and the correct operation of the braking system shall.then be verified.

© 1SO 2005 - All rights reserved 7
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8 Recommended test order

Table 2 — Recommended test order

Engine status

Test required Connected | Disconnected paraE,CE,sgg' 13 t
or in gear or neutral graph-omments
A — Pre-Test Phase
Documents required A1, A18
2 | Preparatjor {instrumentation, bedding, etc.)
3 |Line pregsure vs. control force, at engine idling Common practice
after boopst is established (not an R 13 requirenment)
4 | Charactgristic of pressure reduction valve
5 |Line pregsure vs. time curve (vehicle stationary) A3 §4
6 | ABS warping lamp and mode change check A13,84(1y4.1.1,41.2
7 | Additiongl tests on vehicles equipped with EBS § 5. 2:1°.27 1
B — Basic Pdrformance Tests — unladen
1 | Type O performance X A4 § 1.4.2,2.1.1 plot decelgration
vs. line pressure
Type 0 performance X A4§143
Wheel lofking sequence A10§3.1.4.2-4
C — Failure Tlests — unladen
1 [Partial system failure Type 0 performance X A4§22
2 |Failed Ioiad sensing-proportioning valve control X A108§6
3 | Sensor fault memory test A138§4.1.1
4 | Failure of the energy source on vehicles §5.2.1.27.5,5.2.1.27.6,
equipped with EBS 5.2.1.27.7,5.21.27.8
D — ABS Tesjts — unladen
1 |ABS - fa'led case X A13§4.3,A4824,22
2 |ABS - a(llhesion, utilisation onvhiigh adhesion X A13§5.2.2
3 |ABS — dgtermination of ky X A13 - App.2
4 | ABS — adlhesion, utilisation on low adhesion X A13§5.2.2
5 |ABS - dgtermination of & X A13 - App.2
6 |ABS - wheel behaviour test on homogeneous X A13§5.3
surfaces
7 | ABS — transitienfrom-high-te-lew-adhesion X A3-§-532
ABS — transition from low to high adhesion X A13§5.3.3
ABS — split adhesion test X A13 App.3 for ABS cat. 1 or 2
8 © I1SO 2005 — All rights reserved



https://standardsiso.com/api/?name=c63a87ec77dcf465a581de8259f4d193

ISO 6597:2005(E)

Table 2 (continued)

Engine status
Test required Connected | Disconnected paraEgE,sgg' 13 t
or in gear or neutral graph-omments

E — ABS Tests — laden
1 ABS - failed case as D1
2 ABS - adhesion utilisation on high adhesion X as D2
3 ABS - determination of k, X as D3
4 B S——adhesiomutitisatiomromtow-adhesion X as b4
5 ABS — determination of & X as D5
6 ABS — wheel behaviour tests on homogeneous X as D6

surfaces
7 ABS — transition from high to low adhesion X as D7

ABS — transition from low to high adhesion X as\D8

\BS — split adhesion test X as D9
10 |PBS — energy consumption X A13§5.1
F — Kailure Tests — laden
1 Partial system failure Type 0 performance X A4§22
2 Failed load sensing /proportioning valve X A10§6
3 Failed booster test X §521278&A48§14.2,22
G — Basic Performance Tests — laden
1 ['ype 0 performance X as B1
2 ['ype 0 performance X as B2
3 Vheel locking sequence test A108§3.1.4.2t03.14.4
4 Response time X Ad4§4.11
5 ['ype Il (engine braking, only M3 ugban buses) X A4 § 1.6 & 1.8.2if gpplicable
6 Parking braking system dynamicitest X A4§23.6
7 Parking braking system static_test X A4§23110235
8 \dditional tests on vehicles’equipped with §52.1.26t0§5.2.1.26.4

plectrical parking brake
9 ['ype | fade test X A4 §15.1
10 |Type O hot performance X A4§15.3.1/2,1.5.4
H — $pecial test
Whils{ not directly required by ECE Regulation No. 13, this test is called for in Directive 71/320 & 98/12 EE[C

1 [emporary use spare wheels, laden X | EEC Directive, Anngx XllI

I — Special tests — Vacuum/hydr. assisted or power hydraulic actuation

1 [General information
2 |Vacuum booster system tests A7B§1.2,2.2
3 |Hydraulic booster system tests A7C §1.2,2.1.2/3
4 | Hydraulic full power system tests X 5215&A7C§1.2,2.1.2/3
5 |Low pressure warning
X

Indicates the status of the engine (connected or disconnected)

© 1SO 2005 - All rights reserved 9
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Annex A
(normative)

Pre-test phase and static tests

A.1 Documents and basic data

The vehicle s

hall be verified based upon the documentation as follows:

Main technical data according to Annex 2 of ECE Regulation No. 13.

Layout and list of the elements of the braking system.

Braking dystem performance calculation (optional if vehicle is equipped with ABS)!

Documenptation according to Annex 18 of ECE Regulation No. 13, if the vehicle is equipped with
This dogumentation includes an explanation of design provisions guaranteeing compliance w

parts of ECE Regulation No. 13 paragraphs 5.1.4.7, 5.2.1.8%and 5.2.1.27 which deal wi

special r¢quirements for the verification of the correct operational status, brake force compensatig

This documentation may also indicate the worst-case failures for EBS.

pproval of EMC Tests (if vehicle is equipped with~ABS or EBS) in accordance with

Regulatign No. 10.02.

a)
b)
c)
d)
relevant
for EBS.
e) Report/a
A.2 Vehicl

le preparation

A.2.1 Vehidle loading

See 3.3.

A.2.2 Basid instrumentation needed for vehicle tests

The vehicle {
existing standard instruments,/as required. Other instruments may be useful in providing accurate daf
care needs tqg be exercised to ensure that instruments added to the standard vehicle braking equipm
not significan{ly affect.the braking system performance.

All the follow
functioning cdrrectly and, with the vehicle stationary on a level test surface and without any brake appli
all the instruments shall be set to zero:

a)
b)

c)

d)

10

EBS.
ith all
th the
n and

ECE

hall be prepared-for testing by the addition of the following instruments and/or calibrafion of

a, but
ent do

ation,

ng-appropriate data acquisition system instruments shall be checked to ensure that thiy are

control force gauge for the service braking systems;

control force gauge for the parking braking system;

control force gauge for the secondary braking system, if this system is not part of either the service or the
parking braking system;

decelerometer;

speed-measuring device or calibrated speedometer;

© I1SO 2005 — All rights reserved
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f)  stopping-distance-measuring means;

g) time-measuring means;

h) b

rake temperature indicating system;

i) line pressure gauges/transducers. Regulations call for pressure measurements to be made at the least
favourable brake actuator and in other parts of the system;

) o
A.2.3

a)

o<

S
® o

(2]
-~
—

(¢

2]

O =

o
oo

> O

A.2.4

The

manu
simulg
syster

When
In the

orag
prepa

ptional instruments may include wheel lock indicators, control device travel gauges.

ne
DY

so produce a time base;

btional equipment to ascertain when and for what period the wheels (directly controlle
ctually lock during the test;

r ABS/EBS which depend on stored energy assistance rather than an electrically po
burce, a device shall be provided to isolate the energy source;

is standard practice to use adjustable pressure-limiting valves in the line to each wheel
e used during the determination of k; or k,;

btional equipment to show the point of transition of the vehicle from the low to the high-adh
h the permanent record;

btional means of measuring steering wheélhangles (only for vehicles which are fitted with
BS).

