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ROLL-OVER PROTECTIVE STRUCTURES (ROPS) FOR WHEELED AGRICULTURAL TRACTORS

Foreword—This RReaffirmed Document has been changed only to reflect the new SAE Technieal $tandards Board
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1. Scope
1.1 Any ROPS |meeting the performance requirement of ISO 5700 (Static RORS’ Test Standafd) or 1SO 3463
(Dynamic ROPS Test Standard) meets the performance requirements ‘ef this SAE Standard if the ROPS
temperature/material and seat belt requirements of this document are also met.
1.2 Fulfillment of the intended purpose requires testing as follows:
1.2.1 A temperature-material requirement (6.9). This can be satisfied by using the appropriatg materials or by
performinx any of the structural performance tests (Sections 7, 8, or 9) at —18 °C.
1.2.2 A laboratqry test, under repeatable and controlledsfoading, to permit analysis of the ROP$ for compliance
with the gerformance requirements of this docufent. Either the static test sequence (Section 7) or the
impact tegt sequence (Section 8 ) shall be conducted. See Figure 1.
1.2.3 A seat belt anchorage test (Section 10).
1.3 The test procedures and performance.requirements outlined in this document are based on cyrrently available
engineering|data.
1.4 Purpose—The purpose ofithis’"document is to establish the test and performance requiremehts of a roll-over
protective sfructure (ROBS); designed for wheeled agricultural tractors to minimize the frequency and severity
of operator injury resulting from accidental tractor upset.

SAE Technical Standards Board Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. The use of this report is entirely
voluntary, and its applicability and suitability for any particular use, including any patent infringement arising therefrom, is the sole responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be reaffirmed, revised, or cancelled. SAE invites your written comments and suggestions.

QUESTIONS REGARDING THIS DOCUMENT: (724) 772-8512 FAX: (724) 776-0243
TO PLACE A DOCUMENT ORDER,; (724) 776-4970 FAX: (724) 776-0790
SAE WEB ADDRESS http://lwww.sae.org

Copyright 1997 Society of Automotive Engineers, Inc.

All rights reserved. Printed in U.S.A.


https://saenorm.com/api/?name=d33844ee107dfd43bafa518c2d81a5da

SAE J2194 Reaffirmed SEP97

TEMPERATURE
MATERIAL
REQUIREMENT
8.9
ROPS NON ROPS
MATERIAL MATERIAL
STATIC* IMPACT* STATIC* STATIC AT IMPACT AT* IMPACT*
AT AMBIENT AT AMBIENT AT AMBIENT AMBIENT. AT
[EMPERATURE TEMPERATURE -18°C TEMPERATURE| | TEMPERATURE -18°C
FIELD FIELD
UPSETAT) UPSET AT
-18°C -18°C

*See 5.2 for limitation.

FIGURE 1—TEMPERATURE MATERIAL REQUIREMENT

2. References

2.1 Applicable Publications—The following*publications form a part of this specification to the|extent specified
herein. The|latest issue of SAE publications shall apply.

2.1.1 SAE PusLjcAaTiONS—Available-from SAE, 400 Commonwealth Drive, Warrendale, PA 15094-0001.

SAE J114—Seat Belt Assembly Webbing Abrasion Performance Requirements

SAE J117—Dynamic Test Procedure—Type 1 and Type 2 Seat Belt Assemblies

SAE J140a—Seat Belt Hardware Test Procedure

SAE J141—Seat Belt Hardware Performance Requirements

SAE J339=Seat Belt Assembly Webbing Abrasion Test Procedure

SAE J806—Motor-vehicte-Seat Bett-Assembty nstattations

SAE J1150—Terminology for Agricultural Equipment

SAE J1194—Roll-Over Protective Structures (ROPS) for Wheeled Agricultural Tractors

2.1.2 ASAE PusLICATIONS—Available from the American Society of Agricultural Engineers, 2950 Niles Road, St.

Joseph, MI 49085-9659.

ASAE S313—Soil Cone Penetrometer
ASAE S383—Roll-Over Protective Structures (ROPS) for Wheeled Agricultural Tractors
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2.1.3

2.14

2.2

2.2.1

3.1

3.2

3.3

3.4

3.5

3.6

3.7

ASTM PuBLICATION—AVvailable from ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959.

ASTM A 370-76—Standard Methods and Definitions for Mechanical Testing of Steel Products

ISO PuBLICATIONS—AVvailable from ANSI, 11 West 42nd Street, New York, NY 10036-8002.

