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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 International
Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task andards
adopted by the technical committees are circulated to the member bodies for voting. Publication*jas an
International $tandard requires approval by at least 75 % of the member bodies casting a vote.

Attention is dfawn to the possibility that some of the elements of this document may be the{suibject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 3450 was prepared by Technical Committee ISO/TC 127, Earth-moving machinery;y Subcommittee|SC 2,
Safety, ergonpmics and general requirements.

This fourth edition cancels and replaces the third edition (ISO 3450:1996), which has been technically rgvised.
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INTERNATIONAL STANDARD ISO 3450:2011(E)

Earth-moving machinery — Wheeled or high-speed rubber-
tracked machines — Performance requirements and test
procedures for brake systems

1 Scope

This Iptermatiorat-Standard apcbifica et formance requirementsandtestprocedures for the service,
secondary and parking brake systems of wheeled and high-speed rubber-tracked earth-moving|machines, for
the urfiform assessment of those brake systems.

It is applicable to the following earth-moving machinery, operating on work sites or in-mining, of travelling on
public{roads:

(7]

bIf-propelled, rubber-tyred earth-moving machines, as defined in ISO 6465;

|
(2]

blf-propelled rollers and landfill compactors, as defined in ISO 6165-and ISO 8811;

|
(2]

bIf-propelled scrapers, as defined in ISO 7133;

— remote-control machines, as defined in ISO 6165, wheeled:or rubber-tracked;

— deprivative earth-moving machines with rubber tyres;

— eprth-moving machines with rubber tracks and a maximum machine speed >20 km/h.

It is ngt applicable to pedestrian-controlled earth-moving machinery (see ISO 17063) or crawler|earth-moving
machines with steel or rubber tracks that travel'at-<20 km/h (see ISO 10265). While purpose-builf underground
mining machines are not within the scope of this International Standard, its provisions can generally be applied
to thoge machines with some braking performance modifications and additions (see Annex A).

NOTE At the time of publication, no\lntérnational Standard dedicated to purpose-built underground mjining machines
had bgen developed.

2 ormative references

The fpllowing refereficéd documents are indispensable for the application of this documept. For dated
referepces, only thédition cited applies. For undated references, the latest edition of the referen¢ed document
(includling any améndments) applies.

ISO 614, Earth-moving machinery — Determination of ground speed

and components

ISO 6165, Earth-moving machinery — Basic types — Identification and terms and definitions

ISO 7133, Earth-moving machinery — Tractor-scrapers — Terminology and commercial specifications

ISO 8811, Earth-moving machinery — Rollers and compactors — Terminology and commercial specifications

1ISO 9248, Earth-moving machinery— Units for dimensions, performance and capacities, and theirmeasurement
accuracies

ISO 10968, Earth-moving machinery — Operator’s controls
ISO 15998, Earth-moving machinery — Machine-control systems (MCS) using electronic components —

Performance criteria and tests for functional safety

© 1SO 2011 — Al rights reserved 1
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3 Terms and definitions

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

341

brake system

braking system

all components which combine together to stop and/or hold the machine, including the brake control(s), brake
actuation system, the brake(s) themselves and, if the machine is so equipped, the retarder .

3141
service brake system
primary system used for stopping and holding the machine

3.1.2
secondary brake system
system used fo stop the machine in the event of any single failure in the service brake system

31.3
parking brake system
system used [o hold a stopped machine in a stationary position and which, if applicable, may also be part of
secondary brgke system

31.4
hydrostatic brake system
hydrostatic orjother similar propel drive system used to meet one or more of the brake system requirements

31.5 Braking system components

3.1.51
brake contrql
component directly activated by the operator to cause a“force to be transmitted to the brake(s)

31.5.2
brake actuatjon system
all componen}s between the brake controland the brake(s) which connect them functionally

31.53
brake

brakes
component which directly applies a force to oppose movement of the machine

NOTE The different types of brake include friction, mechanical, electrical, regenerative devices and hydrosfatic or
other fluid typep.

3154
common commponent
component thatperforms a function im two or more brake Systems

EXAMPLE Pedal, valve.

31.5.5
retarder
energy-absorption device normally used to control machine speed

3.2

hydrostatic drive system

hydraulic system where hydraulic motors form a direct drive to the wheels or track to propel the machine and
slow machine movement

2 © 1SO 2011 — Al rights reserved


https://standardsiso.com/api/?name=702b42dcaadc1f57aa7925b1d63253a0

ISO 3450:2011(E)

3.3

machine test mass

operating mass of a machine which includes the heaviest combination of cab, canopy, operator protective
structures (if required) with all their components and mountings, any combination of equipment approved
by the manufacturer of the machine, including operator and full liquid systems in accordance with ISO 6016
(e.g. machine configuration and direction of travel having the most adverse effect on braking)

NOTE 1 For rollers, the sprinkler water reservoir(s) shall be full.
NOTE 2 For self-propelled scrapers with semi-trailed units, towed trailers and all types of dumpers, the machine test

mass shall also include the maximum specified payload as per the machine manufacturer’s specifications. For all other
machines, the payload shall not be included.

3.4
stopging distance
N
distance travelled by the machine from the point on the test course at which the machine,brake coptrol actuation
begins (e.g. operator actuates the brakes) to the point on the test course where the.machine is fully stopped

NOTE|1 It is expressed in metres (m).

NOTE|2 It does not take into account the operator reaction time, unless stated; but does take into accqunt the system
reactign time.

3.5
mean|deceleration
a
average rate of change in the velocity of the machine fromithe instant the brake control actuatign begins until
a full $top is achieved

NOTE It is expressed in metres per second squared, (m/s2), calculated from

where

<

is the velocity of the machine,immediately prior to the brake control being activated, in metres p¢r second
(m/s);

©n

is the stopping distanee, in metres (m).

