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Foreword 

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies 
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO 
technical committees. Each member body interested in a subject for which a technical committee has been 
established has the right to be represented on that committee. International organizations, governmental and 
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the 
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization. 

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2. 

The main task of technical committees is to prepare International Standards. Draft International Standards 
adopted by the technical committees are circulated to the member bodies for voting. Publication as an 
International Standard requires approval by at least 75 % of the member bodies casting a vote. 

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent 
rights. ISO shall not be held responsible for identifying any or all such patent rights. 

ISO 21299 was prepared by Technical Committee ISO/TC 23, Tractors and machinery for agriculture and 
forestry, Subcommittee SC 13, Powered lawn and garden equipment. 
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Introduction 

The testing of protective structures on machines is aimed at minimizing the frequency and severity of operator 
crushing injury resulting from accidental overturning during operation. 

This International Standard enables a machine's roll-over protective structure (ROPS) to be tested by the 
application of static loads that simulate the actual loads which can be imposed on the cab or frame when the 
machine overturns without free-fall. Observations can be made on the strength of the structure, the brackets 
attaching it to the machine and those machine parts that could be affected by the load imposed on the 
structure. 

Clause 6 contains testing alternatives for energy-absorbing and rigid ROPS. Field overturn experiences have 
demonstrated that when conservative, conventional ROPS design and test strategies are applied to small, 
low-mass vehicles, there is frequently little or no permanent deformation to the ROPS when the small vehicle 
overturns. Furthermore, standard structural steel shapes are not always incrementally sized to accommodate 
an efficient design for low-mass vehicles. Consequently, there is opportunity to more efficiently design and 
apply ROPS to small vehicles by the utilization of a rigid, non-energy-absorbing design. 

Until now, there has been no ROPS International Standard covering the field of application of powered ride-on 
turf care machinery, and it was therefore necessary for the industry to employ standards from other fields of 
application to test this type of machinery. For information, Annex B lists those standards which have been 
employed in the past to determine the performance of ROPS for powered ride-on turf care machinery and 
which have been judged to provide operator protection comparable to that specified in this International 
Standard. 

 

iTeh STANDARD PREVIEW
(standards.iteh.ai)

ISO 21299:2009
https://standards.iteh.ai/catalog/standards/sist/6cc8af5e-c653-4f21-939c-

7fb28c7be525/iso-21299-2009



iTeh STANDARD PREVIEW
(standards.iteh.ai)

ISO 21299:2009
https://standards.iteh.ai/catalog/standards/sist/6cc8af5e-c653-4f21-939c-

7fb28c7be525/iso-21299-2009



INTERNATIONAL STANDARD ISO 21299:2009(E)

 

© ISO 2009 – All rights reserved 1

Powered ride-on turf care equipment — Roll-over protective 
structures (ROPS) — Test procedures and acceptance criteria 

1 Scope 

This International Standard defines test procedures and acceptance criteria for the roll-over protective 
structures (ROPS) of powered ride-on turf care machinery with a mass of 3 000 kg or less. 

It is not applicable to stand-on or sulky type machines, nor to self-propelled machinery and tractors used in 
agriculture, forestry or construction applications. 

NOTE Product-specific standards such as ISO 5395 specify whether or not a certain type of machine is to be fitted with 
a ROPS and these can include additional information on aspects related to ROPS, e.g. seat-belt anchorages and seat 
belts. 

2 Normative references 

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

ISO 5353, Earth-moving machinery, and tractors and machinery for agriculture and forestry — Seat index 
point 

ISO 898-1, Mechanical properties of fasteners made of carbon steel and alloy steel — Part 1: Bolts, screws 
and studs with specified property classes — Coarse thread and fine pitch thread 1) 

ISO 898-2, Mechanical properties of fasteners — Part 2: Nuts with specified proof load values — Coarse 
thread 

ASTM A370, Standard test methods and definitions for mechanical testing of steel products 

3 Terms, definitions and symbols 

For the purposes of this document, the following terms, definitions and symbols (see Table 1) apply. 