ISO 612—Road vehicles—Dimensions of motor vehicles and towed vehicles—Terms and definitions
ISO 3462—Tractors and machinery for agriculture and forestry—Seat reference point—Method of
determination

ISO 346
ISO 570

3—Dynamic ROPS test standard
0—Static ROPS test standard

Related Pull;lications—The following publications are provided for information purposes.ah

required par
SAE PuBL|
SAE J473
SAE J67
SAE J94

Definitions

Agricultura
implements

| of this document.
CATIONS—AVvailable from SAE, 400 Commonwealth Drive, Warrendale, PA 15094
9—Mechanical and Material Requirements for Externally Threaded’ Fasteners

4—Safety Glazing Materials—Motor Vehicles
5—Mechanical and Material Requirements for Steel Nuts

Tractor—A traction machine designed and advertised primarily to supply pow
and farmstead equipment. An agricultural dractor propels itself and provide

y and are not a

-0001.

br to agricultural
5 a force in the

direction of fravel to enable attached soil engaging and-other agricultural implements to perfofm their intended

function per

Rollover Pr
to minimize
characterize
bounded by
come in con
The mountin

Tractor Mag
structure wi
support the
wheel equip

SAE J1150.

btective Structure (ROPS)—A cab, or frame for the protection of operators of ag

icultural tractors
The ROPS is

the possibility of serious operator injury resulting from accidental upset.
d by providing space for the.clearance zone inside the envelope of the structure
a series of straight lines ffom the outer edge of the structure to any part of the
fact with flat ground and is capable of supporting the tractor in that position if the
g structure and fasteners forming the mounting connection with the tractor are p

ment, and.other special equipment are not included.

Reference |

r within a space
actor that might
actor overturns.
t of the ROPS.

s—The mass ©f the unladen tractor in operating order with tanks and radiatols full, protective
h cladding_and any wheel equipment or additional front wheel drive compongnts required to
fractor staticweight. The operator, optional hitch equipment, optional ballast weights, additional

lass—A mass, not less than the tractor mass, selected for calculation of the fprce and energy

inputs to be

TR T " "
SCU Uurmiy teots.

Seat Reference Point (SRP)—The seat reference point shall be determined in accordance with ISO 3462
with the seat adjusted to its rearmost and uppermost position. For a suspended seat, the seat shall be set to
the midpoint of the suspension travel, unless this is contradictory to clearly stated instructions by the
manufacturer of the seat. Where special instructions for the seat setting exist, these shall be observed.

Static Test Horizontal Loading—The application of a horizontal static load to the rear, front, or side of the
ROPS.

Impact Test—The application of a dynamic load to the rear, front, or side of the ROPS produced by a mass
acting as a pendulum.
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3.8

3.9

3.10

3.11

Crushing Test—The application of a vertical static load through a beam placed laterally across the uppermost
members of the ROPS. The resultant of the initial crushing load shall be in the vertical direction and shall be in
a vertical reference plane passing through the SRP and parallel to the longitudinal axis of the tractor.

Vertical Reference Plane—A vertical plane, generally longitudinal to the tractor and passing through the SRP
and the center of the steering wheel.

NOTE—Normally the vertical reference plane coincides with the longitudinal median plane of the tractor.

ROPS Material—Any material that meets the requirements set forth in 6.9.1.

Clearance 4 res, the zone is

lation to the vertical reference plane. This reference plane shall be assumedto

defined in r ove horizontally
with the seat and steering wheel during loading and to remain perpendicular to the tractor or the floor of the
protective stfucture. The clearance zone is defined when the tractor is standing on its“'wheel$ on a horizontal
surface and| where applicable, the steering wheel is adjusted to the midposition for'seated driying.
$00
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SEAT REFERENCE POINT

DIMENSIONS ARE MILLIMETERS.

FIGURE 2A—CLEARANCE ZONE FROM THE SIDE
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DIMENSIONS nn REMARKS

AlAO Mintaun
BIBO

AlIA2
BI1B2 500
cic2

DID2 {ntmum or equal 10 the diameter
500 of the ctoﬁrlng wheel plus 80nm,
EIE2 wvhichever ts the greater.

FIF.
G1G2
HIH2 500
I1I2
Ji

EIEO {nimumn or equal to the radlus
250 of the .tccolng wheel plus 40mm,
E2E0 whichever s the greater.

JOEO 300
FOGO
I10GO
CODO
EOFO

Depending on the tractor,

FIGURE 2B—CLEARANCE ZONE DEFINITION

NOTE—ReferrmgtoFigure28-

a. A horizontal plane (A;B1B5A,) 900 mm above the seat reference point.

b. Aninclined plane (G,Gsl,l{) perpendicular to the reference plane and including the rearmost point of
the seat backrest and the extension of which passes through a point 900 mm directly above the seat
reference point

c. A cylindrical surface (A1A,lol;) perpendicular to the reference plane, with a radius of 120 mm
tangential to the planes defined in (a) and (b)

d. A cylindrical surface (B;C,C,B,) perpendicular to the reference plane, having a radius of 900 mm
extending forward for 400 mm from and tangential to the plane defined in (a) at a point 150 mm
forward of the seat reference point

e. An inclined plane (C;D;D,C,) perpendicular to the reference plane, joining the surface defined in (d)
at its forward edge and passing 40 mm from the rim of the steering wheel
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4.

