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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 tech
committee has been established has the right to be represented on that committee. Internat

nical
ional

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.

different types of ISO documents should be noted. This document was drafted in accordance\wit
editorial rules of the ISO/IEC Directives, Part 2. www.iso.org/directives

Attention is|drawn to the possibility that some of the elements of this document may*bée the subje

ct of

patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Detalils of

any patent rjights identified during the development of the document will be in théjIntroduction af
on the ISO list of patent declarations received. www.iso.org/patents

Any trade npme used in this document is information given for the convenience of users and doe
constitute ah endorsement.

The committee responsible for this document is ISO/TC 23, Tractors and machinery for agricultur
forestry, Sujcommittee SC 2, Common tests.

This first edlition of ISO 27850 has been developed to establish technical harmonization with (
Code 10:Julyf 2012.

1d /or

S not

b and

ECD

iv © ISO 2013 - All rights reserved
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Introduction

The falling-object protective structure (FOPS) testing procedure considered in this International
Standard refers to the tractor used in its traditional agricultural tasks. However, it is reasonable to
consider that a specific use of the tractor, such as dedicated forestry applications, for which the tractor
has to be properly equipped, would need FOPS testing at higher levels of energy, for which other test
methods are appropriate.

This International Standard specifies technical performance requirements, associated test procedures,
and performance test report information. Technical harmonization with OECD Code 10 is ensured by

th MairntanarnecaA-gaRciiaiairating o Bacifiad 1o A oo o O
€ yrathterance g CTICy- OpCtratirgaS SpPpCtTTCOTIT I T AT Gy
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INTERNATIONAL STANDARD ISO 27850:2013(E)

Tractors for agriculture and forestry — Falling

object protective structures — Test procedures and

performance requirements

1 Scope

This|International Standard sets forth the test procedures and performance requirements
objeg¢t protective structure, in the event such a structure is installed on an agricultural or.fore

This|International Standard is applicable to agricultural and forestry tractors having at lea
for pheumatic tyred wheels or having tracks instead of wheels.

This [[nternational Standard does not apply to forestry machinery as defined in ISO 6814.

2 Normative references

The following documents, in whole or in part, are normatively)referenced in this docum
indigpensable for its application. For dated references, only. the edition cited applies. ]
referjences, the latest edition of the referenced document(including any amendments) appl

1SO 3164:1995, Earth-moving machinery — Laboratoryevaluations of protective structures —
for deflection-limiting volume

ISO 3463:2006, Tractors for agriculture and forestry — Roll-over protective structures (ROPS)
test method and acceptance conditions

ISO B471:2008, Earth-moving machineryy — Roll-over protective structures — Laborato
perfdrmance requirements

ISO $700:2013, Tractors for agriculture and forestry — Roll-over protective structures (ROl
test method and acceptance conditions

ISO 12003-1:2008, Agricultural and forestry tractors — Roll-over protective structures on n
whegled tractors — Part¥: Front-mounted ROPS

ISO 12003-2:2008).Agricultural and forestry tractors — Roll-over protective structures on n
whedled tractorS>= Part 2: Rear-mounted ROPS

ASTM A370:1979, Standard Test Methods and Definitions for Mechanical Testing of Steel Prod

for a falling-
stry tractor.

st two axles

ent and are
For undated
es.

pecifications
— Dynamic
'y tests and
PS) — Static
arrow-track

arrow-track

LCLS

3 Terms amd defimitions
For the purposes of this document, the following terms and definitions apply.

3.1
agricultural tractor
self-propelled agricultural vehicle having at least two axles, or a track-laying agricultural

vehicle, and

having a maximum design speed of not less than 6 km/h, particularly designed to pull, push, carry, and
operate implements used for agricultural work (including forestry work), which may be provided with

a detachable loading platform

Note 1 to entry: It may be equipped with one or more seats.

