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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.
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Introduction

This document specifies design criteria for operator's controls on earth-moving machinery. As
machines have gone through significant developments since the first edition of this document in 1995,
this document covers both legacy machines and state-of-the-art solutions. This is important to take
into account when reading the annexes.

As attachments and controls are becoming more advanced, it was considered important to reorganize
the document for easier interpretation whereby base machine, equipment and attachments were
separated in different annexes. As graders and dozers often have unique operator's controls, it was also

important changes made in the third edition include the removal of minimum jand normal
actuating forces for operator's controls. It was considered that as there is a large variationfin actuating
s for different types of controls, providing standardized actuating forces wasmot feasible. Instead,
itis the manufacturer's responsibility that minimum actuating forces are enoughto preventlinadvertent
activiation of the operator's controls caused by machine operation (€:g-’ machine afcceleration/
deceleration, vibration).

While preparing this document, it was noted that levers are developing rapidly and thefre are large
diffefences even within a given machine family, for example excavators. The document therefore tries
to algo account for the most advanced excavators, whereby morecontrols are added to lever|s in order to
allow for more functionality. It is recognized that new technolegies and new technical meagures will be
deve|oped as the state-of-the-art changes in order to improve-the operation of earth-moving machinery.

© IS0 2020 - All rights reserved v
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INTERNATIONAL STANDARD ISO 10968:2020(E)

Earth-moving machinery — Operator's controls

1 Scope

This document specifies requirements and guidelines for the operator’s controls on earth-moving
machinery as defined in ISO 6165, in as far as those controls relate to any direct-control machine. The
recommendations given for finger-, hand- and foot-operated controls are not intended to prevent usage
of other types of controls, control locations or control movements. This document is not.gpplicable to
devi¢es which are not directly related to machine control.

NOTH For remote operator control of machines, see ISO 15817.

2 Normative references

The following documents are referred to in the text in such a way thiat some or all of their content
constitutes requirements of this document. For dated references, only the edition cited [applies. For
unddted references, the latest edition of the referenced document(including any amendments) applies.

ISO B411, Earth-moving machinery — Physical dimensions _of operators and minimum operator space
envelope

ISO 3450, Earth-moving machinery — Wheeled or high<speed rubber-tracked machines — Performance
requirements and test procedures for brake systems

ISO §010, Earth-moving machinery — Wheeled machines — Steering requirements

ISO $405-1, Earth-moving machinery —,_Symbols for operator controls and other displays — Part 1:
Cominon symbols

ISO 6405-2, Earth-moving machinery — Symbols for operator controls and other displays — Part 2:
SymQols for specific machines, equipment and accessories

ISO 10265, Earth-moving mdchinery — Crawler machines — Performance requirements and test
procédures for braking systems

ISO 17063, Earth-maving machinery — Braking systems of pedestrian-controlled machines — Performance
requirements andtest procedures

3 Terms:and definitions

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

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

3.1
control
device actuated by an operator to execute a machine response (3.4)

© IS0 2020 - All rights reserved 1
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3.2
primary control
control (3.1) that is used frequently or continuously by the operator

Note 1 to entry: The primary controls are the following:
a) For the base machine (3.5):
— steering;

— clutch or inch pedal;

— gealSeleCtion;

— spedd (engine or ground speed);

— travgl direction;

— bralfes;

— swing of upper structure.
b) For equipment (3.6):

— swing operation;

— raisi'[lg/lowering operation (e.g. loader lift arm, dozer blade or ripper, excavator boom, side boom winch,
rope excavator winch);

— boom/arm extending/retracting;

— rearjward/forward motion;

— booimn side shift (e.g. side shift carriage of the/backhoe linkage);
— boom fold/unfold;
— boom offset.
c) For attaghments (3.7):
— attaphment operation (e.,g-bucket, tiltrotator, clamshell, forks);
— rotation operation-(e.g. tiltrotator where the position of the attachment is changed as opposed to the
fungtional rofation of a tool as in an auger);

— tilting opération;

— dump/curl operation.

3.3

secondary control

control (3.1) that is infrequently used by the operator but is needed for the proper functioning of
the machine

EXAMPLE Control for parking brake, lighting, mode selection, quick coupler and stabilizers.

3.4

machine response

described function of the base machine (3.5) or equipment (3.6) or attachment (3.7) resulting from the
activation of a control (3.1)

EXAMPLE Raising of the bucket when the bucket lift control is moved to the raise position; closing of a
clamshell when the clamshell close control is moved to the close position.

2 © IS0 2020 - All rights reserved
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3.5

base machine

machine with a cab or canopy and operator protective structures if required, without equipment (3.6)
or attachments (3.7) but possessing the necessary mountings for such equipment and attachments

[SOURCE: ISO 6746-2:2003, 3.3]

3.6

equipment

set of components mounted onto the base machine (3.5) which allows an attachment (3.7) to perform
the primary design function of the machine

[SOURCE: ISO 6746-2:2003, 3.4]

3.7
attachment
assembly of components that can be mounted onto the base machine (3.5)00F equipmgnt (3.6) for
specific use

[SOURCE: ISO 6746-2:2003, 3.5]

3.8
proportional control
control (3.1) that allows continuously variable or modulated machine response (3.4)

3.9
remote operator control
operator control (3.1) of a machine by wireless or wired transmission of signals from a remnote control
box ot located on the machine to a receiving unitlocated on the machine

[SOURCE: ISO 15817:2012, 3.7, modified — The-accepted term "remote control” has been d¢leted.]

