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The Engineering Society -
c‘ EFor Advancing Mobility OFF HIGHWAY
P (-1 Sea Air and Space @ MACHINERY

400 COMMONWEALTH DRIVE, WARRENDALE, PA 15096 STANDARD | Issued Dec. 1987

Submitted for recognition as an American National Standard

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

1. PURPOSE:

Tne purpose of this standard is to establish the test and performange
requirenfents of a roll-over protective structure; (ROPS), idesigned flor

wheeled |agricultural tractors to minimize the frequency,and severity of
operator] injury resulting from accidental tractor upset,

2. SCOPE:

2.1 Any ROPAS meeting the performance requirement of 1SO 5700 (Static RQPS Test
Standarld) or ISO 3463 (Dynamic ROPS Test Standard) meets the performance
requirdgments of this SAE Standard if the ROPS temperature/material |and seat
belt rgquirements of this SAE Standard.are also met.

2.2 Fulfillment of the intended purposerequires testing as follows:

2.2.1 A temperature-material requirement (paragraph 6.9). This can be |satisfied
by uding the appropriate materials or by performing any of the structural
perfqrmance tests (paragraphs 7, 8 or 9) at -18°C.

2.2.2 A laboratory test, under repeatable and controlled loading, to pgrmit
analysis of the ROPS)for compliance with the performance requirements of
this |standard. Either the static test sequence (paragraph 7) or |the
impadt test sequence (paragraph 8) shall be conducted.

SAE Technical Board Rules provide that: “This reportis 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.

Copyright 1988 Society of Automotive Engineers, Inc. Printed in U.S.A.
All rights reserved.
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TEMPERATURE
MATERIAL

REQUIREMENT

PARAGRAFPH 6.9

L

ROPS NON ROPS
MATERIAL MATFRIAL
STATIC* IMPACT* STATIC* STATIC AT* IMPACT AT% TMPACT™
ATl AMBIENT AT AMBIENT AT AMBIENT AMB1ENT AT
TEMPERATURE TEMPERATURE -18°C ‘TEMPERATURE TEMPERATURE -|L8°C

UPSET AT
-18°C

FIELD F1ELD
UPSET AT
-18°C

*See paragraph 3.2 for Timitation

FIG. 2.1.1 - TEMPERATURE MATERIAL REQUIREMENT
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STRUCTURAL
TEST
SEQUENCE
STATIC THTACT |
| TEST ‘ | l TEST |
PARAGRAPH 7, PARAGRAPH 8,
| |
I —_ 1 e I I
50% OR MORE LESS THAN 50% 50% OR MORE BESS THAN [5U%
OF TRACT OF TRACTOR OF TRACTOR OF TRACTPR
MASS ON RERR MASS ON REAR MASS ON REAR MASS OM REAR
WHEELS WHEELS WHEELS WIEELS
iR l | I
REAR PRONT REAR FRONT
l LONGITUDINAL l I LONGITUDINAL | LONGITUDINAL ‘ ’ | LONG[TUDIN&._J
—_t ' 1
REAR FRONT REAR SIDE
CRUSH | CRUSH CRUSH TRANSVERYE
| U K
SIDE SIDE . FRONT REAR
‘ TRANSVERSE I | TRANSVERSE | l LONGITUDINAL l I CRUSF__I
S iy
FPRONT REAR SIDE FRONT
CRUSH I CRUSH | | TRANSVERSE CRUSH |
| |
* FRONT * REAR FRONT
LONGITUDINAL LONGITUDINAL CRUSH l
(TILTABLE HOPS (TILTABLE ROPS
ONLY) ONLY)
1 ) { ' '
| | |CONTINUE WITH PIELD{| |
| | | uPSET (PARAGRAPH {| |
| | 9) ON NEW ROPS FOR[| - |
| | | NON-ROPS MATERIAL || |
L] 1] 1
— T p— SN —al
REAR ‘ SIDE l REAR | sipbe ' ,
UPSET || UPSET UPSET _UPSET |
A 1 -
SIDE SIDE
I UPSET l l UPSET

- *REQUIRED ONLY IF FIRST LONGITUDINAL LOAD WAS NOT IN THE TILT DIRECTION

FIG. 2.1.2 - STRUCTURAL TEST SEQUENCE
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2.2.3 A seat belt anchorage test (paragraph 10). \

2.3 The test procedures and performance requirements outlined in this standard
are based on currently available engineering data.

3.

APPLICATIONS: .

3.1 This standard applies to wheeled agricultural tractors as defined in

paragraph 4.1.

It does not preclude the use of extendable or f

oldable ROPS

as long as these ROPS meet the performance requirements of the standard.
Tractors used in construction and self propelled implements are excluded.