© IS0 2013 - All rights reserved
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falling-object protective structure

FOPS

assembly providing reasonable overhead protection to an operator in driving position from falling objects

3.3

roll-over protective structure

ROPS

framework (safety cab or frame) protecting operators of agricultural and forestry tractors that avoids
or limits risk to the operator resulting from accidental overturning during normal operation

Note 1 to ent
of the structy
part of the tr
that position

3.4
safety zone
zone of prot|

Note 1 to enf
tractors equi

zone is the cl
tested in accd

4

a)
b)

Permi
Distanc

Mass

5

re or within a space bounded by a series of straight lines from the outer edges of the structuret
actor that might come into contact with flat ground and that is capable of supporting the\trac
if the tractor overturns.

ection provided for the tractor operator

bped with ROPS tested in accordance with ISO 3463,1S0 5700, ISO 12008-1, or ISO 12003-2, the g
earance zone specified in each of these International Standards.‘For tractors equipped with
rdance with ISO 3471, the safety zone is the deflection limitingvolume (DLV) according to ISO

5sible measurement tolerances

+ 5 9% of maximum deflection or + 1y mm

D

+0,5%

Procedure

5.1 Preparation of tractor and FQPS for testing

5.1.1 Whet}
shall only b4
each model

tests are als|
transmissiol
may be testd

5.1.2 The p

ter the FOPS is manufactured by the tractor manufacturer or by an independent party, th
valid for the model-of-tractor on which the test is carried out. The FOPS shall be reteste
bf tractor to whigh'it s to be fitted. However, the testing station may certify that the strq
o valid for tractor'models derived from the original model by modifications to the en
1, and steerifig-and front suspension (see Clause 9). On the other hand, more than one

d for any-erie model of tractor.

Fotective structure submitted for test shall include at least all components which tra

loading fron]

h‘the impact location of the drop test object to the safety zone. The protective stru

tor in

ry: The safety zone is determined by the ROPS International Standard\that has been chosen. For

afety
ROPS
3164.

b test
d for
ngth
gine,
FOPS

nsfer
cture

submitted for test shall be either (i) rigidly attached to the test bench at its normal mounting locations
(see Figure 1), or (ii) attached to the tractor chassis in the normal manner, by means of any brackets,
mountings, or suspension components used in normal production and other parts of the tractor that may
be affected by loads imposed by the protective structure [see Figures 2a) and 2b)]. The vehicle chassis
shall be mounted rigidly to the test bay floor.

© ISO 2013 - All rights reserved
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ﬂ
N A\

i R —

Figure 1 — Minimum test configuration

+

[\ [\

b) By suspension components

Figure 2 — FOPS test configurations when attached to the vehicle chassis

5.1.3 A FOPS might be designed solely to protect the operator in the event of an object falling onto the
tractor, but weather protection for the operator, of a more or less temporary nature, might also be fitted

© IS0 2013 - All rights reserved 3
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on the structure. The operator will usually remove this in warm weather. In addition, there are FOPS
whose cladding is permanent and for which warm-weather ventilation is provided by windows or flaps.

5.1.3.1 Since the cladding can add strength to the FOPS and removable cladding could be absent when
an incident occurs, all parts that are intended to be removable by the operator shall be removed for the
purpose of the test. Doors, roof hatch, and windows that can be opened shall either be removed or fixed
in the open position for the test, so that they do not add to the strength of the FOPS. It shall be noted
whether, in this position, they would create a hazard for the operator in the event of an object falling. In
the case of FOPS with a roof hatch that can be opened and is a member of the protective structure, the test
shall be carried out in both the open and closed position.

5.1.3.2 Thrgughout this International Standard, reference is made to the testing of the FOPS. This
be understojod to include cladding which cannot be removed during normal operation of thé trac

description pf any temporary cladding supplied shall be included in the specifications.

shall
or. A

5.1.3.3 All glass or similar brittle material shall be removed prior to testing. Tractor and ROPS components

which might sustain needless damage during the test and which do not affect the strerigth of the FO

its dimensi

5.1.3.4 No 1

ns may be removed prior to testing if the manufacturer so wishes.

provided by|the manufacturer if several drop tests are required.

5.1.4 Should the same structure be used for FOPS and ROPS evaluations, the FOPS test shall pr¢

the ROPS tegt (according to ISO 3463, ISO 5700, ISO 12003-1, I$S© 12003-2, or ISO 3471). The remoy

impact dentp or replacement of the FOPS cover is permitted.

5.2 Apparatus and procedure

5.2.1 Appparatus

5.2.1.1 TH
surface of w

typical masq of 45 kg and a spherical-centact surface diameter of between 200 mm and 250 mm.

epairs or adjustments shall be carried out during the test. Seyeral identical samples c:

PS or

n be

cede
yal of

e drop object shall be a solid steel or ductile iron sphere as shown in Figure 3, the impact
hich shall have properties-against deformation during testing. The drop object shall h

pve a

© ISO 2013 - All rights reserved


https://standardsiso.com/api/?name=d4b77d16af249e2f7b550571f7d850f2

ISO 27850:2013(E)

Key
d1
I
I

a May
NOTH

5.2.1

5.2.1

5.2.1
of th

5.2.1
be ei

P00 mm to 250 mm
hpproximately 102 mm
hpproximately 109 mm

be drilled and tapped for lifting eye.
Actual values of dimensions are given‘here as examples.

