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Earth-moving machinery — Hydraulic excavators — Laboratory
tests and performance requirements for operator protective guards
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poses of this International Standard, the following definitions and abbreviations apply.

uards
top guard (3.3) and a front guard (3.2) for the operator station of excavators
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3.2
front guard

1998(E)

device intended to provide object protection to the front of the operator station of excavators

3.3
top guard

device intended to provide falling object protection to the top of the operator station of excavators

3.4

deflection-limiting volume

DLV

©1SO

that volume, related to the operator, which serves to set limits and deflections permissible when performing
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volume, an approximation, is based on the seated dimensions of a large male operatof.~Ad
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bct
g the criteria outlined for either Level | or Level Il acceptance used in structural loading testir]

rator station shall be equipped accordingly with respect to the ‘Use of the machine and aga
approaching objects, with one of the following arrangements:

hrd providing protection from falling objects;

uard providing protection from objects that appreach from the front;
nation of top and front guarding.

s protected include:

which shall be not less than the horizontal projection of the DLV for front guards providing
bcts approaching the front of-the operator's station;

which shall be not less-than the vertical projection of the DLV for top guards providing protq
alling on the upper area’of the operator's station.

Nce to penetration of the guard to the point of infringement of the DLV is evaluated. The pe
of a proven, structure under laboratory evaluation procedures.

eptance levels are defined as follows:

apted from

nst risk of
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of a representative specimen (i.e. within the manufacturer's specifications) are basé¢d on the
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objects encountered in applications such as construction and demolition.

Compact excavators having a mass of 6 000 kg or less are excluded from acceptance Level Il.

3) ROPS: Roll
4) FOPS: Falli

-over protective structure.

ng object protective structure.

Level Il acceptance is intended for protection from large objects, e.g. large rocks, large debris and other large
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4.5 Guards meeting the following criteria may not give crush protection under all conceivable circumstances of the
machine being struck from above or the front. Nonetheless, it can be expected that crush protection will be ensured
under at least the loading conditions specified in the following tests.

5 Laboratory tests

5.1 Apparatus for testing the top guard

5.1.1 Drop test object for Level | testing, = made of solid steel or ductile iron, with a spherical contact surface and
a diameter not exceeding 250 mm (see figure 1), possessing the potential energy required. See 8.1 or 8.2 and

figure 2 to determine the mass and/or drop-height ratio necessary to obtain the required energy. Typical mass is
46 kg for Uevel I.

5.1.2 Drdp test object for Level Il testing, = made of steel, designed as shown in figure 1, land pdssessing the
potential gnergy required for loading. See 8.1 or 8.2 and figure 2 to determine the mass _and/or drop height ratio
necessary|to obtain the required energy. Typical mass is 227 kg for Level Il.

Dimensions jn millimetres
®d,

5

b

77
75

Key

1 May be drilled and tapped for lifting eye.
@dy =204; Jd,=2551t0260; | =102; kL =68; I/3=583t0585

a) Level I: mass weighing 46 kg b) Level Il: mass weighing 227 kg

NOTE — Dimensions d, d», /1, l, and /; are optional. Dimensions of the drop test object are determined with respect to both
its mass and drop height (as determined from figure 2) that shall provide the required energy.

Figure 1 — Examples of laboratory drop test object
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a) Level | energy requirement curve
Energy required: 1 365 J
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\

,,,,,,,,,, ,,\ 227 kgat5,2m =100 J
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45
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b) Level Il energy requirement curve
Energy required: 11 600 J

Figure 2 — Height and mass for drop test object necessary to meet energy requirements
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5.1.3 Apparatus, providing the following:

O

O

a means of raising the standard object to the required height;

a means of releasing the standard object so that it drops without restraint;

test which may be either

O

a surface that cannot be penetrated by the machine or test bed when undergoing loading during the drop test;

a means of determining whether the operator guard(s) penetrates the deflection-limiting volume during the drop

a DLV, placed upright, made of a material which indicates any penetration by the operator guard(s).

