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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, govern-
mental and non-governmental, in liaison with I1SO, also take part in the work. ISO
collaborates closely with the International Electrotechnical Commission (IEC) on all
matters of electrotechnical standardization.

Draft International Standards adopted by the technical committees are circulated to
the member bodies for approval before their acceptance as International Standards by
the 18O Council., They are approved in accordance with ISO procedures requiring at
least 75 % approval by the member bodies voting.

International Standard I1ISO 5700 was prepared by Technical Committee ISO/TC 23,
Tractors and machinery for agriculture and forestry.

This third edition cancels and replaces the second edition (ISO 5700 : 1984), of which it
constitutes a technical revision (see the Introduction).

Annexes A, B and C form an integral part of this International Standard.
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Introduction

0.1 In the revision of this International Standard to adopt ‘‘Seat Index Point” (SIP) in
place of “Seat Reference Point”’ (SRP), the mean seat position is used in accordance
with ISO 5353. The seating position is therefore moved to the mean horizontal from
the rearmost position used in previous editions. Half the minimum horizontal adjust-
ment as stated in 1SO 4253 is the adjustment figure used.

To adopt the seat index point (SIP) in place of seat reference point (SRP), the relation-
ship of SIP 90 mm above and 140 mm in front of the SRP has been used. This relation-
ship should be used when converting from SRP to SIP or vice versa.

The 1980 edition of ISO 3462, Tractors and machinery for agriculture and forestry —
Seat reference point — Method of déetermination Used a‘rélationship of \SIP197 Imm
above and 130 mm in front of the seat reference point. In"a practical comparison;
however, it was found that the 90 mm vertical and the 140, mm horizontal relationship
gave the most accurate conversion.

Variation from the 1980 edition of ISO 3462 is due to

a) seat cushions not being horizontal in“practice’
b) seat cushion angle to backrest not being 90°;

c) curvature of the backrest placing the SIP device slightly forward of the SRP
device.

0.2 Testing of protective structures for wheeled tractors for agriculture and forestry
aims at minimizing the likelihood of driver injury resulting from accidental overturning
during normal operation of the tractor.

The strength of the protective structure is tested by applying static loads to simulate
actual loads which may be imposed on the cab or frame when the tractor overturns
either to the rear or to the side without free fall. The tests allow observations to be
made on the strength of the structure and the attachment brackets to the tractor and
also of the tractor parts that may be affected by the load imposed on the structure.

Annex A gives requirements for providing resistance to brittle fracture at reduced
operating temperature.
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Wheeled tractors for agriculture and forestry — Protective
structures — Static test method and acceptance

conditions

1 Scope

This International Standard specifies a static loading test
method and the acceptance conditions for protective struc-
tures (cab or frame) of wheeled tractors for agriculture and
forestry.

It applies to tractors having at least two axles for pneumatic-
tyred wheels, with or without track attachments, and with a
tractor mass not less than 800 kg and not more than 15 000 kg.

NOTE — The limit of 15 000 kg on the tractor mass is based on the
extent of research to date. Further studies are required to obtaimthe
basic data to be used for a new edition of this/International Standard,
which will include tractors with a mass of more than 15 000 kg.
However, this International Standard may be considered for usé for
tractors with a tractor mass greater than 15 000 kg until the new edi-
tion of this International Standard has been agreed.

The minimum track width of rear-wheéls'should“generally°be
greater than 1 150 mm. It is recognized that there may ‘be
designs of tractors, for example, lawn-mowers, narrow
vineyard tractors, low profile tractors used in low buildings with
limited overhead clearance, orchards, etc., stilt tractors and
certain forestry machines such as forwarders, for which this
International Standard is not appropriate.

2 Normative references

The following standards contain provisions which, through
reference in this text, constitute provisions of this International
Standard. At the time of publication, the editions indicated
were valid. All standards are subject to revision, and parties to
agreements based on this International Standard are encouraged
to investigate the possibility of applying the most recent
editions of the standards indicated below. Members of IEC and
ISO maintain registers of currently valid International Stan-
dards.

1SO 612 : 1978, Road vehicles — Dimensions of motor vehicles
and towed vehicles — Terms and definitions.