Figure 3 — Example of test object

.2 Means of raising the drop object to the required height.
.3 Means of releasing the drop object so that it drops without restraint.

4 Surfaceof'such firmness that it is not penetrated by the machine or test bed under
e drop test.

.5 , Means of determining whether the FOPS enters the safety zone during the drop te
ther of the following:

" the loading

st. This may

— asafety zone template, placed upright, made of material which will indicate any penetration by the
FOPS, in which case grease or other suitable material may be applied on the lower surface of the
FOPS cover to indicate such penetration;

— a dynamic instrumentation system of sufficient frequency response to indicate the expected
deflection of the FOPS with respect to the safety zone.

The top area of the safety zone is defined by: the points, 11, A1, B1, C1, C2, B2, A2, 12, of the clearance
zone for ISO 3463 and ISO 5700; the plane described in 10.2 d) and e) for ISO 12003-1:2008; the surface
defined by points H1, A1, B1, C1, C2, B2, A2, H2 for ISO 12003-2, and the top of the DLV for ISO 3471.

In the event the tractor has a reversible driver’s position (reversible seat and steering wheel), the safety
zone shall be the combined envelope of the two DLVs defined by the two different positions of the
steering wheel and the seat.

© ISO

2013 - All rights reserved
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5.2.1.6 The safety zone template, if any, shall be fixed to the same part of the tractor as the operator’s
seat and shall remain there during the entire formal test period.

5.2.2 Procedure

The drop test shall consist of the following operations in the order listed.

5.2.2.1 Place the drop object (see 5.2.1.1) on the top of the FOPS, at the location designated in 5.2.2.2.

5.2.2.2 Thedrop location shall be located on the vertical projection of the top surface of the safety zone.

When the s
is furthest r

by the DLV, {

volume’s up

Key

1 impact ppint .
2 projectign to the top of the clearance @ )
3 major stfuctural members C)

4 overhead cover O .

Two cases s

5.2.2.2.1

fety zomre s Tepresented by the ttearance zone; the point of impact stattbeatapoimt
emoved from major structural members (see Figure 4). When the safety zone is repre
he impact location shall be entirely within the vertical projection of the safety , in]
right position, on the top of the FOPS.

N

Fia@ 4 — Impact point referred to the clearance zone

hall be@?i(;ered'

&1 The major, upper horizontal members of the FOPS do not enter the vertical pr0]e

hich
nted
that

ction

infaNaTel

of the safe

La )
LUllC Ull LllC LUP Ul LllC rurJ. 111T ul Up LCDL UUJCLL Dllall IJU plau:u adS LIUDC adS PUDDIUIC L

centre of gravity of the upper FOPS (see Figure 5).

the

© ISO 2013 - All rights reserved
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4
A D
Key
1 centroid of A-B-C-D
2 major structural members
3 impact point
4 DLV top plane

Figure 5 — Drop test impact points: Case 1

5.2.2.2.2 Case 2: The major, upper, horizontal memberswefithe FOPS do enter the vertical projection of
the spfety zone on the top of the FOPS. If the covering material of all the surface areas aboye the safety
zonelis of uniform thickness, the centre of the drop test.object shall be in the surface of greatgst area, this
area |being the vertical projected area of the safety-zone without major, upper, horizontal mgmbers. The
centfe of the drop test object shall be at that point-within the surface of greatest area which has the least
possible distance from the centroid of the top-of the FOPS (see Figure 6).

\‘\Ov
B ( C
1 W™
- D
- ® 2
| I

4 3
Key
1 centroid of A-B-C
2 major structural members
3 impact points
4 DLV top plane

NOTE Areal has a greater area than Area II.

Figure 6 — Drop test impact points: Case 2

© IS0 2013 - All rights reserved 7
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Irrespective of whether the safety zone is represented by the clearance zone or the DLV, if different

materials or thicknesses of material are used in different areas above the safety zone, each area in turn
shall be subjected to a drop test. If several drop tests are required, several identical samples of the FOPS
(or parts of it) could be provided by the manufacturer (one for each drop test). If design features, such
as openings for windows or equipment, or variations in covering material or thickness, indicate a more
vulnerable location within the vertical projection of the safety zone, the drop location should be adjusted to
that location. In addition, if openings in the FOPS cover are intended to be filled with devices or equipment
to provide adequate protection, those devices or equipment shall be in place during the drop test.