3.2 Test procedures in this standard are 1imited by tractor mass ,(se
4,3) as follows:

3.2.1 Static Test (paragraph 7): 800 kg min

3.2.2 Ippact Test (paragraph 8): 800 kg to 6000 kg

3.2.3 Fjlield Upset Test (paragraph 9): No limitation

3.3 The[minimum tread of the rear wheels should generally be greaten
1150 mm., This Standard Code may not apply “to some designs of tr

example, lawn mowing tractors, narrow vineyard tractors, low prg

tra
sti

(AS

4.
4.1

DEFI

Agn

ctors used in buildings with Timited overhead clearance or or
It tractors (high clearance). For specialized applications,
AE S383) may be used.

NITIONS:

i¢u1tura1 Tractor:

A-traction machine designed and advertisq

to
ag
tr

pen

4,2 Rol

;Ecu1tura1 tracton propels itself and provides a force in

upply power to agricultural implements and farmstead equiﬁme
the

el to enable attached soil engaging and other agricultural i
form their intended function per SAE J1150 MARS85.

Tover Protective Structure (ROPS): A cab or frame for the p

ope

ope
by

stn

rators.of agricuTtural tractors to minimize the possibility ¢
rator."injury resulting from accidental upset. The ROPS is ch
proyiding space for the clearance zone inside the envelope of
ucture or within a space bounded by a series of straight ling

e paragraph

than
actors, for
file

chards and
SAE J1194

d primarily
nt. An
direction of
mplements to

otection of
f serious
aracterized
the

s from the

outer edge of the structure to any part of the tractor that might come in
contact with flat ground and is capable of supporting the tractor in that

position if the tractor overturns.

The mounting structure and fasteners

forming the mounting connection with the tractor are part of the ROPS.

4.3

Tractor Mass: The mass of the unladen tractor in operating order with tanks

and radiators full, protective structure with cladding and any wheel
equipment or additional front-wheel drive components required to support the
tractor static weight. The operator, optional hitch.equipment, optional
ballast weights, additional wheel equipment and other special equipment are
not included.
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4,4 Reference Mass: A mass, not Tess than the tractor mass, selected for

calculation of the force and energy inputs to be used during tests.

4,5 Seat R

eference Point (SRP):

The seat reference point shall be determined in

accordance with ISO 3462 with the seat adjusted to its rearmost and

upperm

ost position.

For a suspended seat, the seat shall be set to the

mid-point of the suspension travel, unless this is contradictory to clearly

stated
instru

4.6

instructions by the manufacturer of the seat.
ctions for the seat setting exist, these shall be observed.

Where special

Static Test Horizontal Loading: The application of a horizontal static load

to th

4.7 TImpact
of the

4.8 Crushi

rear, 1ront or stde or ihe RUPS.

Test: The application of a dynamic Toad to the rear, front

ROPS produced by a mass acting as a pendulum.

ng Test: The application of a vertical static 1oad*through

placed
the in
a vert
Tongif

4.9 Vertid

Taterally across the uppermost members of the ROPS. The re
itial crushing load shall be in the vertical «direction and s
ical reference plane passing through the SRPCand parallel to
udinal axis of the tractor.

al Reference Plane: A vertical planej generally longitudina

tracto
Note:
median

4,10 ROPS

r and passing through the SRP and the’ center of the steering

or side

h beam

sul tant of
nall be in
the

to the
wheel,

Normally the vertical reference plane coincides with the lomgitudinal

plane of the tractor.

Material:

parag

4,11 (Clear

raph 6.9.1.

ance Zone: The clearance zone is illustrated in Figs. 4.11a

4.11h.

verti
horiZ
perpe
clear]
horiZ
the 1

Referring to the'figures, the zone is defined in relation
cal reference plane. This reference plane shall be assumed

ontally with the seat and steering wheel during loading and

ndicular to the“tractor or the floor of the protective struc
ance zone js.defined when the tractor is standing on its whe
ontal surface and, where applicable, the steering wheel is a
id-position for seated driving.

Any material that'meets the requirements set forth in

and

to the

Lo move

Lo remain
ture. The

21s on a
ljus ted to
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800
120 "\ 100 MIN.
LOAD
i
. /
G
250 250
F (LA
Z SECTION X-X
DIMENSIONS ARE MILLIMETERS.
FIG. 4.11a - CLEARANCE ZONE FROM THE SIDE
DIMENSIONS - REMARKS
ALAO Minteum
8180 100
ATAQ
Bi82 500
cica
DiD2 tnimun or equdl to the diaometer
300 of the steering wheel plue 80am,
ElE2 whichever te the greoter.
FIF
GIG2
HIH2 600
"o { 3 1112
Fi W 2 Jt Jiwz)
G2 tnimus or equal to the rodius
] Jo EIE0 250{~fh ing whesl plus 40me,
Fo 1 E2E0 :M;h:v:;.:: 2 o'g::al:r‘.‘. -
JOEO 300
£l FOGO -
F2 10Go - Depending on the tractor,
CoDo -