ISO 4253 : 1977, Agricultural tractors — Operator’s seating
accommodation — Dimensions.

ISO 5363 : 1978, Earth-moving machinery, and tractors and
machinery for agriculture and forestry — Seat index point.

3 Definitions

For the purposes of this International Standard, the following
definitions apply.

3.1 protective structure : Cab or frame for the protection
of drivers of wheeled tractors for agriculture or forestry by
minimizing the likelihood of driver injury resulting from acciden-
tal overturning during normal operation.

NOTE — The protective structure is characterized by providing space
for the clearance zone either inside the envelope of the structure or
withimaspacebounded by a series of straight lines from the outer edge
of the structure to any part of the tractor that might come into contact
with flat ground and that is capable of supporting the tractor in that
pasition if the tractor overturns.

3.2 tractor mass : Mass of the unladen tractor in working
order with-tanks|and radiators full, protective structure with
cladding;, and any track equipment or additional front-wheel
drive components required for normal use. The operator,
optional ballast weights, additional wheel equipment, special
equipment and loads are not included.

3.3 reference mass : Mass, not less than the tractor mass
(see 3.2), selected by the manufacturer for calculation of the
energy inputs to be used in the tests.

3.4 horizontal loading test : Application of a horizontal
load to the rear, front and side of the structure.

NOTE — As loading continues, the cab/frame deformation may cause
the direction of loading to change. This is permissible.

3.5 crushing test : Application of a vertical load through a
beam placed laterally across the uppermost members of the
protective structure.

3.6 longitudinal median plane (of a vehicle) : See
ISO 612.

3.7 vertical reference plane (of a vehicle) : Vertical plane
generally longitudinal to the tractor and passing through the
seat index point and the steering-wheel centre.

NOTE — Normally this reference plane coincides with the longitudinal
median plane of the tractor.
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4 Symbols

The following symbols are used in this International Standard:

m, = reference mass, as defined in 3.3, in kilograms

D = deflection of the protective structure for the
calculated basic energy required at the point of,
and in line with, the load application, in millimetres

F = static load force for the calculated basic energy re-
quired, in newtons

Frax = maximum static load force occurring during
loading (excluding overload), in newtons

E = energy input to be absorbed during side loading,
in joules

E; 1 = energy input to t_)e apsqrbed during first
longitudinal loading, in joules

E,, = energy inputto pe at?sorbed during a second
longitudinal loading, in joules

F, = applied force at rear in the crushing test, in
newtons

Fs = applied force at front in the crushing test,
in newtons

5 Apparatus

5.1 Horizontal loading tests

5.1.1 Material, equipment and attachment means to en-
sure that the tractor chassis is firmly fixed to the ground (and
supported) independently of the tyres.

5.1.2 Means to apply a horizontal force to the
protective structure, such as shown in figures 2 and 3,
complying with the requirements of 5.1.2.1 to 5.1.2.4.

5.1.2.1 It shall be ensured that the load can be uniformly
distributed normal to the direction of loading and along a beam
of length between 250 and 700 mm, in an exact multiple of
50 mm.

5.1.2.2 The edges of the beam in contact with the protective
structure shall be curved with a maximum radius of 50 mm.

5.1.2.3 Universal joints, or the equivalent, shall be incor-
porated to ensure that the loading device does not constrain
the structure in rotation or translation in any direction other
than the loading direction.

5.1.2.4 Where the protective structure length, covered by the
appropriate load-applying beam, does not constitute a straight
line normal to the load application direction, the space shall be
packed so as to distribute the load over this length.

5.1.3 Equipment to measure force and deflection along
the direction of application of the force and relative to the trac-
tor chassis. To ensure accuracy, measurements shall be taken
as continuous recordings. The measuring devices shall be
located so as to record the force and deflection at the point of,
and along the line of, loading.

5.1.4 Means to prove that the clearance zone has not been
entered during the test. A measuring rig based on the clearance
zone as shown in figure 5 can be used.

5.2 Crushing tests

5.2.1 Material, equipment and attachment means to en-
sure that the tractor chassis is firmly fixed to the ground (and
supported) independently of the tyres.