G
P

il o))

5.2 Appsé

5.2.1 Sta
in figure 1
guard duri

rease may be put o either thetower surface of thecover or the top of the DEVv—to
enetration; or

dynamic instrumentation system of sufficient frequency response to indicate the relevant d
bspect to the DLV.

iratus for testing the front guard
hdard laboratory penetration test object, made of steel, with the shape' of the tapered end

The object length shall be sufficient to avoid a diameter larger than 260 mm making contact
Ng test.

5.2.2 Ap
O

O

simil

penetfation. The DLV shall be positioned-at the SIP%) (see 1SO 5353 and ISO 3164) and fixed
same|part of the machine to which the .operator seat is secured;

5.3 Opti

5.3.1 The
equivalent

5.3.2 The
machine 3

a means of pushing the object into the front guard;
a medns of measuring the force exerted to push the objéct into the front guard;

a means of determining the test object or front guard penetration of the DLV, during the push test.
a DLV, placed upright, made of a material which:indicates any penetration by the operator guard(

a means of simultaneously measuring the deflection distance and the force used to push the o
front guard.

aratus, providing the following:

substance put either on the front_of\the DLV or on the inner surface of the front guar

nal dynamic test

front guard snay be submitted to an optional dynamic test using a device (see figure 1) t
energy absorbed by the guard.

operator station base shall be provided with the same relative base firmness as that @
irrangement so as to restrict unnatural energy absorption by the operator station during

dicate such

pflection with

of the object
with the front

This may be
5). Grease or
d to indicate
firmly to the

Dject into the

hat results in

f the normal
the optional

dynamic {|

pst./ Furthermore, the test surface under the operator station shall be of such firmness

that it is not

penetrated by the arrangement when loaded.

6 Test conditions

6.1 Measurement accuracy

The measurement accuracy of the deflection of the guard shall be + 5 % of the maximum deflection measured.

5) SIP: Seat index point
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6.2 Machine or test bed condition

©1SO

6.2.1 The operator guards to be evaluated shall be attached to the machine in the same manner as in actual
machine use. A complete machine is not required; however, the portion to which the operator guards are mounted
shall be identical to the structure on the complete machine.

6.2.2

a)
interfere

b)

If the operator guards are mounted on a machine, the following apply:

with the test of the guards;

all ground engaging tools shall be in normal carrying positions;

for the test, the machine may be equipped with customary attachments provided their position does not

<)

all susps
setin th

6.2.3 All ca
contribute to

6.2.4 Theg

7 Test pro
7.1 Genersd

It is the inter
penetration.
thickness ind
the drop or

cover are int
be in place d

7.2 Topgu

7.2.1 Thea
object down)
a portion of t
one to be log
to be as defi
areas above

7.2.2 Thes

7.2.3 Accol

bnsion systems including pneumatic tyres, shall be set at operating levels, with variable, su
e "hard" range.

b elements, such as windows, normally removable panels, or non-structuralAittings, th
the strength of the operator guards shall be removed.

hards to be tested shall be representative of units within the manufacturer(s specifications.

cedure
1
t of this procedure to evaluate the area of the top guard and front guard with the least reg

If design features such as cut-outs for windows<or equipment or variations in cover T
icate an area with lower penetration resistance within the vertical and horizontal projections g

spensions

at do not

istance to
haterial or
f the DLV,

Static location should be adjusted accordingly.dh addition, if cut-outs in the top guard or ffont guard

ended to be filled with devices to provide adequate protection, those devices or equivalent
Liring the drop or static test.

ard test

bpropriate laboratory drop test.object (figure 1) shall be placed on top of the top guard (small
at the location designated-in.7.2.2, 7.2.3, and 7.2.4. It is intended that the drop location inclu
he vertical projection of.the top plane area of the DLV. If it does not, two drop tests shall b

hed in 7.2.2, 7.2.3;.and 7.2.4. Also, where other materials or a different thickness are used

mall end-efthe object shall be entirely within the vertical projection of the DLV on the top gua

nting-for the requirements of 7.2.2, the small end of the object shall be placed closest to th

ones shall

end of the
de at least
b required,;

ated within the top plane area as far as possible from major, upper, structure members; andl the other

n different

the DLV, each{area in turn shall be subjected to a drop test. These tests may be performed on the
same top guard.

d.

