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Preface

The "stichting Bedriifsgezondheidsdienst voor de
Bouwnijverheid" (Foundation for occupational health
care in the Building Trade), BGBouw, protects and pro-
motes occupationa! health carc forallemployees in the
building trade and associated industry. lndividual ser'
vi@s, in the form of occupational medical assistance,
arc provided by more than fourty affiliated regional
industrial health seMces.ln addition scientific research
is conducted, aimed at practical circumstances, with
the purpose of analysing working conditions in the
building trade and, where neoessary, to point the way
to improvement

With the latter task in mind, BGBouw has instituted
among others an Ergonomics Steering Committee,
which was given the responsibility of setting up ergo-
nomic research proiects, to monitortteir progrcss and
publish the results.
ln imitation of the surveys into tower crane cabins
respectively cabins of mobile cranes, it was decided to
request the Netherlands lnstitute for Preventive Health
Carc-TNO (NIFG) to conduct a similar survey into the
cabins of earthmoving machines.To assist inthis survey,
a sfudy group was constituted, the composition of which
is shown on the adjacent page.The rcsearch consisted
of an inventory of nationa! and intemationaldirectives
and instructions in respect of the Iayout of cabins of
this class of equipment an ergonomic assessment of
38 units of existing equipment and interviews with 32
operators, whercby particular attention was paid to
health, safety and comfort aspects.

The results of this sun ey wete prcsented in a report
"Gabins of earthmoving machines - an elgonomicfield
btudy and constructive recommendations", which was
published by NIFG (in Dutch).

The recommendations of this reportare presented in
this brochurc. Descriptions are given of howergonomie
ally designed cabins of earthmoving equipment will
probably appear in future. This, on the one hand is
important in the design of new machines, while on the
other hand some of these recommendations have their
use when existing equipment is being adapted.

The data presented in this bookletgenerally gofarther
than the minimum conditions applicable in the Nether-
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lands, and which are laid down in standards and govem-
mental publications. Consequently these data do not
represent offi cial requi rements.

Among designers and manufacturers an increased
interest in the ergonomic aspects of cabins has been
noted in recent yearc. This repo( provided active
support by purchasers and users of the equipment is
obtained, can help in channelling the intentions that are
prcsented. Hence this report should be seen, not as a
subiect for discussion, but as a wod<ing document!

December1982
BGBouw



l.lntroduction

Following the surveys into the cabins of tower cranes
(completed end 1979) and mobile cranes (completed mid
1981), the Netherlands lnstitutefor Preventive Health Care
- TNO (NIPG), conducted a similar survey into the cabins
of earthmoving machines. The purpose of this study was
to determine the situation prevailing in 1982 regarding the
cabins of earth moving machinery on the one hand. On the
other hand, recommendations were to be formulated, on
the basis of which ergonomically justified cabins may be
constructed. From this survey an extensive NIPG report
has been prepared*. The conclusions and recommenda-
tions of this report have been summarized in this bro-
ch ure. The common denomi nator "earth movers" covers a
large number of different machines, which, however, all
have in common that they are designed to move soil.
"To move" in this context should be understood to mean
"to work", and not to transport over considerable dis-
tances. This brochure deals with earthmoving machines
in general use in the Netherlands, for road and hydraulic
engineering construction, civil and public engineering
projects, site preparation and for moving soiland mate-
rials. The following machines will be discussed:

Wheel-loader

. PasmooijC.K. and
M.P. van der Grinten.

Cabins of earthmoving
machines - an ergonomic
field study and consiruc-

tive recommendations
(in Dutch).

Netherlands lnstitute for
Preventive Health Care -

TNo, Leiden 1982.

Its principal function is the loading of soil. ln addition
this machine is sometimes equipped with a special
bucket for breaking up paving etc. Self-propelled trans-
port between sites is possible. The wheel-loader
generally loads while on the move, and is stationary
when discharging.
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Hydraulic excavator

The most importantfunction of the hydraulicexcavator
is digging. Different types of buckets can dig various
trenches, holes, embankments etc.These machines may
be mounted on a tracked chassis (the heavier types), or
they may be wheeled (lightertypes). Work is done with a
stationary machine, either, or not, jacked up. Site pre-
paration is carried out on ly by operating th e movi ng eq u i p-
ment, the lifting and the digging arm, and by slewing the
superstructure on the chassis turntable.

Back-hoe loader

This is a combination of the machines described
above. Digging and loading are both possible, but the
moving equipment forthe different functions is mounted
at the front and the back of the machine. Hence the
operator must turn around in the cabin, when he changes
from one operation to the other. The chassis is often



similar to that of the agricultural tractor and these
machines are suitable mostlyforsmall capacities. Digging
is done with a stationary and jacked machine, while load-
ing is performed with a moving machine.

Bulldozer

The principal function is displacing soil, with the
objective of levelling of a site. The bulldozers, when
equipped with a breaker jaw, are also used for breaking
up paving etc. Bulldozers generally are heavily powered
and they are almost always tracked. Their work is done
while moving.

Grader

This type of macine is specially equipped for levelling,
banking, spreading, pushing and making embankments.
Adjustable blades are mounted on the machine at the
lower centre and at the front. These machines can in



many cases be moved by road under their own power.
Work is done while the machine is moving.

Dragline

A dragline is employed when a site has to be excavated,
embankments etc. have to be removed and/or levelled.
The dragline as arule has atracked chassis.Work is done
while the machine is stationary.



This brochure is arranged as follows: Chapters 2{1
elaborate on recommendations which are made for ten
ditferent aspects of these cabins.