3.6
burnishing
proceflure usedto condition the frictional surfaces of a brake

3.7
brake
fluid pressure available to the brake control

3.8
brake application pressure
measured fluid pressure used to actuate the brakes

3.9

modulated braking

ability to continuously and progressively increase and decrease the braking force by operation of the brake
control

EXAMPLE A system allows the braking force to be increased and decreased over time, based on single or repeated
movements of the brake control.

© 1SO 2011 — Al rights reserved 3
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3.10
test course
surface upon

NOTE

3.1
cold brakes

which the test is carried out

See 5.3.

(brake systems containing friction elements) condition of brakes where

performa

nce test (see Clause 6),

the brakes have not been actuated in the previous hour except in accordance with the applicable

the braksd
brake dry

in the ca
outside o

312

maximum machine speed

maximum spe

313

back throttli
action of appl
the machine s

3.14

derivative egrth-moving machine

machine with
configurations

EXAMPLE
body.

3.15

safe state
condition in
system is aut
or the potenti

3.16
dumper
self-propelled

and where loading is-performed by means other than the dumper

s have been cooled to 100 °C or less when measured on the brake disc or the outside
m, or

e of totally enclosed brakes, including oil-immersed brakes, the temperature gqneasured
f the housing closest to the brake is below 50 °C or within the brake manufacturer’s specific

ed determined in accordance with ISO 6014, or equivalent

N9
ying slight forward or reverse power to a hydrostatic or ether similar drive system in order {
tationary

a combination of features from other earth-moving machines, thereby creating di
or arrangements

Machine having the front-mounted equipment of a loader on a non-self-loading, rear-mounted d

hich, after a malfunctien;of the machine control system, the controlled equipment, proc
bmatically or manuatty~stopped or switched into a mode that prevents unexpected perforn
blly hazardous release of stored energy

crawler'erwvheeled machine with an open body, which transports and dumps or spreads ma3

of the

bn the
ations

o hold

ferent

umper

£SS or
nance

terial,

[1SO 6165]

NOTE

3.161

For semi-trailed dumpers, see ISO 7132:2003, Figures 3, 16 and 20.

rigid-frame dumper

dumper havin
[ISO 6165]

NOTE
15, and 18 and

g a rigid frame and wheel or crawler steering

19.

Rigid-frame and articulated-frame dumpers are illustrated in ISO 7132:2003, Figures 1 and 2, 8 and 9, 14 and

© 1SO 2011 — All rights reserved
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3.16.2
articulated-frame dumper
(wheeled machine) dumper with an articulated frame which accomplishes the steering of the dumper

[ISO 6165]

NOT
15, a

317

E Rigid-frame and articulated-frame dumpers are illustrated in ISO 7132:2003, Figures 1 and 2, 8 and 9, 14 and

nd 18 and 19.

trailer
transport machine with one or more axles which, according to its design, is suitable and intended for coupling

toa

3.18

fully developed deceleration rate

max

slope| with a specific machine test mass and surface condition and an initial (prier’to decelera
travel|speed

3.19

purpgse-built underground mining machine
speciglized earthmoving machine designed for underground use which may have a lower heig
trailer|attached

EXAMPLE Underground dump trucks, tele-dumpers, load haul dumps, scoops, coal haulers, powq
carrier, personnel carriers, loading machines.

3.20

machjne control system
MCS
comppnents needed to fulfil the function of the-system, including sensors, signal processing
contrgls and actuators or several of these

NOTE The extent of the system is not limited to the electronic controls, but is defined by the machine-
of the [complete system. It therefore consists generally of electronic, non-electronic and connection de
includ¢ mechanical, hydraulic, optical-0f;pneumatic components/systems.

[1ISO

4 General requirements

The
All b

minimjized.

4.1

s¢if-propettedmachine

imum continuous deceleration rate which the machine is capable of developing-0n a sped

15998]

rIquirements of'this clause apply to all machines within the scope of this International Stan

rake systeéms shall be designed, constructed and installed such that contamination and/or

ified constant
tion) machine

ht profile and

r trams, chock

unit, monitor,

elated function
ices. This can

Hard.

ts effects are

Required brake systems

4.1.1 All machines shall be equipped with

a)
b)
c)

a service brake system,
a secondary brake system, and

a parking brake system.

Service, secondary and parking brake systems may share common components or functions and do not have
to be three independent and separate systems.

© 1SO 2011 — All rights reserved
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4.1.2 No brake system (including hydrostatic systems) shall contain a disconnecting device such as a clutch
or shiftable gear-box which allows disabling of the brake, except for systems in accordance with a) and/or b), as

follows:

a) any device designed to disconnect the service or secondary brake power source for cold weather starting
shall require application of the parking brake before disconnection can take place;
b) a parking brake disconnect (release) designed to allow movement of disabled machines shall be located

outside the operator’s station unless it can be reapplied immediately.

4.1.3 All machines shall have service brakes of an equal nominal capac:lty ratlng appllcable to each of the

wheels (or eq
have service |

41.4 Forrg
drum of a split
roller shall ap

41.5 Ifthe
of the parking

rakes appllcable to at Ieast one axIe of the towmg machme and one axle of each semi- tralle

llers, the service and secondary brakes shall apply to all power-driven drums and: wheels

shall
d unit.

Each

drum shall have the same nominal brake torque. The brake of a single-drum rollérand a combined

bly to all wheels and to the drum.

parking brake is intended to stop creep movement, the parking brake system shall permit actuation

brake during travel.

4.2 Common components

Service, secq
are used, the
in4.5 and 4.7
tyres, drum o

Acceptable p
common brak
and there is §
braking capa

stopping distance for secondary brakes (under. secondary test conditions) in accordance with Table 3.

dynamic brak
to the operatd

4.3 Brake

All brake syst
brake system
applied.