SEAT REFERENCE POINT

FIG. 4.11b - CLEARANCE ZONE DEFINITION
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4,11 (Continued):
Referring to Figure 4.11b,
a. A horizontal plane (A1B1BpAs) 900 mm above the seat reference
point;
b. An inclined plane (GyGpIoIy) 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. cylindrical surface (AjA2IoI7) perpendicular to the referénge
lane, with a radius of }20 mm tangential to the planes défined in (a.)
and (b.) above;
d. cylindrical surface (ByC1C»Bp) perpendicular to the referenge
lane, having a radius of 906 mm extending forward “for 400 mm|from and
ngential to the plane defined in (a.) above atla point 150 mm forward
of the seat reference point;
e. inclined plane (CyD1D2Cy) pependicularito the reference
lane, joining the surface defined in (d¥) above at its forwand edge
and passing 40 mm from the rim of the.Steering wheel;
f. A vertical plane (D1E1EpD2) perpendicular to the reference
plane 40 mm forward of the rim of the steering wheel;
g. Al horizontal plane (EjFFpEp) through the seat reference point;
h. A surface (G1F1F2G2), curved if necessary, from the bottom
Timit of the plane defined in (b.) above to the horizontal plgne
defined in (g.) above following the general direction of, and|in
cpntact with, thetrear surface of the seat backrest;
j. Vprtical planes’ (J1E7F1G1Hy and JpEoF2GoHy) not
1pss than 250 mm on either side o% the reference plane;
The djistance~EjEy shall be equal to the diameter of the steering wheel
plus 0 mm.on each side of the rim of the wheel or 500 mm, whicheder is
greater;
k. Parallel planes (A1B1C1D1J1H I and A2BCoDodoHoIo)
inclined so that the upper edge of the plane on the side on which the
Toad is applied is at least 100 mm from the reference plane.
4.12 Longitudinal Median Plane: See ISO 612, dated March 15, 1978.
4,13 Gross Machine Mass: Tractor mass as described in paragraph 4,3 with the

addition of an operator, wheel equipment, ballast weights, hitch equipment

and

special equipment required for operation.
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5. SYMBOLS:

m =

mt =

D =

Dmax =

tractor mass, as defined in paragraph 4.3, in kilograms.
reference mass, as defined in paragraph 4.4 in kilograms.

deflection of the ROPS at the point of and in line with the load
application, in millimeters. - '

total deflection of the ROPS during static test corresponding to
Ej, in millimeters.

Frax | =

Eir.1 =
Eir.2 =

-energy input to be absorbed duringiside loading, in joules.

~applied force at'réar in the crushing teSt; in newtons.

deflection of the ROPS for the calculated energy required|, in
millimeters,

static Toad force in newtons.

maximum static load force occurring during loading, with the
exception of the overload, in newtons.

force for the calculated energy required, in newtons.

force - deflection curvé.
energy input to be absorbed durfng Tongitudinal loading, {n joules.

energy -input to be absorbed during a second longitudinal loading,
in joules.

applied forcerat front in the crushing test, in newtons.

energy absorbed by the ROPS area under F-D curve at the pqint where
D= Dmax, in joules.

total energy absorbed by the ROPS structure after static dverload
test, in joules.

height of pendulum at start of impact test, in millimeters.

reference wheelbase, which shall be not less than the maximum
wheelbase, in millimeters.

reference moment of inertia about the rear axle, excluding the rear
wheels which shall be not less than the maximum moment of inertia in
kilogram meters squared,
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6.
6.1

6.2

6.3

6.4

6.5

6.6

6.7

6.8

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 mounting
connections shall be used for conducting the test sequence described in
paragraph 2.1.2.

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

Move ab Te—ROPS—seTtions,; suTh a5 windows, or removeable sections, suth as

doors, |which may add to structural strength, shall be removed or"pThced in
configyrations that contribute least to strength during a testy.\ Al
normallly moveable glazing shall be removed before tests; however, gJazing
materigl that is permanently affixed or is designed as a structural
compongnt need not be removed.

If-an qverhead weather shield or overhead falling object protective|cover is
available as an optional attachment to the ROPS, /it may be in place|during
tests, |provided it does not contribute to the strength of the ROPS.

In casg of an offset seat and/or non-symmetrical strength of the R0$S
structure, the side loading shall be on thé&'Side more likely to leaq to
infrindement of the clearance zone.

