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(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
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Industrial trucks — Additional requirements for automated
functions on trucks

1

This

autorpated functions of industrial trucks:

NOT

meanp of guidance for automated steering.

This
ISO

This

$cope

nternational Standard specifies the safety requirements for controls and control systems for

steering (excluding direct mechanical guidance);

fravel;

ljfting and lowering operations;

Ibad manipulations, e.g. rotation, reach, slewing, tilting, clamping;
¢ombination and/or sequence of the above movements.

B The control system is generally part of the truck but can include components external to the

International Standard is intended for us€)in conjunction with one or more of the applic
3691.

nternational Standard is not applicable to, and does not include, requirements for the followi
gafety equipment (e.g. devices-for height limitation, speed limitation) used to override operatg
operation in severe conditions (e.g. extreme climates, freezer applications, strong magnetic f
operation in envirénments subject to special rules (e.g. potentially explosive atmospheres);
¢lectromagnetic compatibility;

fransportation of passengers;

the following

truck, e.g. the

Able parts of

hg:
r control;

elds);

fhandling of loads, the nature of which could lead to dangerous situations (e.g. molten metals

acids/bases,

radiating materials).

Limitations in the scopes of the applicable parts of ISO 3691 also apply to this International Standard.
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2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 3691-1, Industrial trucks — Safety requirements and verification — Part 1: Self-propelled industrial trucks,
other than driverless, variable-reach trucks and burden-carrier trucks 1)

ISO 3691-2, Industrial trucks — Safety requirements and verification — Part 2: Self-propelled variable-reach

trucks 1)

ISO 3691-3,
trucks with e

ISO 3691-4,
their systems

ISO 3691-5,

ISO 3691-6,
carriers 1)

ISO 12100-2
Technical pr

ISO 13849-1
for design

ISO 20898:—

3 Terms

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

3.1
automated

movement f'rr transport or positioning of the truck and/or load initiated by the operator but not req

continued ad|

3.2
automated |
automated fU

Industrial trucks — Safety requirements and verification — Part 3: Additional requiretmen
evating operator position and trucks specifically designed to travel with elevated loads )

ndustrial trucks — Safety requirements and verification — Part 4: Driverless industrial truck
1)

ndustrial trucks — Safety requirements and verification — Part 5: Pedestrian-propelled truch
Industrial trucks — Safety requirements and verification — ,Part 6: Burden and pers
2003, Safety of machinery — Basic concepts — General principles for design — H
nciples and specifications

—2), Safety of machinery — Safety-related parts of-¢ontrol systems — Part 1: General prin

3), Industrial trucks — Electrical requireménts

and definitions

nction

tion by the operator

fting.and lowering

a preselected height

nctign' that controls intended vertical movements and/or positioning of the load-carrying dev,

(s for

5 and

s

bnnel

art 2:

Ciples

Liiring

ce to

3.3

automated load manipulation
automated function that controls load movements (e.g. rotation, reach, slewing, tilting, telescoping, clamping)

1) To be published. (Revision of ISO 3691:1980)
2) To be published. (Revision of ISO 13849-1:1999)
3) To be published. (Equivalent to EN 1175-1:1998)
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automated steering
automated function that takes control of the steering and keeps the truck on a predetermined path

NOTE

steering systems equipped with feedback signal(s) for regulating the steering system.

3.5

automated steering acquisition
system condition when automated steering has been selected but the operator is still positioning the truck to
acquire the guidance means, i.e. the operator still has control of the manual truck steering system

Automated steering excludes any direct mechanical guidance (e.g. by means of a rail) and manually controlled

3.6
auto
autor

3.7

mated travel
nated function that takes control of the speed and direction of travel and/or positioning| of the

seqlrnced automated functions

succ
previ

3.8

ssion of automated functions in which each movement can commenceonly after the com
Dus movement

combined automated control

autor
3.9
resp

desid
the n

4 |

The
corre

41

hated system that takes control of two or more automated fuactions simultaneously

bnsible person
nated person suitably trained and qualified by knowledge and practical experience and in g
bcessary instructions to enable the assigned taskito be carried out

| ist of hazards

following hazards can be applicable and could involve risks to persons if not add
sponding requirements offer guidance on limiting the risk or reducing these hazards.

truck

bletion of the

ossession of

ressed. The

4.2

Hazard Corresponding requirement(s)