5.2.2.4 Raise the drop object vertically above the position indicated in 5.2.2.1 and 5.2.2.2 to a height

sufficient to

5.2.2.5 Re

5.2.2.6 As
specified in

5.2.2.6.1
shall coincid|

5.2.2.6.2

6 Perfor

6.1 Thes3
object, unde

6.2 After

6.3 Thed

’

'

dpvdnpfhppnprgvnf1?6q]

lease the drop object so that it falls without restraint onto the FOPS.

it is unlikely that the free fall will result in the drop test object hitting exactly.at the loc
b.2.2.1 and 5.2.2.2, the following limits are placed on deviations.

'he impact of the drop object shall be entirely within a circle of 100 mfryadius with a centr
le with the vertical centre line of the drop object as positioned according to 5.2.2.1 and 5.2

ation

b that
2.2.

here is no limitation on location or attitude of subsequentjiinipacts due to rebound.
mance requirements
r the first or subsequent impacts of the drop-test object.

he drop test, the FOPS shall completely cover the vertical projection of the safety zone.

'op object shall not penetrate the FOPS.

7 Cold weather performance of protective structures

If the prote
manufactur
properties 9
accordance

NOTE In|
where a part

8 Labell

'tive structure is cldimed to have properties resistant to cold weather embrittlemen
er shall give the'details that shall be included with the report. Cold weather embrittle
hall be verifiedeither by performing the tests given in Clause 5 at -18 °C or colder,
with AnnexA:

al list'of those countries is given.

fety zone shall not be entered into by any partof the protective structure, or by the dro

some countries, FOPS are required to meet the cold weather embrittlement requirements of Anj

pped

[, the
ment
or in

>

ing

8.1 Labelling is optional. When a label is provided, it shall contain at least the following information:

a)
b)
‘)
d)
e)

tractor

name and address of the manufacturer of the protective structure;

protective structure identification number (design or serial number);

make, model(s), or series number(s) that the protective structure is designed to fit;

energy level met in test;

reference to this International Standard.

© ISO 2013 - All rights reserved
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8.2 The label shall be durable and permanently attached to the protective structure such that it can be
easily read and it shall be protected from environmental damage.

9 Testreport

9.1 A testreport shall be prepared. An acceptable test report format is provided in Annex B. Should a
different test format be used, it shall at a minimum contain the information required in Annex B.

© IS0 2013 - All rights reserved 9
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Annex A
(normative)

Optional requirements for providing resistance to brittle
fracture of falling-object protective structures (FOPS) at reduced

operation temperature

The followitI\g requirements and procedure are intended to provide strength and resistance te b

fracture at 1
the suitabili
protection i

In certain ¢
See Table A]

Table A

NOTE
Standards ar

A.1 Bolts
ROPS shall
class 8, 9, on

A2 Steel
exhibiting nj

NOTE St
considered t(

The requirements and procedure specified in A:22and A.3 are provided until suitable Internaf

educed temperature. The following minimum material requirements shall be met'in jug
Ly of the FOPS atareduced operating temperature in regions where this additional oper
5 required.

ountries, testing for cold weather embrittlement according to this annex is mandd
1.

\.1 — Countries for which proving cold weather embrittlement using the method
described in this annex is mandatory

Country code
CA
yS

Country

Canada

United States

e developed.

hnd nuts used to attach the FOPS td the tractor and used to connect structural parts d
e in conformity with property dlass 8.8, 9.8, or 10.9 for bolts (see ISO 898-1) and pro
10 for nuts (see ISO 898-2).

materials for structural members of the FOPS shall be of controlled toughness ma
inimum Charpy V-notch:impact energy requirements as shown in Table A.2.

cel with an as-rolled thickness less than 2,5 mm and with a carbon content less than 0,2
meet this requirement.

Structural

temperatur¢ impaetiyesistance. Specimens shall be “longitudinal” and taken from flat stock, tubul
structural sectiensbefore forming or welding for use in the FOPS. Specimens from tubular or struc
sections shdllbe taken from the middle of the biggest side and shall not include welds.

embers~ef the FOPS made from materials other than steel shall have equivalent

rittle

lging
ating

tory.

ional

f the
perty

rerial

% is

low
a1, Or
tural

A.2.1 The Charpy V-notch tests shall be made in accordance with the procedure in ASTM A370:1979,
except that specimen sizes shall be in accordance with the dimensions given in Table A.2.