Repairs| or adjustments to the ROPS shall not be made during the test
sequencle.

Accuracy of Measurement:

Dimensions: +3 mm

a.
b. Defllections: +3 mm
c. Traftor Mass: +20 kg
d. Loafs and Forces(: +2%
e. Dirgection of Loading: -
At start of-test: +2 deg, all loading
During test: T0 deg above to 20 deg below horizontal, for
horizontal loads
f. Pengulum”1ift height: +6 mm
g. Mass of pendulum: +20 kg
h. Pendulum suspension angle: ¥2 deg
i. Moment of inertia: +5%

If any fixturing used to restrain the tractor breaks or shifts during any
test, the test shall be repeated.
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6.10 Seat and Seat Belt Requirements:

6.10.1

6.10.2

S

b

c.

dl

7. STA

ROPS equipped tractors shall be fitted with seat belt assemblies (Type 1)
conforming to the following: SAE J114 MARS6, J117, J140a, J141,
J339 MAR86 and J800 APR86 except as noted hereafter.

Where a suspended seat is used, the seat belt shall be fastened to the
moveable portion of the seat to accommodate the ride motion of the
operator,

abeling: Each ROPS shall have a label, permanently affixed to the

Label

truc ture;—which—states

« ROPS model number, if any;

. Manufacturer's or fabricator's name and address;
Tractor makes, models, or series numbers that the structure is designed
to fit;
Tmat the ROPS model was tested in accordance with the requirements of
this standard.

TIC TESTS:

7.1 Ap
7.1.1

7.1.2

7.1.3

paratus and equipment needed to perform the static test includes:

The ROPS mounting base; a tractor chassis or the equivalent for which the
ROPS |is designed to assure the integrity of the entire system. 1If a
tractor is utilized, it shall be supported independent of the tires.

The HOPS mounting base anchorage; the assembly shall be secured tp the
bedpllate so that the members connecting the assembly and the bedp]ate do
not deflect significantly . iprelation to the protective structure|under
load,| The assembly shall_not receive any support under load other than
that |[due to the initial attachment.

Means| for Applying Horizontal Force:

7.1.3.1

7.1.3.2

7.1.3.3

Projvision 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
thapn 250 mm2nor more than 700 mm. Projected area shall be no greater
thap 0,10 mé, , -

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

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

7.1.3.4 Where the straight line defined by the appropriate beam on the
protective structure is not normal to the direction of application of
Toad, the space shall be packed so as to distribute the load over the
full length.

7.1.4 Means for Applying Vertical Force:

SEAT REFERENCE POINT
|~ LONGITUDINAL CENTER LINE

—rﬂiﬁ 1
v w

—: S e e | ‘ SO !7|

FIC. 7.1.4 - TYPICAL LOAD APPLICATION FOR CRUSH TEST

7.1.4,1 When in position ‘for the crushing test, the tractor shall be suppor ted
under the axlesso that the load applied is not carried on tHe wheels,

7.1.4.2 R means shall be provided for applying a downward force on tHe ROPS,
uch as_shown in Fig. 7.1.4, including a stiff beam with a width of

50 mm,

7.1.5 Equipment for measuring force and deflection in the load directlion,

relati i 5 nts 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
Tine of, loading.

7.1.6 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 Fig. 2.1.2.

7.2.2 During all tests, maximum and permanent deflections of the ROPS shall be

measured and recorded.

7.3 Horizontal Loadings from the Rear, Front and Side:

7.3.1 General provisions for horizontal Toading tests.

7.3.1.1 The Tloads applied to the ROPS shall be distributed uni formly by
a stiff beam, normal to the direction of 1oad application {'see
Fig. 7.1.3). The stiff beam may be equipped with a means.‘6f pi
i;s sideways displacement. As the load is applied, force and ¢
S
in
th

itial application has commenced, the load shall not be reduce
e test has been completed.

7.3.1.2 Th

of

e rate of load application to be considered static means thaf
deflection under loading shall not be greater than 5 mm/s.

7.3.1.3 If
su

sh

no structural cross member exists at\the point of load appli

pstitute test beam
1] be utilized.

7.3.2 First Longitudinal Loading: The.Yoad shall be applied horizontal

means of

eventing
eflection
11 be recorded as a continuous record to ensure ageuracy. (nce the

d until

the rate

cation, a
» which does notcadd strength to the structure,

1y and

parallel to the Tongitudinal median plane of the tractor. If the load is
appljed from the rear, the lohgitudinal load and the lateral load| shall be
appljed on different sides ©f the median Tongitudinal plane of the ROPS.
If the longitudinal load is applied from the front, it shall be oh 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 Joad shall‘be applied to the uppermost traverse structural member of
the ROPS (that is, that part which would be Tikely to strike the ground
first indn overturn).