Chapter 2:

Chapter 3:

Chapter 4:

Ghapter 5:

Chapter 6:

Ghapter 7:

Ghapter 8:

Chapter 9:

Chapterl0:

Chapter 11:

Accessibility (Hand- and footrests,
platforms, opening of door, emerg-
ency exits)

Outward visibility (windowarea, ref lec-
tions, windshield wipers, angles of
visibility)

Seating acommodation (seat dimen-
sions, adjustability, material, vibration
damping, position of seat in respect
of controls)

Cabin dimensions (freedom of move-
ment, personal comfort)

Operating controls (location, uniform-
ity of operation, control forces, priori-
ties)

Presentation of data (instruments
presenting data regarding machine
condition and earthmoving process,
legibility, location, completeness,
priorities)

lllumination (of cabin, site and moving
equipment)

Noise (with door open and closed,
acoustic provisions)

Mbration and shocks (vibration damp-
ing of tires, wheel suspension,
chassis, cabin mountings and seats)

Climate control and ventilation (tem-
perature, humidity, sun shading, heat-
ing, insulation).



ln the case of recommendationsthat specifically refer
to one or more types of machine, one or more symbols
below the relevant text denote to which type of machine
the relevant recommendation refers.ln several places in
the text reference is made to ISO Standards and their
numbers. At the last page of this brochure these ISO
Standards are listed, together with an explanatory text.
For the description and explanation of these standards,
reference is made to the earlier mentioned NIPG report.
ln the event that earthmoving machines are employed
for hoisting or lifting activities, the safety requirements
stated inthe mobile cranes brochure. shallbeapplicable.
The requirements laid down in the Dutch standards for
cranes, such as NEN 2027 and NEN 2028, shallalsothen
apply.

'Cabins ol mobile
cranes - ergonomic

aspecls. A publication
oI BGBoUw/NIPG-TNO,

Amsterdam/Leiden,
1981.
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2. Accessibility

Good accessibility must be assured, to prevent
accidents while entering and leaving the machine and,
that in case of emergency, the operator is able to leave
the cabin quickly, without difficulty and without having
to jump clear of the machine. The machine should also
provide good access for maintenance activities. Only
recommended access routes and provisionsforthe cabin
are shown in the illustrations below (Fig.2.1).

@ footrests

!Eoo footrests
(not visible)

] 
railins or handhold

'l 
raiting or handhotd

J 
(not visible)

Access routes and provisions of the wheel-loader, the
hydaulic excavator and the back-hoe loader.

Fig.2.1.a.
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Fig.2.1.b.
ACcess routes and provisions of the bulldozer, the grader
and the dragline.

Access routes to cabins
o The access route should at least have reliable vertical

climbing facilities, guaranteeing three-way support of
the operator at alltimes.

. lf the door opening has a height of less than 1700 mm,
immediately outside the cabin, a small platform, or an
enlarged stairtread (350 mm x 350 mm) should be
fitted permitting the operator to stand up straight on
which he may turn around to descend rearwards.
lf a hinged outward opening door is fitted for access
by the operator while standing on the platform, the
platform should be of sufficient dimension to permit
the operator to retain an area of at least 350 mm x
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350 mm on which to stand while freely opening the
door.
A horizontal access route across the chassis or the
wheel arches is recommended, when this results in
improved vertical entry facilities.
The entry route should avoid obstacles which cause
unnecessary or dangerous climbing, as much as pos-
sible. High thresholds in backhoe-loaders, and any
access route crossing the bucket, as in the case of
wheel-loaders with the entrance at the front, should
be avoided.
ln the event that entry to a wheel-loader is designed
at th e f ront, between th e I ift in g mech an ism, th e access
route should be across one of the booms and not
across the bucket or the blade. ln terms of safety,
the entry route must be at least blocked by a door
or bar, until the lifting or tipping mechanism of the
shovel rests on the ground.

Access facilities, general aspects
a ln terms of being able to enter or leave a cabin quickly,

conveniently and safely, stairs are to be preferred to
steps or ladders.

o The first stair tread or rung should preferably be no
more than 400 mm, and certainly not more than
600 mm from ground level. lf the ground clearance
factor makes this necessary, this part of the vertical
entry should be mounted flexibility or be automatically
movable. lf the lowest rung is automatically movable,
it should be possible to mount only, when the hand-
brake is on.

o Footrests should be anti-slip and, where possible self-
cleaning, on account of the possible presence of clay
or mud, and often of oil and grease on shoes.

o On both sidesoftheverticalentry,atsuitable locations,
grips or handholds should be present, providing
adequate support when standing up straight, on each
rung.

. Horizontalaccess routesshould preferablybe600 mm
wide, providing free and safe passage, without the
need of side railings. lf the passageway is unavoidably
narrower, on account of the structure of the appliance,
the passageway in any event should not be narrower
than 300 mm, and a safety railing should be fitted on

13



one side to prevent falls.
Walkways should have self-cleaning and anti-slip
grids, placed slightly higher than the chassis or the
wheel arches, ensuring a self-cleaning etfect.
Stairs, platforms and railings must be abletowithstand
the harsh environment of earthmoving activity, and it
should be possible to replace these simply and con-
veniently, where necessary.

Doors
Where the height of the cabin makes it necessary to
stand on stairs or on a ladder to open the cabin door,
outward opening doors should be avoided.
The configuration of the cabin door should be such
th at u nobstructed passage is possi ble, with out danger
of injury by projections.Thewidth of the dooropening
should preferably be 600-800 mm. This width, to a
height of 770 mm above the cabin floor, should not
be less than 300 mm, and above a height of 770 mm
the width should not be less than 450 mm.
Doorhandles of sliding doors should have a vertical
grip. The height - measured from the place where one
stands when opening the door - to the doorhandle,
should preferably be 900 mm. ln the case of sliding
doors this height, in connection with the force to be
exercised, should be1500 mm maximum,and 800 mm
minimum. ln case of a hinged door the height to the
doorhandle should be 1 500 mm maximum (standing at
ground level1700 mm maximum) and 500 mm mini-
mum.
A wide open door must have a smoothly operating,
automatic latch system, which can be conveniently
unlocked, while seated in the cabin. The latch should
remain reliable, preventing sudden slamming of the
door, even after years of use. Rubber snap locks for
latching should be avoided.
A hand grip must be fitted on the inside of hinged
doors, on the hinged side, to enable the operator to
close a 180o open door. Doors which may fall shut, on
account of their weighl and being fitted at an angle
- as is the case with some wheel loaders with an
entrance at the front - must be equipped with a spring
mechanism which balances the doorweight.
The doorhandle, handholds if any, and the unlatching
mechanism on the inside of the door, must be design-
ed in such a way that these do not present possible
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injury to the operator, while operating the controls of
the machine.
Closed doors must not obstruct outward visibility and
ventilation.
The windshield or the roof window and - in the wheel
loaderswith the entrance atthefront,the backwindow
- should be designed as emergency exits. Their
minimum dimensions in relation to the cabin dimen-
sions should be: width 560 mm, length and height
310 mm.
For further details of the design of stairs, ladders, rail-
ings and doors, reference is made to the standard
ISO 2867 and the relevant chapters in the Dutch
standard for mobile cranes (NEN 2027).
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'The point between the
two eyes. The location
of the relerence point
in the cabin depends

on the height of the
operator and on his

seated position.
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3. Outward visibility

The view that an operator should have from the cabin
during earthmoving operations, plays an important part
in the design of the machine, the cabin, and the seating
arrangements. Next to a good view of the moving equip-
ment, such as the bucket, the digger, blade or other
moving equipment, good visibility to the sides and to the
rear, when slewing or reversing, is important. Obstacles
or persons on the site, in front of, next to or at the rear
of the machine, must be watched closely.
It is recommended that an audible signal will automatically
be given while reversing.
When being driven on public roads, the cabin arrange-
ments in terms of visibility, should conform to the road
traffic ordinance.