3.1 
attachment 
device designed for mounting only on a specific machine to perform a specific task 

3.2 
horizontal loading test 
application of a horizontal load to the rear, front and sides of a ROPS 

                                                      

1) To be published. (Revision of ISO 898-1:1999) 
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3.3 
machine mass 
mass of the machine in working order, not including the operator, with all fluid levels full and with ROPS 

NOTE The machine mass includes the heaviest configuration of attachments. 

3.4 
reference mass 
mt 
mass, not less than the machine mass, used by the manufacturer to calculate the loading energies and forces 
to be applied in the tests 

NOTE Adapted from ISO 5700:2006, definition 3.3. 

3.5 
reference plane 
vertical plane generally longitudinal to the machine and passing through the seat index point (SIP) as defined 
in ISO 5353 

3.6 
roll-over protective structure 
ROPS 
framework protecting operators of turf care machinery that minimizes the likelihood of crushing injury resulting 
from accidental overturning during operation 

NOTE 1 The ROPS is characterized by the provision of space for a deflection-limiting volume, either inside the 
envelope of the structure or within a space bounded by a series of planes from the outer edges of the structure to any part 
of the machine that might come into contact with flat ground; the structure is capable of supporting the mass of the 
machine in the overturned position. 

NOTE 2 A ROPS may be designed and tested as a rigid ROPS or an energy-absorbing ROPS. A rigid ROPS, like an 
energy-absorbing ROPS, must be geometrically designed to protect the prescribed deflection-limiting volume. The primary 
difference is the static force resistance requirements in lieu of energy absorbing horizontal loads. 

NOTE 3 The ROPS may be front- or rear-mounted, fixed or foldable (e.g. hinged or telescoping). 

NOTE 4 Adapted from ISO 5700:2006, definition 3.1. 

3.7 
turf care machinery 
machines used in the care and maintenance of predominantely grassy areas, including golf courses, sports 
fields and lawns 

3.8 
vertical crushing test 
application of a vertical load through a beam placed laterally across the uppermost members of the ROPS 

Table 1 — Symbols 
Symbol Description Unit 

D Deflection of the ROPS at the point of, and in line with, the load application mm 

Eil Energy input to be absorbed during longitudinal loading J 

Eis Energy input to be absorbed during side loading J 

F Static load force N 

Fmax Maximum static load force occurring during loading with the exception of the overload N 

Fv Vertical crush load force N 

L Length of forward projection of ROPS mm 

mt Reference mass kg 

W External width of ROPS mm 
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4 Test apparatus and equipment 

4.1 Test equipment for horizontal loading 

4.1.1 General 

The test equipment shall enable horizontal loading to be applied to the ROPS. Provision shall be made for the 
load to be uniformly distributed in the direction of loading and along a beam having a maximum length of 
700 mm. This stiff beam shall have a maximum vertical face dimension of 150 mm. The edges of the beam in 
contact with the ROPS shall be rounded, with a maximum radius of 50 mm. 

The beam shall be capable of being adjusted to any angle in relation to the load direction, in order for it to be 
able to follow the angular variations of the ROPS load-bearing surface as it deflects. 

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

The deviation in direction of the force shall not exceed 

⎯ ± 2° at the start of the test under zero load, and 

⎯ 10° above or 20° below horizontal during testing under load. 

The deflection rate shall be slow (< 5 mm/s) so that the load can at all times be considered “static”. 

4.1.2 Apparatus for measuring energy absorbed by the ROPS 

The force vs. deflection curve shall be plotted continuously in order to determine the energy absorbed by the 
ROPS. Measurement of the force and deflection at the point where the load is applied to the ROPS is not 
required; however, force and deflection shall be measured simultaneously and co-linearly. 

The point of origin of deflection measurements shall be selected so that only the energy absorbed by the 
ROPS or the deflection of certain parts of the machine, or both, is measured. The energy absorbed by 
deflection or slipping of the anchoring, or both, shall not be included. 

4.2 Test equipment for vertical crush loading 

The test equipment shall be capable of exerting a downward force on the ROPS through a rigid beam up to a 
maximum of 250 mm wide, connected to the load-applying mechanism by means of universal pin joints. 
Suitable axle stands shall be provided so that the machine's tyres do not bear the vertical crush load force. 
See Figure 6. 