The petrt—of—sppticationofthetoadshattbe located'at one-sixth of the
width of the top of the ROPS inwards from the outside corner. The width

of the protective structure shall be taken as the distance between two

lines parallel to the Tongitudinal median plane o
the outside extremities of the ROPS in the horiz
top of the uppermost transverse structural members.

The Tength of the Toad distribution device shall be not less than

f the tractor touching
ontal plane touching the

one-third of the width of the ROPS and not more than 49 mm greater than

this minimum.

The required energy is: Ejp 7 = 1.4 my (joules)
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7.3.3 Transverse Loading: The side load shall be applied horizontally at 90° to

7.3.4

7.4 Vertical Loadings:

the Tongitudinal median plane. It shall be applied to the upp
of the ROPS at a point 300 mm forward of the seat reference po
is certain that any particular part of the ROPS side will touc
first when the tractor overturns sideways, the loading shall b
that point, provided that this permits uniform distribution of
specified in paragraph 7.3.1.1. In the case of a two-post ROP
Toading shall be applied at the structural member uppermost on
regardiess of the seat reference point position.

The load distribution beam shall be as long as practicable suh

er extremity
int. If it
h the ground
e applied at
the load as
S, side
the side,

ject to a

maximum of 700 mm.

The required energy is: Ejg = 1.75 my (joules)

Second Longitudinal Loading: The Toad shall be applied in the
direction to and at the corner furthest from the point of appl
tIe first longitudinal load.

T

e required energy is: Ej; p = 0.35 my (joules)

7.4.2

~shall be applied.

Crushing at the Rear: The beam shall ‘be positioned across the
uppermost structural members and the resultant crushing forces
lgcated in the vertical reference plane. The force FR = 20 my

Where the rear part of thexROPS roof will not sustain the full
force, the force shall berapplied until the roof is deflected
wlth the plane joining the upper part of the ROPS with that pa
rgar of the tractor capable of supporting the vehicle's mass Wl
oYerturned (see Fig: 7.4.1). The force shall then be moved an
tractor or loading force repositioned so that the beam is over
off the ROPS which would then support the rear of the tractor wi
cgmpletely overturned and the full force applied.

Cqushing~at the Front:

uppermost structural members and the resultant crushing forces

opposite
ication of

rear
shall be
(N)

crushing
to coincide
rt of the
nen

1 the

that point
nen

The beam shall be positioned across the front

shall be

1qcated in the vertical reference plane. The force Fp = 20 my

(N)

St

n e P "
ari—oeapprreds
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- REAR CRUSH

FIG. 7.4.1
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7.4.2

7.5 Ovei

(C

ontinued):

Where the front part of the roof of the ROP 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

oV
tr

erturned (see Fig. 7.4.2). The force shall then be removed a
actor or loading force repositioned so that the beam is over

nd the
that part

of the ROPS which would then support the front of the tractor when
completely overturned and the full force applied.

rtoad Test:

7.5.1

7.5.2

7.5.3

8. IMPAC

A
hq
bu

Ar
th
re

An
i
ad

ckling may be required to assure adequate strength,
overload test shall be required if the applied, force decreab
an 3% over the last 5% of the deflection attainéd when the eh
quired is absorbed by the structure (see Fig. 7.5.2).
overload test shall consist of continuing the horizontal loh
ditional energy (see Fig. 7.5.3).

T TESTS:

8.1 Appd

ratus and Equipment:

8.1.1

Th
p€
20
25
P
ad

Th
ch
10

e dynamic loading shalli bé produced by use of a 2000 kg mass
ndulum. The impact, face of the mass shall be 680 mm + 20 mm
mm and shall be constructed so that its center of gravity is
.4 mm of its geometric center. The mass shall be suspended {
int 6 m or more~above ground level and shall be conveniently
justable for(height (see Fig. 8.1).

e mass of/the pendulum block should not include the mass of s
ains (see Fig. 8.2). The maximum mass of the supporting chaj
0 kge

overload test to determine the residual strength of the 'ROPS after a
rizontal loading test which may have caused cracks, tears, bending or

es by more
ergy

ding in

crements of 5% of the original required energy, up to a maximum of 20%

acting as a
X 680 mm +
within —
rom a pivot
and safely

upporting
ns shall be
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- FRONT CRUSH

FIG. 7.4.2
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TES .
LOCATE Fo IN RELATION TO 0.9%0.

Fb < 0.97F THEREFORE FURTHER OVERLOAD NECESSARY.

Fe < 0.97Fb THEREFORE FURTHER OVERLOAD NECESSARY.