Because of the operator being subjected to vibration
and shocks, while driving wheel-loaders, bulldozers,
graders and back-hoe loaders, contorted body positions
should be reduced to a minimum, by fitting inside and/or
outside mirrors, or by installing a CCTV camera and
monitor.

ln terms of the survey targets, the following remarks
and conclusions are relevant.

o Regardingthefield of vision ofthe operatorof anearth-
moving machine, while driving or performing earth-
moving activities, distinction is made between three
aspects:

Field of vision A:
the forward view of the operator in a normal seated posi-
tion, moving his head and eyes only within the limits of
comfort.Thisfield of vision coversa pyramid-shaped area
forward. The top of the pyramid coincides with the refe-
rence pointof the operator'seyes*.The pyramid isflanked
by planes, the positions of which are shown in fig. 3.1.

Field of vision B:
the view of the operator to the sides and behind the
machine, in a normal seated position, using inside and
outside mirrors, or a CCW monitor, placed within field of
vision A (see fig.3.2).



Field of vision G:
the view the operator can obtain, by moving the torso,
head and eyes withinthe maximum movement range.This
field of vision is pyramid-shaped, to the sides and the
rearof the operator.Theirtops coincidewith the reference
point of the eyes. The pyramid is flanked by planes, the
positions of which are shown in fig.3.1.

Fiq.31.
Fields of vision A and C in avertical,
respectively horizontal plane, through
the reference point of the eyes

\

+
I

.: reference point
of the eyes
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Fi9.3.2.
Field of vision B in avertical, respectively horizontal plane,
through the middle of the inside mirrors (forthis illustration
a safety cabin of a wheel-loader, bulldozer or grader was
used)
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. ln respects of fields of vision A, B and C, the following
requirements apply forthe view in general, orthevisibi-
lity of objects or persons in particular (see alsofig.3.3),

Type ot machine

Wheel-loaders
Back-hoe loadeE
(lront)

Hydraulic exevators
Bek-he loade.s
(Ear)
DEgliner

Bulldozers
Graders

Requirements in
field of Yision A

ln addition to the site and
the route Iollowed by the
machine, at least both
extreme corners of the
bucket must be visible,
within its manoeuvring area,
trom the levelling position,
to the dumping position, at
the highest limit of the boom

Next to a lull view ol the
site and the route to be
followed by the machine, at
least the prongs of the
bucket should be visible
throughout the complete
range of lield of vision A.
ln the case ol a
horizontally slewing boom:
also the tull horizontal
range ol Iield oI vision A.

Next to a tull view of the site
and the route to be lollowed
by the machine, at least the
two extreme blade points on
the cutting line ol the
bulldozer, resp. grader
blade and the ground,
should be visible.

Requirements in
field ol vision B

Next lo a panoramic view oI
the site and the route behind
the machine, also while
turning, at least the extreme
ends ol the chassis of the
wheel arches at the rear of
the vehicle, should be
visible. Traffic from the
rear or overtaking vehicles,
should be visible, at actual
size, in the mirrors.

ln the case of slewing super-
structures; with one or
more mirrors, blind spots to
the sides of the super-
structure should be
prevented, and at leasl the
extreme ends of the rear ol
the superstructure should
be visible. ln the case of
hydraulic excavators also:
the blind spot at the front,
next to the boom, should
be obviated lor example
when digging ditches.

Good panoramic visibility
of the site and of the route
behind the machine is
required. ln addition to the
above the requirements laid
down Ior the wheel-loader
should also be applied for
the grader.

Requirements in
field ofvision C

The full range of any
moving equipment f itted,
must be visible, as well as
persons or objects
immediately next to the
machine.

The extreme ends of the
bucket, the jib or the boom
must be visible, even at
extreme high or low
positions of the hoist
mechanism. This also
applies to the extreme ends
of the tracks (lront) and to
persons or objects
immediately next to the
machine.

The extreme ends of the
machine must be visible, as
well as the area oI operation
of moving equipment
mounted on the rear of the
vehicle.

Wheel-loader

Fig. 3.3.a. O utward visibility.

Bulldozet
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inA

)@
inA
(front)

Fis. 3.3.b. O utward v i sib i I W.
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Measures which improve the view in fields of vision A
and C while looking forward, are:

Wheel-loaders, front of back-hoe loaders, bulldozers
. raised position of the cabin on the chassis
. location of control and instrument panels in such a

manner, that these do not obstruct outward visibility
o the fitting of a panoramic windshield, or a type of

window close to it, by means of several flat window-
panes with as few frames as possible, of minimum
width in the direction of view.

o reducing the distance between the eye reference
point and the cabin windows.

o a construction of cylinders and hinge points of lifting
and tilting systems in such a way, that the sides of
the shovel or the blade remain visible at the lowest
position of the mechanism, through a narrow aperture

o locating the cabin as far fonlrrard as possible on the
chassis; on articulated wheel-loaders preferably on
the front section

"#l
o rearward sloping construction of the front wheel

arches

"EH
o making holes in the top of the bucket so that the

prongs of the bucket are at least partly visible

"#
o the narrowest possible construction of the front of the

engine housing
o downward extension of the front window next to the

engine housing

^#A4
Hydraulic excavators, draglines
o greatest possible downward extension of windowso locating control and instrument panels in such a way

that these do not obstruct outward visibilityo fitting a small window in the floor or the side of the
cabin, on the side of the boom or the jib, so that the
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bucket remains in view close to the machine, when
deep pits are being dug

a increasing the distance between the cabin on the
superstructure and the centre of the turntable

Rear of back-hoe loaders
a using a panoramic rear window, or using severalflat

windows, if the boom can be slewed
o using aslideforsideways movementoftheexcavating

system at the rear
o higher location of the cabin on the chassis
o higher position of the operator's seat in the cabin, or

eitending the horizontal adjustment of the seat
towards the rear window.