Unintended b

ndary and parking brake systems can share common cémponents. Where common compd
machine’s braking performance shall meet the requiréments for secondary brake systems
as applicable. If there is a failure in any single component within the brake system — exc
track — braking performance shall be in accordance with Table 3.

erformance is achieved for common brake.control failure as follows. If there is a failure
e control (lever, pedal, etc.) used to actuate the combined service and secondary brake sys
nother dynamic braking capability provided with the machine (e.g. parking brake with dy
bility), the dynamic braking capability'shall stop the machine after the failure within 120 %

ng capability may be appliedautomatically and without modulation. An indication should bg
r simultaneous with, or before, application of the brake system, if applied automatically.

control systems

bm controls shall be capable of being applied by an operator from the operating position. P
controls shalkbe arranged so that, unless immediately reapplied, they cannot be released

Fake control activation can be avoided through compliance with ISO 10968.

nents
given
bpt for

with a
stems,
namic
of the

This
given

arking
once

Brake contro

chtpme should be dpcignpd to_avoid any unintended qpplir‘nﬁnn or release of hrakes

during

normal operation. This does not preclude the automatic application of a brake system due to intended design
conditions that also meet the requirements of this International Standard.

The arrangement of the brake system controls should be in accordance with ISO 10968. If not, an instructional
sign shall be provided (e.g. using symbols) explaining the control arrangement. Brake pedals and hydrostatic
brake system controls are obvious and may not require machine instructions.

A brake control system shall prevent or minimize any uncontrolled braking performance (random brake
applications, releases or sporadic braking performance, etc.) during normal operation (start, stop or normal
travel operation of the machine, etc.).

Electric, electronic and electronic machine control systems (MCS) for service, secondary or parking brakes
shall comply with ISO 15998.

© 1SO 2011 — All rights reserved
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The operator should be able to apply the service or secondary brake while retaining control of the steering
device on the machine with at least one hand.

4.4 Service brake systems

All machines shall meet the service brake performance requirements given in Clause 6, as applicable. The
service brake system shall have modulated braking for machines designed for maximum machine speeds
greater than 6 km/h. If a travel mode that limit the maximum machine speed to 6 km/h or less can be selected,
modulation is not required in this mode.

If other systems receive power from the service brake system, any failure in those systems that reduces service

brake

o

4.5

All mg
secon

4.6
All ma

After
sourc
comp
to the
brake

NOTE
drive s

The p
parkin
syster

A par
be ap

Mach
does

4.7

Fora
with 4

ovc narfarmanca chall ha aanoidarad Ao o failliirn 10 tha carminn healen oviotam
Ty ot P eTToOr o e eSO C- oo CretasoanurC eSSty 1SERraitC—oy oter

Secondary brake systems

chines shall meet the secondary brake performance requirements given in Clause 6, as a
dary brake system shall have modulated braking for maximum machine speeds greater th

Parking brake systems

chines shall meet the parking brake requirements of Clause 6, as applicable.

bplicable. The
an 20 km/h.

bpplication of the parking brake, the parking brake system<hall not depend on an exha
b or continuous operator action (e.g. hand or foot effort)..The parking brake system ma
bnents, provided the requirements of 6.4 and Table 2_are'met. The parking brake, opera
manufacturer’s specifications, shall be in accordanee“with Table 2, regardless of any con
parts or leakage of any kind.

Mechanical springs are not considered to b&“an exhaustible energy source. Back throttling 4
ystem does not meet the parking brake requirements, as back throttling requires continuous operat

g brake shall not automatically reléase during normal start up or upon loss of power to the
h or parking brake MCS.

ing brake may be applied.automatically (e.g. spring- or control-system-activated), in whic
plied or remain applied after the machine is in a stopped condition and the engine shut do

nes with the capability/for a self test of the parking brake shall include design provisions thg
hot propel unless.there is a propel activation by the operator during the self test.

Hydrostatic brake systems

machine-fitted with a hydrostatic brake system, the service and secondary brakes shall be
4-and 4.5, respectively.

stible energy

yIuse common
ing according

traction of the

y a hydrostatic
br action.

arking brake shall require an action by ‘the operator prior to release of the parking brake control. The

parking brake
h case it shall
vn.

t the machine

n accordance

Typical hydrostatic brake systems have an exhaustible power supply and would not be able to meet the
requirements for parking brakes given in 4.6.

Service brake application shall be obtained by one of the following means:

operation of a single control;

moving the foot from the drive pedal to the brake pedal;

propel position using hand or foot.

at the start of the braking sequence, releasing the drive control(s) and moving to the neutral or reverse

A brake system additional to the service brake may be used to hold the machine when there is creep movement.
A machine may be held stationary, regardless of the grade, using the throttle of the hydrostatic or similar propel
drive system (back throttling).

© 1SO 2011 — All rights reserved
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4.8 Systems with combined brake and steer function

If the braking system has a combined brake and steer function and is used as the secondary brake system,
the machine shall maintain controllability during secondary brake stopping distance testing in accordance with

Clause 6.

While remaining within the applicable secondary brake stopping distance specified in Table 3, the machine

shall not veer

outside a boundary lane, X, on either side of the machine, in accordance with Figure 1.
| X /4 X |

For W <2, X shall be 1,25W.