Fd < 0.97F ¢ THEREFORE FURTHER OVERLOAD NECESSARY..
OVERLOAD TEST PERFORMANCE SATISFACTORY AS Fe > 0.8Fmox.
FAILURE AT ANY STAGE WHEN LOAD DROPS BELOW O.8Fsox.

SAE, Page 20
LOAD
F""_S’x‘ - 2) CALCULATED BASIC
ad——— Ry
Fl-—f————- |
3) ENERGY” INCREASED
8Y-5 %
Fb{—-— - - ————— -~
|
o “ By
B fm — -
Fe ==
I | 4@l S) ENEROY INCREASED
] I b
: : : | : o
Fel—-—-—————-——pr=+—-t+—=l—4
t I
) I
an )
0 O.§5D D D, O, I D DEFLECTION
06 5 B, b b
OVERLGAD

FIG. 7.5.2 - LOAD DEFLECTION DIAGRAM - CONTINUING OVERLOAD TEST
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E TEAR |
1 /.

FIG. 7.5.3 - LOAD DEFLECTION CURVE - CONTINUING OVERLOAD TEST
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300 —p-—4

SEAT REFERENCE POINT

[/ LONGITUDINAL CENTER LINE

IMPACT APPLICATION mmw

= =

~

ARC OF TRAVEL OF
CENTER OF GRAVITY
OF PENDULUM BLOCK
PASSING THROUGH

POINT OF CONTACT

RESTRAINING

CABLES

FIt. 8.1c - TYPICAL SIDE IMPACT APPLICATION
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CENTE!
GRAY

IMPACT FACE-—

R OF
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~— ATTACHMENT FOR
MECHANISM

- BAFETY MOGKS FOR
L~ foo
REMAINING CHAINS

RELEASE

FIG. 8.2 - PENDULUM BLOCK
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8.1.2
8.1.2.1

8.1.2.2

8.1.2.3

8.1.2.4

8.1.3

General apparatus and equipment shall include a:

Restrain tractor by means of steel cables (see Table II) incorporating
tensioning devices. These cables 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 m along the axis of the pendulum block
and approximately 1.8 m to either side. Details of the arrangements are
given in Fig. 8.1.

TABLE II - NOMINAL DIAMETER OF RESTRAINING CABLES

Tractor mass (kg) Rope diameter (mm)
Less than 5000 13
5000 or greater 16

Softwood beam, of cross-section 150 x-150 mm, for restraining| the rear
wheels when striking. from the front and rear, and for clamping against
the side of the front and rear wheels when striking from the [side, as

shown in Fig. 8.1.

ooden prop, for restrainingithe opposite rear wheel when stfiking from
he side as shown in Fig.<8.1b. Its length shall be 20 to 25 times and
ts width 2 to 3 times its thickness.

evice for measuringelastic deflection, such as that shown in
ig. 8.1.2.4, inwa horizontal plane which coincides with the jupper
imiting surface) of the clearance zone,

Mepns for Applying Vertical Force:

8.1.3.1

8.1.3.2

8.1.3.3

8.2 Te

en invposition for the crushing test, the tractor shall be |supported
nder_the axles so that the load applied is not carried on the wheels.

e ROPS,

sugh as shown in Fig. 8.4.1, including a stiff beam with a width of
250 mm,

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

st Procedure:

8.2.1

Sequence of Tests: Refer to Fig. 2.1.2.

8.2.2

During all tests, maximum instantaneous and permanent deflections of the
ROPS shall be measured and recorded.
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8.3 Impact Tests:

8.3.1 General Provisions:

8.3.1.1 The position bf the block and its supporting chains shall be selected so

that the point of the impact will be at the upper edge of the ROPS and
in 1ine with the arc of travel of the center of gravity of the block.

The tractor shall be positioned and held securely in the area beneath
the pivots as shown in Fig. 8.1.

i
1

an-t ha
LLLLA={ I " !

Trn pnodnde AF ododo + A
T pPpUTTLST U aL L=LILL =J 3
n

the rear axle and 1.5 m in front of

h | hall
I LRI

€s—sna be—approximatety 2 m behind
the front axle.

£
¥

ThHe tires of the tractor shall be inflated for different) types| of
tractor (no water ballast being used), and the cables tightened to give
daflections appropriate to the type of tractor and tire as shopn in
Tgble III as follows:

TABLE IIT - IMPACT TESTS - DEFLECTIONS

TYPE OF TRACTOR TIRE>PRESSURE (kPa) DEFLECFION (mm)

Four-whedl drive with front and
rear whedls of the same size:

Front 100 P5
Rear . 100 P5

Four-whedl drive with front wheels
smaller than rear wheels:

Front 150 PO
Rear 100 p5

Two-wheel|l drive:

Front 200 5
Rear 100 25

8.3.1.2 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 Figs. 8.1a and 8.1b) shall be clamped against the

appropriate wheels on the side opposite the pendulum and driven tight
against them, ,
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(1) (2)

HORIZONTAL ROD
ATTACHED TO FRAME

(21———1—-—“ rm
A 4
7,

VERTICAL BAR ATTACHED
FRICTION COLLAR TO TRACTOR CHASSIS

.