Graders
o fitting windows down to the cabin floor on both sides

of the chassis beam
o reducing the width of the chassis beam
o locatinglhe control panels on both sides of the seat,

or fitting an adjustable panel in the centre of the
cabin, permitting the controls to be located above the
upper legs.

Measures which improve the view in fields of vision B

and C, towards the rear and sides, are:

Wheel-loaders, bulldozers, graderc
o higher location of the cabin on the chassis
o reducing the distance between the eye reference

point and the cabin windows
o ilacing heavy-duty roof frames, width < 200 rnm, of a

iIOPS-construction (lSO-3471), directly behind the
head of the operator or, if so required, at the corners
of the cabin, where field of vision C merges into field
of vision A.

o fitting a CCW camera as high as possible to the rear
of the cabin, and a monitor on the instrument panel.
The monitor should provide a panoramic view to the
rear, including the area immediately behind the rear
wheels.

o placing the cabin on the front section of an articulated
ivheel-loader, so that during reversing in corners, the
operator can look behind without body contortions.
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panoramic rearwi ndow, or several f lat wi ndows beh ind
the operato/s seat, in wheel-loaders

o anenginehousingwhich reducesinsizeupwardsand
towards the rear.

Hydrau I ic excavators, drag I i nes
o when a low engine housing on the superstructure is

not possible, the location of the cabin in respect of
the engine housing to be higher

o when the engine housing is as high as the cabin, the
cabin should be located to the side of the super-
structure, permitting visibility to the rear, through a
narrow rearwindow

o for visibility when slewing, a CCTV camera can be
located at the top rear of the cabin, with a monitor
inside the cabin.

Front of back-hoe loaders
. higher location of the cabin on the chassis
o locating the frames of a ROPS construction (see

lSO3471) in the symmetrical plane between the two
seat positions in front and in the rear of the cabin.

Other general rccom mendations
o mirrors should be vibration-free and adjustable
o panoramic mirrors within the cabin are less sensitive

to damage
o inside mirrors should be at least 125 mm high and

250 mm wide, slightly convex, radius 600{000 mm,
providing a good panoramic view. The distance from
the eye reference pointtothe inside mirrorshould not
be greaterthan 750 mm, atthe rearmost position of the
seat.

o outside mirrors should be at least 150 mm wide and
300 mm high and strong enough to withstand the
conditions of the construction environment (e.9.
hinged adjustable and fitted with a return spring).

"Efrl
using forward sloping rear wheel arches

"Effif
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o

lf the vehicle is also to be used on public roads, the
mirrors should at least have a partly flat surface, and
be able to reflect traffic from behind at actual size
in connection with the risk of damage outside working
hours, it should be possible to replace these mirrors
simply, and these should have a position indicator,
enabling the operator to adjust the mirror without
assistance from other persons
mechanically driven windshield wipers on front and
rear wi ndows are essential, and these sh ou ld coverthe
greatest possible area of these windows (parallel
movement), including at least the full field of vision A,
and those areas of fields of vision B and C, guarantee-
ing a view of persons or objects close to the machine,
through the inside and outside mirrors
sunvisors of a transparent type should be fitted to
cover the area above the horizon in field of vision A.
Shields, slidesorcurtains must not befitted toopening
parts of a window and must be non-reflective, in order
to avoid parts of cabin or panels to be mirrored. lt is
also recommended thatthe cabin interior be covered
with non-reflecting dark materials
allwindows must be ableto be blown bywarm demist-
ing air
if roof windows are used, it should not be possiblethat
rain water remains standing on these
window panes must be made of scratch resistant
safety glass.
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4. Seating accommodation

These recommendations proceed from the principle
that the operator must be able to do his work seated, and
not standing. Both in order to avoid unnecessary fatigue
and to improve control accuracy, it is important that the
seating is designed in such a manner, that one can
conveniently observe all pointswithin field of vision A (see
chapter 3) for long periods, while comfortable and
accurate control, with both hands and feet, remains
guaranteed. This is especially important when the
operator's seat is equipped with devices which absorb
low frequent vertical vibrations and shocks. ln spite of
large amplitudo's that may occur in the damping
mechanism, contact with the operating controls may not
be lost. Furthermore, the seat must be adjustable, sothat
it will fit both large and small operators. lt is difficult in
technical terms, and economically unattractive, to design
cabins in such a way that these will be suitable for all
physical sizes. Consequently this brochure will consider
the physical sizes of 900/o of the male population, which
corresponds with 500/o of those of the female population
as well.

The seat should offer adequate support to the body,
particularly in view of any violent lateral shocks and
vibrations that may occur. These recommendations relate
closely to those of the chapters "Outward visibility" and
"Vibration and shocks". The following general remarks
refer:

o A reference point SP can be defined, being the inter-
section of two linesthrough thecentreof theoccupied
seat, where back and thighs touch respectively the
backrest and the seat bottom. The back of the heel,
resting on the pedal or the floor, is called the heel
reference point HP (see fig. 4.1).

o The seating accommodation should be designed in
such a manner that it is suitable for operators having
a bu i ld between that of a small (Sth percenti le), and th at
of a large (95th percentile) male. The dimensions must
agree to those of standard ISO-3411.
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seat reference point SP

/'-?tI
heelreference Point HP

Fi9.4.1.
Seat reference point and heel reference point

Two types of operators' seats will be dealt with:

Standard operato/s seat (see iig.4.2.)
This adjustable seat may be equipped with a spring

damping mechanism with modest spring travel (max.
+l- 35 mm). The seat has a wide range of applications
and it can 6e used in most machines which are subject-
ed to a low level of shock and vibration. The controls for
the moving equipment are not incorporated in the seat
adjustment. lf so required, armrests can be fitted.

26
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95o- 1'l o 
o

5o- 1oo

s\
seat controls

Fig. 4.2. Standard operator's seat

Special operato/s seat (see fig. 4.3.)
This adjustable seat is equipped with aspring damping

mechanism with relatively long spring travel (max.
+/- 75 mm) and with cushions and armrests, which
provide extra support to the body and elbows, in condi-
tions where considerable lateral or vertical acceleration
may occur. The spring damping mechanism may be of the
passive variety (non-servo controlled), or it may be an
active (servo controlled) pneumatic or hydraulic system,
and it should at least meet the conditions of chapter 10
"Vibration and shocks". The controls for the moving
equipment should be mounted on the seat structure, and
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theseshould movewith theseatwhenthis isadjusted and
with the spring travel of the seat bottom.