Provisions for failure simulation

ehicle shall be equipped(with the necessary added devices, piping and wiring acc
acturer's recommendations and agreed with the Technical Services, to provide the re
tions. Such added devices, piping and wiring shall not significantly affect the intact and/or
h performance.

a leakage is simulated, the brake fluid shall be returned to the reservoir.
electric part'of the braking system, a failure generally corresponds to a disconnection, but

round.cennection may be specified by the manufacturer in certain instances. This may be
red‘components or sections of wiring.

bhicle speed and, optionally, stopping distance and/or deceleration-measuring -&quipment shall be
hpable of producing a permanent record of these variables during braking. The acquisition system shall

H by an ABS

vered energy

brake that will

esion surface

a category 1

brding to the

quired failure
failed braking

a short circuit
jone by using

A.2.5

Tyre conditions

The tyres shall be inflated to the vehicle manufacturer's recommended pressure levels.

Itis re

A.2.6

commended that the tyre tread wear should not exceed 50 % of the new condition.

Braking system condition

The braking system components shall be new, or capable of functioning as if new, and within the vehicle
manufacturer's specifications. The service and parking brake linings shall be bedded according to the vehicle
manufacturer's recommendations.

© 1SO 2005 - All rights reserved
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A.2.7 Adjustment of braking equipment

Adjustable brake components shall be set according to the vehicle manufacturer's recommendations. Manual
re-adjustment of the brakes, even including those with automatic adjusters, may be made in accordance with
the vehicle manufacturer's recommendations, prior to each test listed in Table 2, apart from the G10 Hot test
and subsequent test for free running of wheels.

Where a secondary braking system effectiveness test is carried out on one axle only, automatic adjustment
devices may be disconnected, if requested by the manufacturer.

A.3 Line p

A graph shall

corresponding

to the maxim

results record

set out below

a) with engi

(for petrg

b) without any assistance force (booster disconnected from the vacuum/ehergy source and stored e
depleted].

A.4 Chara

With pressurg

Fy 1L_E
resstre-versus—controrrorce
be produced by applying the service brake control, fitted with a force gauge and récordi

Im permitted force which is prescribed as [500] N for M1, [700] N for all othet)classes a

he idling after previously having been operated above 2 500 rpm (41,667s~1) four or five
engines only);

cteristic of the pressure reduction (proportioning) valve

gauges fitted in both the input and output-lines, the pressure transfer characteristic sH

ed. A minimum of two curves shall be plotted to show the normal and zerg;loost conditig

ng the

readings of the pressure gauge in the line. The pedal force should be slowly increased {from 0

nd the
ns as

times

nergy

all be

recorded as the pedal force is slowly increased from zere’to the maximum as listed in A.2 above. This shall be

done for both
The ambient
(measuremen

A.5 Line p

NOTE Thi

A.5.1 Simu

This is done K

unladen and laden conditions.
conditions and any relevant vehicle’ or component information shall be noted and the m

t or calculation) by which the characteristic was obtained shall appear in the report.

ressure versus time curve (vehicle stationary)

5 curve will be used to determine the static response time (see G.4).

ate the Jladen vehicle

y setting the load-sensing device in the position corresponding to a laden vehicle.

ethod

A.5.2 Initia

energy level

The initial energy level in reservoirs or accumulators is important where assistance is given to the driver at
each brake application. This level shall be set at 90 % of the value specified by the vehicle manufacturer.

Systems such as vacuum boosters, which have no external reservoir, shall be conditioned as indicated in A.2

before each p

12

erformance test or recording.
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A.5.3 Determination of the “line pressure versus time” curve

This curve is most easily measured with the vehicle stationary, by recording the pressure rise at the least
favourably placed axle/wheel in response to a sudden brake application.

The force on the service brake control, up to a maximum value of [500] N for vehicles of category M1 and
[700] N for vehicles of other categories, shall be applied as quickly as possible but without significant
overshoot, as soon as the recorder is started.

The beginning of the movement of the service brake control shall also be recorded as this will provide the start

point for the response time assessment.

A.6

A.6.1

Verify
supply
or AB
exting
requir

Check
worKir

NOTE
speed

NOTE

A.6.2

Chech
define
and it
that th

ABS/EBS function — Warning lamp check and mode change check

Static warning lamp check

that a specific optical warning device is fitted, which will signal to the driver any electricg
of electricity to the ABS/EBS or in the external wiring to the controller(s) and any system
5 mode change. Check that this warning device lights up when the /ABS/EBS is energized
uished after a brief verification phase, only if none of the above‘mentioned faults are pre
e the simulation of such faults in order to check the detection capability of the electronic co

that the warning signal is visible in daylight and that the switch-on warning flash sho
g order.

1 With no defect present, the warning signal may light up again, but it shall be extinguished be
reaches 15 km/h, by which point in the speed range all‘the wheel speed sensors shall be generating

2  To check the function of sensor fault memory see C.3.

Mode change check

if the subject vehicle specification shows it to be an off-road power driven vehicle of ca
d in Annex 7 of the UN Consolidated Resolution on the Construction of Vehicles/RE3. If th
is equipped with means fo manually disconnect or change the control mode of the ABS fy
e manufacturer's calcdlations show that, with this function disabled or in the changed mog

conforms to Annex 10 of EGE Regulation No. 13 in that front wheels lock before rear wheels.

lockin

NOTE

fulfilled.

CheckH
optical

j is accepted for 4WD vehicles.)

This check is not necessary if, in this changed control mode, all the requirements of the nor

that an-optical warning signal informs the driver of the system disconnection or mode cha
warhing device may be used for this purpose.

| break in the
disconnection
and that it is
sent. This will
htroller.

s it to be in

ore the vehicle
reliable signals.

tegory N2 as
is is the case
nction, check
e, the vehicle
Simultaneous

mal system are

hge. The ABS

Check that the ABS function is automatically reset to the operational condition in the normal mode when the
vehicle ignition switch is again set to the ON condition.

Check that the user handbook, provided by the manufacturer, explains the consequences of such manual
disconnection or mode change on the operation of the ABS function.

© 1SO 2005 - All rights reserved
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A.7 Additional tests on vehicles equipped with EBS

A.7.1 Test for system operation with ignition off

This test is not necessary if documentary evidence is provided which shows that the electric control
transmission is fully operational within 2 s after the brake pedal is fully applied. This is also the case when the
ignition key cannot be removed unless the parking brake is applied and where subsequent release is
prevented.

The vehicle shall be left stationary with the parking brake released, the ignition in the “off” position and the key
removed for 5 to 10 m.

Fully apply the¢ service brake control within 1 s.

The test shall show that the required static total braking force is produced within 2 s after the control is fully
applied. Forcg build-up shall start no later than 300 ms after the initial application of the controh

The static totpl braking force shall be at least equivalent to that required in the Type<0O\test. Testing may be
done on a roller bench tester for each axle.
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Annex B
(normative)

Basic performance test — Unladen

597:2005(E)

B.1 Service braking system cold effectiveness (type 0) test with engine disconnected

B.1.1

ECE
under

Test procedure and requirement

Regulation No. 13 requires results from a single type 0 test, but in practice ,it is recq
ake, from the speed set out in Table B.1, a series of stops, using reasonably spaced incr

mmended to
ements of line

presstire/control force. This is used to build up a picture of the service braking capability. From this speed, it is

good
These
wheel

Check
provid
the te
whilst
as qu
series|

During
distan
graph

presslire, up to the point where the tendency 16 wheel lock would occur.

This d
target

practice to make at least three stops to condition the linings, before actually measuring the
stops can be used to ascertain the maximum pedal force which can-be’applied withou
locking.

that the brake temperatures are all below 100 °C and if energy/assistance, such as vac
ed, that this is at the initial level recommended by the manufacturer. Drive the vehicle at
st speed on the selected flat, level, high-adhesion surface*and disengage the gear be
starting the recorder at the same time. When the speed.drops to the test speed, apply the
ckly as possible, to the planned level. (Line pressureslimiters as used in ABS testing ca
of tests.)

this series of tests, record the control pedal forée, the deceleration achieved and the resu

ce. From the resulting Mean Fully Developed Deceleration (MFDD) figures and stopping
shall be produced showing the braking-tate and stopping distance against control f

raph will provide figures to demanstrate that both the required deceleration level and stog
5, as specified in Table B.1, have been obtained without exceeding the force limit on the cq

Table B.1 — Service braking with engine disconnected

performance.
t the onset of

uum boost, is
5 km/h above
ng employed
service brake
n help in this

Iting stopping
distances, a
brce and line

ping distance
ntrol pedal.