3.10
contfol actuating force
forcqd required at the centre of the“eontrol (3.1) contact surface, in the direction of the intended
movément of the control, in order'to activate a control function

Note [l to entry: This force doeshot necessarily represent the force typically applied by the operatof.

3.11
levery
arm pr handle thatds)moved by the operator’s hand to control a function or functions of a njachine

3.12
single lever'control
lever|(3.L1pmovable in one axis that controls the described function

3.13
two lever control
two single lever controls (3.12) that, in combination, control the described function

3.14
two-axis multifunction control
lever (3.11) movable in axes a-b + c-d that controls the described functions

Note 1 to entry: See Figure 3.

3.15
four-axis multifunction control
lever (3.11) movable in axes a-b + c-d + e-f + g-h that controls the described functions

Note 1 to entry: See Figure 3.

© IS0 2020 - All rights reserved 3
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3.16
button
control (3.1)

3.17
dial
control (3.1)

3.18
pedal
control (3.1)

:2020(E)

that is pressed to release or activate a function

that is rotated in order to operate a function

that is exclusively foot-operated

3.19
single peda
pedal (3.18)

3.20
two pedal ¢
two pedals (|

4 Requi]

4.1 Gene

This docum
for other ty
ergonomics

4.2 Conti

The locatio
in ISO 3411
ISO 6682.

4.3 Dista

4.3.1 The
sufficient to
controls is pj

4.3.2 The
types of con

Ince between controls

1 control
movable in one axis, that controls the described function

ontrol
3.18) that, in combination, control the described function

rements for controls

ral

ent recommends that the general requirements and principles of arrangement be foll
pes of controls apart from the one’s listed below;taking into account operator safety

ol locations

h of primary controls shall be within the minimum operator space envelope as
. Primary and secondary controls-should also take into account the guidelines giv

distance between.adjacent controls and between controls and other machine parts sh
allow operatiog-without unintentional activation of adjacent controls. The overlappi
ermissible to-previde independent and simultaneous control application.

minimum/distance between finger-, hand- and foot-operated controls, or between
frols and other machine parts, shall be in accordance with Table 1:

bwed
r and

riven
PN in

1l be
ng of

hese

Table T—Distance between controts

Type of control

Minimum distance between two adjacent controls

Finger-operated controls

between centre line of adjacent controls)

23 mm, without divider (distance between centre line of adjacent controls)
18 mm, with divider (distance between centre line of adjacent controls)

For keys located on a touch screen or buttons on a lever: 14 mm (distance

Hand-operated controls

40 mm (clearance between two adjacent controls)

© IS0 2020 - All rights reserved
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Table 1 (continued)
Type of control Minimum distance between two adjacent controls
Foot-operated controls For pedals not intended to be used simultaneously:

50 mm (clearance between two adjacent controls) for controls intended
to be operated with separate feet or same foot but different heel positions
(Figure 1 a).

30 mm (clearance between two adjacent controls) for controls intended
to be operated with the same foot and from the same heel position. These
controls shall not be parallel to each other (Figure 1 b).

EXCeption: adjacent CoNtrols may be paratiel to each other provided there
is a minimum 30 mm distance between the planes of the.operating sur-
faces. These types of controls are not intended to be used Sinmultaneously.
Dimensions inj millimetres
30

a) Controls operated by separate b) Controls operated by same
feet or differentheel positions foot from same heell position

Figure 1 — Distance between controls

Foot{operated controls For pedals intended to be used simultaneously:

Maximumn-30 mm (clearance between two adjacent controls) for controls
intended to be operated with the same foot and from the samejheel position
(e-g the throttle controls on a self-propelled scraper with fwo separate
engines) (Figure 2). The pedals may be parallel.

Dimensions if} millimetres
30

Figure 2 — Distance between parallel pedals

Exceptions: For adjacent controls that can both be used by a single foot
or used simultaneously (e.g. parallel excavator travel pedals) distances
between 30 and 50 mm are also allowed.

4.3.3 If two adjacent finger- or hand-operated controls are intended to be used simultaneously, a
smaller distance is acceptable.

4.4 Measures against movement or damage by external forces

Controls, control linkage and their power supply shall be arranged such that they cannot be damaged
or moved into an undesirable position by foreseeable external forces, e.g. hand or foot force or shaking
(vibration) of the machine.

© IS0 2020 - All rights reserved 5
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4.5 Pedals

The surface

of pedals shall be slip-resistant.

5 Movement of controls

5.1 General

5.1.1 The type, location and method of operation of typical primary controls shall be according to

Annex A for,
to Annex C
requiremen
shall follow
specified sh

5.1.2 The
direction as
otherwise (¢

machine that can swing, such as the upper structure of an excavator).