P top most

point of the [

major, upper,

I\ and to tha cantroid of tha laraest tmsunnaorted araea on-tha ton auard (e tha araa not o1t
=—vy—ahe—te-tHe-ceRt-oia-onealgestuhistpporeaarea-ohmetep-guata{-e—tniealea oSt

structural members).

pported by

7.2.4 Should the vertical projection of the DLV be divided into two, or more segments by vertical projections of
major, upper, structural members, the requirements of 7.2.2 and 7.2.3 shall apply to the segment containing the
largest area of the DLV projection. See figure 3.
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is larger than

and 7.2.3 to
hout restraint

pact position

n a circle of

n a circle of

spherical end
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B C
1
\
2
3
//H
/ ®
®
A // . |4
[V~
Key
1 Centroig for A-B-C
2 Major sfructural members
3 Drop olbject
4 DLV toq plane
NOTE — RArea | and area |l represent segmented vertical projections of the.DLV area onto the top guard. Area
area ll.
Figure 3 — Drop test impactpoint for a top guard
7.2.5 The drop test object shall be raised vertically to-a height above the position specified in 7.2.2
obtain the|potential energy specified in 8.1. The drop’test object shall be released so that it falls wit
onto the gpard.
7.2.6 As |tis unlikely that a free fall will result-in the object hitting the exact location and/or be in the in
as described in 7.2.1 to 7.2.4, the deviations are limited as indicated in 7.2.6.1 t0 7.2.6.4.
7.2.6.1 Fpr a Level | guard, the initial impact of the small end of the object shall be entirely with
100 mm radius. (The centre of(this circle is to coincide with the vertical centreline of the object as positioned
according to 7.2.1 to 7.2.4, but-not on any major, upper, horizontal member.)
7.2.6.2 Fpr a Level Il guard, the initial impact of the small end of the object shall be entirely with
200 mm radius. (Theteentre of this circle is to coincide with the vertical centreline of the object as positioned
according fto 7.2.1 18 _7.2.4, but not on any major, upper, horizontal member.)
7.2.6.3 Fpr a‘Level | guard, the first contact between the object and the guard shall be made by the
of the drop test object. For a Level Il guard, the first contact between the object and the top guard shal

be made by

the small end of the drop test object. See figure 1.

7.2.6.4 There are no requirements on the location or impact position of subsequent impacts due to rebound.

7.3 Front guard test

7.3.1 Static test

7.3.1.1 The small end of the appropriate laboratory penetration test object shall be placed against the front guard
at the location designated in 7.3.1.2 to 7.3.1.4.
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7.3.1.2 The small end of the object shall be entirely within the horizontal projection of the DLV on the front guard
closest to the front most point of the DLV and to the centroid of the largest unsupported area on the front guard (i.e.
the area not supported by major structural members). See figure 4.

z
TN

Key

Top guard
Front guarfl
DLV

Load objeq

A W N PP
p=

Figure 4 — Test object location

7.3.1.3 Shojpld the horizontal projection of the DLV be divided into two, or more segments by majon structural
members, the requirements of 7.3-171 and 7.3.1.2 shall apply to the segment containing the largest area| closest to
the DLV projgction. See figure-

7.3.1.4 Thelobject shall.bé pushed in a plane perpendicular to the front guard surface at the location(s) indicated in
7.3.1.2 and 1.3.1.3.

7.3.1.5 The|rate of deflection shall be such that the loading can be considered static. The rate of load gpplication
can be consifiéred static provided the rate of deflection at the load application point is not greater than 5 n|1m/s.

7.3.1.6 Force and deflection at deflection increments no greater than 15 mm, measured at the point of application
of the load shall be recorded.