Vehicle M1 M2 M3 N1 N2

category

v (km/h) 80 60 60 80 60
Type 0 test with _
engine s <=(m) 0,1v+(v2/150) 0,15v+(v2/130)
diseonnected

dm > = (m/s2) 5,80 5,00

Control force limit F<=(N) 500 700

B.2 Service braking system — Cold effectiveness (type 0) test with engine connected

B.2.1

Test procedure and requirements

Following a similar procedure to that used in B.1.1, but without disengaging the gear used for building up
speed, make stops from speeds of 30 %, 55 % and 80 % of v,,, (not exceeding the limits of Table B.2). Carry
out single brake applications with a level of control force such as to achieve and record the maximum practical
vehicle braking performance.

© 1SO 2005 - All rights reserved
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The vehicle shall show no abnormality such as skidding, pulling off line or requiring serious steering correction
to hold on line. The maximum MFDD and the stopping distances shall be noted for the record.

Further tests shall be carried out from the appropriate speed of Table B.2, with control pedal forces which will
just allow the deceleration and stopping distances to exceed the required levels of Table B.2, and the control

force needed

shall be noted.

Table B.2 — Service braking with engine connected

Vehicle category M1 M2 M3 N1 N2

80 % v, but not 160 100 90 120 100

exceeding (km/h)

Type 0 tgst with engine
connectefl s<=(m) O,1v+(v2/130) 0,15v+(v2/103,5)
dm > = (m/s?) 5,00 4,00
Control fgrce limit F<=(N) 500 700
B.3 Wheelllocking sequence test

This test is re
adhesion utilij

The wheel lo
are increased
shall then be

The tests, wh
and low-adhe
0,3 as used fq

Commence V]
possible if 80
wheel reache

quired only for vehicles with permanent 4 wheel drive in whi€h it is not possible to calculg
ration curves for the vehicle due to the torque balancing.effects of the 4WD linkages.

cking sequence shall be checked by making wheelspeed recordings as the braking pres
up to the point where all wheels show the development of a lock-up condition. These reco|
bnalysed to verify the order in which lock-up occurred.

ch may call for some practice in braking ‘application rates, are required to be made on bot|
sion surfaces with adhesion coefficient-levels of about 0,8 (normal dry road) and not greats
r ABS testing.

ith the test on the high-adhesion surface and brake from 80 km/h or the maximum
km/h cannot be achieved.(The brake control force shall be built up steadily so that the s
5 lock-up between 0,5 s and 1,0 s after the commencement of braking and the build-up sh

continued until all wheels approach{or reach the lock-up condition. It may be necessary to exceed the

control force |
The test shal
wheels did ng
test, a third te

NOTE

mit in order to produce this condition.

then be repeated and the resulting recordings examined to verify that, in both tests, bot
t lock up before both front wheels. If the results show that this condition was met on on
S5t may bé made which shall meet the requirement for the vehicle to be acceptable.

Simultaneous (within 0,1 s) locking of front and rear wheels is acceptable.

te the

sures
rdings

h high
r than

speed
econd
all be
brake

h rear
y one

These tests s

the lower, and similar results shall be obtained.

16

nall be repeated on the low-adhesion surface from a speed of bU Km/h or sU 7 v,,, Whichever is
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Annex C
(normative)

Failure test — Unladen

597:2005(E)

C.1 Secondary braking system — Service braking system partial failure (type 0) test

C.1.1| General

C.1.1/ Secondary braking system

Two types of secondary braking system are considered, depending on the basic design of the b
in use|on the vehicle:

ohe which is part of the service braking system;

ohe which is independent of the service braking system; e.g.-this may require the seco
performance to be achieved by the parking brake system.

C.1.12 Secondary braking performance

This i considered to be the minimum performance required of the secondary braking syste
secondary provision, a) or b) above, is made.

C.1.13 Residual braking performance of the-service braking system

This is considered to be the minimum petformance required of the service braking system
transmission circuit failure, even though the secondary braking system is not part of the sg

system.

NOTE Residual braking has no'‘meaning in case C.1.1.1 a).

C.1.2| Test procedure and requirements

c.1.2/4 The secandary and/or residual braking performance (see C.1.1.2 or C.1.1.3) shall b

raking system

hdary braking

m, whichever

in case of a
rvice braking

e checked for
considered.

the worst-case failure-modes appropriate to the vehicle braking system where all circuits shall be
C.1.2p2 TheConditions of the test shall be as follows:

a) vehicle speed (see Table C.1);

b) with the engine disconnected;

c) without wheel-locking, except immediately before stopping;

d) with steering-wheel corrections, if necessary, to keep the vehicle on course;

e) unladen as defined in 3.3.2 (the laden test appears in Annex F);

f) a single stop suffices for each test; additional stops may be run, if necessary;

g) each test shall be made with cold brakes as defined in 3.5;

h) if the secondary braking system is independent of the service braking system as in C.1.1.

1 b), both the

service braking system with a partial failure and the secondary braking system need to be tested.

© 1SO 2005 - All rights reserved
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Cc.1.23 Procedure for applying the failure condition
C.1.2.3.1 The failure of one service braking system circuit shall be simulated as follows by either:
a) avalve controlled by-pass which is opened to connect one circuit to the reservoir, or

b) a shut-off valve in one circuit which is closed to isolate that section of the master-cylinder from the brakes.
This closure shall be made only when the service brake control has been released for at least 1 s.

Either method ensures that the circuit line pressure remains at zero during the entire test phase, but the pedal
feel will be affected differently in a) and b).

C1.24 jequired performance
C.1.24.1

econdary braking system which is part of service braking system
For a secondary braking system which is part of the service braking system, as in C.1.1¢1a), the test shall

produce meap fully developed deceleration and stopping distance figures which, at least,’conform to yalues
listed in Tablg C.1.

Table C.1 — Secondary braking with engine disconnected

Vehicle category M1 M2 M3 N1 N2
v (km/h) 80 60 60 70 50
1Jpe 0 test with engine 5 <= (m) 0,1v+(2v2/150) 40,15v-+ (202 /130 0,15v+(2v2/1115)
dm > = (ms2) 2,9 2,5 2,2
Pedal control|force limit F<=(N) 500 700
Hand controlfforce limit F<=(N) 400 600

C.1.2.4.2 Independent secondary braking system

For a vehiclg with an independent secondary braking system as in C.1.1.1 b), the test shall produg¢e the
following.

C.1.24.21 Secondary braking performance
In the unladen case, theé vehicle shall achieve at least the value obtained from the appropriate section of

Table C.1 with the cofresponding limit on the hand control force (if the parking brake or other hand gontrol
applies the sg¢condary.brake).

C.1.2.4.2.2 Residual braking performance

Using the normal service brake control, the partial service braking system performance shall achieve at least
the value taken from the appropriate section of Table C.2.