513 If a

active, the o

exception w|
propulsion ¢

5.1.4 Allg

the control has a detent or hold position for continugus activation.

5.1.5 For
example, do
pedal shall ¢

5.1.6 The
unintention
station acco

5.1.7 The
into or out o

(s for dozers are found in Annex E. Primary controls for equipment not otherwise spe
the same principles as given by Annex B. Primary controls for attachment not, othe
1l follow the same principles as given by Annex C.

movement of the controls in relation to their neutral position shall be in the same ge
the machine response, unless the combining of controls or customary usage dig
.g. driving control of machines where the operator’s position is leecated on the part g

ther set shall be inactive. The active set shall be clearly’identified with a visual indicatq
puld be for mechanically connected dual controls{€/g. duplicate steering wheels, dupli
ontrols) where all controls are continuously active.

ontrols shall return to their neutral positioh when the operator releases the control, u

foot-operated controls where thie)pedal is operated in two directions (treadle pedal

ivot under the operator’s fogt and shall remain at rest in the neutral position.

controls shall be s@ arranged or deactivated or guarded that they cannot be actiy
hlly — in particulakfor example, when the operator is getting into or out of the operd
rding to the manufacturer’s instructions.

controls shall be arranged so as not to create a tripping hazard when the operator is ge
f the operator’s station according to the manufacturer’s instructions.

rding
pcific
rified
wise

neral
tates
f the

machine is equipped with an alternative operator's{position with duplicated control
arrangements, then both sets of controls shall operate in the samé\manner. When one set of contr

pls is
r. An
rated

nless

, for

wnward motion of the front ef the pedal and downward motion of the rear of the pedal, the

rated
itor’s

tting

5.1.8 For

péat/drive /speed selection controls the shifting pattern shall be clearly marked. In parti

rular,

the neutral

osItion shatt be ctearty tdemntifted:

5.1.9 The identification symbols shall be on the controls or next to them. If space limitations dictate, a

diagram, cle

arly visible to the operator, showing the primary controls is acceptable.

5.1.10 Graphical symbols shall be in accordance with ISO 6405-1 and ISO 6405-2.

5.2 Multifunction controls

5.2.1 General

In the case of a multifunction control used to control the operations of the base machine, equipment or
attachments, either separately or in combination, the following applies in addition to 5.1.

6
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5.2.2 Basic movement of multifunction controls

The basic movements of multifunction controls consist of the control movements illustrated in
Figure 3.

Combined movements to provide simultaneous operation of functions are permitted.

g %I‘ f% h

NTYIR

C fo
\:;-,/%

upward

d

firont
ear
left
ight

downward
clockwise

Q0 o o
—
= o —h o

counter-clockwise

Figure 3 — Basic movement of a multifunction control

5.2.3 Machine responses to control change-over

Charlging the machine response to a multifunction control movement to another primgry function
(see Annexes™A) B and C) is permissible if a control mechanism label or visual indicator is|provided to
inform the-operator of the control movements and the machine responses in the basic and fhange-over
positfiots. There shall be no hazardous movements during control change-over.

5.2.4 Additional controls located at a multifunction control

Additional control mechanisms (e.g. dials, switches) may be located on a multifunction control to
actuate either primary or secondary controls. The control device for the additional control mechanisms
and the response shall be indicated by a label or visual indicator.

6 Control actuating forces

6.1 The maximum control actuating force required to actuate a control shall not exceed the forces
specified in Table 2.

© IS0 2020 - All rights reserved 7
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6.2 The minimum control actuating force shall prevent activation of the control due to inertial forces
on the control caused by machine operation (e.g. machine acceleration/deceleration, vibration) when
used as intended.

6.3 The control actuating forces given in Table 2 do not apply to braking. The maximum control
actuating forces for brake systems shall be in accordance with ISO 3450, ISO 10265 and ISO 17063, as

applicable.

6.4 The control actuating forces given in Table 2 do not apply to steering wheels. Control actuating
forces for steering wheels shall be in accordance with ISO 5010.

6.5 The n|\inimum strength of the control shall be sufficient to withstand at least five time$ the
ating force that the control was designed for without sustaining permanent damage| (e.g.

control actul
deformation

, fracture) or having its primary function impeded.

Table 2 — Control actuating forces

Maximum control
Control operation actuating force
N
Hand
— lever, forward/backward 230
— lever, sideways 100
— lever, upward 400
Foot
— pedal 450
— treadle, centre-pivoted 230
Toe
— pedal 90
Finger tip
— lever or switch 20
NOTE The direction of the control actuating force is in respect
of the position of the operator when actuating the control.

© IS0 2020 - All rights reserved
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Annex A
(normative)

Earth-moving machinery — Base machine

Table A.1 to A.9 specify the control type, location, operation requirements and examples for base
machine movements (see Figure A.1).

Figure A.1 — Base machine

© IS0 2020 - All rights reserved 9
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Table A.1 — Steering only

Control type

Location

Operation requirements and examples

Hand-operated
steering wheel

Forward of the
operator

A clockwise rotation shall execute a right turn.

A counter-clockwise rotation shall execute a left turn.

Hand-operated
single lever control

Manufacturer's choice

Moving the lever to the left shall execute a left turn.