Fig. 4.3. Special operator's seat

Forthe seat dirnensions and adjustment in respect of the
HP, the following specifications apply:
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Seat bottom
o seat width
o depth of seat measured from SP
o rearwards inclination adjustable

between
o height adjustmentfrom SPto

a horizontal plane through HP
(excl. spring travel)

o length adjustment from SP to
avertical plane through HP

o maximum spring travel

Seat back
o width of seat back
o height of seat back,

measured from SP
o angle between seat back and

horizontalplane

Armrests
o length to the intersecting plane

of back and seat back through SP
o angle adjustment in respect of

a parallel plane to the
intOrsecting of back and seat
backthrough SP

o distance from the highest position
of the unoccupied seat cushion
to the same plane through SP

o distance from the highest position
of the unoccupied seat cushion
to a horizontal plane through SP

o length of the cushions
o distance between the cushions of

the left and the right hand armrest:
inside
outside

standard seat

430 -450 mm
400 - 430 mm

5 -10p

350 - 425 mm

550 - 700 mm
*35 mm

-35 mm

400 - 430 mm

450* - 550 mm

95 -1100

specialseat

430 - 530 mm
380 - 410 mm

5 -10p

325 - 400 mm

550 - 700 mm
*75mm
-75mm

400 - 530 mm

450* - 550 mm

95 -110p

200 mm

90 - 100"

150 mm

250 mm
) 130 mm

min.400 mm
approx.600 mm

* when bacl<wards looking is frequently required.
** 

if armrests are req ui red, the measurements given forthe
special seat can be used.
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Other rccommendations
o the seat must have rather firm cushions, with a heat-

insulating, wear-resistantand ventilating covering.The
cushions should be softer, if it cannot be avoided that
high frequency vibrations of the engine or the trans-
mission ire transferred through the seat frame. The
backrest and the seat cushion must be shaped anato-
mically, with an adequate, if necessary adjustable,
support for the lower back.

o Headrests need only be fitted in case of violent rocking
or shocks during oPerations.

o Sprung seats should at least have an adjqsli-ng
mechanism for the weight of the operator (500 -
1100 N), unless an automatic weight adjustment has
been incorporated.

o ln safety cabins (ROPS construction according to
ISO 3471) a safety'belt must be fitted.The belt should
be of the inertia type, and fitted to the seat structure.
Except in the case of the machine rolling oversudden-
ly,the safety belt must beableto hold the hip andtorso
ih position, during sudden upward, lateral or forward
and rearward movement while driving in rough terrain
(see also ISO/DIS 6683).

o All seat adjustments must be possible to be etfected
without using tools, and from the seated position.

o ln bulldozers it is recommended to design the seat
with the operating controls in such a way that it can be
rotated in the horlzontal plane over 15" both to the left
and to the right. lt is necessary that the seat can be
fixed in any position.

o For back-hoe loaders, having an operating position
both in the front and the back of the cabin, the above
requirements apply to each operating position indivi-
dually. ln the case of limited length oJ a cabin the seat
shouid be capable of being swivelled through 180e.
lf the cabin is of adequate length, two separate seats
must be incorporated, providing good downward visi-
bility at the back, with each seat as close as possible
to the window.
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5. Cabin dimensions

The basic dimensions forthe clear space required for
the operator in the cabin are partly based on the standard
tso 3411.
o The minimum clearwidth of the cabin interior must be

920 mm. ln very few isolated cases, where a machine
is in operation only a few hours per day - such as in
non-articulated wheeled shovel loaders or in very
small hydraulic excavators, the cabin may be narrow-
er, but in no case less than 750 mm. ln such instances
special attention must be paid to the location of the
operating controls.

o The height of the cabin must be such, that a large
operator (95th percentile, see standard ISO 3411),
wearing a helmet, and at the highest seat position,
must have adequate headroom.This height should be
at least 1070 mm above the seat reference point (SP)
at the top spring stroke of the seat adjusted in the
highest position. These minimum dimensions also
apply in the case of open front or rear windows, when
such awindoq including its fittings, is opened against
the roof.

o The front of the cabin wall or of any structural parts
fitted to the inside front wall, must leave adequate
space for a large operator to be able to stretch his
legs. The distance from the front of the cabin, at the
level of HP shall be a minimum of 400 mm. From the
centre line of a brake or clutch pedal, operated by the
ball of the foot, the distance to the front of the cabin,
or the aforementioned structural parts, should be
150 mm.

o The distance from the rearwallof the cabin, orfrom the
reinforced rear safety-structure frames, to the head of
the large operator (95th percentile, see ISO/DP 3411),
seated in the rearmost position, should be a minimum
of 200 mm. This does not apply to back-hoe loaders.

o The cabin should preferably include some storage
space, with an automatically locking lid, for tools.
A first-aid kit and a fire extinguisher (at least 7 kg for
a d ry powder exting uish er), must be f itted f irmly, sothat
these cannot become dislodged by shocks or by the
machine rolling over. A provision for the hanging of
clothing should also be included.

o A lockable storage cabinet for documents, manuals,
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personal etfects, foodstutfs etc. must also be provided-
Next to, or between th e pedals, anti-skid surfaces m ust
be fitted, inclining upwards and forwards at an angle
of 20pfromthe hoiizontal, in such amannerthatthefeet
can rest on these comfortablY.
The finish of the cabin should be such that one cannot
easiU bump into the steering wheel and housing, the
cabin structure, gear lever, panels, handholds etc.
Sharp projecting parts, such as doorlocks, must also
be avoided.
lf work with earthmoving equipment is being done,
whereby there is a risk of objects falling onto the cabin
roof, the cabin should be designed in a mannerwhich
meets the requirements of the standard tSO 3449
(FOPS).
Cabind of wheel-loaders, graders, bulldozers and
back-hoe loaders must have a sturdy construction,
wh ich protects th e operator i n th e event of the mach ine
rolling over. This construction should meet standard
rso 3471 (ROPS).