S Q

A vertical plane (D;E{E;D,) perpendicular to the reference plane 40 mm forward of the rim of the
steering wheel

A horizontal plane (E;F;F5,E,) through the seat reference point

A surface (GF,F>G,), curved if necessary, from the bottom liimit of the plane defined in (b) to the
horizontal plane defined in (g) followoing the general direction of, and in contact with, the rear surface
of the seat backrest

Vertical planes (J,E,F,G,H; and J,E,F,G,H,) not less than 250 mm on either side of the reference
plane;

The distance E;E, shall be equal to the diameter of the steering wheel plus 40 mm on each side of the
rim of the wheel or 500 mm, whichever is greater

Parallel planes (A;B;C,D4J1H4l; and A,B,C,D,J,H5l,) inclined so that the upper edge of the plane on

the gide-en-which-theloadHsapphedHsatHeast80-mm-frorrtheteferenceplane
3.12 Longitudingl Median Plane—See 1SO 612.
3.13 Gross Machiine Mass—Tractor mass as described in 3.3 with the addition of an operator, wheel equipment,
ballast weiglpts, hitch equipment, and special equipment required for operation.
Symbols
m = | Tractor mass, as defined in 3.3, in kilograms
m; =| Reference mass, as defined in 3.4, in kilograms
D = | Deflection of the ROPS at the point of and in linewith the load application, in millimeters
Dmax = | Total deflection of the ROPS during static test corresponding to E;, in millimeterg
D¢ =| Deflection of the ROPS for the calculated energy required, in millimeters
F = | Static load force, in newtons
Fmax =| Maximum static load force occurring.:during loading, with the exception of |the overload, in
ngwtons
F¢ =| Force for the calculated energy required, in newtons
Eis =| Energy input to be absorbed during side loading, in joules
F-D =|[ Force-deflection curve
Ej 1 =| Energy input to be absorbed during longitudinal loading, in joules
Ej» =| Energy input to be absorbed during a second longitudinal loading, in joules
Fr =| Applied force at rearin‘the crushing test, in newtons
Fs = | Applied force atfront in the crushing test, in newtons
E; =| Energy absorbed-by the ROPS area under F-D curve at the point where D = Dk, in joules
E¢ =| Total energy‘absorbed by the ROPS structure after static overload test, in jouleg
H = | Height of pendulum at start of impact test, in millimeters
L = | Referenee wheelbase, which shall be not less than the maximum wheelbase, in millimeters
I = | Refefence moment of inertia about the rear axle, excluding the rear wheels which shall be not
[ess than the maximum moment of inertia in kilogram meters squared
Applications

51

5.2

521

5.2.2

This document applies to wheeled agricultural tractors as defined in 3.1. It does not preclude the use of
extendable or foldable ROPS as long as these ROPS meet the performance requirements of the document.

Tractors used in construction and self-propelled implements are excluded.

Test procedures in this document are limited by tractor mass (see 3.3) as follows:

STATIC TEST (SECTION 7)—800 kg min.

IMPACT TEST (SECTION 8)—800 to 6000 kg.



https://saenorm.com/api/?name=d33844ee107dfd43bafa518c2d81a5da

SAE J2194 Reaffirmed SEP97

5.2.3

5.3

6.1

6.2

6.3

6.4

6.5

6.6

6.7

6.8

6.9

6.9.1

FIELD UPSET TEST (SECTION 9)—No limitation.

The minimum tread of the rear wheels should generally be greater than 1150 mm. This Standard Code may
not apply to some designs of tractors, for example, lawn mowing tractors, narrow vineyard tractors, low profile
tractors used in buildings with limited overhead clearance or orchards, and stilt tractors (high clearance). For
specialized applications, SAE J1194 (ASAE S383) may be used.

General Requirements

The ROPS shall be to production specifications. Where a number of tractor models form a family and use the
same ROPS, testing may be performed based on the largest tractor mass within the family. New ROPS and

t' nactiaona-challbha caod for caondiiatina tha tact coaciianen dAacoribhad 1o iy v 4
moun |ng C e CToOTS ST Ot O SCUTOT CoOTMU o Tty tC Tt ST St Ut Tt Ot SCToC O T IguTT "

A tread setting for the wheels, if present, shall be chosen such that no interference exists' with the ROPS during
the tests.

Moveable ROPS sections, such as windows, or removable sections, such.as .doors, which may add to
structural stgength, shall be removed or placed in configurations that contribute-least to strength during a test.
All normally|moveable glazing shall be removed before tests; however, glazing material that is permanently
affixed or is gesigned as a structural component need not be removed.