5.2.2 Means to apply a downward force on the protec-
tive structure, such as shown in figure 4, including a stiff
beam with a width of 2560 mm.

5.2.3 Equipment to measure total vertical force applied.

5.2.4 Means for proving that the clearance zone has not
been, entered;during thestest. A measuring rig based on the
clearance zone'as shownin figure 5 can be used.

6 Preparation of tractor and protective
structure

6.1 /'The protective structure shall be to production specifi-
cations and shall be fitted to the appropriate tractor model
chassis in accordance with the manufacturer’s declared attach-
ment method.

6.2 The assembly shall be secured to the bedplate so that the
members connecting the assembly and the bedplate do not
deflect significantly in relation to the protective structure under
loading. The assembly shall not receive any support under
loading other than that due to the initial attachment.

6.3 A track width setting for the rear wheels if present shall
be chosen such that no interference exists with the protective
structure during the tests.

The assembly shall be supported and secured or modified so
that all the test energy is absorbed by the protective structure
and its attachment to the tractor rigid components.

6.4 All detachable windows, panels and removable non-
structural fittings shall be removed so that they do not con-
tribute to the strength of the protective structure.

In cases where it is possible to fix doors and windows open or
remove them during work, they shall be either removed or fixed
open for the test, so that they do not add to the strength of the
protective structure. It shall be noted whether, in this position,
they would create a hazard for the driver in the event of over-
turning.



6.5 The protective structure shall be instrumented with the
necessary equipment to obtain the required force—deflection
data.

7 Procedure

7.1 Sequence of tests

7.1.1 The test shall be carried out in accordance with the pro-
cedures given in a) to e) and in this sequence :

a) First longitudinal loading

For a tractor with at least 50 % of its tractor mass on the
rear wheels, the longitudinal loading shall be applied from
the rear. For other tractors the longitudinal loading shall be
applied from the front.

b) First crushing test

The first crushing test shall be applied at the same end of
the protective structure as the longitudinal loading.

¢) Loading from the side

In the case of an offset seat and/or pon-symmetrical
strength of the protective structure, the side loading shallbe
on the side most likely to lead to entering the clearance
zone.

d) Second crushing test

The second crushing test shall be applied at the op-
posite end of the protective structure to the longitudinal
loading.

NOTE — In the case of two-post designs, it may be at the same
point as in b).

e) Second longitudinal loading

A second longitudinal loading shall be applied to tractors
fitted with a protective structure designed to be tilted when
the longitudinal loading in a) was not applied in the direction
in which the protective structure is designed to tilt.

7.1.2 All tests shall be performed on the same protective
structure. No repairs or straightening of any member shall be
carried out between tests.

7.1.3 On completion of all tests, permanent deflections of the
protective structure shall be measured and recorded.

After each part testin 7.1.1, the protective structure shall be in-
spected visually with the load removed. If cracks or tears have
occurred during loading other than during the second crushing
test, the overload test specified in 11.3 shall be carried out
before proceeding to the next loading in the sequence given
in7.1.1.
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7.2 Horizontal loading from rear, front and side
7.2.1 General requirements for horizontal loading tests

7.2.1.1 The loads applied to the protective structure shall be
distributed by means of a stiff beam, complying with the re-
quirements of 5.1.2, located normal to the direction of load ap-
plication; the stiff beam may have a means of preventing its
being displaced sideways. The rate of load application shall be
such that it can be considered static. As the load is applied, F'
and D shall be recorded simultaneously as continuous record-
ings, to ensure accuracy. Once the initial application has com-
menced, the load shall not be reduced until the test has been
completed; but it is permissible to cease increasing the load if
desired, for example, to record measurements.

NOTE — The rate of load application can be considered static if the
rate of deflection under loading is not greater than 5 mm/s.

7.2.1.2 If the structural member to which the load is to be ap-
plied is curved, the requirements of 5.1.2.4 shall be met. The
application of the load shali, however, still comply with the re-
quirements of 7.2.1.1 and 5.1.2.

7.2.1.3 If no structural cross-member exists at the application
point;a substitute test beam which does not add strength to
the structure/may be-used to complete the test procedure.