For W >2, X sh

Key

W width of magchine over wheels or tracks, m

X width of bo

4.9 Perfor

If stored ener
shall be equi

application after the warning signal shall_have sufficient energy to provide secondary brake performa

accordance W

The warning
pulsating) visi

hll be 2 m. This is intended to limit the machine veering outside the required’public road traffic lane

undary lane, m

Figure 1 — Boundary conditions for.secondary braking

mance and warning devices for stored energy sources

Jy (e.g. reservoirs, accumulators) is used for the service brake system, the stored energy s
pped with a low-energy warning device. The remaining pressure on the third service

ith Table 3, as applicable-ta.the machine.

ble and/or audible warning. Gauges indicating pressure or vacuum do not meet this requirg

4.10 Braki

The electroni

manufacturer|using\a-risk assessment methodology. An electronic MCS complying with ISO 15998 meet
safe state requirements.

systems with electronic MCS

controlhsystem for a braking system shall meet safe state requirements as determined

idth.

ystem
brake
nce in

device shall readily attract the operator’s attention by providing a continuous (e.g. steady or

ment.

by the
5 such

If the maximum machine speed is limited by design to less than 6 km/h, these safe state requirements are
fulfilled when any of the braking systems can bring the machine to a stop within the brake stopping distances

given Table 3

Braking systems on machines that meet the requirements of this International Standard also achieve the safety
concept of ISO 15998 for earth-moving machinery braking systems. A risk assessment of the brake MCS
needs to be carried out to determine if functional braking after any single failure involving an electrical and/or
electronic MCS meets the braking performance requirements of this International Standard.

NOTE ISO 15998 also requires additional testing of the MCS to verify its performance and modes of failure.
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4.11 Machines designed to tow trailers

All performance requirements given in this International Standard that apply to the service, secondary and
parking brakes of a machine also apply to the combination of a machine and trailer(s).

The trailer or trailed unit(s) do not require brakes if the towing machine’s brakes meet the service, secondary
and parking brake requirements when tested with the combined machine and trailer mass, including the
specified trailer payload.

The trailer brakes should be evaluated for protection against jack-knifing, if applicable.

4.12 Machine instructions and labels

4.12.1 General

Operdtional limitations of the brake control system according to the manufacturer’s spégifications|, if applicable,
shall be included in one or the other of the following:

— operator’s manual;

rstructional sign;

— njachine monitor displays.
EXAMPPLE Operating precautions for braking system default cohditions where the brake or retafding operating
charadteristics may be automatically changed creating new brake performance characteristics such as aytomatic shift of

the trapsmission to neutral or potential damage to the parking brake due to propelling through the parking|brake.

If brake burnishing is recommended by the brake or machine manufacturer, the brake burnishing procedure
shall he included in the operator’s or maintenance manual for the machine.

The manufacturer of any machine equipped with-a retarder shall provide the following instructions:

a) ir| the operator’s manual, the maximurimachine speed and/or the transmission gear to be gngaged when
the loaded machine descends specific slopes as specified by the machine manufacturer;

b) ah instruction sign or machine monitor display containing the information specified in a), [ocated in the
operator’s compartment and,readily visible to the operator.

Instrugtional signs or machine monitor displays showing the retarding ability for slopes shall not exceed
the mjnimum brake holding performance of the service and parking brakes as a percentage |holding slope
(see §.4.2).

4.12.2 Braking system and periodic verification instructions

Informatieh ‘'on brakes may be provided in manuals, labels or other means readily available to the pperator while
in the|operator’s station along with precautions about the limitation of this information. If braking system and
periodiC verification Instractions are provided by the machine manuracturer, they should inciude the following:

a) daily brake check method instructions:
— a method for verifying the functionality of the service and parking brakes;

— provisions for verifying the functionality of the secondary brakes if the service and/or parking brake
check method does not verify functionality of the secondary brakes;

b) in-service, periodic or post-maintenance brake verification instructions:
— amethod for verifying the functionality of the service and parking brakes including acceptance criteria;

— a means of verifying the functionality of the secondary brakes.

© 1SO 2011 — Al rights reserved 9
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The instructions are to include a notice to the user that the machine is to be immediately taken out of service
until corrected if the service, secondary or parking brakes do not operate within specifications or performance
requirements as defined by the daily brake check method, in-service, periodic or post-maintenance brake
verification.

Instructions for the periodic verification of braking systems may give test conditions different than those

prescribed in

4.12.3 Additi

this International Standard in order to permit testing or other verification by the user.

onal instructions for machines designed to tow trailers

If applicable, information on the machlnes aIIowabIe traller towmg capamty shall be prowded in machine

manuals or lak

machinery mg

load and the

4.13 Estimd

The estimate

nufacturer The |nformat|on |f prowded should mclude the maximum un- braked trallerl
aximum combination of payload and towing load for the earth-moving machinery.

ting brake slope capability

| brake slope capability defines the ability of a braking system to stop apd,hold a machin

e on a

slope. Other factors, such as ground conditions, side-slopes, speed, payload retentjémor the need to maintain

the machine v
slope capabili

Annex B give

5 Testco

5.1

The manufac
machine para
including tyre|
which shall
readjustment
during any sin

The instrume
accordance W

The performdg
the service lin

alternative means, including calculation and extrapolation from physical test data. The validation mean

be recorded i

See 6.4.3 ang

Overall test parameters

ithin the earth-moving machinery manufacturer’s specifications can limit the machine’s ops
ty to slopes less steep than those where the brakes are actually able'to stop and hold the ma

5 one method for estimating brake slope capability.

nhditions

urer’s operational precautions shall be oliserved when carrying out the performance tes

size and pressure, brake adjustment;-warning actuation points and braking system pres
e within the machine manufacturer’s specification range. No manual adjustment, su
to prevent diminished or impreved braking performance, shall be made to the braking s
gle performance test.

hts used to carry out the.measurements shall be of an accuracy and be measured in u
ith ISO 9248.

nce requirements given in Tables 2 and 3 shall be achieved from single-stop and hold tes|
nit condition forthe braking systems. These requirements shall be validated by physical tes

n the teshreport in accordance with Clause 7.

6.6for alternative braking system performance test methods.

rating
chine.

ts. All

meters related to braking systems shall be within the machine manufacturer’s specifications,

sures,
ch as
ystem

nits in

ling at
ting or
5 shall

NOTE

Hydrostatic brake systems typically are not materially affected by brake wear limits.

5.2 General test conditions

When the machine transmission provides a selection of gear ratios, the stopping tests shall be conducted with
the transmission in the gear corresponding to the test speed specified. The power train may be disengaged
prior to completing the stop.