If an overhead weather shield or overhead falling object protective cover is available as an optjonal attachment
to the ROPSY, it may be in place during tests, provided it does not‘contribute to the strength offthe ROPS.

In case of ap offset seat and/or nonsymmetrical strength of the ROPS structure, the side logding shall be on
the side more likely to lead to infringement of the clearafnce zone.

Repairs or adjustments to the ROPS shall not be made during the test sequence.
Accuracy of Measurement

Dimgnsions: £3 mm
Deflections: +3 mm
Tragtor Mass: +20 kg
Loag@ls and Forces: +2%
Direction of Loading:;

cooow

1. At start of test: +2 degrees, all loading.
2. Puring test# 10 degrees above to 20 degrees below horizontal, for horizontal load

(7]

Pendulumift height: £6 mm

Mags‘of pendulum: +20 kg

Pendulum suspension angle: 2 degrees
Moment of inertia: £5%

If any fixturing used to restrain the tractor breaks or shifts during any test, the test shall be repeated.
Material Requirements
The temperature material requirements will be met:
a. Ifthe ROPS passes any of the structural performance tests (Sections 7, 8, or 9) at a metal temperature
of —18 °C or below, or

b. If the structural members are from material which exhibits Charpy V-notch impact strengths at —30 °C
shown in Table 1.
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6.9.2

6.9.3

Specimen

TABLE 1—MINIMUM V-NOTCH IMPACT STRENGTHS®

Specimen Size (mm) Impact Strength (J)
10 x 100 11.0
10x9 10.0
10x8 9.5
10x 7.5@ 9.5
10x7 9.0
10x 6.7 8.5
10x 6 80
10x 5@ 75
10x4 7.0
10x3.3 6.0
10x3 6.0
10x 2.5@ 5.5

1. Reference: ASTM A 370-76.
2. Indicates preferred size. Specimen size shall be no lessthan the
largest preferred size that the material will permit.

forming orfwelding for use in the ROPS. Specimens from tubGlar or structural sections are

the middlg

2.5 mm or|less in thickness and a maximum carbon content of 0.20%.

Fasteners|used to attach the ROPS to the tractor framé and to connect structural parts of th
metric grafle 8.8 or 10.9, SAE grade 5 through 8 or equivalent.

All welding

material rgquirements given in 6.9.1.

6.10 Seat and Seat Belt Requirements

6.10.1 ROPS equ

J114,J11

6.10.2 Where a
accommodglate the ride motion of the operator.

f, J140a, J141, J339, and J800 except as noted hereafter.

6.11 Labeling—HKEaeh(ROPS shall have a label, permanently affixed to the structure, which states:

7.

5 are to be "longitudinal” and taken from flat stock, tubular sections, or structura| sections before

to be taken from

of the side of greatest dimension, not to include welds. There is no Charpy requirement for steel

e ROPS shall be

electrodes used in the fabrication-of structural members and mountings shall bg compatible with

ipped tractors shall be fitted with seat belt assemblies (Type 1) conforming to thg following: SAE

buspended-seat is used, the seat belt shall be fastened to the moveable portign of the seat to

ROPS model number, if any

Tractor makes, models, or series numbers that the structure is designed to fit

a
b. Manufacturer's or fabricator's name and address
c
d

That the ROPS model was tested in accordance with the requirements of this document

Static Tests

7.1 Apparatus and equipment needed to perform the static test includes:

7.1.1

The ROPS mounting base; a tractor chassis or the equivalent for which the ROPS is designed to assure the
integrity of the entire system. If a tractor is utilized, it shall be supported independent of the tires.
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7.1.2

7.1.3

7.1.31

7.1.3.2

7.1.3.3

7.1.3.4

7.1.4

7.141

7.14.2

7.1.5

7.1.6

The ROPS mounting base anchorage; 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 load. The assembly shall not receive any support under load other than that due to the initial

attachmen

t.

MEANS FOR APPLYING HORIZONTAL FORCE

Provision shall be made so that the load can be uniformly distributed normal to the direction of loading and
along a beam of length not less than 250 mm nor more than 700 mm. Projected area shall be no greater
than 0.10 m2.

the prot¢

Where {
directior

MEANS FO

When in
applied

A mean

including a stiff beam with a width of 250 mm.

ximum radius of

| joints or the equivalent shall be incorporated to ensure that the loadingdgvice dges not constrain

pctive structure in rotation or translation in any direction other than the direction of

he straight line defined by the appropriate beam on the protective’/structure is n
of application of load, the space shall be packed so as to distribute the load over

R APPLYING VERTICAL FORCE

position for the crushing test, the tractor shall bhe“supported under the axles
s not carried on the wheels.