This procedure shall be repeated with the vehicle in the laden condition with the test that appears in Annex F.
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Table C.2 — Residual braking with engine disconnected

Vehicle v s (laden) dn, s (unladen) dp,

category km/h m m/s2 m m/s2
2 2

M1 80 <01 v+ m Y >1,7 <01 v+ m Y >1,5
150 150
100)( v2 100)\( 2

M2 60 <015 v+| — || — >15 <015 v+|—|| — >1,3
v£Oj130 v[sjmo
100)( v2 100)( v2

M3 60 <015 v+| — || — >15 <015 v+| — || — >15
v[0j130 V[ojmo
100)( v2 100-[ v2

N1 7 <015 v+| —|| == >13 <015 v+| 1 — >1.1
0 V[OJHS V[5j115
100)( v2 100)\( 2

N2 50 <015 v+| — || — >13 <045 v+| — || — >1.1
v£Oj115 v[sjﬂs

C.2

This @
There

A test
discor
achie

Chech
stabili

For vehicles having Electronic(Braking Distribution (EBD), the system failure is likely to result

modu
down,
requir

NOTE
perfori

C3

Failed load sensing-proportioning valve control

ontrol is a mechanical linkage, which under failure.can be assumed to adopt either extre
fore, in the unladen state, it shall be assumed thatithe valve takes up a laden position.

shall be made with the valve control adjusted\{o put the valve into the laden position and W
e the secondary deceleration selected;as appropriate from that table.
the vehicle behaviour to verify that this deceleration level can be achieved without Iq

Y.

ation of braking pressure. resulting in the application of full braking pressures when the g
For EBD-equipped &ehicles, check that the failure produces a red driver warning but only
bd and the F.2 testynay be omitted.

This test\imay be omitted and calculations made on braking distribution to show that sec
hance in the\Unladen case can be achieved with a margin of stability retained.

Sensor fault memory test

me condition.

ith the engine

nected, and from the speed specified in(Pable C.1. Make a stop using only sufficient pedal force to

ss of vehicle

in loss of the
ystem is shut
the C.2 test is

bndary braking

It is necessary to check the function of the ABS sensor fault memory and this may be performed in the
following manner.

With the vehicle stationary, the ignition switched off and the key removed, simulate an operational sensor
failure which can only be detected when the wheel is rotating.

For sensors having an electrical connector nearby, unplug the sensor and plug in a loose identical sensor
which is then to be held away from the sensor wheel. In this way, the setting of the original sensor remains
undisturbed and the substitute sensor shall be taped to a suitable hub or suspension component so that it will
not be damaged when the vehicle is driven.
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For sensors which are permanently wired, demount one sensor from its normal location saving any
components which will be required to set the sensor back in place after completion of this part of the test.
Tape this sensor in a position away from the sensor wheel.

Gently accelerate the vehicle to a speed of 15 km/h, taking care to avoid any wheel-spin, and verify that the
yellow or red warning signal is produced by the time that the vehicle speed reaches 15 km/h.
NOTE Vehicles which rely on ABS for control of braking distribution, indicate ABS failure by the red warning signal.

Bring the vehicle to a halt, switch off the ignition, remove the key and wait for a period of at least 10 m. Switch
on the ignition and verify that that the normally transient start-up warning signal remains on and is maintained

when the veh

With the veh
Avoiding any
now extinguis

NOTE So
memory is resg
instructions for

C.4 Failure of the electrical energy source on vehicles equipped with EBS

Where the el

cle is driven above 15 km/h.

cle at rest, switch off the ignition, remove the key and then re-instate the original)'s
wheel-spin, accelerate the vehicle to a speed of 15 km/h and verify that the warfing sig
hed.

ne manufacturers may have chosen to implement a more complicated procedure byWhich the sens
bt and the warning signal may not be cancelled at 15 km/h. If this is the case, refer to the manufa
the memory reset requirements.

pctrical supply of the braking system is also used by other electrical equipment, disab

generator at 1
that it is still
electrical loa

As a second [test without the additional load, disable the~generator at a nominal battery level. Demor

after 20 cons
braking syste
for 5s on ea
hydraulic ene

ominal battery voltage level so that the battery or batteries are no longer charged. Demor
ossible to actuate all brakes of the service braking(system and to supply the essential v
such as lighting and wipers.

cutive full stroke actuations of the service'\brake control that the full control range of the s
M is available. On each actuation, the-brake control shall be fully applied for 20 s and rel
ch actuation. Ensure that during thelabove-described test, sufficient energy is available
rgy transmission for full actuation, of-the service braking system.

ENSOr.
nal is

br fault
turer's

le the
strate
ehicle

strate
ervice
eased
in the

NOTE If tyvo independently driven generatars supply charge to the battery or batteries, these two tests do not have to
be made.
C.4.1 Battery charge/discharge measurement

For these teg
electrical load
system at a v
available in tH
information al

ts, it is necessary to discharge the EBS supply battery or batteries, e.g. using the full v
(or an external load) with the engine at rest and to check for automatic reversion to the bz
pltage which is approximately that declared by the manufacturer. This voltage is expected
e Vehicle Technical Specification or in the of ECE Regulation No. 13 Annex 18 Safety Cq
bng‘with designed back-up performance level.

ehicle
ck-up
to be
ncept

Alternatively for the low voltage detection test the vehicle battery/EBS supply battery may be replaced by a
high power supply in which the voltage can be adjusted.

C.4.2 Low voltage detection

Start with the nominal voltage and then gradually reduce the voltage until it is 10 % above the value declared
by the manufacturer, at which point change-over to back-up shall occur. Check at this level that braking
pressures corresponding to full service braking performance can be achieved. Then further reduce the voltage
until it is 10 % below the declared value and check at this level that braking pressures corresponding to
residual/secondary braking performance can be achieved.
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It will also be necessary to verify that in between these two test levels, the change-over to back-up is
accompanied by the yellow warning signal if full braking performance is available, or the red warning if only
secondary performance can be provided.

NOTE Measurement of the battery current requires the use of a high-capacity bi-directional ammeter. Two possible
examples of means for providing this are suggested:

a) Use of a precision very low value power resistor inserted into the battery connection across which the small voltage
drop is accurately measured.

b) A Hall Effect sensor which is clipped round all the battery cables.

C.4.3| Battery discharge test procedure

This tgst need not be conducted where the braking system is designed such that in the non-elegtrical back-up
mode|the prescribed service braking performance is ensured.

It sholild be noted that on some vehicles the electrical supply will be organized-such that as thg voltage falls,
selected electrical loads are switched off to reduce drain. This will be evidenced-by the removal ¢f certain non-
vital e]ectrical functions as the voltage reduction, specified above, takes effect:

After the verification of the switch-over to back-up, remove some of the remaining electrical loads and charge
the battery until the voltage increases to a point where upon reconnection of these electrical Igads, change-
over tp back-up does not immediately reoccur.

Now, with the vehicle engine running at 80 % of the speed at,which maximum power is developg¢d, check that
the bdttery is not being discharged.

C.4.4) Calculation alternative

It is pprmitted to supply a calculation of the. maximum discharge current from a knowledge of| the essential
vehicle electrical loads and compare this with the rated alternator current output at the 80 % of the maximum
powell speed with the battery at the nominal voltage.
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Annex D
(normative)

ABS function tests with the vehicle unladen

D.1 Dynamic test with ABS in the failed case

D.1.1 Disab
least the seca

This require
service braki
least equal to
performance.

D.1.2 If, in
system shut-g
part of the br
total ABS shu

D.1.3 Reco

D.2 Detern

D.21 From
can achieve ¢
of this proced
ABS function
the surface to

The result sh
15 km/h, usin

D.2.2 Repe
¢t values obta
formula:

bking system-split in the shut-down condition. The braking system shall also be tested w

le the ABS function and check that on a high-adhesion surface, it is still possible to achi
ndary braking performance via the service brake control.

ent does not replace the need for secondary braking system performance i \the ever

g system failure. Thus, on most vehicles, the performance with the ABS disabled shall
the secondary level but many vehicles are capable of meeting the prescribéd service b

own, the braking performance shall be checked with the ABS operational but with, in turn
t-down.