Moving the lever to the right shall execute a right turn.

Hand-operated
two lever control?

Manufacturer's choice

Moving the right lever rearward shall execute a right turn.

Moving the left lever rearward shall execute a left turn.

Hand-operated
four-axis
multifunction
control

Accessible to the
operator's left hand

A clockwise rotation shall execute a right turn.
A counter-clockwise rotation shall execute a left turm.

Foot-operatgd
two pedal cdntrolP

Manufacturer's choice

Forward or downward motion of the right pedal shall exgcute
aright turn.

Forward or downward motion of the left pedal shall execpite
a left turn.

Finger-operated
proportional control

Accessible to the
operator's left hand

A clockwise rotation shall execuyte.a right turn.

A counter-clockwise rotation<hall execute a left turn.

Finger-operated
buttons

Manufacturer's choice

Pushing the left button shall’'execute a left turn.
Pushing the right button shall execute a right turn.

NOTE 1 Opeijation requirements are related to forward motion.
NOTE 2 For dombination ground speed, direction and steering controls'see Table A.6.
a  Typical fdr a clutch/brake crawler dozer.

b Typical fgr a clutch/brake or hydrostatic crawler loader.

Table A.2 — Clutch and gear selection

Contrd| type

Location

Operation requirements and examples

Finger-operdted
buttons

Accessible to the
operator's right and

Pushing the upper or right button shall execute a gear up-§hift.

Pushing the lower or left button shall execute a gear
down-shift.

Accessible to the
opetator's left hand

Pushing the upper or left button shall execute a gear up-$hift.

Pushing the lower or right button shall execute a gear
down-shift.

Finger-operated
lever

Manufacturer's choice

=

Pushing the lever forward or upward shall execute a gea
up-shift.

Pushing the lever rearward or downward shall execute

gear down-shift

Hand-operated single
lever control

Manufacturer's choice

Gear selection shall follow the indicated gear selection
pattern.

Foot-operated single
pedal control

Accessible to the
operator's left foot

Downward or forward motion shall execute clutch disen-
gagement.

Upward or rearward motion shall execute clutch engagement.

10
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Table A.3 — Speed — Engine or ground speed

Control type

Location

Operation requirements and examples

Hand-operated
single lever control

Manufacturer's choice

Moving the lever forward or downward shall increase speed.

Moving the lever rearward or upward shall decrease speed.

Finger-operated
buttons or switches

Manufacturer's choice

Pushing the acceleration button or switch shall increase speed.

Pushing the deceleration button or switch shall decrease

speed
Finger-operated dial Manufacturer's choice |Turning the dial clockwise shall increase speed.
Farmingthrediatcoumnter-clockwiseshattdecrease speed.
Footjoperated Accessible to the Downward or forward motion shall increaserspe¢d.
single pedal control operator’s right foot Upward or rearward motion shall decreasé, speedl.
Accessible to the For crawler dozers downward or forward motior] shall de-

operator's right foot

crease speed.

Table A.4 — Machine travelling: direction control — Ferward/reverse

Control type

Location

Operation requirements and examples

Hand-operated
single lever control

Manufacturer's choice

Moving the lever forward or upward or to the right shall

execute forwardmetion.

Moving the lever rearward or downward or to thg
execute rearward motion.

left shall

Fingpr-operated

Manufacturer's choice

Pushingthe upper or front button shall execute fi

rward

buttpns motion.
Pushing the lower or back button shall execute rgarward
motion.

Hand operated Accessible to the Moving the control forward shall execute forwarfl motion.

four{axis multifunction
contfol

operator's left hand

Moving the control rearward shall execute rearward motion.

© IS0 2020 - All rights reserved

11


https://standardsiso.com/api/?name=62574c722ac25680835bda5679facdc1

IS0 10968:2020(E)

Table A.5 — Machine travelling: combination ground speed and direction — Variable speed

Control type Location Operation requirements and examples
Hand-operated Manufacturer's choice |Moving the lever from the neutral position forward or upward
single lever control shall execute forward motion and increase forward speed.

Moving the lever from the neutral position rearward or
downward shall execute rearward motion and increase
reverse speed.

Hand-operated Manufacturer's choice |Single lever control inverted V- or U-shaped gate, see Fig-
other ure A.2:

Figure A.2 — Example of an inverted U-shaped
control pattern

Moving the control from the neutral position to the right pnd
to the rear of an inverted V- ¢r U-shaped gate shall execute
forward motion and increase forward speed.

Moving the control from the neutral position to the left apd
to the rear of an inverted V- or U-shaped gate shall execute
rearward motion gnd increase reverse speed.

Foot-operatgd Accessible to the Downward or forward motion of the front of the pedal shfall
single pedal fcontrol operator's right foot  |execute forward motion and increase forward speed.

Downward or rearward motion of the rear of the pedal shall
execute'rearward motion and increase reverse speed.

Foot-operatgd Manufacturer's choice |Forward or downward motion of the right pedal shall exgcute
two pedal cqntrol forward motion and increase forward speed.

Forward or downward motion of the left pedal shall execute
rearward motion and increase reverse speed.