5 shall be provided for applying a downwatd force on the ROPS, such as shq

SEAT REFERENCE POINT
l/LCNGITUDINAL CENTER LINE

loading.

ot normal to the
the full length.

so that the load

wn in Figure 3,

joy ‘"’.I-, .J.“" Jo\

FIGURE 3—TYPICAL LOAD APPLICATION FOR CRUSH TEST

Equipment for measuring force and deflection in the load direction, relative to the tractor chassis. To ensure
accuracy, measurements should be taken as continuous readings. The measuring devices shall be located
so as to record the force and deflection at the point of, and along the line of, loading.

Means for

proving that the zone of clearance has not been entered during the test.
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7.2 Test Procedure

7.2.1 SEQUENCE OF TEsTs—Refer to Figure 4.
STRUCTURAL
TEST
SEQUENCE
STATIC IMPACT
TEST TEST
SECTION 7 SECTION 8
I | { l |
50% OR MORE LESS THAN 50% 50% OR MORE LESS THAN 50%
OF TRACTOR OF TRACTOR OF TRACTOR OF TRACTOR
MASS ON REAR MASS ON REAR MASS ON REAR MASS ON REAR
WHEELS WHE?LS WHI?ELS WHEELS
LONGITUDINAL LONGITUDINAL LONGITUDINAL LONGITUDINAL
REAR FRONT REAR SIDE
CRUSH CRUSH CRUSH TRANSVERSE
TRANSVERSE TRANSVERSE LONGITUDINAL
TRANSVERSE
* FRONT * REAR
LONGITUDINAL LONGITUDINAL Egag;
(TILTABLE ROPS (TILTABLE ROPS
ONLY) ONLY)
L L
1 ] | ] i
| | [CONTINUE WITH FIELD] | |
| | | UPSET (SECTION9) || |
| | ON NEW-ROPS FOR || |
| | NON-F{OPSI MATERIALJ | |
REAR SIDE SIDE
UPSET
* REQUIRED ONLY_IF FIRST LONGITUDINAL LOAD WAS NOT IN THE TILT DIRECTION
FIGURE 4—STRUCTURAL TEST SEQUENCE
7.2.2 During all fests,"maximum and permanent deflections of the ROPS shall be measured and fecorded.
7.3 Horizontal LoadimgsfromthreRear;Frontand-Side
7.3.1 General provisions for horizontal loading tests.
7.3.1.1 The loads applied to the ROPS shall be distributed uniformly by means of a stiff beam, normal to the

direction of load application (see Figures 5A and 5B). The stiff beam may be equipped with a means of
preventing its sideways displacement. As the load is applied, force and deflection shall be recorded as a
continuous record to ensure accuracy. Once the initial application has commenced, the load shall not be
reduced until the test has been completed.

-10-
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176 W

SECOND_LONGI
mM.WGHEPWt

LOAD

176 W
SEAT REFERENCE POINT
LONGITUDINAL CENTER LINE

LONGITUDINAL LOAD,
REAR OR FRONT

7\

FIGURE 5A—TYPICAL REAR (FRONT) LOAD APPLICATION

LOAD APPLICATION POINT

REFERENCE POINT DEFLECTION DUE’ TO

SEAT
|~ LONGITUDINAL CENTER LINE

\SEAT REFERENCE POINT VSET REFERENCE POINT

ICATION POINT

REAR UEH#CTRN DUE TO REAR
‘//LGGIRDHMLLONMNG LONGITUDINAL LOADING

7.3.1.2

7.3.1.3

7.3.2

The ratg

be greater than's mm/s.

FIGURE 5B—TYPICAL SIDE LOAD APPLICATION

of load application to be considered static means that the rate of deflection under

loading shall not

If no stry

cthral cross member exists at the point of load application, a substitute test beam

, which does not

add stre

ngth to the structure, shall be utilized.

FIRST LONGITUDINAL LOADING—The load shall be applied horizontally and parallel to the longitudinal median
plane of the tractor. If the load is applied from the rear, the longitudinal load and the lateral load shall be
applied on different sides of the median longitudinal plane of the ROPS. If the longitudinal load is applied

from the fr

ont, it shall be on the same side as the side load.

The rear load is not required on tractors having 50% or more of the unballasted weight on the front wheels.

The load shall be applied to the uppermost traverse structural member of the ROPS (that is, that part which

would be |

ikely to strike the ground first in an overturn).

-11-
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The point of application of the load shall be located at one-sixth of the width of the top of the ROPS inward
from the outside corner. The width of the protective structure shall be taken as the distance between two
lines parallel to the longitudinal median plane of the tractor touching the outside extremities of the ROPS in
the horizontal plane touching the top of the uppermost transverse structural members.