Retarders shall not be used during the service brake performance tests, but may be used during the secondary
brake performance test. A hydrostatic or similar propel drive system is not considered to be a retarder.

Machines with operator-selectable, multiple-drive axles shall be brake-performance tested with the non-braked
selectable axle(s) disengaged.
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Equipment (blades, buckets, dozers, etc.) shall be in the transport position recommended by the manufacturer.

Burnishing or conditioning of brakes before testing is permissible. The burnishing procedures shall be verified
by a review of the supplied instructions or in consultation with the machine or brake manufacturer.

Immediately prior to testing, the machine shall be operated until the engine, transmission and machine fluids
are at normal operating temperature(s) as specified by the manufacturer.

The machine test speed shall be that speed measured immediately prior to the brake control being applied.

Brake-holding performance tests shall be performed with the power train disengaged and the engine at worst
case (e.g. idle or stopped) except for hydrostatic or similar propel drive systems, which shall be engaged to the

powel
When

Onm
(e.g.- b

At mir

5.3

The tg¢st course shall consist of a hard, dry surface with a well-egmpacted base. Ground mo

prese
The tg

Slope
excep
mach
mach

The a

requir,

5.4

Servig
brake

For ri
mass,
rotatid

All brake tests shall be performed using the machine configuration (excluding the service limit

given

[Machine test configuration

tldill.
testing a vibratory roller, all tests shall be conducted without vibration.

bchines where hydrostatic braking is used as the service brake, the stopping and)holding
ack throttling) of the service brake system shall be tested with the engine runhing.

imum, all data required for completion of the test report in accordance with Clause 7 shall

Test course

nt to the extent that it does not adversely affect the braking.test.

st course shall not have a slope of more than 3 % at right-angles to the direction of travel.

tions to this are rigid-frame dumpers, articulated-frame dumpers and tractor-scrapers of o
ne test mass, for which the test course shall have a downward slope of (9 + 1) % in th
ne travel.

bproach to the test course shall be ofisufficient length, smoothness and uniformity of slope]
ed machine speed is reached before' the brakes are actuated.

e brake and secondary brake system stopping distance tests — except for those carried out
systems — shall be €onducted with cold brakes.

pid-frame dumpers, articulated-frame dumpers and tractor-scrapers of over 32 000 kg
the transmission shall be engaged in a gear in which the engine does not exceed the ma
nal speed, in revolutions per minute (/min) or frequency (min—7), specified by the manufac

in-5.1) having the most adverse effect on braking and with the machine test mass apqg

performance

be recorded.

sture may be

in the direction of travel shall be no greater than 4 %, or as specified for the test being carried out. The

ver 32 000 kg
e direction of

to ensure the

bn hydrostatic

machine test
Kimum engine
turer.

requirements
licable to the

mach

NOTE

g type.

As stated in the definition of 3.3, the machine test mass for all dumpers and self-propelled scrapers also
includes the maximum payload specified by the machine manufacturer.

Record the axle load distribution as applicable and report the results in the test report (see Clause 7).
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6 Performance tests

6.1 General

The following performance tests shall be performed on all machines within the scope of this International
Standard and on all braking systems, as applicable, under the test conditions given in Clause 5. The brake
holding and control forces shall be measured and reported in accordance with Clause 7.

NOTE The provisions of 6.3 are not applicable to service brake systems not fitted with stored energy sources
(e.g. reservoirs or accumulators).

6.2 Brakinjg system controls

During the performance tests, the control forces shall not exceed the values given in Table 1.

Table|1 — Maximum force levels for braking system controls during performance tests

Type of control

Max. force to be applied

N
Finger grasp (flip levers and switches) 20
Hand grasp
— upwards 400
— downwards, sideways, fore-aft 300
Foot treadle (ankle control) 350
Foot pedal (leg control) 600

6.3 Stored energy sources

6.3.1 Servige brake system recovery capacity

Set the engirle speed control to obtain the“maximum engine rotational speed (r/min) or frequency (1
Measure the prake application pressurenear the brake. The service brake system’s stored energy sq
shall have thg capacity to deliver at least’70 % of the pressure measured during the first brake applicatio
the service bifakes have been fully-applied:

— for dumpers, self-propelled-scrapers and wheeled excavators, 12 times at the rate of four applicatio

minute;

— for all oter machines, 20 times at the rate of six applications per minute.

6.3.2 Secorndary-brake system capacity

hin-1).
urces
h after

ns per

If the service brake system’s stored energy sources are used to apply the secondary brake system, the stored
energy source capacity shall meet the following requirement with the energy source disconnected and the

machine stationary.

— The remaining capacity of the service brake system’s stored energy sources shall meet the secondary
brake stopping requirements specified in Table 3, as applicable, after five full service brake applications at
arate of <1 s on and 1 s off. The full service brake applications shall be within the force level requirements

of Table 1.

6.3.3 Test performance

The stored energy system for the service brakes shall be tested to and shall achieve the requirements given

in4.9.

12
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The warning device shall activate prior to automatic application of a secondary brake system during the test.

The service brake system’s stored energy may be reduced by any suitable means for testing.
6.4 Holding performance

6.4.1 General
All machines shall be tested in both the forward and reverse directions.

For hydrostatic or similar propel drive systems, back throttling may be used to meet the holding performance

t 1 £ H L. 1 % £ <l baoll L ol . ES % r
Crl erl TUT OCTT VIUT UTANT DyDlUIIIO did, 1T UoTU, olfidil VT TTPUTITU T Uic 1tCotl TOPYUT L.

6.4.2 | Service and parking brakes

With the machine’s power train as specified in 5.2, the service and parking brake systems shall pe capable of
holding the machine motionless on a slope in accordance with Table 2.