12 © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=62574c722ac25680835bda5679facdc1

IS0 10968:2020(E)

Table A.6 — Machine travelling: combination ground speed, direction and steering —

Variable speed

Control type

Location

Operation requirements and examples

Hand-operated
two-axis
multifunction
control

Manufacturer's
choice

Moving the control forward shall execute forward motion and

increase forward speed.

Moving the control rearward shall execute rearward motion and

increase rearward speed.

Moving the control to the left shall execute a counter-clockwise

rotation.

Moving the control to the right shall execute a clockwi

In forward motion, moving the control to the leftshall
left turn.

In forward motion, moving the control to theyright sha
right turn.

For rearward motion the control pattern shall be indic

e rotation.

pxecute a

|l execute a

hted.

Handl-operated
two Jever control

Manufacturer's
choice

Moving both levers forward shalllexecute forward mot]
increase forward speed.

Moving both levers rearwdrd shall execute rearward
increase reverse speed.

During forward motion; moving the left lever forward
the right lever shall execute a right turn.

During forwapddmotion, moving the right lever forward relative to

the left lever shall execute a left turn.

During rearward motion, moving the right lever rearw
to theleft lever shall execute a left turn.

During rearward motion, moving the left lever rearwa
to the right lever shall execute a right turn.

ion and

hotion and

relative to

ard relative

d relative

Fingpr-operated
proportional
contfol

Accessible to the

operator's left hand

Moving the proportional control to the right shall ex
right turn.

Moving the proportional control to the left shall execut

pcute a

e a left turn.

Accessible to the
operator's right
hand

Moving the proportional control to the right shall incr
ward speed.

Moving the proportional control to the left shall incr
verse speed.

base for-

pase re-

Footjoperated
two pedal control

Manufacturer's
choice

Downward motion of the front of both pedals shall exe
ward motion and increase forward speed.

Downward motion of the rear of both pedals shall exeqg
motion and increase reverse speed.

cute for-

ute reverse

Buringforwardmotiom, downward motiomof thefromt of the left
pedal relative to the right pedal shall execute a right turn.

During forward motion, downward motion of the front of the right

pedal relative to the left pedal shall execute a left turn.

During rearward motion, downward motion of the rear of the right

pedal relative to the left pedal shall execute a left turn.

During rearward motion, downward motion of the rear of the left
pedal relative to the right pedal shall execute a right turn.

NOTE Operation requirements are related to forward motion. See 5.1.2.

© IS0 2020 - All rights reserved
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Table A.7 — Brakes

Control type

Location

Operation requirements and examples

Hand-operated
single lever control

Manufacturer's choice

Pull motion shall engage brake (applicable for both service
and parking brake).

Foot-operated
single pedal control

Manufacturer's choice

Downward or forward motion shall engage brake (applicable
for both service and parking brake).

Foot-operated
two pedal control

Manufacturer's choice

For foot operated controls whereby steering and brakes are
combined (overlapping), see Figure A.3.

Rl

EE===S

Figure A.3 — Example of steering and brakes ¢combined

Downward motion of the overlap? (both left dndright peglal)
pedal shall engage brake.

NOTE Operation requirements are related to forward motion. See 5.1.2.

a2 The overlpp can be replaced by a separate pedal in the centre.

Tal11e A.8 — Braking: combination ground speed and direction— Variable speed

Contrd| type

Location

Operation requirements and examples

Hand-operated
single lever ¢ontrol

Manufacturer's choice

During forward motionvof the machine, moving the lever
rearward towards.the neutral position shall execute braking.

During rearward motion of the machine, moving the levefs
forward towards the neutral position shall execute braking.

Hand-operated
two lever control

Manufacturer's choice

During forward motion of the machine, moving the lever
rearward towards the neutral position shall execute braking.

During rearward motion of the machine, moving the levefs
forward towards the neutral position shall execute braking.

Table A:9— Swing of upper structure

Contrql type

Location

Operation requirements and examples

Hand-operated
single lever ¢ontrol

Accessible.to the
operatoers left hand

Moving the lever forward or right shall execute clockwis¢
rotation.

Moving the lever backward or left shall execute coun-
ter-clockwise rotation.

Hand-operated
two-axis
multifunction
control

Accessible to the
operator's left hand

Moving the control to the right shall execute clockwise
rotation.

Moving the control to the left shall execute counter-clockiwise
rotation.

Hand-operated Accessible to the Moving the control to the right shall execute clockwise
four-axis operator's left hand rotation.
multifunction Moving the lever to the left shall execute counter-clockwise
control .

rotation.
14 © IS0 2020 - All rights reserved
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Annex B
(normative)

Earth-moving machinery — Equipment

Table B.1 to B.8 specify the control type, location, operation requirements and examples for equipment
movements (see Figure B.1).

B1 gwing of boom apd arm (see Table B.1) B5 boom side shift (see Table B.5)

B2 rpising/lowering-(see Table B.2) B6 boom fold/unfold (see Table B.6)

B3 tglescopic/linear extension/retraction (see B7 boom offset (see Table B.7)
Table B.3)

B4 rearwatrd/forward (see Table B.4) B8 blade control (see Table B.8)

Figure B.1 — Equipment
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Table B.1 — Swing of boom and arm

Control type Location Operation requirements and examples
Finger-operated Manufacturer's choice |Moving the proportional control to the right shall move the
proportional control boom or arm to the right.