4.3 Other measuring apparatus 

A device for checking that the ROPS has not entered the deflection-limiting volume (DLV), (see Clause 7), 
and that this volume has remained within the ROPS protection during testing, shall be used. 
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5 Preparation for strength testing 

5.1 Purpose 

Strength testing is intended to simulate such loads as are imposed on a ROPS when the machine overturns. 
These tests enable observations to be made on the strength of the ROPS and any brackets attaching it to the 
machine, as well as on any parts of the machine transmitting the test load. 

5.2 Preparation rules for governing testing 

The preparation for testing the ROPS is governed by the following general rules. 

a) The ROPS shall be to production specifications and shall be fitted to the appropriate machine model 
chassis in accordance with the manufacturer's declared attachment method. A complete machine is not 
required for the evaluation; however, the machine frame and ROPS mounting shall represent an 
operating installation. 

b) 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 ROPS under loading. The assembly shall not receive 
any support from the bedplate under loading other than that due to the initial attachment. 

c) Components that could create a hazard in the DLV shall also be fitted so that they can be examined to 
ascertain whether the requirements of the acceptance conditions have been fulfilled. 

d) All detachable windows, panels, canopies, and removable non-structural fittings shall be removed so that 
they do not contribute to the strength of the ROPS. 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 ROPS. It shall be noted whether, in this position, they would create a 
hazard for the driver in the event of overturning. 

e) A track width setting for the rear wheels, if present, shall be chosen such that no interference exists with 
the ROPS during the tests. The assembly shall be supported and secured or modified so that all the test 
energy is absorbed by the ROPS and its attachment to the machine's rigid components. 

f) If, during the test procedure, any part of the machine restraining equipment breaks or moves, the test 
procedure shall be restarted. 

g) No repairs or adjustments of the machine or the ROPS are allowed during the test procedure. 

h) The ROPS shall be instrumented with the necessary equipment to obtain the required force-deflection 
data. 

6 Test procedures 

6.1 Test sequence 

If an energy-absorbing or rigid ROPS is fabricated from materials meeting the cold weather embrittlement 
resistance requirements specified in Annex A, all the ROPS loadings may be conducted at ambient 
temperature. If an energy-absorbing or rigid folding ROPS is fabricated from materials not meeting the 
cold weather embrittlement resistance requirements specified in Annex A, all the ROPS loadings shall be 
conducted at −18 °C. 

NOTE This test procedure was developed for two- and four-post structures. For other designs, adaptation of the 
procedure could be necessary. 

ROPS assembly 1 loadings 

a) longitudinal loading from the front, applied at either side; 

b) side loading from the side opposite to the applied longitudinal load; 
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c) vertical crush loading. 

ROPS assembly 2 loadings 

d) longitudinal loading from the rear, applied at either side; 

e) side loading from the side opposite to the applied longitudinal load; 

f) vertical crush loading. 

See also Figure 1. 

6.2 Horizontal loading 

6.2.1 Longitudinal loading 

Apply the longitudinal load in a plane parallel to the reference plane (see Figure 2). The load application point 
shall be that part of the ROPS likely to hit the ground first in a longitudinal overturning incident (normally the 
upper edge). The vertical plane in which the load is applied is located at a distance of one-sixth the external 
width of the ROPS, inwards from the outside, as shown in Figure 3, or as close as possible depending on 
ROPS configuration. If the ROPS is curved or protruding at this point, add wedges enabling the load to be 
applied to it, but do so in a way that will not reinforce the ROPS. 

The central pivot of an articulated machine shall be supported and securely mounted as appropriate for all test 
procedures. For the side-loading test procedure, the pivot shall also be propped from the side opposite the 
loading. Only the frame portion to which the ROPS is mounted need be used. 

The energy absorbed, Eil, in joules, by the ROPS during the test shall be at least 

il t1,6E m= ⋅  

Alternatively, the static load force, F, in newtons, of the rigid ROPS during the test shall be at least 

t20F m= ⋅  

Maintain this force at least 5 s after the cessation of any visually detectable movement of the ROPS. 
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a If tests are performed using one ROPS assembly, the test load sequence shall be a), d), e), and f). For test loads a) 
and d), loads shall be applied at opposite sides. 
b A second chassis may be used for the second ROPS test. 

Figure 1 — ROPS test sequence 
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