^#r\ A #h
ln back-hoe loaders with a seat moving through 18f,
there should be legroom of 200 mm while turning,
between the front of the seat cushion in the foremost
position, and the vertical plane of the wheel arches of
the rear wheels. There must be room forthe feet of at
least 300 mm.
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6. Operating controls

ln addition to the requirements regarding the location
of operating controls in the most comfortable areas, such
as those of standard ISO 6682 (see fig. 6.1.), further
recommendations are also important.
These recommendations also relate to add itional req u i re-
ments, as a consequence of visibility, springing and
damping of the seat, cabin dimensions, the use of safety
belts which may limit the freedom of movements and
possible necessary extra stabi I isation of the work postu re
by the feet. The starting point is a cabin which is placed
in the centre, or left of centre, of the chassis or super-
structure.

6.1 Operating controls for driving

The layout of the operating controls for driving should
be seen in conjunction with those for the operation of the
moving equipment (bucket or blade), lifting- and digging
arm, boom, jib or slewing gear.

Machines with steering wheel

(see a/so tig.6.1 and 6.2)

o The steering column should form a sharp angle (cv) to
the horizontal towards the driver; this angle should
have the following value:
wheel-loaders, wheeled
hydraulic excavators
back-hoe loaders (with steering knob) a:20 -25"graders cv:50 - 60P

o The diameter of the steering wheel must be 350 -
400 mm. ln the case of a mach ine with indirect steering,
a rotating spherical handhold should be fitted on the
steering wheel (diameter sphere: 35 - 45 mm).

o The knees of the large operator (95th percentile - see
standard ISO 3411) must be able to pass comfortably
underneath the steering wheel and/or column, in
terms of accessibilitytothe seat. Forthe location of the
steering wheel in the cabin, the following requirements
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Dimensions of the seat*; seat and operating control(s)
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apply: the horizontal distance between the lowest
point of the steering wheel and avertical plane through
HP, should be 250 mm. The vertical distance from that
point on the steering wheel to a horizontal plane
through HP, in the case of a standard seat, should be
700 mm, and in case of a special seat, the steering
wheel and any gear levers located immediately below
it, should be height adjustable between 575 and
650 mm.

o The gearchangeandthechangeof directionfunctions
should preferably be combined in one selector lever.
The control forces of this lever should be between
5 and 20 N. The levershould be designed and located
as follows: as steering column gear change on the left
of the steering column in wheelloaders and back-hoe

c
e

EE.Eo
SEo=
b-e
ECo=EO
R,E
6.3

* These dimensions apply to special seats with a spring travel between 70 and 1SO mm. 35



loaders; floor-mounted on a separate console left of
the operator's seat in bulldozers and graders; to
the right of the operator's seat in wheeled hydraulic
excavators.

"8ffi1 ro^#,I A deh
Maclrines with steering lever
o The directional control of tracked machines, orwheel-

ed machineswith swivelsteering, should be executed
as a cross-control lever. The direction of movement
should coincide with the movement of the machine,
in such a mannerthatduring driving and manoeuvring,
the moving equipment can also be operated; it may be
necessary to install two double-operative pedals,
which areautomatically out of functionwhenthe lever
is being operated.

Pedals
o The number of pedals should be limited to a minimum.
o ln bulldozers, pedals should be omitted, enabling the

operator to brace himself by means of special foot-
rdsts against aforward inclination of the machine.

o

a

a
o

The location of the pedals and their dimensions are
shown in fig.6.1. The pedals should be placed within
the areas laid down in standard ISO 6682.
The accelerator- c.q. decelerator pedal and the brake
pedal should be placed right of centre.of the cabin.
ihe accelerator pedal and frequently used brake
pedals, such asthose of wheel-loadersand draglines
Should be exclusively foot-operated and their opera-
tion should be light and within comfortable angles of
th e ankle joint. Th-e ang le between i nstep and sh i nbone
must not-be less than 80p and no greater than 100p;
(air) powered operation is to be preferred..
lf pilisible the ciutch should have automatic operation.
The control force of the pedals should be between
30 and 50 N for foot operation, and between 50 and
100 N for operation bY foot and leg.
ln wheel-loaders, graders and back-hoe loaders, the
accelerator pedalshould have a raised edge enclos-
ing the hee[(n :10 mm), in connection with heavy
lateral swaying and shocks. The other pedals have
self-cleaning surfaces.
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6.2 Operating levers for
earthmoving and slewing system,
if present

Cross-control levers
o lt is recommended that cross-control levers be fitted

forfrequently used operating controlswhich also must
be able to be worked in combination, according to the
layout presented in fig. 6.3 (pages 40 and 41).

o For the location of cross-control levers in the cabin,
the following requirements apply, in the case of:
a standard seat (see fig. 6.1):
- height from the grip to a horizontal plane th rough HP

550 - 600 mm
- horizontal distance from the grips in neutral position

to a vertical plane through HP 250 mm
- horizontal distance between the grips of two cross-

control levers in neutral position 600 - 650 mm
a special seat (see fig. 6.2):

- height from the grips to a horizontal plane through
SP 220-27Omm

- horizontal distance from the grips in neutral position
to a vertical plane through SP 375 mm

- horizontal distance between the grips of the two
cross-control levers in neutral position

600 - 650 mm
o The maximum movement of the levers should be

75 mm out of the neutral position (zero position) in all
directions.

o The grips of the levers should be spherical (diameter
of the sphere 35 - 45 mm).

o The design of the levers should be such that a
compounded movement can be achieved (e.9.100%
digging boom velocity, combined with 50% slewing
velocity).lt is advisable to automatically linkthe engine
rpm to the required power of one or more hydraulic
systems, so that th rottle operation d u ri ng earth movin g
activities becomes superfluous. When the levers are
released, these should automatically return to the
neutral position. NfTF _nA &
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The cross-control lever for operating the bucket and
the lift boom should operate in such a mannerthatthe
lever may be released, when the lift boom or the
bucket have been set in movement thus freeing the
hands for driving. When the lift boom or the shovel
has reached a predetermined position, the lever
should automatically return to the inactive position.

o The lift arm operation should have a floating position,
for levelling with bucket or blade while reversing.

,fl d*h
o The controlforce of cross-control levers should be a

minimum of 5 N (artificialfeel) and a maximum of 20 N.

o The construction of the levers should be such that a
hand restin g on one of the levers does not effect activa-
tion. Unintentional touching of a lever should not result
in movememtof the machine.

o The levers, and the panels or consoles on which these
are mounted, should be located in such a way, that
these do not obstruct accessibility to the seat, or out-
ward visibility. lf necessary, an adjustable or folding
lever or console should be fitted.