(1) PRermanent deflection
(2) ~Elastic deflectton
(3)) Total (permonent plus elastic) deflecftton

FIG. 8.1.2.4 - TYPICAL METHOD OF MEASURING DEFLECTION
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8.3.1.3

8.3.1.4

8.3.1.5

8.3.2

Impa

Side Impact Test:

A beam (see Fig. 8.1c) shall be clamped aga

inst 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

Fig. 8.1c) 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 dur1ng

the impact.
position against the rim,

The length of the beam shall be chosen so that wh
it is at an angle of 30 + 3° to the

en in
horizontal,

If a protruding menber 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 fastened to the member in such a manner that the

st

h
o,

rength of the ROPS 1s not affected.

e energy input to be absorbed by the protective structure is
Tculated by the formula:
E=19.6 H (J)

ct from the Rear and Front:

8.3.2.1

8.3.2.2

Pg

sitioning of the Tractor: For the impact tests to the rear

th
fa
wh
cq
tq
th
in
ve

Na
thHe

mg

In

e tractor shall be positioned so that the supporting chains

ce of the pendulum block are at an angle of 20 deg to the ve
en striking the ROPS.
ntact at maximum deflection during®impact will be greater th
the vertical, the angle of the block shall be further adjus
at the striking face and the ROPS member are parallel at the
pact and maximum deflectiony the supporting chains being 20

rtical when the block strikes the ROPS.

te - In the case of.-an-angle greater than 20 deg, the adjust
e striking face at the pendulum block has to be based on est
ximum de formation.

pact from the Rear: The rear impact is not required on trac

hé

th
fi

ving 50% erimore of the unballasted weight on the front whee

The load.shall be applied to the uppermost traverse structural

e ROPS (that is, that part which would be likely to strike t
rst~in an overturn)

If the angle<of the ROPS member at the

and front,
and the
rtical
point of
an 20 deg
ted so
point of
deg to the

ment of
imated

tors
[ s.

member of
ne ground

The rear blow shall be struck in a vertical plane parallel to the
Tongitudinal medium plane on the corner opposite to that on which the

si

de impact (see Section 8.3) is made.
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8.3.2.2 (Continued):

The point of application of the load shall be located at one-sixth of
the width of the top of the ROPS inwards 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
IThe at righnt angles to the median plane of the tractor.

The height of the 1ift of the pendulum block shall be calculdated by
choosing either of the following formulae:

2.165 x 10-8 ;m L2

Al ternative 1: H{(mm)
5.74 x 102 1

Al ternative 2: H{mm)

8.3.2.3 [Impact from the Front: The general provisions' for this test |are similar
to those for the impact from the rear. The blow shall be struck as

close to the corner of the top of the ROPS as is practicable [on the same
5ide as the side impact (see Fig. 8.1b).

Note - "As close to the corner as_practicable"” means 80 mm mgximum from
p vertical plane parallel to the“longitudinal medium plane off the
tractor touching the outside extremity of the top of the ROPY. However,
i f the front of the ROPS is.curved and the curve starts at a|longer
distance than 80 mm insideDthis vertical plane, the impact shall be
administered at the beginning of the curve, that is, at the foint where
this curve is tangential to a line at right angles to the medium plane
hf the tractor.

The 1ift height~of the pendulum block shall be calculated from the
following formuTae:

.‘
.l

800 to 2000 kg

25 ¥.0.07 my where my
2000 to 6000 kg

125+ 0.02 my where mg

8.3.3 Impact~from Either Side:

8.3.3.1 Positioning of the Tractor: For the side impact test, the direction of
the impact shall be horizontal.

The tractor shall be positioned so that the supporting chains and the
striking face of the pendulum block are vertical when striking the
ROPS. If the angle of the protective structure member at the point of
contact is not vertical, the striking face of the pendulum block and
ROPS members shall be set parallel at the point of impact at maximum
deflection by one additional support. The supporting chains shall
remain vertical at the point of impact.