Table 2 — Service and parking brake holding performance

Brakes Machine type SIOOA)pe
Rigid-frame dumpers and articulated-frame dumpers having.a machine test mass >32 000 kg 20
SerVice Rollers (self-propelled, ride-on vibratory steel-wheeled;static-wheeled and rubber-tyred) 20
brdke Rigid-.frar_ne dumpers, articu_lated-fra_me dumpers, seémi-trailed dumpers and their o5
combinations with towed trailers having a machinetest mass <32 000 kg
All other earth-moving machinery, including s€lf-propelled scrapers 25
Rigid-.frar'ne dumpers, articu'lated-frame dumpers, self-propelled scrapers and their 15
combinations with towed trailers
Parlting | Rollers (self-propelled, ride-on vibratory steel-wheeled, static-wheeled and rubber-tyred) 20
brake Semi-trailed dumpers 20
All other earth-moving machines 20

6.4.3 | Brake holding performance tests
Brake|holding performance tests may be carried out either
a) af a test site.with the specified slope and slip-resistant surface, or

b) oh a tiltplatform with a slip-resistant surface, or

c) by applying a pulling force to the stationary machine with the brake applied and the transmisgion in neutral
on a test course with a slope of no more than 1 % slope in the direction of travel.

For alternative c), the pulling force shall be applied horizontally near the ground to achieve a minimum force
equivalent to the slopes specified in Table 2. The equivalent force, expressed in newtons, shall be

— 1,46 times the machine test mass in kilograms for a 15 % slope,
— 1,92 times the machine test mass in kilograms for a 20 % slope, and
— 2,38 times the machine test mass in kilograms for a 25 % slope.

Pulling force testing has limitations versus testing on a slope. The machine’s holding capacity on a slope can
change due to a change in axle weight distribution and all the wheels might not be restrained by the brakes.
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Another alternative, d), is to use the machine’s propel system to simulate a static grade equivalent and
demonstrate holding performance as required in Table 2 by conducting a propel stall test as follows.

Place the machine on a horizontal surface. Energize the propel system to a level that generates the equivalent
brake holding requirements given in Table 2 for the applicable machine while simultaneously engaging the
brake holding system being tested. Record the propel system output during the test simultaneously with the
wheel speed in order to demonstrate that there was no motion during the brake holding test.

Measurement of indirect parameters such as torque/pressure/current may be used with the accompanying
calculations (e.g. gear ratio, tyre size) to determine ground force output. The calculations related to measured
parameters and brake holding performance shall be included in the brake test report. Holding performance
is considered to have been successfully verified when the braking holding system resists movement during
propel systenm application of the tractive force equivalent to the holding requirements of Table 2. Tyre.of track
movement dyring the test and before meeting the holding performance requirements of Table-2\shall be
considered a [failure of brake holding performance.

6.4.4 Durahility test of parking brake when used as secondary brake

If the parking|brake system is used as part of the secondary brake system, the parking brake shall mget the
holding performance requirements of Table 2 following one dynamic stop from the’machine test spg¢ed in
accordance with 6.5, with the machine test mass appropriate to the machine (se€)3.3), and on a level surface
with no adjusiment of the parking brake. For rollers, the parking brake durability test requires the rollerf to be
subjected to flve stops. Locking-up of the tyres is permitted when applyingthe parking brake.

6.5 Stopping performance

6.5.1 General
All machines ghall be tested to the stopping distances givenin Table 3.
Stopping shall be from one of the following machine test speeds, as applicable, within a tolerance of +2|km/h:

— for rigid-frame dumpers and articulated-frame dumpers of machine test mass <32 000 kg, stopping from
either 80 % of the maximum machine speed or 32 km/h, whichever is the greater (see 6.5.5 for|those
dumpers|having a machine test mass->32 000 kg);

— for machines with a maximum machine speed of <32 km/h, stopping from that speed;

— for all ottler machines, stopping from either 80 % of the maximum machine speed or 32 km/h, whighever
is the grdater.

Beginning with cold brakes; except for hydrostatic brake systems, the service and secondary brake gystem
stopping distance tests_shall be conducted twice — once in each direction of the test course — with the
machine travglling forward and with at least 10 min between stops.

The measured stopping distance and machine speed shall be the average of the two tests (one in each direction
of the test course) for the service and secondary brake systems, and shall be reported in the test report in
accordance with Clause 7.

6.5.2 Service brake systems

The service brake system shall stop the machine within the stopping distance for the applicable machine type
specified in Table 3.

6.5.3 Secondary brake systems

The secondary brake system shall stop the machine within the stopping distance for the applicable machine
type in accordance with Table 3.

NOTE National or other regulations, which could be more stringent, can apply.
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If the machine is equipped with a retarder, it may be used prior to and during the test.

The secondary brake system shall be tested to measure the stopping of the machine in the event of any single
failure in the service brake system. During this test, modify the service brake system or use equivalent means
to simulate the most adverse single failure of the service brake system.

Table 3 — Stopping performance

Maximum stopping distance
N
Machine types m
Servicebrake | Secondary brake
Scragers, rigid-frame dumpers and articulated-frame 2 2
dumplers with machine test mass <32 000 kg and semi- H+O'1(32_V) 3_0+0’7(32_")
traileq dumpers of any mass@
Scrapgers, rigid-frame dumpers and articulated-frame v2 WP
dumpers with machine test mass >32 000 kg 48_26a 34_D 6a
Rollefs 2 2
0,2(v+5)+v— 0,4(v+5)+v—
150 75
All other earth-moving machines, including towed trailers v2 v2
with gayloads 0’2(V+5)+@ 0’4(V+5)+%
v initial speed, in km/h.
a test slope as a percentage between 8 % and 10 %.
2 The term 0,1(32 - v) is deleted from the formula for speeds.6Ver 32 km/h.

6.5.4 | Heat fade test for all machines except rigid-frame and articulated-frame dumpers wjth machine
test rIass >32 000 kg
t

This tg¢st shall be performed on allFmachines except rigid-frame and articulated-frame dumpers of machine test
mass p32 000 kg.