7.2.2  First longitudinal loading

The load shall be applied horizontally and parailel tc the
longitudinal median plane,of the tractor from the rear or the
front asrequired by 7.1.1 a). If from the rear, it shall be applied
to the opposite side to that to which the side load is applied. If
from the front, it shall be to the same side as the side load.

The load shall be applied to the uppermost transverse structural
member of the protective structure (i.e. that part which would
be likely to strike the ground first in an overturning accident).

The load application point shall be at one-sixth of the width of
the protective structure top inwards from the outside corner.
The protective structure width shall be taken as the distance
between two lines parallel to the longitudinal median plane of
the tractor and touching the outside extremities of the protec-
tive structure in the horizontal plane touching the top of the
uppermost transverse structural members.

The beam length shall be not less than one-third of the protec-
tive structure width (as described above) and not more than
49 mm over this minimum.

The test shall be stopped when

a) the strain energy absorbed by the protective structure is
equal to or greater than the required input energy (Ej 4), in
joules, where

Ei|1 B 1,4 ny
or,

b) the protective structure enters the clearance zone (see
clause 9) or leaves it unprotected.
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7.2.3 Loading from side

The load from the side shall be applied horizontally normal to
the longitudinal median plane. It shall be applied to the protec-
tive structure upper extremity at a point generally 86 mm?) for-
ward of the seat index point (see figure 3 and clause 8).

If it is certain that any particular part of the cab side will touch
the ground first when the tractor overturns sideways, the
loading shall be applied at that point, provided that this permits
uniform load distribution as specified in 7.2.1. In the case of a
two-post structure, side loading shall be applied at the struc-
tural member uppermost on the side, regardless of the seat
index point.

The beam length shall be as long as practicable, subject to a
maximum of 700 mm.

The test shall be stopped when

a) the strain energy absorbed by the protective structure is
equal to or greater than the required input energy (E), in
joules, where

Eq = 1,75m,
or,

b) the protective structure enters the clearance zone (see
clause 9) or leaves it unprotected.

7.3 Crushing tests

7.3.1 Crushing at rear

The beam shall be positioned across the rear uppermost struc- .,

tural members and the resultant of crushing forces shall be
located in the vertical reference plane. The force F, shall be
applied, where F, = 20 m, in newtons. This force shall be
maintained for at least 5 s after the cessation of any visually
detectable movement of the protective structure.

Where the rear part of the protective structure roof will not sus-
tain the full crushing force, the force shall be applied until the
roof is deflected to coincide with the plane joining the protec-
tive structure upper part with that part of the tractor rear
capable of supporting the vehicle mass when overturned. The
force shall then be removed and the tractor or loading force
repositioned so that the beam is over that point of the protec-
tive structure which would then support the tractor front when
completely overturned and the full force applied.

7.3.2 Crushing at front

The beam shall be positioned across the front uppermost struc-
tural members and the resultant of crushing forces shall be
located in the vertical reference plane. The force F; shall be
applied where F; = 20 m, in newtons. This force shall be
maintained for at least 5 s after the cessation of any visually
detectable movement of the protective structure.

1) See9.2.

Where the front part of the protective structure roof will not
sustain the full crushing force, the force shall be applied until
the roof is deflected to coincide with the plane joining the pro-
tective structure upper part with that part of the tractor front
capable of supporting the vehicle mass when overturned. The
force shall then be removed and the tractor or loading force
repositioned so that the beam is over that part of the protective
structure which would then support the tractor rear when com-
pletely overturned and the full force applied.

7.4 Second longitudinal loading

The second longitudinal loading shall be applied in the opposite
direction to and at the corner furthest from the longitudinal
loading in 7.2.2 but otherwise as described in 7.2.1.

The test shall be stopped when

a) the strain energy absorbed by the protective structure is
equal to or greater than the required input energy (£ 5), in
joules, where

E“ 2 = 0,35 my
or,

b) theprotective structure enters the clearance zone (see
clause 9)‘or-leaves it-unprotected.

8 Seat index point

Theiseat index‘point-(SIR)-shall-be determined in accordance
with/ (1SO 5353.

For a suspended seat, the seat shall be set to the suspension
travel mid-point, unless this is contradictory to clearly stated in-
structions by the seat manufacturer. Where special instructions
for the seat setting exist, these shall be observed.