The length of the load distribution device shall be not less than one-third of the width of the ROPS and not

more than
The requir

7.3.3
plane. Its

49 mm greater than this minimum.

ed energy is: Ej 1 = 1.4 m; (joules)

annbiad +o aYn) ot o afth

200 oo fonaardl
TTICOUOTTITT T 1O

TRANSVERSE LOADING—The side load shall be applied horizontally at 90 degrees to the longitudinal median

e seat reference

point. If i
overturns
of the loa
structural

The load ¢
The requir

7.3.4 SECOND L

furthest frq
The requir
7.4 Vertical Log

7.4.1 CRUSHING

the resultd

be applied.

Where theg
the roof is
the tractor
moved an

would then support theyrear of the tractor when completely overturned and the full force app

2l bha annar aoviranait gy of tlha D) <o

AT VG M'.lrlllbu U uare UIJI;I\.;I bl\l.lbllllLy VT UIC TA\UT O Al 'JU
is certain that any particular part of the ROPS side will touch the ground first

sideways, the loading shall be applied at that point, provided that this permits-un

| as specified in 7.3.1.1. In the case of a two-post ROPS, side loading shall H

member uppermost on the side, regardless of the seat reference point pesition.

Tvvaro oo

ed energy is: Ejs = 1.75 my (joules)

DNGITUDINAL LOADING—The load shall be applied in-the opposite direction to a
m the point of application of the first longitudinal load.

ed energy is: Ej » = 0.35 m; (joules)
1 dings
AT THE REAR—The beam shall be positioned across the rear uppermost structur

nt crushing forces shall be locatedin the vertical reference plane. The force Fg

rear part of the ROPS roof will not sustain the full crushing force, the force shal
deflected to coincidetwith the plane joining the upper part of the ROPS with that ¢
capable of supporting the vehicle's mass when overturned (see Figure 6). The fo
H the tractor orydoading force repositioned so that the beam is over that point of

istribution beam shall be as long as practicable, subject to a maximum of 700 mn.

lvhen the tractor
form distribution
e applied at the

nd at the corner

al members and
= 20 m; (N) shall

be applied until
art of the rear of
rce shall then be
he ROPS which
lied.

IMAGINARY GROUND PLANE

FIGURE 6—REAR CRUSH

-12-
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7.4.2

CRUSHING AT THE FRONT—The beam shall be positioned across the front uppermost structural members and
the resultant crushing forces shall be located in the vertical reference plane. The force Fg = 20 m; (N) shall

be applied

Where the front part of the roof of the ROPS will not sustain the full crushing force, the force shall be applied
until the roof is deflected to coincide with the plane joining the upper part of the ROPS with that part of the
front of the tractor capable of supporting the vehicle mass when overturned (see Figure 7). The force shall
then be removed and the tractor or loading force repositioned so that the beam is over that part of the ROPS
which would then support the front of the tractor when completely overturned and the full force applied.

SECOND POSITION OF BEAM FOR
FRONT CRUSHING TEST WHERE FRONT
PART OF ROOF WILL NOT SUSTAIN

INITIAL POSITION OF BEAM
FOR FRONT CRUSHING TEST

[~ /:m;:m GROUND PLANE IMAGINARY GROUND PLANES

-
7.5 Overload Test
7.5.1 An overlo
7.5.2 An overlo
deflection
7.5.3 An overlog

FIGURE 7—FRONT CRUSH

have caused cracks, tears, bending, of:buckling may be required to assure adequate strend

energy, uf

d test to determine the residual_strength of the ROPS after a horizontal loading
d test shall be required if the applied force decreases by more than 3% over th
attained when the energy required is absorbed by the structure (see Figure 8).

ld test shall cansist of continuing the horizontal loading in increments of 5% of the
to a maximum of 20% additional energy (see Figure 9).

OF TRACTOR CAP#.E
TURNED

test which may
th.

e last 5% of the

original required
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LOAD

2) CALCULATED BASIC
ENERGY

Fd-
6) ENERGY INCREASED
6Y 20 X
Fe
-
0 DEFLECTION

NOTES

I LOCATE Fo IN RELATION TO 0.9%0.

2 OVERLOAD NECESSARY AS Fa > | .O3F.

3 Fb < 0.97F THEREFORE FURTHER OVERLOAD NECESSARY'

4 Fc < 0.97Fb THEREFORE FURTHER OVERLOAD NECESSARY.

§ Fd < 0.97Fc THEREFORE FURTHER OVERLOAD NECESSARY.