Moving the proportional control to the left shall move the
boom or arm to the left.

Moving the proportional control forward shall move the
boom or arm to the right.

Moving the proportional control rearward shall move the
boom or arm to the Ieft.

Hand-operated Accessible to the Moving the control to the right shall move the boom'or,arm
two-axis operator’s left hand to the right whereby a button is pressed simultaneously ¢r
multifunction with a toggle function.

control

Moving the control to the left shall move the-bhoom or arm to
the left whereby a button is pressed simultaneously or wijith a
toggle function.

Foot-operatgd Manufacturer's choice |Downward motion of the left side offhe pedal shall swing the
single pedaljcontrol boom or arm to the left.

Downward motion of the right side of the pedal shall swipg
the boom or arm to the right!

For a pedal that is longitudinal in orientation, it is up to the
manufacturer's choice!
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Table B.2 — Raising/lowering

Control type

Location

Operation requirements and examples

single lever control

Hand-operated Manufacturer's choice

Moving the lever rearward shall raise the equipment.
Moving the lever forward shall lower the equipment.

For rear dumper body raising/lowering:

Moving the lever rearward or upward shall raise the dump-
er body.

Moving the lever forward or downward shall lower the
dumper body.

For front dump type dumpers raising/ lowerilllg:

For front dump type dumpers, moving the leveér forward
shall raise the dumper body.

Moving the lever rearward shall lowef-the dumper body.

multlifunction
contfol

Handl-operated Accessible to the
two-axis operator's right hand

Moving the control forward shall execute a dowpward
movement.

Moving the control rearward shall execute an upward
movement.

multfifunction
contfol

Hancll-operated Accessible to the
fourjaxis operator's left hand

Moving the controlipward shall execute an upwpard move-
ment.

Moving the control downward shall execute a dojwnward
movement.

single pedal control

Footioperated Manufacturer's choice

Downward motion of the front of the pedal shall Jower the
equipment.

Dewnward motion of the rear of the pedal shall rfaise the
equipment.

For rear dumper body raising/lowering:

Downward motion of the front of the pedal shall Jower the
dumper body.

Downward motion of the rear of the pedal shall rfaise the
dumper body.

For front dump type dumpers raising/lowering:

Downward motion of the front of the pedal shall faise the
dumper body.

Downward motion of the rear of the pedal shall Ipwer the
dumper body.

© IS0 2020 - All rights reserved
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Table B.3 — Telescopic/linear extension/retraction

Control type

Location

Operation requirements and examples

Hand-operated
single lever control

Manufacturer's choice

Moving the lever forward or to the left shall extend the
equipment.

Moving the lever rearward or to the right shall retract the
equipment.

buttons

Finger-operated

Accessible to the
operator's left hand

Pushing the upper/left button shall extend the equipment.
Pushing the lower/right button shall retract the equipment.

Finger-operated Accessible to the Moving the proportional control forward or to the left shall
proportiona] control operator's left hand extend the equipment.

Moving the proportional control rearward or to thevighlt

shall retract the equipment.

Accessible to the Moving the proportional control forward or toythe right hall
operator's right hand |extend the equipment.

Moving the proportional control reapward or to the left shall

retract the equipment.
Foot-operatgd Manufacturer's choice |Moving the front of the pedal downward shall extend th¢
single pedal fcontrol equipment.

Moving the rear of the pedal downward shall retract the

equipment.

Table B.4 — Rearward/forward
Contrdl type Location Opération requirements and examples

Hand-operated Accessible to the Moving thedever forward shall execute forward motion.
single lever gontrol operator’s left hand Movingithe lever rearward shall execute rearward motion.
Hand-operated Accessible to the Meving the control forward shall execute a forward move¢-
two-axis operator's left hand ment.
multifunction Moving the control rearward shall execute a rearward
control

movement.
Hand-operated Accessible to'the Moving the control forward shall execute a forward mov¢-
four-axis operator'slefthand ment.
multifunction Moving the control rearward shall execute a rearward
control

movement.
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Table B.5 — Boom side shift

Control type

Location

Operation requirements and examples

Foot-operated
single pedal control

Manufacturer's choice

execute offset to the right.

Downward motion of the rear or left of the pedal
cute offset to the left.

Downward motion of the front or right of the pedal shall

shall exe-

Finger-operated
proportional control

Manufacturer's choice

Moving the proportional control to the right shal
boom to the right.

I move the

Moving the proportional control to the left shall move the

booTT to the teft.

Table B.6 — Boom fold/unfold

Control type

Location

Operation requirements-and examples

Footioperated
single pedal control

Manufacturer's choice

Downward motion of the front of the)pedal shall ynfold the

two-piece boom.

Downward motion of the rear’of the pedal shall fold the two-

piece boom.

Fingpr-operated
proplortional control

Accessible to the
operator's right hand

Moving the proportiepal control forward shall un
piece boom.

fold the two-

Moving the proportional control rearward shall fgld the two-

piece boom.