7.3.1.7 Loading shall continue until the front guard has achieved the energy requirements given in 8.1. (See
figure 5 for the method of calculating energy). The deflection used in calculating energy shall be the displacement of
the front guard along the line of action of the force. The line of action of the load object shall be maintained within a
circle of 50 mm radius of the initial contact point.
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Calculatio

7.3.2 Dyn
The front
electing tg

figure 4. T
energy. Th

8 Perfor
8.1 Top

The proted
impact. Th

subsequent impacts ofithe test object at the energy levels listed below:
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= (A, F)
g (Ay_1.Fy ) /
/”
,I
,I
(Ay . Fp)
f141 F)
Deflection (A)
h of energy:
_4AhR Ft+F An-1t Ay
Figure 5 — Force-deflection curve
amic test
juard may be dynamically tested with a device that results in equivalent energy applied to

use this option, the drop test object outlined for use with an overhead guard test can L
he procedures described in 7.2 can be used to determine the drop height and mass for
e drop test location shall be defined according to 7.3.1.1 to 7.3.1.3.
mance

juard test

tive properties©fjthe top guard shall be estimated by the ability of the cab or protective strug
e DLV (see ISO 3164) shall not be penetrated by any part of the protective structure und

a) Levelll: absorbed energy 1 365 J;
b) Level#: absorbed-energy—311+-660-3-

the guard. If
e used. See
the required

ture to resist
pr the first or

If the test object penetrates through the top guard, it shall be considered to have failed the test.

8.2 Front guard test

During the test no part of the front guard or the operator station shall penetrate the DLV (see 5.2) at the energy
levels for the required performance level

a) Level

b) Level

l: absorbed energy 700 J;

Il absorbed energy 5800 J.
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If the test object penetrates through the top guard, it shall be considered to have failed the test.

8.3 Material requirements

8.3.1 In addition to the performance requirements, there are material requirements to ensure that the guards will
have meaningful resistance to brittle fracture. This requirement is met when all guards and mounting material in a
manufacturer’'s representative specimen meets the required toughness characteristics. To ensure structural integrity
at low temperatures, material selection, design, and weld considerations shall emphasize high density and
toughness, i.e. the ability to resist brittle fracture of the structure.

This requirement may be met by conducting the laboratory tests with all structural members at, or below — 18 °C,
provided material specifications and procurement assure that materials in the guards subsequently manufactured

have toughng
may be met
fabricated frg

8.3.1 Bolts
be metric prg
8.3.2 Intho

8.3.3 Struct
steels meetir

are to be "lopgitudinal” and taken from flat stock, tubular, or structural seetions before forming or welding
pecimens from tubular or structural sections shall be taken*from the middle of the side ¢f greatest
d shall not include welds. See ISO 148.

the guard. §
dimension ar

NOTE — Th
relate to operg

bss characteristics similar to those in the tested representative specimen. Alternatively, the-re
by applying the loading at a higher temperature provided all of the structural members ofthe
m materials meeting the mechanical requirements given in 8.3.2 to 8.3.4.

Ised structurally shall be metric property class 8.8, 9.8 or 10.9 (ISO 898-1). Nuts,ised struct
perty class 8 or 10 (ISO 898-2).

be countries using the inch system, bolts and nuts used shall be of an eguivalent grade.

ural members of the guard and the mounts which attach the guardiyto the machine shall b
g or exceeding one of the Charpy V-notch (CVN) impact strengths as shown in the table 1. §

ting conditions.

Table 1 — Minimum Charpy, V-notch impact strengths

e Charpy V-notch evaluation is primarily a quality contrel‘\check and the indicated temperature does

quirement
juards are

Lirally shall

e made of
bpecimens
for use in

not directly

Specimen size Energy requirements:~1) Specimen size Energy requirements| 1)
(-30°CQ) (-30°C)
mm J mm J
10 x 102 11,0 10 x 6 8,0
10x9 10,0 10 x 52) 7,5
10x 8 9,5 10x 4 7,0
10x 7,52 9,5 10x 3,3 6,0
10x7 9,0 10x 3 6,0
10 x 6,7 8,5 20x 2,52 55
1) An| alternative/energy requirement may be allowed at — 20 °C. The energy requirement at — 20 °C is
2,9 times;:the value specified for — 30 °C. Other factors affect impact energy strength, i.e. direction of rolling,
yield strength, grain orientation and welding. These shall be considered in selecting a steel.
2) In ir‘s_xtm preferred size. Specimen size shall be no less than the largest preferred size that the materiall will
permit.

Structural members made from materials other than steel shall have equivalent low temperature impact resistance.

8.3.4 Steel less than 2,5 mm in thickness with a maximum carbon content of 0,20 % shall be considered to meet
the Charpy V-notch requirements.
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