'd the deceleration achieved in this ABS failed case.

nination of the adhesion utilized on achigh-adhesion surface

n that selected surface on which the coefficient of adhesion will be measured as the next
ure. Perform this test with sufficient\pedal force/line pressure to ensure that full cycling
is invoked, up to a maximum of 1 000 N if necessary. If full cycling can still not be produce]
reduce the adhesion coefficient; keeping in mind the requirement of D.3.

j the following formula:

D

At this testtwice more on the same part of the surface, and calculate the average ¢, of theg
ned,to’find the z,, figure to be used in the adhesion utilization calculation, using the fol

0,849

I'm

ZaL =

bve at

t of a
be at

raking

the event of an electrical fault or loss of sensor signal, it is possible to achieve a partigl ABS

each
th the

an initial vehicle speed of 55 km/h, ascertain the braking rate which the vehicle with thé ABS

action
of the
d, wet

all be calculated from _the time ¢, in seconds, taken for the speed to reduce from 45 km/h to

three
owing

D.2.3 This value z,, will then provide the adhesion utilization result, once the adhesion coefficient for the

surface &, ha

EH =
km

22

s been measured in D.3.5 below, from:

ZAL
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D.3 Determination of the peak coefficient of adhesion of the high-adhesion surface

D.3.1
emplo
D.3.2

NOTE

This test shall be carried out immediately following the adhesion utilization measurement of section
D.2 above and it is important that, if the surface was damp for that test, the same level of moisture is

yed for this measurement.
Disable the ABS function and the rear axle service braking system.

In some cases, it is permitted to allow the ABS function to be operational, provided that no cycl

between 40 km/h and 20 km/h and that brake pressure has reached the demanded level.

Deter!

ine the peak coefficient of adhesion for the front axle as in the following procedure The

used
asses|

D.3.3
from 4

sment.

n the calculation of the mean surface adhesion value, which is required for the adhes

Check that the test instrumentation is fully operational and carry out a number. of brak
n initial vehicle speed of 50 km/h, on the test surface. During each applicationthe line pre

ing takes place

result is then
ion utilization

b applications
ssure shall be
n is achieved

b to the time

rise in brake

1,05 ¢, and

held ¢onstant but increased for each subsequent run until the optimum vehicle' deceleratio
(probably where slight skidding occurs).
To enpure that the highest deceleration result is included, the series of inerements shall be ext¢nded to the
point yhere the wheels actually lock during the stop. The braking rate /s calculated by referenc
t, in sg¢conds, taken for the speed to reduce from 40 km/h to 20 km/h iJe.:
0,566
Zl=
t
During this procedure, care shall be taken and cooling periods allowed to prevent serious
tempgrature, as this may distort the results.
From fthe minimum recorded value of ¢, (¢,,), Select three values of ¢ which lie within 7, and
calculpte the arithmetical mean value ¢, and then the optimum braking rate:

If it is
minim

NOTE

In org

simultganeously>The use of individual line pressure regulators for each wheel may be necessar

individ

_ 0,566
m tm
demonstrated that practical reasons prevent the three values defined above from being

um time #,,;, may bg-used in place of 7,,,.

This procedure is most accurately performed using an adjustable control line pressure regulator.

er to obfain a valid result, both wheels on the axle being measured shall reach t

ualgpressure adjustments which will achieve this.

obtained, the

he lock point
y to make the

D.3.4

Catcutate the vatue of #; for a two-axte, Tear-wheet drive vehicte withthefrontaxte onty

using the following formula:

kg

_ Zmi xgxM —0,015F,

Ff+§><sz><g><M

For front wheel driven vehicles the term (0,015F,) shall be replaced by (0,01F).

© 1SO 2005 - All rights reserved
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D.3.5 Repeat the procedure of paragraph D.3.3 using rear axle braking only whilst maintaining the ABS
function disabled. A second mean deceleration z,, figure for the rear axle is obtained and used in the

following form

Zmr

ula to give k,:

x gx M —0,01F

ke =

h
Fe-r

XZmr XgxM

For front wheel driven vehicles, the term (0,01F%) shall be replaced by (0,015F).

(ks and k, values shall be rounded to three decimal places).

Vehicles of c:ltegories N2 with a wheelbase < 3,8 m and with 4/E > 0,25 do not need a k,, value but'ca

n take
km = kf
D.3.6 The two coefficients obtained are then combined into a single value k for the vehicle on the test
surface by allpwing for the dynamic axle loading under ABS performance as follows:
b = k¢ Ffdyn +k, XFrdyn
m axM
where:
&
Ffdyn Iff +EXZAL ><g><M
A
Frgyn = 1]y _EXZAL xgxM

This value fo

r the surface coefficient of adhesion-#%;, shall be calculated and used to form the adhesion
utilization g from:

EH :%— rounded to two decimal places.
m
This shall have a value > [0,75].
D.4 Determination 6fthe adhesion utilized on the low-adhesion surface
Using the tes| surface with a low peak coefficient of adhesion (less than 0,3) with the ABS operating, fepeat
the procedur¢ in“section D.2 to obtain z5 , which will be used with the result of the adhesion coefficient

measuremen

{

In“D.5 to determine the low-adhesion surface utilization fiqure & . (z5 /k.) which aqgain

shall

be > [0,75].

D.5 Determination of the peak coefficient of adhesion on the low-adhesion surface

Repeat the procedure of D.3 with the ABS disabled in order to measure k,, for the low-adhesion surface and
then use this figure to determine the result in D.4.

24
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D.6 Wheel behaviour test on homogeneous surfaces

With all brakes operating and the ABS function enabled, carry out a series of stops to confirm that the directly
controlled wheels do not lock (other than momentarily) when brakes are suddenly and fully applied. These
tests are to be performed on both the low and high-adhesion surfaces used earlier, from two initial speeds:
45 km/h and a higher speed of 80 % of the vehicle's maximum speed, v,,,,, but not exceeding 120 km/h.

M2, M3 and N2 vehicles are restricted to [80] km/h on low-adhesion surfaces.

This restriction also applies to N2 vehicles on high-adhesion surfaces.

NOTE A4 Inthe tests in D 6 to D Q’ mr\mnnfgr’y InPI(ing (fypiﬁally ﬁ’ﬁ c) of rﬁrnr\fly controlled-wheegls-is permitted_ In

addition, it is permitted for directly controlled wheels to lock when the vehicle speed is less than 45 km/h. Indirectly
controlled wheels may lock at any speed but stability and steerability shall not be noticeably affected.

NOTE|2  The definition of “fully applied” in relation to the service brake control normally means the max{mum permitted
control force for the vehicle category. A higher control force, however, may be used if it issnecessary to cause the ABS
function to come into operation, with the vehicle on high-adhesion surfaces and during the(transition test from high to low-
adhesipn surfaces.

D.7 Transition test: from high to low-adhesion surfaces

Check that when an axle passes from the high-adhesion surface t0 the low-adhesion surface, ith the brake
contrdl fully applied and the ABS fully cycling, the directlyscontrolled wheels do not lock (other than
momgntarily as in D.6 Note 1).

The ipitial vehicle speed and the timing of the full .brake application shall be such that ABS operation
commences on the high-adhesion surface and the (ransition from high to low adhesion occyrs at the two
vehicle speeds specified in D.6.

D.8 [Transition test: from low to-high-adhesion surfaces

When|an axle passes from the low=adhesion surface to the high-adhesion surface, with the brake control fully
applied and the ABS fully cycling.on the low-adhesion surface, check that the vehicle deceleralion rises to a
value |appropriate to the high-adhesion surface within a reasonable time (typically < 2 s), without the vehicle
deviatfing from its initial course. For this test, the vehicle initial speed shall be such that ABS operation gives
full cygling on the low-adhesion surface and the transition of the front wheel, from the low to high adhesion
occur$ at approximately 50 km/h.

NOTE It is usefulto install some device which will show the point of surface transition on the instrumentation record.

D.9 Split adhesion test

D.9.1 For vehicles fitted with an ABS of category 1 or 2, check that the directly controlled wheels do not lock
other than momentarily (as in D.6 Note 1), when, with the right and left wheels on surfaces having quite
different coefficients of adhesion ky and k, the brakes are suddenly and fully applied at a vehicle speed of
50 km/h. The vehicle shall be positioned centrally over the division between the two surfaces used for the test.
During the course of this test, no part of the vehicle's tyres shall cross the division but steering correction is
allowed as specified in the Note below.