6 OVERLOAD TEST PERFORMANCE SATISFACTORY AS Fe > 0.8Fmox.
7 FAILURE AT ANY STAGE WHEN LDAD DROPS BELOW’O.8Fmax.

FIGURE 8—LOAD DEFLECTION.PIAGRAM—CONTINUING OVERLOAD TEST]

FORCE, F

ADDITIONAL
‘ ENERGY

Dmax D' DEFLECTION, D

FIGURE 9—LOAD DEFLECTION CURVE—CONTINUING OVERLOAD TEST
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8. Impact Tests

8.1 Apparatus and Equipment

8.1.1 The dynamic loading shall be produced by use of a 2000 kg mass acting as a pendulum. The impact face of
the mass shall be 680 mm = 20 mm x 680 mm = 20 mm and shall be constructed so that its center of gravity
is within 25.4 mm of its geometric center. The mass shall be suspended from a pivot point 6 m or more

above ground level and shall be conveniently and safely adjustable for height (see Figures 10A through
10C).

The mass of the pendulum block should not include the mass of supporting chains (see Figure 11). The
maximum i f

ABOVE GROUND
[
mﬂﬂm
ARC OF TRAVEL OF
CENTER OF GRAVITY
OF PENDULUM BLOCK
PASSING

TPACT | FEAR ‘ THROUGH ‘
‘ “ 20 POINT OF CONTACT 20

2| |' \ I %
A | ,,///// ,,,// 2
—i K24 |l X N
If_‘r-"‘- L 2 =) - A&\
- - L AR g An .
i" 4 Az -~ =0 ] é: -5
¥ i
N S SNNNANNNNNNT AN < !i - i \
RESTRAINING CABLES 150 we SQUARE SOF TWOOD BEAM RESTRAINING CABLES 150 ma SOFTWOOD BEAM
AR TR S AT T oS

FIGURE I0A—TYPICAL REAR IMPACT APPLICATION
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PASS!
POINT OF CONTACT

LONGITUDINAL IMPACT
AREA. FRONT

80mm MAX.

Sa MIN
ABOVE GROUND
20" ARC OF TRAVEL OF 20
PR Ay
PASSING THROUGH
\T/ POINT OF CONTACT H
20 20— =
-ﬁ’ o
Y ; — #'('G} 1.5
(] = (] -
i ii §
150 SOQUARE 90F BEAM LIESTRAINM I:AH.A 150 am ;wm SOF TWOOD BEAM
%aﬁssm% GrletEn peinie eomi Fear
RESTRAINING S

FIGURE 10B—TYPICAL FRONT IMPACT APPEICATION

G NT
&xmim. a:m"' LINE IMPACT APPLICATION POI!

H
i

AGAINST
e |
sghvos - 7
s A

FIGURE 10C—TYPICAL SIDE IMPACT APPLICATION
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PENDULUM CHAI

ATTACHMENT FOR RELEASE
MECHANISM

INPA

CENTER OF
GRAVITY MARK
SAFETY HOOKS FOR
|~ HoLDIeé
NEMAINING. CHAING
680220
HEIGHT
ADJUSTMENT
ICT FACE-

FIGURE 11—RENDULUM BLOCK
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General apparatus and equipment shall include a:
Restrain tractor by means of steel cables (see Table 2) incorporating tensioning devices. These cables

8.1.2.1
are attached to ground rails which should preferably be spaced approximately 600 mm apart throughout
the area immediately below the pendulum pivot points. The ground rails should extend for approximately 9
Details of the

m along the axis of the pendulum block and approximately 1.8 m to either side.

8.1.2

arrangements are given in Figures 10A through 10C.

TABLE 2—NOMINAL DIAMETER OF RESTRAINING CABLES

Tractor Mass (kg) Rope Diameter (mm)
Less than 5000 13
5000 or greater 16
ng from the front

d beam, of cross-section 150 x 150 mm, for restraining the rear wheels when strik
'om the side, as

8.1.2.2 Softwoo
, and for clamping against the side of the front and rear wheels when striking f

and rea
shown i Figures 10A through 10C.

prop, for restraining the opposite rear wheel when striking from'the side as shown in Figure 10B.

8.1.2.3 Wooden
Its length shall be 20 to 25 times and its width 2 to 3 times its thickness.
or measuring elastic deflection, such as that shown in Figure 12, in a horizoptal plane which

8.1.2.4 Device
coincides with the upper limiting surface of the clearance zone.

- {3) —»
(n (2)
HORIZONTAL ROD
—t 2 ATTACHED TO FRAME
f ! (T F
¥
e 47 2 m
ol
i F A 4

VERTICAL BAR ATTACHED
TO TRACTOR CHASSIS

1

1

L e

Py s

ER

F )
43 FRICTION €OLLAR
i

o

I

i3
HiH —Permement—defiectton
,':""_" (2) Elastic deflectton
lf:;: (3) Total (permanent plus elastic) deflectton

FIGURE 12—TYPICAL METHOD OF MEASURING DEFLECTIION
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When in position for the crushing test, the tractor shall be supported under the axles so that the load

A means shall be provided for applying a downward force on the ROPS, such as shown in Figure 3,

A means shall be provided for continuous recording of force applied to and deflection of the ROPS.