Table B.7 — Boom offset

Control type

Location

Operation requirements and examp

es

Fingpr-operated
proportional control

Manufacturer's choice

Moving the proportional control to the right shal
offset to the right.

offset to the left.

Moving the proportional control to the left shall ¢xecute

execute

Fingpr-operated
buttpns

Manufacturer's choice

Pushing the right button shall execute offset to the right.
Pushing the left button shall execute offset to the left.

Footioperated
single pedal control

Manufacturer's choice

execute offset to the right.

Downward motion of the rear or left of the pedal
cute offset to the left.

Downward motion of the front or right of the pedal shall

shall exe-

© IS0 2020 - All rights reserved
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Table B.8 — Blade control

Control type Location Operation requirements and examples

Hand-operated Manufacturer's choice |Moving the lever forward shall lower the blade.
single lever control Moving the lever rearward shall raise the blade.

Pushing the lever to the most forward position shall float the
blade. The blade moves freely under an external force.

Hand-operated Manufacturer's choice |Moving the control forward shall lower the blade.
two-axis Moving the control rearward shall raise the blade.
multifunction
control MOoVIng The controi to the right shall Jower the right-ian
side of the blade.
Moving the control to the left shall lower the left-hand side of
the blade.
Pushing the control to the most forward paosition shall flpat
the blade. The blade moves freely under an-éxternal forcg.
Finger-operated Manufacturer's choice |Pushing the button shall float the blade) The blade moves
buttons freely under an external force.
Finger-operated Manufacturer's choice |Horizontal proportional controk:

proportionaf control Moving the proportional control to the right shall angle the

blade to the right.
Moving the proportional control to the left shall angle the
blade to the left.
Foot-operatg¢d single Manufacturer's choice |Downward motion of the front of the pedal shall lower the
pedal contrdl blade.

Downward motion of the rear of the pedal shall raise the Hlade.

Finger-operdted buttons|Manufacturer's choice |Pushing the upper button shall angle the blade to the right.
Pushing the lower button shall angle the blade to the left

Pushing the right button shall lower the right-hand side qf
the blade.

Pushing the left button shall lower the left-hand side of the
blade.
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Annex C
(normative)

Earth-moving machinery — Attachment

Table C.1 to C.4 specify the control type, location, operation requirements and examples for attachment
movements (see Figure C.1).

[

Il

Key
C1 dump/curl of bucket or attachment (see Table\C.1)
C2 ftilting of bucket or attachment (see Table\C.2)

C3 1jotation of bucket or attachment (seg-Table C.3)
C4 gpen/close of grippers (see Table C.4)

Figure C.1 — Examples of attachments
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Table C.1 — Dump/curl of bucket or attachment

Control type

Location

Operation requirements and examples

Hand-operated
single lever control

Accessible to the
operator's right hand

Moving the lever rearward shall curl the attachment or bucket.

Moving the lever forward shall dump the attachment or
bucket.

Hand-operated
two-axis
multifunction
control

Accessible to the
operator's right hand

For hoe-type attachments or buckets (Figure C.2):

Moving the control to the left shall curl the attachment or
bucket.

Moving the control to the right shall dump the attachment

or bucket.

Figure C.2 — Control ofhoe-type attachments or buckets
For front loaded attachimeénts or buckets (Figure C.3):

Moving the control to the left shall curl the attachment or
bucket.

Moving the control to the right shall dump the attachmegnt
or bucket.

Figure C.3 — Control of front loaded attachments ¢r
buckets

Hand-operated
four-axis
multifunctio
control

=]

Accessible to the
operator's right hand

Moving the control rearward shall dump the attachmept
or bucket.

Moving the control forward shall curl the attachment or
bucket.

Finger-operated

Accessible to the

aning the prnpr\rfinha] controlrearward shall curlthe

proportional control

operator's right hand

attachment or bucket.

Moving the proportional control forward shall dump the
attachment or bucket.

Foot-operated
single pedal control

Accessible to the
operator's right foot

Moving the front of the pedal downward shall dump the
attachment or bucket.

Moving the rear of the pedal downward shall curl the attach-
ment or bucket.

NOTE For loader applications, the term tilt is commonly used as a synonym for the curl function described in this table.

22
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Table C.2 — Tilting of bucket or attachment

Control type

Location

Operation requirements and examples

Hand-operated
four-axis
multifunction
control

Accessible to the
operator's right hand

Moving the control to the right shall lower right hand side of
attachment.

Moving the control to the left shall lower left hand side of
attachment.

Finger-operated
proportional control

Accessible to the
operator's right hand
(thumb)

Horizontal proportional control:

Moving the proportional control to the right shall lower right
hand side of attachment.

Moving the proportional control to the left shatl lower left
hand side of attachment.

Vertical proportional control:

Moving the proportional control fopward or up shall lower
right hand side of attachment.

Moving the proportional control rearward or doyn shall

lower left hand side of attachmént.

NOTE

In case where tilt and gripper are used simultaneously without rotationj then tilt can be moved tp the location
accegsible to the operators left-hand.