The surfaces shall be chosen so that &y > [0,5] and ky/k > [2].

NOTE Steering control correction is permitted in order to hold a straight course during the split-adhesion tests
described in D.9 provided that the angular rotation of the steering wheel, within the first 2 s of the brake application, is no
greater than 120° and is less than 240° in total during the remainder of the test.
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D.9.2 For vehicles fitted with an ABS of category 1, check that when the split adhesion test D.9.1 is
performed, the vehicle meets the prescribed braking rate zy 5 g as follows:

zyaLs = [0,75 (4 ki + ky)/5] (subscripts | and (; mean low and high)

ZmALs > kL

NOTE It may be necessary to measure k again if, as is usual for split adhesion testing, the high-adhesion surface is
wet but was dry for the previous k; measurement.
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Annex E
(normative)

ABS function tests — with the vehicle laden

E.1 General

The r¢mainder of the ABS tests and the following braking performance tests require the vehicl

fully 13

E.2

Repeat the test described in D.1.1 with the vehicle fully laden. At least-the residual sg
mance shall be obtained, but if the secondary braking system correspends to C.1.1.1 a), the secondary

perfor
perfor

E.3

Repeat the procedure described in D.2 with the vehicle fully laden. If the maximum prescribeg

contrd
meas

In full

the te
meas

E.4

Repedt the procedure of séction D.3 with the vehicle fully laden to determine the high-adh

coeffi

Use th

i

den state.

Dynamic test with ABS in the failed case

mance of 2,9 m/s? shall be achieved. (2,5 m/s? for M2 and M3 and 2,2 m/s2 for N category

Determination of the adhesion utilised on the high-adhesion surface

| pedal of 500 N cannot achieve full cycling \of-'the ABS, this test and the follow
irement may be omitted.
power braking systems, the stored energydevel may not be increased for this test. If cyclin

5t will generate an ABS braking rate (z.) to be used with the result of the following adhes
irement.

Determination of the peak coefficient of adhesion on the high-adhesiol

ient k.
is figure to calculate the adhesion utilization using the following formula:

H:km

e to be in this

rvice braking

vehicles.)

force on the
ing adhesion

g is achieved,
on coefficient

h surface

Bsion surface

(N5

{=~AL which shall be > [0,75]
L

TH

E.5 Determination of the adhesion utilized on a low-adhesion surface

Repeat the procedure described in D.2 with the vehicle fully laden, to obtain z,; on the low-adhesion surface,

which

will be used with the result of the following adhesion coefficient measurement.

© 1SO 2005 - All rights reserved
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E.6 Determination of the peak coefficient of adhesion on the low-adhesion surface

Repeat the procedure described in D.3 with the vehicle fully laden to produce a figure for &, on this surface
and use this figure to calculate the adhesion utilization using the following formula:

kL:km

&, = —AL which shall be > [0,75]
kL

E.7 Wheel behaviour test on homogeneous surfaces

Repeat the tests described in D.6 with the vehicle fully laden and the same results as required in|D.6 shall be
obtained.

NOTE Th¢ same speed restrictions apply.

E.8 Transition test from high- to low-adhesion surfaces

Repeat the tept described in D.7 and the corresponding results shall be obtairied laden.

E.9 Transition test from low- to high-adhesion surfaces

Repeat the tept described in D.8 and the corresponding results shall be obtained laden.

E.10 Split adhesion test
Repeat the tept described in D.9 and the corresponding results shall be obtained laden.

NOTE It npay be necessary to measure. k,Jagain if, as is usual for split adhesion testing, the high-adhesion sufface is
wet but was dry for the previous k; measurement.
E.11 Energy consumption of the ABS on the low-adhesion surface (k = 0,3 or legs)

E.11.1 Itis only necessary to carry out this test on vehicles fitted with an ABS which uses stored energy and
in which the necessary.energy source has only a limited capacity.

E.11.2 Check that application of the service brake control causes all brakes to function normally. Ensure that
if any auxilian mulator-isfitted which-isfed fro '
braking, that this is isolated from the service braking system during these tests.

E.11.3 The manufacturer may closely adjust the brakes prior to this energy consumption test.

E.11.4 This test checks the capacity of the energy storage accumulators in relation to the supply and
consumption of energy whilst the ABS is operating. The test comprises a braking run with the engine idling in
neutral, in which the ABS shall operate in order to control brake pressures for a period of time set as follows:
Braking time ¢ in seconds = v, /7 but > [15] s

where v, is the design maximum speed of the vehicle, with an upper limit of [160] km/h.

NOTE Indirectly or non-controlled wheels may lock during this test.
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E.11.5 The pressure level in the accumulator(s) shall be that specified by the manufacturer. This level shall
be at least that which ensures the laden vehicle will meet the prescribed service braking performance but may
be the cut-in pressure of the energy supply device.

E.11.6 Practical considerations mean that artificial test surfaces are often too short to allow the braking time
to be achieved in a single stop unless the vehicle has a very low maximum speed. This leads to the permitted
(but more complicated) alternative of performing the test in several phases, up to a maximum of four times.

In such cases, it is necessary to determine the number of phases and the initial vehicle speed on each phase,
(which shall exceed 50 km/h), so as to meet the required overall total braking time, taking into account the
following factors:

a) sprface adhesion level and thus the expected deceleration under ABS control;

b) cut-off speed below which the ABS operation may cease and at which each brake @pplicafion should be
r¢leased;

c) Igngth of the low-adhesion test surface available.

As an|example, consider a vehicle with the following values:

Max speed v,ax 160 km/h

Lower cut-off speed 15 km/h

Surfage coefficient of adhesion 0,25

Expedted braking rate z,| 0,2 g (7 km/h/s) assumed)constant
Braking time 160/7 22,86 s

Chech 1: try two stops 11,43 s each

Start $peed = cut-off speed + (duration x deceleratign) 15 + (11,43 x 7) = 95 km/h
Now gstimate the stopping distance:

Mean|speed during the stop = 15 + (95-15)/2 = 55 km/h (15,27 m/s)

Stop tjme = 11,43 s

Distarjce = 15,27 x 11,43 =175 m

This mhay be too long for most test tracks.

Chechk 2: try three stops. 7,62 s each

Start gpeed = 15 + (7,62 x 7)-= 68,34 km/h

To esfimate the stopping distance:

Mean|speed during thessiop = 15 + (68,34-15)/2 = 41,67 km/h (11,575 m/s)
Distanjce = 7,62 x 115675 = 88,2 m

Therefore, three-phases are a practical test requiring some 90 m of test surface.

ach stop, the engine shall be disconnected, the ABS shall be fully cycling down to the prake release
speed of 15 km/h. The brake control shall be released at this point and the vehicle turmed round for

The energy storage accumulators are allowed to be charged only during each braking phase in which ABS is
in operation.

It is thus recommended to install an electrical valve which, when energized, disconnects the energy source to
prevent recharge of the accumulator.

This device would be energized normally during this particular test and released only during the braking
phases when charging is permitted.

At the end of the total braking time, no further charging of the energy accumulator(s) is permitted so the

disconnection device shall be energized for the remainder of the test, even though the brake control is
required to be operated as in E.11.9 below.
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E.11.7 If a single phase test is possible, at the end of the braking time, bring the vehicle to rest without further
operation of the ABS and without further recharging of the energy accumulator. If the service braking system
has been used to bring the vehicle to rest, increase the brake pedal force up to a full application and release.

This is considered to be the first static brake application of E.11.8.

E.11.8 After the energy consumption run(s) of E.11.6 or E.11.7, it is required to make four additional full
brake applications without any further charging of the energy accumulator(s). Then on the fifth such
application, it shall be possible to achieve the secondary braking performance with the laden vehicle.