8.1.3 MEANS FOR APPLYING VERTICAL FORCE
8.1.3.1
applied is not carried on the wheels.
8.1.3.2
including a stiff beam with a width of 250 mm.
8.1.3.3
8.2 Test Procedure
8.2.1 SEQUENCH OF TESTsS—Refer to Figure 4.
8.2.2 During allftests, maximum instantaneous and permanent deflections of the ROPSyshall b
recorded.
8.3 Impact Tesis
8.3.1 GENERAL IPROVISIONS

8.3.1.1 The posjtion of the block and its supporting chains shall be selected so that the point of t
at the upper edge of the ROPS and in line with the arc of travel of the center of gravity of {he block.

The tragtor shall be positioned and held securely in the, area beneath the pivots as show|

through [10C.

e measured and

ne impact will be

N in Figures 10A

The pOi:I:tS of attachment of the cables shall hed@approximately 2 m behind the rear axle ahd 1.5 m in front

of the frpnt axle.

The tire$ of the tractor shall be inflated for different types of tractor (no water ballast bein
cables tjghtened to give deflections,appropriate to the type of tractor and tire as show

follows:

TABLE 3—IMPACT TEST—DEFLECTIONS

p used), and the
n in Table 3 as

Tire Pressure Deflection
Type of Tractor (kPa) (mm)

Four-\vheel dfive with front and rear wheels of the same

size: 100 25
Front 100 25
R )

Four-wheel drive with front wheels smaller than rear

wheels: 150 20
Front 100 25
Rear

Two-wheel drive:
Front 200 15
Rear 100 25
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8.3.1.2

8.3.1.3

8.3.14

8.3.1.5

8.3.2

8.3.2.1

8.3.2.2

Front and Rear Impact Tests—The restraining cables shall be one on each side of both axles giving a
resultant force in the plane in which the center of gravity of the block will swing.

After the restraining cables have been tightened for the front and rear blows, a beam (see Figures 10A and
10B) shall be clamped against the appropriate wheels on the side opposite the pendulum and driven tight
against them.

Side Impact Test—A beam (see Figure 10C) shall be clamped against the side of the front and rear wheels
opposite the pendulum and driven hard against the tires. After tightening the restraining cables, a beam
(see Figure 10C) shall be placed as a prop against the rear wheel rim and secured to the ground so that it
is held tight against the rim during the impact. The length of the beam shall be chosen so that when in

oot thn laaof 20 daocraoc s I~ |

t gt ia ot an anala Af DN Aa~ranc L D doanvranc t0 thn hoavioantal
pOSI on oy STaICT G oo acart angrc-orooUatygrcCo =

If a profruding member would present an inadequate area for the pendulum block, [a steel plate of
appropriate thickness and depth and about 300 mm in length shall be fastenedto“the member in such a
manner fthat the strength of the ROPS is not affected.

The engrgy input to be absorbed by the protective structure is calculatedrby-the formula:

E = 19.6 H (J) (Eq. 1)

IMPACT FR

Position

the supporting chains and the face of the pendulum block are at an angle of 20 degree

when st
during in
so thatt
the supf

NOTE—
Impact A
weight d

The loa

OM THE REAR AND FRONT
ng of the Tractor—For the impact tests to the rearand front, the tractor shall be p
iking the ROPS. If the angle of the ROPS«member at the point of contact at ma
hpact will be greater than 20 degrees to the vertical, the angle of the block shall be
he striking face and the ROPS member@re parallel at the point of impact and max
orting chains being 20 degrees to the'vertical when the block strikes the ROPS.

In the case of an angle greater than 20 degrees, the adjustment of the stri
bendulum blocks has to bé& based on estimated maximum deformation.

rom the Rear—The_rear impact is not required on tractors having 50% or more of]
n the front wheels:

| shall be applied to the uppermost traverse structural member of the ROPS

ositioned so that
s to the vertical
imum deflection
further adjusted
imum deflection,

ing face at the

the unballasted

that is, that part

which wpuld be likely-to strike the ground first in an overturn).

The rea
opposite

blaw{shall be struck in a vertical plane parallel to the longitudinal medium plape on the corner
to-that on which the side impact (see 8.3) is made.

The point of application of the load shall be located at one-sixth of the width of the top of the ROPS inward
from the outside corner. The width of the protective structure shall be taken as the distance between two
lines parallel to the longitudinal median plane of the tractor touching the outside extremities of the ROPS in
the horizontal plane touching the top of the uppermost transverse structural members. However, if the
back of the ROPS is curved and the curve starts at less than one-sixth the frame width, the impact shall be
at the beginning of that curve, that is, at the point where this curve is tangential to a line at right angles to
the median plane of the tractor.
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