9 Clearance zone

9.1 The clearance zone is illustrated in figures 5, 6 a) and
6 b). Referring to the figures, the zone is defined in relation to
the vertical reference plane (see 3.7). This reference plane shall
be assumed to move horizontally with the seat and steering-
wheel during loading but to remain perpendicular to the tractor
or the protective structure floor.

9.2 The clearance zone specified in 9.3 a) to j) assumes a seat
adjustment of £ 75 mm horizontally and + 30 mm vertically
from the seat mid-position. Where the seat adjustment exceeds
these values the clearance zones shall be modified in accord-
ance with 9.2.1 and 9.2.2.



9.2.1 If the horizontal seat adjustment provided exceeds
+ 75 mm from the mid-position, then any dimensions forward
from the SIP shall be reduced, and dimensions to the rear from
the SIP increased, on the basis:

[Total adjustment to the rear of the seat mid-position minus
75 mm]

9.2.2 If the vertical seat adjustment provided exceeds
+ 30 mm then any dimensions above the SIP shall be
increased and dimensions below the SIP reduced, on the basis:

[Total adjustment above the seat mid-position minus
30 mm]

9.3 The clearance zone (see figures 5 and 6) is defined as in a)
to j) when the tractor is standing on its wheels on a horizontal
surface, with, where applicable, the steering-wheel adjusted to
the mid-position for seated driving.

a) a horizontal plane — A; By B, A, — 840 mm? above
the SIP with line B4 B, located 65 mm1) behind the SIP;

b) an inclined plane — G4 G, I, |1 — perpendicular to the
vertical reference plane and including the rearmost point of
the seat backrest extended rearwards by 75 mm?') and
upwards by 30 mm?), the extension ©of ~whichns passes
through a point 840 mm?) above'the SIP)-215 mm1) behind
the SIP;

¢) a cylindrical surface — A; A, |, I, — perpendicular to
the vertical reference plane, with a radius of 120 mm
tangential to the planes defined in a) and b);

d) a cylindrical surface — B, C4 C, B, — perpepdicular. to
the vertical reference plane, having a radius of 900 mm and
centre 65 mm?' behind and 60 mm? below the SIP (see
figures 5 and 6), with the line C; C, located 400 mm?) for-
ward of By By,

e) aninclined plane — C4 D, D, C, — perpendicular to the
vertical reference plane, joining the surface defined in d) at
its forward edge and passing 40 mm from the steering-
wheel rim;

f) a vertical plane — D4 E4 E; D, — perpendicular to the
vertical reference plane 40 mm forward of the steering-
wheel forward edge;

g) a horizontal plane — E; F; F5 E, — 60 mm?) below the
SIP;

h) asurface, curved if necessary — G; F; F, G, — from the
bottom limit of the plane defined in b) to the horizontal plane
defined in g), following the general direction of and parallel to
a surface in contact with the seat backrest rear surface ex-
tended rearwards by 75 mm?) and upwards by 30 mm?);

i) vertical planes — J; E; F; Gy Hyand J,E, F, Gy, Hy — at
not less than 250 mm on either side of the vertical reference
plane, where the distance E; E, shall be equal to the
steering-wheel diameter plus 40 mm on each side of the
steering-wheel rim or 500 mm, whichever is greater;

1) See9.2.
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j) parallel planes — A;B;C;D;J,H;lyand A; B, C, Dy J,
H, |, — inclined so that the plane upper edge on the side to
which the side blow is struck is at least 100 mm from the
vertical reference plane.

10 Tolerances

Measurements during the tests shall be made to the following
tolerances :

a) dimensions of the protective structure and clearance
zone : * 3 mm;

b) deflection: + 3 mm;
c) tractor mass : + 20 kg;
d) force applied in horizontal and crushing tests : + 2 %;
e) deviation from the direction of the applied force :
— at start of test (under zero load) : £ 2°;

— during test (under load) : +10° above and —20°
below the horizontal;

NOTE — The test rig should be designed to keep these deviations to
the minimum possible.