This may be verified by performing a vehicle test on the high-adhesion surface or by statically checking that
the line pressyre achieved is sufficient to provide the secondary performance, based on calibration tests made

earlier.

E.11.9 In thg 3-phase example cited, the brake applications of runs two and three are considered to take the
place of two ¢f the four specified static applications. Thus, only two further full brake applications need to be
made before the fifth test application, which shall then achieve at least the secondary brakirg performante.

E.11.10 The ABS cycling shall continue to function during the whole of the consumptien/test time ¢ and fit may
be necessary|to partially off-load some vehicles to ensure that this cycling continues_as the pressure falls due
to energy usdge. This is acceptable, but note that the fifth application requirement for secondary performance

still relates tothe vehicle in the fully laden state.

30
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Annex F
(normative)

Failure test — Laden

F.1 General

597:2005(E)

The p
achie

F.2

The t4
be ad
stated
500 N
level {

NOTE
perforr

For v¢
failed

F.3

F.3.1

A faill
Thus,

This {
energ
devicg
the te

The t
discor

rocedure described in C.1.2 shall be repeated with the vehicle laden and the performances
e the values listed in Table C.1.

Failed load sensing-proportioning valve control

st procedure described in C.2 shall be repeated except that, in the laden-state, the contro
in Table C.1 for the appropriate vehicle category. Use a control force not exceeding the
or 700 N limit of Table C.1 and the secondary performance shall be at least equal to th

bken from that table.

This test may be omitted and calculations made on braking distribution to show that sec
hance in the laden case can be achieved.

hicles having Electronic Braking Distribution, this\test does not have to be made but che
case, a red warning is given to the driver.

Failed booster test

Failure of energy assistance source

re of the booster has the(same effect in removing the assistance as does a failure of the €|
only a failure in the energy reserve will be considered, as this is easily simulated.

imulation is madeby depleting all the stored energy in the assistance device(s). If m
y-assistance dévice is fitted in the service braking system, the test shall be carried out
in turn. Once depletion is complete, the energy source shall be disconnected from the
5t is made.

bst shall be made from the test speed for secondary braking set out in Table C.1 wi
nected.

shall at least

| linkage shall

usted so that the valve takes up the extreme unladen condition. Thenh make a stop from the speed

corresponding
e appropriate

bndary braking

ck that, in the

nergy reserve.

ore than one
or each such
booster whilst

h the engine

Measured performance shall be at least equal to secondary braking level, also in Table C.1.

F.3.2

Engine stopped or sudden failure of the boost force

This failure can most easily be simulated by charging the energy-assistance device(s) to the normal operating
level and then stopping the engine (or disconnecting the supply of energy from the engine). The test shall be

made

as soon as this has been done.

The test shall be made in neutral (engine disconnected), from the test speed for secondary braking as in F.3.1
but the measured performance, for one stop only, shall be at least equal to the service braking effectiveness

asint

he appropriate section of Table B.1.
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F.3.3 Single energy reserve with driver push through

For vehicles with full power braking systems in which the braking energy is stored in a single reservoir (such
as some Electronic Braking Systems for example), the automatic change-over to hydrostatic back-up shall be
tested as follows.

F.3.31 Disable the power system source by opening the pump bypass, for example, and depleting the
energy reserve by repeated operation of the service brake control until the stored pressure falls below the
critical level.

At this point, verify that the red warning signal is glven and check that the braklng system has reverted to
push-through hack ex 18

documentatiop from the manufacturer. This shall be done by monitoring the braking pressures in respepse to
a full force brake application.
F.3.3.2 Under these conditions, with the vehicle laden and the engine disconnected,~make a sftop to

check that thx secondary braking performance can be achieved using only the driver's museular energy, with
control force not exceeding 500 N for M, vehicles or 700 N for N, vehicles.

Table C.1 lisfs, for the appropriate vehicle category, the starting speed, the (control force limit and the
necessary stqpping distance and MFDD performance which shall be achieved foracceptance.

F.3.3.3 Restore the pump feed (or remove any other disabling provision).and run the system.
The red warning signal shall be extinguished at the latest when the\service brake control is operated and

brake pressufe established. This may be checked at low speed to ensure that normal braking is provided and
the driver sha]l not leave the vehicle until this is ensured.
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Annex G
(normative)

Basic performance test — Laden

G.1 Service braking system — Cold effectiveness (type 0) test with engine
discannected

G.1.1

A seri
stoppi
impos

The p
B.1.1,
more

Test procedure and requirements

hg distance achieved for a range of increasing service brake control force inputs, still less
ed by Table B.1, up to the point at which wheel locking is about to occur.

rocedure and requirements for these tests are the same as for the:series of tests descr
the only difference being that the vehicle is now fully laden with\the consequence that
stringent.

In this

deviaffjon from the intended course shall be noted for the record:

The additional test which causes just the appropriate MFDD level required in Table B.1 to be a
also he repeated and the level of service brake contrelforce especially noted, since this is the
be allpwed in the later hot test described in G.8;"\When the hot/cold deceleration figures ob

comp

G.2

G.21

Repedt the tests described.in B.2 to show the maximum braking performance of the vehicle in th

The M

The a
also b

G3

and subsequent tests, the vehicle axle weights, the ambient conditions and any whd

red.

Service braking system — Cold effectiveness (type 0) test with engine
Test procedure and requirements
FDD and the stopping distances shall again be recorded for the result documentation.

fdditional testsowhich cause just the appropriate MFDD level required in Table B.2 to be a
e repeated and the value of the necessary service brake control force again noted.

Wheel locking sequence test

s of tests shall be made to display the performance of the braking system in‘terms of the MFDD and

than the limit

bed earlier in
the tests are

bel locking or

chieved, shall
value that will
ained will be

connected

e laden state.

chieved, shall

This test is required only for vehicles with permanent 4 wheel drive in which it is not possible to calculate the
adhesion utilization curves for the vehicle due to the torque balancing effects of the 4 wheel drive linkages.

The test is a repeat, with the vehicle laden, of that defined in B.3, and similar results shall be obtained.
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G.4 Response time measurement

G.4.1 Defin

ition

The response time is defined as the time interval between the beginning of the movement of the service brake
control and the moment when the line pressure at the least favourably placed axle/wheel reaches the level
corresponding to that at which the prescribed vehicle performance is achieved.

G.4.2 Test procedure

One of the tw

o following methods, G.4.2.1 or G.4.2.2. may be used.

G.421 By

From the cur
deceleration

The A.4 resul

reference to graphs already plotted

ve established in G.1, note the line pressure which produces the prescribed\laden \
as set out in Table B.1) and put this into the pressure versus time graph plottéd)in A.4 of T|

t plots the build-up of line pressure against time and also indicates the-point at which the

control movement commenced. From this diagram, read the time taken to reach the.noted line pressurg

is the respons

G.4.22 By

Measure and

e time.

Hirect measurement

record the control force/movement and corresponding-line pressure build-up along wi

ehicle
able 2.

brake
. This

th the

deceleration lesponse during a dynamic test under the conditions.described in G.1. The response timg shall

then be read
Table B.1).

Using this me
without signifi
700 N for veh

G.4.2.3 Per]

In all vehicles|

G.5 Type l

G.5.1 Gene

This test app
hydraulic) brg

from these recorded results by referring to the prescribed deceleration value (as set

thod, the control force on the service brake control shall be applied as quickly as possib
cant overshoot, up to a maximum permissible value of 500 N for vehicles of category M
cles of other categories.

formance required

the response time for the laden vehicle shall be no greater than 0,6 s.

downhill test(engine braking, for M3 vehicles only)

ral

ies tgrall sections of category M3 vehicles which are equipped with a hydraulic (not ai

out in

e and
1 and

I over

king system. If vehicles are equipped with an additional endurance braking system (ret

this may be u

ced’in this test

Trder),

It is assumed

that hydraulically braked vehicles do not have exhaust brakes.