Crushing
— due to failure of truck to stop 5.2.1,5.3.3,5.6.2
— from collapse of racking due to contact with 5.2.1, 5.3.3, 5.6.1, 5.6.4, 5.6.5, 5.6.6

track

Impact
— from falling loads or parts of loads 5.2.1,5.3.3,5.6.3,5.6.4, 5.6.5, 5.6.6
— from collapse of racking 5.2.1,5.3.3, 5.6.4, 5.6.5, 5.6.6
— from controls or tillers 5.5.2

4.3

Electrical contact direct or indirect due to 5.2.1

unexpected electrical fault

4.4

©I1SO

Electromagnetic radiation Not dealt with

2006 — All rights reserved
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Hazard Corresponding requirement(s)
4.5 Programming errors Not dealt with
4.6 Human error

— dangerous operation of the truck by 5.3.1,5.3.3
unauthorized personnel

— accidental operation of controls 5.3.1,5.3.3,5.3.4,5.3.5,5.5.1,5.6.1.3

— darfgerous maintenance or adjustment of 6.1, 6.1.3
trugk by unauthorized personnel

4.7 Hazand combinations 5.3.3,5.4,5.6.5, 5.6.6
4.8 Failure of energy supply 5.21
4.9 Failure of control system or unexpected 5.2,5.3.2
startup
4.10 Reliability of coded messages Not dealt with
411 Failune of safety devices 5.2
412 Safety signs and signals 5.3.5, 5.6.1.3
413 Emergency devices 54

5 Safety|requirements

5.1 Performance limitation

Performance of functions when dautomated shall not exceed that permitted by the truck design and shalljmeet
the requiremgnts of the relevabtpart(s) of ISO 3691.

5.2 Automated control system safety

5.2.1 Automated-control systems shall be designed in accordance with ISO 12100-2:2003, 4.11.

Loss of contfolin an automated control system (e.g. excessive speed, unintended deviations from the puide
path, weakening of the onboard control means or their power supply or failure of the guidance signal) that
could generate a hazard shall result in the restricting or stopping of associated movements as quickly as
possible within the operating parameters of the truck and without introducing new hazards.

5.2.2 Failure of the automated control system need not prevent manual operation of the function.

5.3 Operator controls and indicators
5.3.1 All automated functions shall be selected solely by means of operator controls.

5.3.2 Automated functions shall automatically reset to the manual or off position when the truck and/or
automated control system are switched off.

4 © I1SO 2006 — All rights reserved
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5.3.3 It shall be possible for the operator to override an automated function at any time. It shall only be
possible for the automated function to be restarted by the operator.

When manually operated functions are in use, automated operation of these functions shall be deactivated.

5.3.4 The controls for the automated functions shall be clearly marked for their purpose and designed to
avoid actuation other than by intentional manual action(s).

5.3.5 Trucks shall be equipped with a warning device(s), either audible or visual or a combination thereof,
that acts automatically on the activation of the automatic function(s). This device shall continue to operate
while automated motions of the truck are in progress.

5.4 | Emergency switching off

5.4.11 On battery-powered trucks, the device specified in 1SO 20898:—, 5.2.6, shall.'also $witch off all
autorated control systems except control logic and memory circuits.

5.4.2 On non-battery powered trucks, an emergency switching-off function shallbe provided tq perform this
functjon.

5.5 | Operational safety

5.5.1| All automated functions, except automated steering, shallbe brought to a stop automatjcally and be
switched to the manual mode when the operator leaves the normal operating position. A new initiation shall be
requifed in order for the automated function to resume.

5.5.2 Manual controls (e.g. steering wheel, tiller, control lever) shall be designed such thafl they do not
conslitute a hazard for the operator while the truck operates in the automated mode.

5.6 | Additional requirements for specificmovements

5.6.1] Automated steering

5.6.1|1 If intended by the manufacturer for specific applications (e.g. order picking, lateral stacking), 5.3.2
need|not apply when the truck is(inthe aisle.

5.6.1]12 Where automated steering is provided, the operator must select either automatgd or manual
mode. Manual action orZoperation of the steering control shall not have the capability to |override the
automated steering when the automated steering mode has been selected.

5.6.1{3 During-automated steering acquisition, speed shall be limited to 2,5 km/h and an audible or visual
devige shall warn the operator until the truck is steering automatically.

On ftfucKs ‘equipped with automated steering, an audible and/or visual warning device complying with
ISO 12100-2:2003, 6.3, shall warn the operator when the truck is entering areas where automategl guidance is
required if the automated steering system has not been selected.

5.6.1.4 The safety-related parts of the control system shall conform to ISO 13849-1:—, category 3, in the
automated steering mode and ISO 13849-1:—, category 2, during automated steering acquisition.