Table C.3 — Rotation of bucket or attachment

Control type

Location

Operation requirements and examples

Footioperated
single pedal control

Manufacturer's choice

Movinigthe front of the pedal downward shall ¢xecute a
clockwise rotation.

Moving the rear of the pedal downward shall ekecute a
counter-clockwise rotation.

Handl-operated
four{axis
multiifunction
contfol

Accessible to the
operator's right-hand

Turning the control clockwise shall execute a cJockwise
rotation.

Turning the control counter-clockwise shall expcute a
counter-clockwise rotation.

Hand-operated
othef

Manufacturer's choice

One lever - rotatable lever control:

Rotating the control clockwise shall execute a ¢lockwise
rotation.

Rotating the control counter-clockwise shall execute a
counter-clockwise rotation.

Fingpr-operated
proportional‘Centrol

Accessible to the

operator's left hand
(thumb)

Horizontal proportional control:

Moving the proportional control to the right shall execute a
counter-clockwise rotation.

Moving the proportional control to the left shall execute a

clockwise rotation.
Vertical proportional control:

Moving the proportional control upward shall execute a
counter-clockwise rotation.

Moving the proportional control downward shall execute a
clockwise rotation.

Finger-operated
buttons

Buttons on separate
levers

Pushing the button on the right lever shall execute a clock-
wise rotation.

Pushing the button on the left lever shall execute a coun-
ter-clockwise rotation.

© IS0 2020 - All rights reserved
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Table C.4 — Open/close of grippers

Control type Location Operation requirements and examples
Finger-operated Accessible to the Horizontal proportional control:
proportional control operator's right hand Moving the proportional control to the right shall open the
gripper.
Moving the proportional control to the left shall close the
gripper.

Vertical proportional control:

Moving the proportional control unward shall onen the
(=] r r r r

gripper.
Moving the proportional control downward shall clos€ the
gripper.
Foot-operatgd Manufacturer's choice |Downward motion of the front of the pedal shall close th¢
single pedaljcontrol gripper.

Downward motion of the rear of the pedal shall open the
gripper.
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Annex D
(informative)

Graders

Table D.1 to D.8 specify the control type, location, operation requirements and examples for grader
movements.

Table D.1 — Circle turn, rotation

Control type Location Operation requirements and-example¢s
Hand-operated Accessible to the Moving the lever forward shall rotaté.the blade coynter-clock-
single lever control |operator's left hand wise (A movement in Figure D.1).

Moving the lever rearward shall votate the blade clockwise (C
movement in Figure D.1).

Hang-operated Manufacturer's choice |Rotating the control clockWise shall rotate the blade clockwise
fourjaxis (C movement in FiguréD.1).
multifunctlon Rotating the control counter-clockwise shall rotat¢ the blade
conttol k A
counter-clockwise (A movement in Figure D.1).
J L

A 2N

Figure D, 13— Circle turn, rotation
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Table D.2 — Blade lift

Control type Location Operation requirements and examples
Hand-operated Accessible to the Moving the lever forward shall lower the right side of blade
single lever control operator's right hand |(A movement in Figure D.2).

Moving the lever rearward shall raise the right side of blade
(C movement in Figure D.2).

AR EEE

Figure D.2 — Blade lift for control with right han

1%

Accessible to the Moving the lever forward shall lower the left side of bladf (A
operator's left hand movement in Figure D.3).

Moving the lever rearward shall raise thedeft' side of blade (C
movement in Figure D.3).

i day

Figure D.3 — Bladg&lift for control with left hand

Manufacturer's choice |Pushing the lever ta.tlie most forward position shall float the
blade. The blade nmroves freely under an external force.

Hand-operated Manufacturer's choice |Moving the control forward shall lower the blade.
two-axis Moving thecontrol rearward shall raise the blade.
multifunction

control
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Table D.3 — Circle side shift, centre shift

Control type

Location

Operation requirements and examples

Hand-operated
single lever control

Manufacturer's choice

Moving the lever forward shall shift the circle or drawbar to
the left (A movement in Figure D.4).

Moving the lever rearward shall shift the circle or drawbar
to the right (C movement in Figure D.4).

Hand-operated

Manufacturer's choice

Moving the control forward or to the left shall shift the circle

two-axis or drawbar to the left (A movement in Figure D.4).
g(l)l;lg(f)llmctlon Moving the control rearward or to the right shall shift the
TiTTie or drawbar to the Tight {CTovement i Figure D.4).
A C
- -—)
Figure D.4 — Circle side shift, centre shift
Table D.4 — Wheel lean
Control type Location Operationrequirements and examples

sing]

Handl-operated

e lever control

Manufacturer's choice

Moving the lever forward shall cause the wheels tp lean to the
left (A movement in Figure D.5).

Moving the léver rearward shall cause the wheels|to lean to
the right (Canovement in Figure D.5).

two
mult
cont

Handl-operated

AXis
ifunction
ol

Manufacturer's choice

Moving the control forward or to the left shall caulse the
whee]s to lean to the left (A movement in Figure D}5).

Moving the control rearward or to the right shall ¢ause the
wheels to lean to the right (C movement in Figure D.5).

Figure D.5 — Wheel lean
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