G.5.2 Test conditions

Conditions shall be the same as in 5.1.2. For practical reasons, the test site gradient may be modified slightly
in a sense which adversely affects the performance. If these modified conditions exist, any test which is failed
can be repeated under more normal conditions.

Tests are carried out with the vehicle laden, in an appropriate gear for 30 km/h running, using one of the
methods described in G.5.3.1 or G.5.3.2 below.
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Test methods

1 Test on the gradient

597:2005(E)

The vehicle speed shall be maintained at an average speed of 30 km/h (£ 5 km/h) using only engine braking
on a 6 % downhill gradient, for a distance of 6 km. The gear engaged shall be such that the maximum engine

speed

G.5.3.

specified by the manufacturer is not exceeded.

2 Towed test to simulate the gradient

The vehicle under test is towed by a tractive vehicle equipped with a strain-gauged and calibrated towing link

or cou
the pJ

The |
simult
weigh
coupli

NOTE
the teg
additio

G.5.4 Additional provisions

G.5.4

Some
distan
to ste

G.5.4

This 1
notice
being
assist

Under
then

downhill/towing test:

G.5.4

pling, at an average speed of 30 km/h (= 5 km/h) with the test vehicle using engine only.br|
Il of the towing vehicle, for a distance of 6 km.

bvel of engine braking and the tractive power of the towing vehicle shall”be”jointly
pneously maintain a constant 30 km/h and the towing link force equivalent/40.6 % of th
. In order to maintain test validity, this force shall never fall below 4 % of the-weight. Vehi
hg force shall be recorded as the test takes place.

This test requires the close cooperation of both drivers with the towing vehicle driver maintai
t vehicle driver giving constant attention to the tow bar load by adjusting‘the braking effort particu
hal use of a retarder or some service braking assistance is required.

1 Type Il test which can be met with the assistance of a retarder

retarders are, to an extent, affected by the.distance travelled under endurance brakin
ce on the 6 % gradient, or under gradient simulation, shall be maintained at 6 km. It may
b up the retarder setting to maintain the towing link tension.

2 Type Il test which requires assistance from the service braking system

nay be needed if the enginetbraking cannot alone generate the necessary braking force
d by an inability to maintain/the speed at 30 km/h downhill or to develop the towing lin
towed. The speed or force’shall in this case be regulated by a light application of the se|
the engine braking.

these circumstanees, the test shall be considered as a heating procedure for the service
Shall be subjected to an efficiency test which shall take place within 60s of cg

3 _Efficiency test of hot brakes

This t

bking, against

adjusted to
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tle speed and
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disconnected (see G.9).

d the engine

The performance demonstrated by M3 vehicles shall be such as to at least generate a mean fully developed
deceleration of 3,75 m/s2, without exceeding the control force limit of 700 N.

G.5.5 Presentation of results

During the type Il test, the following information and measurements shall be recorded:

a)
e

ncountered (downhill test), or towing force and the gradient noted if not zero (towing test).
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Description of the type of test conducted, stabilized speed maintained and the gradient and variations
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If engine braking and the service brake were used together, the service brake line pressure and the

gradient. This recognizes that the most likely combination will be the engine braking plus service brake
and that engine braking output value will not be determined, so only the service brake level can be

b)

recorded.
c)
G.6 Parkin

In the case b) above, the result of the hot brake efficiency test.

g braking system — Dynamic test

This requires that a brake application is made on the laden vehicle, with the engine disconnected, from a

speed of 30 k

The speed an
a standstill.

The deceleration which builds up as the brake is applied and also as measured just before‘the vehicle

to a stop shal

The force on
outin G.7.2.

G.7 Parkin

G.7.1 Gene

This test can
vehicle equip

G.7.2 Gradient test

Drive the veh
Hold the venhi

the applicatio
and the force

400 N on

600 N for

If a foot contr

Lo
VAL

d deceleration shall be recorded from the point of applying the brakes until the vehiglecor

not be less than 1,5 m/s2.

he hand control shall not exceed the specified limit appropriate to the category of vehicle,

g braking system — Static test

ral

be performed on a hill having an 18 % gradientor under an attempted towing test using a f
ped with a towing link in which the tension force is measured.

cle on to an 18 % gradient, first facing downhill.

tle stationary by applyingthe-service brake and then apply and set the parking brake, mea
N force. This measurementneeds to be carefully done so as to just engage a tooth on the 1
shall not exceed:

M1 vehicles withynormal hand control;

other categories with hand control.

bl isdnstalled, the force may be 100 N greater, i.e. 500 N or 700 N is permitted.

K

hes to

omes

as set

owing

suring
atchet

ata-tha oghility, ~Ff th o ~oploinay ral 29

a4
T C

Release the

h $ ) a
O Ty oTranC—toTIo TS VCTHOICT

Repeat the test, reducing the application force and setting on a lower ratchet tooth. Note the application force
and record whether this also holds the vehicle.

Repeat until the vehicle does not hold.

Reposition the vehicle so as to face uphill and repeat the above sequence noting the new results.
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G.7.3 Towing test

G.7.3.1 General

In the absence of a suitable gradient, this towing test can be applied provided that the towing vehicle is
instrumented to measure and record the tension force in the towing link and the vehicle under test has been
fitted with the means of connecting this link to both front and rear.

This is virtually a static test and the towing force to be resisted shall be calculated from 18 % of the total

permissible maximum mass M., of the vehicle.

G.7.3]2 Test procedure and requirements
Ind apply the

s specified in
st engage the

Conngct up the towing vehicle, having previously calibrated the towing link instrumentation,
parking brake fully. Be careful not to exceed the maximum control force for the vehicle‘category
G.7.2]and keep in mind that this force shall be applied steadily with gradual increasg;so as to ju
next step of the ratchet. If the control force limit is exceeded, release the brake andstart again.

NOTE(1 It may be necessary to settle for the next lower step of the ratchet.
ement which
an the target

Then |gradually apply the towing effort, recording the developed tension force and any mo
eventtlially occurs. Verify that the force required for movement to<be*detected was greater th

figurecalculated.

NOTE|2 The vehicle only has to withstand a towing force greater than this target without moving,|in order to be
acceptable.

Repeat this test by trying to tow the vehicle backwards and verify that the target tension car be achieved
without moving.

G.8 Additional tests on vehicles'equipped with electrical parking braking system
G.8.1| Performance test in fault.condition

Simulgte a break in one wire of the electrical control transmission or a single failure in the ¢ontrol (which
excluges multiple wire disconnections such as would occur from an uncoupled multi-pin connector).

Simul
descri
driver
therel
the p3
two fu

btion may be achieved by a prepared control or wiring harness. In the fault condition, rg
bed in G.7 on an-8 % up-and-down gradient. It shall be possible to apply the parking b,
s seat by using-the control of the parking braking system or an auxiliary control, if such is
y be capable-of holding the laden vehicle stationary. As an alternative to the application
rking brake may be automatically applied each time the vehicle becomes stationary. If th
rther factors shall be checked by making stop-and-go operations on a gradient which is

ppeat the test
rake from the
provided, and
by the driver,
s is the case,
at least 8 %.

Thesqd aré:

a) a check that the parking brake remains applied when the ignition switch is turned off;

b) a check that the parking brake is automatically released as soon as the vehicle is set in motion again.

If in the test above, the vehicle was not held stationary on the 8 % gradient, for vehicles of categories M1 and
N1, repeat the test with additionally a suitable gear or the parking position of the automatic transmission
engaged. If the vehicle is now held stationary the parking braking system performance in the failed case is
acceptable.

There shall also be means to release the parking brake in the failed-when-applied case. Follow the
manufacturer's guidelines in the handbook and check that any necessary tool(s) are provided on-board and
verify that release is possible without going underneath the vehicle (but access by wheel removal is
acceptable).
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