Apply|and release the serviee brakes to complete four consecutive stops at, or as near as pgssible to, the
maximum decelerationofthe machine without sliding of the tyres or tracks. After each stop, thg machine test
speed according to_6.5.1 shall be regained as quickly as possible using maximum machine agceleration. A
fifth cpnsecutive stopshall be measured which shall not exceed 125 % of the service brake stogping distance
accorgling to Table 3.

6.5.5 | Brake tests for rigid-frame and articulated-frame dumpers with machine test mass $32 000 kg

The testshallbe performed on rigid-frame dumpers and articulated-frame dumpers of over 32 000 kg machine
test mass, on the test course for those machines as specified in 5.3.

The transmission shall be engaged in a gear in which the engine does not exceed the maximum engine
rotational speed, in revolutions per minute (r/min) or frequency (min-1), specified by the manufacturer.

The service brake system shall be tested by means of five stopping tests at 10 min to 20 min intervals between
stops from a machine speed of > (50 + 3) km/h or the maximum machine speed if less than 50 km/h. The
stopping distance shall not exceed that specified in Table 3.

The secondary brake system shall be tested by means of a single stopping test carried out from a machine
speed of (25 + 2) km/h. If the machine is equipped with a retarder, it may be used prior to and during this test.
The stopping distance shall not exceed that specified in Table 3.
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6.6 Alternative testing

6.6.1

Lab testing

For braking system functions capable of being reproduced in a lab environment, alternative lab testing may
be used to determine service, secondary and parking brake performance. The lab test equipment should be
capable of producing the same operating environment as the brake would see in the machine. The test system
shall be set up to resist and measure torque to the brake at a torque level capable of driving through the brake
holding force and brake retarding force. The lab test system shall be validated by correlation with prior historical
machine test data.

] cocaondars wa-araie-las th ralkac cbhall bha Aol o
TootCoT

order

For service b
to meet the ¢
measured an

For parking b
report as spe

ake-and-secondary-brake-systemsthe-dyramicload-onthe-brakesshall-bedu
bld brake stopping performance requirements of this International Standard. This data's}
| recorded in the test report as specified in Clause 7.

Fake systems, the maximum brake holding torque should be measured and regorded in tf
cified in Clause 7.

6.6.2 Alternative secondary brake testing for hydrostatic or similar propel drive;machines

On machines
the propel mg

using secondary brakes other than hydrostatic or similar propel drives, the retarding fo

disengaged filom the drive train before stopping distance tests are run.

However, if it
drive from the

With the mac
set to maxim
secondary br
reverse. The

s difficult to remove the propel drive motor retarding foree)or disengage the motor and geq
drive train, the secondary brake system may be tested as follows.

hine stationary, including any movement for drive, train tolerance, and with the variable 1
m displacement and any mechanical transmissions set in the lowest speed range, apq

machine shall remain stationary with creep-movement of less than 30 mm/s other than driv|

tolerance in the brake/drive train components.

7 Test report

The test repo
a) reference
b)
c) typeofm

model ar

't shall contain the following information:

to this International-Standard;

place andl date of measdrement;

achine;

make of achine;

d-serial number of the machine;

all be

e test

rce of

tors shall be removed from the drive train. Alternatively, the metors and gear final drives njay be

r final

hotors
ly the

bke and engage the propel drive system at the full rated pressure, alternately in forwaild and

e train

m)

16

mass and axle distribution of the machines as tested, in kilograms;

description of the brakes (e.g. disc or drum, hand or foot control);
type of braking system (e.g. mechanical or hydraulic);
surface of the test course (e.g. asphalt, concrete or soil);

longitudinal and cross slope of the test course;

condition of the braking system (new, in operation for 1 000 h, within manufacturer’s specifications, etc.);

manufacturer’s approved maximum machine test mass and maximum axle distribution, in kilograms;

as applicable, drum size, track size, tyre size, ply rating, tread pattern and pressure, in megapascals;
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n) results of all stopping and holding tests and, if applicable, alternative brake holding calculation

s or methods;

0) percentage of the service brake system stored energy after the brake application test calculated from (see

6.3.1):

»=22.100
P1
where
p is the residual pressure as a percentage;
P4 is the brake application pressure during the first brake application;
P2 is the lowest brake application pressure measured during subsequent braksg
p) fqrce levels applied to the controls (see 4.3 and 6.2);

achine maximum speed and if applicable, machine test speed, in kilometres-per hour;

2
3

r)  which tests were carried out using the hydrostatic brake system as one‘of'the braking syste
s) pprking brake durability test results if applicable (see 6.4.4);

t) iflapplicable, a statement of evaluation and supporting information to the effect that maximu
dpes not materially affect brake performance results;

u) iflapplicable for estimating brake slope capability, typeeftyres, tyre pressure, measured tyre
anpd fully developed deceleration rate.

applications.

ms;

m brake wear

rolling radius,
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Annex A
(informative)

Braking for purpose-built underground mining machines

IMPORTANT —Underground mining is one of the mostregulated work sectors worldwide. Requirements
can be very prescriptive in nature. This annex is an attempt to describe generic braking performance

for purpose-

ound

mining regulations, it is necessary to research the regional underground mining requirements ywhere
machines arg intended to be used to confirm the regional regulatory requirements.

A.1 Gengral

This annex pfesents recommendations for braking systems used in underground mining applicationg. The
provisions giyen in the main body of this International Standard should only be “applied to purposg-built
underground |mining machines with the recommended additions and modificatiofis in this annex. Machinery
designed for surface use that is used underground should be evaluated by theimanufacturer and the end user.
No device thgt traps a column of fluid to hold the brake in the applied pasition should be installed in any|brake
system, unless the trapped column of fluid is released when the equipment operator is no longer in contagt with
the brake activation device.