See Table 1.
5.6.2 Automated travel

Automated travel functions, when provided, shall not be shared by, but shall be capable of being overridden
by the operator or limited by the automated mode.

The safety-related parts of the control system shall conform to ISO 13849-1:—, category 3.

© I1SO 2006 — All rights reserved 5
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5.6.3 Automated lifting and lowering

Automated lifting/lowering functions, where provided, may have characteristics of the automated function that
require additional sensing, e.g. external truck position sensing device.

The safety-related parts of the control system shall be in accordance with ISO 13849-1:—, category 1.

5.6.4 Automated load manipulation

The safety-related parts of the control system for non-visual monitoring means for each individual movement
(e.g. fork tip sensors to monitor pallet positions) shall conform to ISO 13849-1:—, category 2.

5.6.5 SeqlJenced automated functions

5.6.5.1
correspondin
particular fun

5.6.5.2
operator andg
shall be in aq

5.6.6 Com

5.6.6.1

variable read
of the contrg
category for

5.6.6.2
ISO 13849-1

Tablg 1 — Categories of safety-related’parts of control system according to ISO 13849-1

Where automated control for each sequenced function is initiated by the Joperator
g ISO 13849-1 category for safety-related parts of the control system shall -be as fo
ction.

Where automated load-handling control for the first function of the seguence is initiated b
subsequent functions are started automatically, the safety-related, parts of the control sy
cordance with ISO 13849-1:—, category 2.

bined automated control

Where two or more functions depend on each other (€.g: raising and extending the boon
h truck to achieve horizontal or vertical parallel movements of the load), the safety-related
| system for the combined automated functions shall not be less than the highest ISO 13
he individual functions and shall in no case be Jess than category 2.

Where functions are independent of eachyother (e.g. steering and lifting), the correspo
category for safety-related parts shall be as for that particular function.

the
that

y the
stem

of a
parts
849-1

hding

Control system Category
Automated-steering (5.6.1.4) 3
Autermmated steering acquisition (5.6.1.4) 2
Automated travel (5.6.2) 3
Automated lifting and lowering (5.6.3) 1
Automated load manipulation (5.6.4) 2
Sequenced automated functions (5.6.5.2) 2
Combined automated functions (5.6.6.1) 2

Fault exclusion: Deviations from the safety categories in this International Standard shall only take place in
accordance with ISO 13849-1:—, Clause 7.

© 1SO 2006 — All rights re
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6 Verification and commissioning
6.1 Verification

6.1.1 General

The manufacturer shall have verified that the requirements of Clause 5 have been met. Verification shall be
done by competent person(s) and include the following:

a) design check (see 6.1.2);

b) type testing (see 6.1.3);
c) rputine testing (see 6.1.4).

Mears of checking design other than those listed in 6.1.2 may be used, providedthat they giye equivalent
resulis.

6.1.2| Design check
The ¢lesign documents for the controls and control systems for the automated functions shall be verified for
compliance with this International Standard. In particular, the desigh shall be checked to establish that the

requifements of 5.1, 5.2.1 and 5.6.1.3 have been fulfilled, and\that the safety-related parts df the control
systgms conform to the categories specified in 5.6.1 to 5.6.6 and-Table 1.

6.1.3| Type testing
The fpllowing checks shall be carried out on a sample’representative of series production:
a) the truck shall be operated to verify compliance, where applicable, with the requirements of Glause 5;

b) the performance and speed, where applicable, shall be measured to establish compliance |with 5.1 and
$6.1.3;

c) a visual check to determing that the requirements of 5.3.4 and 5.5.2 have been fulfilled.

6.1.4| Routine testing
A tes} shall be made/on-€ach truck to establish that the relevant automated functions are working|correctly.

The fruck shall,'be operated to confirm that the requirements of 5.3.2, 5.3.5, 5.5.1 and 5.6.1.2, where
appli¢able, have’been fulfilled.

The ¢orrect operation of warning devices and functioning of the speed limitation for steering gdcquisition as
specifiedin 5.6.1.3 shall be checked, as applicable

6.2 Commissioning

6.2.1 Trucks with automated positioning systems that are separate from the truck shall be commissioned at
the place of use, by the manufacturer or the authorized representative, before handover.

6.2.2 The manufacturer shall provide a method statement including the necessary information for the
commissioning sequence.

6.2.3 The manufacturer shall provide an instruction manual including the necessary technical information
(e.g. mechanical and electrical).
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