Note - In the case of non-vertical structural members, the adjustment of

the striking face at the pendulum block has to be based on estimated
maximum deformation.
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8.3.3.2

8.4 Ve

Impact from the Side:

If it is certain that any particular structural

menmber will take the initijal impact when the tractor overturns sideways,
e impact shall be struck against this member. Otherwise, the impact
shall be struck against an uppermost side member and in the vertical
plane perpendicular to the longitudinal medium plane and 300 mm forward
of the seat reference point.

th

The height of the 1ift of the pendulum block shall be calculated from

th
H
H

rtic

e following formulae:

25 + 0.2 mg where mg = 800 to 2000 kg
= 2000 to 6000 I(g

f

a1 Loadings:

8.4.1

Crus

ning at the Rear: See paragraph 7.4.1.

8.4.,2

Crus

ning at the Front: See paragraph 7.4.2.

9. FIE

LD U

PSET TEST:

9.1 Tr

acto

r Requirements:

9.1.1

9.1.2

9.1.3

9.1.4

The
the
oper
neit
liqu
by t

Whee
sett
used
upse
trea

A ne
adju
test

The
test

tractor shall be ballasted to a mass.greater than the referern
maximum gross machine mass or the mass recommended for normal
ations, whichever is greater. BdlTast shall be distributed g
ner axle supports less than 25%.0f the total mass. Tires may

ne tire manufacturer.

| tread settings, where adjustable, shall be at the mid-range
ing. Where only twa settings are obtainable, the minimum shg
, provided that tires do not interfere with ROPS deflection.
t cannot be achieved with bank height equal to the mid-range
d, the tread may be set to the minimum.

W ROPS shall be used for the start of this test sequence. Rg
stments(on the tractor necessary to continue test operation (¢
sequences are allowed.

tractor and ROPS shall be instrumented as required to detemm]

ce mass:
field

o that
have

id ballast and shall be inflated to the maximum pressure recgmmended

11 be
If side
wheel

pairs and
uring the

ne that

operation requirements and ROPS performance requirements are met.

9.2 Test Site Requirements:

9.2.1

9.2.2

The

Prac

upset tests shall be conducted on firm soil. The soil in the impact
area shall have an average cone index strength not less than 1030 kPa in
the 0 to 150 mm layer when tested in accordance with ASAE Recommended

tice R313.1.

The rear upset test shall be conducted on a 60 + 5 deg ramp as specified

in F

ig. 9.2.2."
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610 R. MAX 60" £5°
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FIG. 9.2.2 - TYPICAL REAR OVERTURN BANK
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9.2.3 The side upset test shall be conducted on a test site as specified in

Fig.

Requirement paragraph 6.5.

9.2.3. The direction of roll shall be governed by General

The height of the bank may be increased beyond '

the 1145 mm to aid in upset, but heights greater than the test tractor
wheel tread are not recommended.

9.3 Procedure:

9.3.1

9.3.2

9.3.3

10.
10.

10.

10.
11.

1
11

11

.

.

During all tests, a means shall be provided to determine clearance zone

infringement.

recorded.

Permanent deflections of the ROPS shall be measured and

Rear|
fory
engi

clutich may be used to aid in inducing upset.

on 1t

Sidg
unde
Fig,
if 1

SEAT H

Upset: Rear upset shall be induced by driving the tractor
ard up the rear upset ramp at 5 to 8 km/h with engine power.
ne speed setting shall be at maximum governed speed.

Upset:
r engine power over the side upset bank and ramp as specifie
9.2.3 at a minimum velocity of 16 km/h or at maximum tracto
6 km/h is not attainable within tractor-specifications.

ELT ANCHORAGE TEST PROCEDURE:

C

Apply
anchag
at 45
withs
gravi
horiz

Apply
mount
the f
appli

Both
ONDIT

tensile force in an upward, forwWard direction. The seat be
rage shall be capable of withstanding a static tensile force

deg to the horizontal. Thelseat mounting shall be capable
tanding this force plus a-force equal to four times the forc
ty on the mass of all applicable seat components applied 45
ontal in a forward andCupward direction.

a second tensile force in an upward, rearward direction. T
ing shall be capable of withstanding 2224N belt force, plus
orce of gravijty“on the mass of all applicable seat component
ed at 45 deg ‘to the horizontal in an upward and rearward dir¢

tensile forces shall be equally divided between the anchorag

IONS<OF ACCEPTANCE:

Gener

irectly
The

The traction
A rear upsetis nof required
ractors having 50% or more of the unladen mass on_the front wheels.

Side upset shall be induced by driving|the tractor forward

in
r velocity

t

of 4448N
pf

e of

leg to the

e seat
two times
5 both
pction.,

S .

at Requirements:

g0

.2

The ROPS, overhead weather shield, overhead protection, cab sheet metal

or related ROPS parts outside of but near the operator area may be
deformed in tests as described in paragraphs 7, 8, or 9, but shall not

leave sharp edges exposed to the operator.

No part in 11.1.1 shall enter the clearance zone or strike the seat
during the sequence of tests.
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