11 Acceptance conditions

For the protective structure to be accepted it shall fulfil the con-
ditions in 11.1 to 11.6 during and after the tests. On articulated
tractors, the clearance zone shall remain protected at any angle
oflarticulationaofctheltractorcwhen overturned.

11.1 No part shall enter the clearance zone as defined in
clause 9. No part may strike the seat during the tests. Further-
more, the clearance zone shall not be outside the protective
structure protection, as defined in 3.1. For this purpose, it shall
be considered to be outside the protective structure protection
if any part of it would have come into contact with flat ground if
the tractor had overturned towards the direction from which
the load was applied. To estimate this, the tyres and track
width setting shall be the smallest standard fitting specified by
the manufacturer.

11.2 At the point where the required energy is met in each of
the specified horizontal loading tests, the force shall exceed
0,8 Frax-

11.3 An overload test to determine the residual strength of
the protective structure after a horizontal loading test which
may have caused cracks, tears or buckling may be required to
ensure adequate residual strength to resist a potential multiple
upset accident. [See figures 1 a) to 1 c).]

11.3.1 An overload test shall be required if the force drops
more than 3 % over the last 5 % of the deflection attained
while absorbing the required energy. [See figure 1b).]
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11.3.2 An overload test shall consist of continuing the
horizontal loading in increments of 5 % of the original required
energy up to a total of 20 % additional energy. [See figure 1c).]

11.3.2.1 The overload test shall be successfully completed if
after the absorption of 5 %, 10 % or 15 % additional energy,
the force drops by less than 3 % for each 5 % increment, and
the force is greater than 0,8 F, 5.

11.3.2.2 The overload test shall be successfully completed if
after the absorption of 20 % additional energy, the force is
greater than 0,8 Fi,,,.

11.3.2.3 Entry into the clearance zone or lack of protection of
the clearance zone is permitted during this overload test. After
removing the load, the structure shall not be in the clearance
zone and shall protect the clearance zone.

11.4 There shall be no protruding member or component
which would be likely to cause serious injury during an over-
turning accident or which, through the deformation occurring,
might trap the operator, for example, by a leg or foot.

11.5 There shall be no other components presenting a
serious hazard to the operator.

11.6 If the protective structure is claimed to have properties
resistant to cold weather embrittlement, the manufactarerishall
give details which shall be included in the report (see
clause 14).

One method of providing this informationcis to Icarry out the

tests given in clause 7 at —18 °C or colder. Other appropriate

methods are given in annex A.

12 Extension to other tractor models

In the case of a protective structure which has fulfilled the con-
ditions required for acceptance and which is designed to be
used on other tractor models, the test as specified in clause 7
need not be carried out on each tractor model, provided that
the protective structure and tractor comply with the conditions
specified in 12.1 to 12.4.

in such cases, the test report shall contain a reference to the
previous test report.

12.1 The mass of this tractor, used in the test, shall not
exceed the reference mass by more than 5 %.

12.2 The attachment method and the tractor components to
which the attachment is made shall be identical or of equivalent
strength.

12.3 Any components, such as mudguards and bonnet,
which may provide support for the protective structure shall be
identical or judged to give at least the same support.

12.4 The position and critical dimensions of the seat in the
protective structure and the relative position of the tractor pro-
tective structure shall be such that the clearance zone would
have remained within the protection of the deflected structure
throughout all the tests.

13 Labelling

If a label is required it shall be durable and permanently
attached to the main structure such that it can be easily read. It
shall be protected)from'damage and it shall contain at least the
following information :

a) name and address of the manufacturer or constructor
of the protective structure;

b) ., protective structure identification number;

¢)0-tractor make, model(s) or series number(s) the struc-
ture is designed to fit;

d) number of the International Standard(s) according to
which the protective structure has proved to fulfil the stated
performance requirements (for example, [1SO 3463,
ISO 5700);

14 Test report

The test report shall be in accordance with annexes B and C.
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‘ Static load force

Fma X - Calculated basic
energy (see note 2)
aF 1

F |

Deflection

NOTES
1 Locate aF in relation to 0,95D.

2 Overload test not necessary as aF < 1,03F.

Figure 1a) — Static load force — deflection diagram — Overload test not necessary
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