Oherlevers
. lf in special cases an extra control - such as for the

operation of additionalmoving equipment - is necess-
a[r, this should preferably be placed to the right of
thb lever at the extreme right. ln this case this lever
should be longer than the cross-control lever. Less
frequently used levers, for exemple those for the
operation of the tracks, can also be located imme-
diately next to the seat, between the cross-control
levers and the seatback.ln this casethe leversshould
be shorter than the cross-control lever'

o Levers intended for just one function and which are
moved forward and rearward, should have a maximum
stroke of approx. 75 mm from the zero position. ln this
case a controlforce of 40 N is permissible'

Otrer rcquirements
o lf the lbcation of a lever on the door side cannot be

avoided, it must be possible to fold it down to ensure
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good accessibility. The control function must be
switched off automatically when the lever is folded
down.

o On the slewing lever and/or the driving lever a push-
button must be fitted for a separate horn.

o ln the event of a foot-operated slewing brake being
required, this should be placed immediatelytothe left
of the centre of the cabin, in the area designated in
standard ISO 6682.

o Pedals for the operation of moving equipment should
be avoided. lf this is impossible, these should operate
in such a way that they can only be operated by a foot
movement. Attention should be paid to a comfortable
angle between shinbone and instep (80{00p). The
control force should be between 30 and 50 N. The
pedaleshould also be located inthezone laid down in
rso 6682.

o Next to, or between the pedals there should be
adequate space to rest the feet comfortably.

o The function of all operating controls should be shown
clearly in the local language and/or with clearly
recognizable symbols, in accordance with standard
rso/Drs 6405.

Other operating controls
o lf operating controls are mounted on panels that must

be reached while driving and wearing a safety belt,
these should bewithin arm's reach. See also standard
ISO 6682 forthe areas of maximum arm's reach.
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7. lnformation presentation

ln addition to information presentation, particularly in
respect of engine condition, drive and energy generating
systems and driving, operating controls incorporated in
the instrument panels, are also dealt with.
Next to the instructions which have been laid down in
standards ISO 6011 and ISO/DIS 6405, regarding the
necessary instruments, their lay-out in panels, instru-
ment design and the symbols to be used, the following
recommendations apply:
a lnstruments, such as gauges, indicators and alarms,

should be mounted in panels in front of, or next to the
operator, preferably in field of vision A. These panels
should be located in such a mannerthat these do not
obstruct outward visibility unnecessarily.

o Theinstrumentsshould bevisible,whentheoperatods
hands are resting on the steering wheel or on the
operating controls of the moving equipment.

o lt is advisable to fit an audio or visual "central alarm"
indicator, drawing the operator's attention, when the
condition of the machine threatens to exceed the
normal operating range.

o ln back-hoe loaders an audio signal is imperative, as
the machine is often operated with the sealfacing the
rear.

. lf the cabin of an articulated wheel-loader is mounted
on the front section, an indicator on the instrument
panel should show the position of the rear section in
relation to that of the front section.

A central alarm also makes it possible to mount instru-
ments at other locations in the cabin than those
mentioned.This may be usefulin connectionwith the
limited rooms available for a large number of gauges.
tnstruments should be grouped in an instrument panel
that is at right angles to the direction of vision.
All indicators, gauges or switches must have indica-
tions or symbols which clearly show their function
(see standard ISO/DS 6405).

a

o
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The instruments should be illuminated and the lumin-
ance should be adjustable in such a way, that they
can be read both in daytime and during darkness.
They must be designed and located in a mannerwhich
avoids annoying reflections in the windows.
Panels should be made of a matt, dark material, also
preventing reflections.
Earthmoving machines which are being driven or
worked on banks and slopes, should be fitted with an
acoustic alarm, which gives warning when the safe
angle of inclination is exceeded.
Provision must be made to checkth e correct operation
of signal lights and acoustic alarms.
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8. Lighting

Efficient lighting on the machine, illuminating the site
both in front and to the rear of the machine, must be
provided. ln addition, effective lighting of the cabin and
instruments is essential. lrrespective of lighting required
for driving on public roads, the following site illumination
aspects are important.

8.1 Site illumination

Whee!-loaders, bulldozerc, graderc, front of back-hoe
loaders
o At the front a site lighting system should be mounted

which can illuminate at least the extreme ends of the
bucket or blade in high, low or lateral positions (broad
beam), as well as the direction of travel (long range).

o ln articulated wheelloaders lights must befitted sothat
the light beams turn with the front section of the
machine.

"EH
For reversing, the direction of rearward travelshould
be lighted by long range lamps. Such lights should be
switched on and off automatically when the direction
of travel is reversed, so that personnel on the site are
not blinded unneccessarily.
ln articulated wheel-loaders the lighting to the rear
should befitted in a manner permittingthe light beams
to turn with the rear section of the machine.

Hydraulic excavatorc, draglines and rear of back-hoe
loaders
o On the cabinm the lift boom and the digging boom,

lights must be fitted wh ich illuminate the digging boom
and bucket in both high and low positions.ln general
broad beam lamps may be used - in the case of drag-
lines at the top of the jib.
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General
r Site lighting should be suoh that parts of the tift

mechariisrir or of the chassie do. not projecil into the
light beams.

r The illumination of the location of the bucket should be
efficient.
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8.2 Other lighting

The cabin should incorporate nonglare interior light-
ing, providing ulluminairce of approxlm"tety 100 lux.
ndfdcting surfaces within the cabin should be avoid-
ed.
The instrument- and control panels should have
localized illumination, with adjustable luminance' A
battery lamp of adequate capacity should be perman-
ently located in the cabin.
The cabin should also have a socketforan inspection
lamp (for repairs etc.).
for'sdve entering and leaving the acces routes shall
be provided with illumination.
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9. Noise

o
a

Overthe years an operator may be subjected to noise
for 8 hours per day or more. The safe equivalent noise
Ievel is Leq : 80 dB(A). Account should be taken of
noise levels within cabins while driving, or performing
earthmoving activities. Lower levels are advisable,
in order to facilitate communications between the
operator and others on the site.
When attempting soundproofing, one should aim at
noise reduction as nearas possibletothesource (low-
noise engi nes, the g reatest possible d istance behieen
engine and cabin, engine compartment lined with
soundproofing material). The engine compartment
should be designed with a view to simple ind ade-
quate removal and installation.
Dominating "pure tones" should be avoided.
By preference the cabins of articulated wheelloaders
should be mounted on the front section, thereby
reducing noise transmission from the engine.
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10. Mbration and shocks

Enqinevibration
o If there is a possibility that engine vibrations penetrate

into the cabin, the latter should be mounted on good
quality vibration damPers.