A.2.2 An alternative to this procedure is to use killed or semi-killed steel for which a specification
shall be provided.

A.3 Allweldingelectrodes used in the fabrication of structural members and mounts shall be compatible
with the FOPS structure material as given in A.2.

10
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Table A.2 — Minimum Charpy V-notch energy requirements for FOPS structure material at a
specimen temperature of -20 °C and -30 °C

Absorbed energy
Specimen size -30°C -20°C
mm J Jb
10 x 102 11 27,5
10x9 10 25
10x 8 9,5 24
10 x 752 95 24
10x 7 9 22,5
10 x 6,7 8,5 21
10x6 8 20
10 x 52 7,5 19
10 x 4 7 17,5
10 x 3,3 6 15
10 x 3 6 15
10 x 2,52 5,5 14
a  [pdicates preferred size. Specimen size shall be no less than the largest preferred size that the material will permit.
b The energy requirement at the temperature -20 °C is 2,5 times théwalue specified for -30 °C. Other factor$ affect impact
energy strength, i.e. direction of rolling, yield strength, grain oriehtation, and welding. These factors shall pe considered
wher] selecting and using a steel.

© IS0 2013 - All rights reserved 11
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Annex B
(normative)

Test report for falling-object protective structures (FOPS)

B.1 General information

Use SI units
— Protect

Submitt

Make of

Type of

Date, lo

B.2 Spec

B.2.1 Idel

B.2.1.1 Ge
Make of

Model (

— Type of]
4-whee

B.2.1.2 Ny

1st seri

Serial n

in the test report, followed by other units (e.g. Imperial and U.S. customary), if necess3
ve structure manufacturer’s name and address:
ed for test by:

protective structure:

Model o the protective structure:

protective structure (cab, frame, rear roll bar, cab with integrated frame, etc.):

Cation of test, and standard version:

ification of test tractor

ntification of tractor to which protective structure is fitted for the test

neral
tractor:!
rade name):

tractor [2-wheel drive (op 4-wheel drive; rubber or steel tracks (if applicable); articu
drive or articulated(43wheel drive with twin (dual) wheels (if applicable)]:

mbers
il no. or prototype no.:

D..

Iry.

lated

B.2.1.3 Ot

— Transm

Spe

er’snecifications (if applicable)
I \Y J ulb J

Model denomination(s) for other countries:

ission type or gears x ranges:

ed version:

Manufacturer identification or technical type number:

B.2.2 Tractor seat

— Tractor

with a reversible driver’s position (reversible seat and steering wheel):

1
12

possibly different from tractor manufacturer’s name

Yes/No

© ISO 2013 - All rights reserved
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— Make/type/model of seat:

— Make/type/model of optional seat(s) and position(s) of the seat index point (SIP):

— (description of seat 1 and SIP position)

— (description of seat 2 and SIP position)

— (description of seat _and SIP position)

B.3

Specification of protective structure

B.3.1

B.3.2

Photographs showing mounting details

General arrangement drawing of the structure, including position of the seatindex poi

details of mountings. The main dimensions must figure on the drawings, includinigexternal d

tract

B.3.3

— 1

br with protective structure fitted and main interior dimensions.

Brief description of the protective structure comprising

ype of construction

— (letails of mountings

B.3.4

Whe
seat
case

— Hd
— Hd
— OV

— OV

B.3.5
steel

Steell

— M4

Dimensions

hnd steering wheel), the dimensions in relation to the seat index points shall be meas
(SIP 1, SIP 2, etc.).

ight of roof members above the seat index-point:
ight of roof members above the tractor footplate:
erall height of the tractor with'the protective structure fitted:

erall width of the protective structure (if mudguards are included, this is to be stated):

Details of-materials used in the construction of the protective structure and sped
5 used
specifications shall be in conformity with ISO 630-1:2011.
lirframe: (parts - mat

hts (SIP) and
mensions of

h the tractor is fitted with different optional seats or has a reversible driver’s position (reversible

ired in each

ifications of

brials - sizes)

— Mountings:

— As

— Roof:

© ISO

Is steel rimmed, semi-killed or killed:

Steel standard and reference:

Is steel rimmed, semi-killed or killed:
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