NOTE Sone information on regional requirements for coal or gassy mining applications is given in A.12.

A.2 Terms and definitions

For the purposes of this annex, the terms and definitions given in Clause 3 and the following apply.

NOTE Fof purpose-built underground mining machines, the maximum specified payload as per the miachine
manufacturer’s| specifications is included in thesmachine test mass (3.3), except where noted in A.10.2 for testing yithout
payload after the loaded braking performancé has been tested.

A.21

peak deceleration

maximum degeleration value derived during a brake test run

A.3 Brake system controls (see 4.3)

The parking Qrake eontrol should be considered a primary control as per ISO 10968. It should have a distinct
shape and colaU,in relation to the other controls.

NOTE

There are different regional requirements for the movement required to apply the parking brake control. Typical

underground mining applications use a push-to-apply motion on the parking brake control. However, there are regions that
require pull to apply.

18
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Service brake systems (see 4.4)

Stopping performance

The recommended formula for the service brake stopping distance, s, in metres, is

vt v2
s=—+
3,6 26a
where
% ;O thc Illltla: opccd ;II :\Illllh,

(A1)

t

a

This r
If a b
gradig

When

is a time of 0,35 s;
is the mean deceleration, in m/s2 (= 0,28g or 2,75 m/s?).

bpresents 28 % brake efficiency, recommended for machines used on gradients of up to
pke efficiency of 20 % were used, it would be the brake efficiency recommended for mac
nts of up to 12,3 % (7°).

tested for stopping performance, the machine should demonstraté-at least a 0,75 m/s? fy

decelgration rate after the design slope has been accounted for.

If the

machine is used on gradients of more than 20 %, the minimum brake efficiency should be §

the sipe, expressed as a percentage of the maximum slope on.which the machine is intended to

A.4.2

The s
grade

A.5

Holding performance

ervice brake should be capable of holding the machine stationary (no creep) on the ma
plus a 20 % factor of safety.

Secondary brake systems (See 4.5)

The recommended formula for thetsecondary brake stopping distance, s, in metres, is Equation

that, fi
When

br secondary brakes, ¢ = $.and a = 0,18g or 1,77 m/s2.

tested for stopping pérformance, the machine should demonstrate at least a 0,45 m/s2 fy

decelgration rate after the.design slope has been accounted for.

Hydro

Retar

static brake_systems should not be used as the secondary brake.

lers should not be used during secondary brake system performance testing.

Secor

20 % (11,3°).
hines used on

lly developed

% more than
be used.

imum design

(A1), except

lly developed

dary brakes on purpose-built underground mining machines may be applied without modu

ation.

If secondary brakes are applied automatically, there should be a warning given to the operator prior to their

applic

ation.

If automatic brakes are separate from the secondary brake system, their performance should be at least the

same

A.6

as that of the secondary brake.

Parking brake systems (see 4.6)

The parking brake should be capable of holding the machine stationary on the maximum design slope with a
20 % factor of safety. The minimum design slope is 25 %.
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The parking brake should be applied automatically whenever the engine is stopped by the operator, or stops for
any other reason (e.g. the operation of the automatic engine protection system). For an engine stoppage, the
response time of the parking brake should not exceed 2 s from the time the engine ceases rotation.

If the parking brake has been automatically applied, it should have to be released by a specific action of the
operator.

The machine should be fitted with an interlock system to prevent it from being driven with the parking brake
applied. Procedures or a system that accommodates a daily brake test (as described in 4.12.2) can be provided.

A means of m

oving the machine in an emergency situation can be provided.

Machine retrieval instructions should be supplied to explain the procedure for releasing the parking brake.

Automatic pa
manually with
start the equi

machine is started. A means of preventing the machine from being restarted until the brake isimanually a

also meets th
Hydrostatic d

The parking b
dedicated sol

The parking &
sufficient hold

A.7 Hydnostatic brake systems (see 4.7)

For machines
criteria. For s
machine whe

A.8 Machines designed to tow trailers (see 4.11)

If the towing 1
applicable, w
then the towe
If the trailer is
need only act

The trailer brd

The trailer se
applied indep|

king brakes should include a means in the machine operator’'s compartment to apply the\j
out shutting off the equipment and to release and reengage the parking brakes withgut ha
bment. If the brake is manually released, the brake should be automatically reapplied wh

s recommendation.
ive trains should be disconnected during parking brake testing.

rake should be released only by a control that does not operate any©ther equipment functi
bly to the parking brake system.

rake holding performance can be checked by performange ‘on the actual slope or by ach
ing performance while being towed against the parking.hrake on the level.

with hydrostatic transmissions, back throttling-should not be used to meet the holding perforr
ervice brake holding, the parking brake may be used in addition to the service brake to hg
N there is creep movement.

nen tested using the machine and trailer mass plus the total towing machine and trailer pa
H trailer(s) should beequipped with brakes that act on each trailer wheel as part of these syj
designed with wheels that have an equally distributed load in all the conditions, then the
on the wheelsfequired to meet the stopping requirements.

kes should,act on both sides of an axle.

vice brakes, secondary brakes and parking brakes should be designed such that they can
endently of the tractor’s brakes.

rakes
ing to
en the
pplied

bN, i.e.

ieving

nance
Id the

nachine’s brakes alone cannot meet the service, secondary and parking brake requirements, as

yload,
stems.
rakes

hot be

The towing machine’s parking brake control should apply the parking brakes of the machine and of any towed
trailers, if so equipped.

Trailer parking brake systems should be designed such that they are applied automatically whenever the trailer
is disconnected from the towing tractor.

If there are no parking brakes on the trailer and the trailer needs to be set by itself, a means should be provided
on the trailer to hold it stationary (chocks are not preferred).

Machine/trailer combinations should be tested only in the forward direction.

A.9 General test conditions (see 5.2)

Retarders should not be used during service and secondary brake testing.

20
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