Mbration orshocks as a consequenoe of the operation
of moving equiPment
o The hytraulib cylindersforthe operation of thedigging

boomor bucket should have shockabsorbing stops.
r The construction of the moving equipment must not

permit extended movement of bucket or boom, in the
bvent of small movements of the operating controls.

o ltisrecommendedthatback-hoeloadersandwheeled
hydraulic excavators have jacks.or a stabilizer, to
a6sorb shocks and vibration, resulting the suspension
of the machine or of its tyres, during excavating
activities.

ro -nA
Mbration orshocks as a consequenoe of driving

Severe vertical or h orizontal vibrations may occu r wh ile
driving in rough terrain or on roads under construction'
ln con-nection with human sensitivity to lengthy exposure
to vibration and shocks in the low frequency range of
1-2OHz, it is most important that vibration and shocks are
dampeil outas mucli aspossible,and ascloseas possible
to thb source. When feasible a system of suspension and
damping between the axles and the chassis, which can
Oe dcfSO while operating the moving equipment should
be fitted. lf vibrations cahnot be damped close to the
source, damping of the cabin or of the seating- sy-s.tgm

should'be piovided.* lt can be seen from existing liter-
ature, that most seats on the market at present , are 1ot
satisfactory, as these may resonate. The following
recommendations for the damping of vertical vibrations
apply to the damping of the seating system:

o The vibration frequency of the "seating system" in a
vertical plane shall be not more than half of the lowest
dominant vibration frequency of the earth-moving
machine while working underthe most severe condi-
tions. ln terms of operation of a wheeled earthmoving

* "Seating system" is
understood to mean the

seat, occupied by a
oerson, takinq into

account the distribution
ol body weight.
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machine such conditions generally result in a greater
than usual spring travel. This should not be greater
than 75 mm above and below the rest position of the
occupied seat (see also chapter 4 Seating accommo-
dation and chapter 6 Operating controls).
ln order to absorb sudden or severe vibration and
shocks a progressive damping force should be
applied. lf a passive damping system cannot achieve
this, an active damping system (with servo-operation)
should be used.
The seat should have adequate damping in the ex-
treme position, preventing severe shockforces in the
event of possible bottoming.
The "dry friction" of the spring-damping mechanism
of the seat should be kept at a minimum.
Preferably an automatically controlled weight adjust-
ment of the seating system should be incorporated,
on the basis of the experience, that one is inclined
to set the suspension too "hard".
The spring damping mechanism of the seat should on
no account be such, that vertical damping is converted
into a rebound in a horizontaldirection.
Theadjustment mechanism of theseatand of itscabin
floor attachments should be such, that the seat does
not show any play in the adjusted position, preventing
unnecessary shocks.
The spring damping mechanism must remain resistant
during a period of several years, against the often
rough conditions, and simple replacement must be
possible.
Seating systems must also satisfy as a minimum the
requirements of the provisional standard ISO/DIS
7096. The Kz-value used in th is standard, sh ou ld h ow-
ever be less than, or equal to 12.
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11. Climate and ventilation

Climatic and ventilation aspects of the cabin deserve
the necessary attention. As a consequence of the
necessarily large window areas, during summertoo much
heat may 6e generated, and during wintertoo much loss
of heat may occur. Hence an airconditioning systemJor
the cabin- should be considered. For earthmoving
machines which are frequently used in rough conditions,
whereby in dry periods dust may enter the cabin, such
a system, inc-orporating an air filter, is essential. The
following requirements must be met.
o A fai'heiter should be fitted in the cabin in a fixed

location. During mild frost (to -5o C) an average
temperature of 18o should be achieved in the cabin.
I n that case th e difference between th e airtem peratu re
at f loor level and that at ceiling level should not exceed
50 c.

o The fan heater should draw in cold outside air and
discharge warm air. Air velocities within the cabin
should not exceed 0.25 m/s. Combustion gases must
not be permitted to enterthe cabin.

o The heater should have adequate capacity to keep
windows free of condensation and, in the case of frost,
free of ice.

a ln unglassed areas, wall panels, ceiling and floor must
be provided with heat insulation coverings.

o Spdcial attention should be paid to draught-free
closures and to the necessity of keeping doors,
wind ows, hatches and tru nkin g of control rods, circu its
or cables in the floor and walls of the cabin, closed
during long periods. lf there is no airconditioning
system, the cabin should have at least two opening
windows permitting a cross flow of air. lt must be
possible to lock these windows in various positions,
by means of a locking device.

o The cabin should have a provision to direct a cool
airflow, at controllable velocity, at the operator's head.

o ln dusty conditions a pressurized cabin should be
used.
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List of standards of the lntemational organisation for standardization
0SO), to which reference is made in the telrt

ISO 2Gl1 Guide for the evaluation of human exposure to whole-
body vibration, 1978

ISO 2867 Earth-moving machinery -Access systems,1g76

6O/DP 3411 Earth-movingmachinery-HumanphysicalDimensionsof
ISO 3411 Operators and Minimum OperatorSpace Envelope,1g79

ISO 3449 Earth-movingmachinery-Fallingobjectprotectivestruc-
tules Laboratory tests and performance requirements,
1979 (FOPS)

lso 3471 Earth-movingmachinery-Rolloverprotectivestructures-
Laboratory tests and performance requirements, 1975
(ROPS)

ISO 6011 Eart-h-moving machinery - Operating instrumentation,
1978

lso/Dls 6405 Earth-moving machinery - symbols - operator controls
and others,1980

lso 6682 Earth-movingmachinery-Zonesofcomfortandreachfor
controls,1980

lso/Dls 6683 Earth-moving machinery - seat belt and seat belt ancho-
rages,1980

lso/Dls 7096 Earth-moving machinery - operator seat - measurement
of transmitted vibration, 1980

List of standards of the Nederlands Normalisatie lnstituut to which
rcfierence is made in the text

NEN 2027 Mobile cranes: constructional requirements relating to
safety,1982

NEN 2028 Hoistingcranes:automaticlimitingdevices,lgS2
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