INTERNATIONAL ISO
STANDARD 12117

First edition
1997-03-15

Earth-moving machinery — Tip-over
protection structure (TOPS) for compact
excavators — Laboratory tests and
performance requirements

Engins de terrassement — Structure de protection au basculemept (TOPS)
pour mini-pelles = Essais de laboratoire et critéres de performange

ISO

—\@/— Reference number

ISO 12117:1997(E)


https://standardsiso.com/api/?name=f68b287b44a38774b617bd4f4b8246f6

ISO 12117:1997(E)

Foreword

ISO (the |

federation g

preparing |
technical ¢
which a te
represented
and non-go
collaborates

termationa—Organization for_Standardization) 15— a wortdwide
f national standards bodies (ISO member bodies). The work of
hternational Standards is normally carried out through ISO
bmmittees. Each member body interested in a subject for
hnical committee has been established has the right to be
on that committee. International organizations, governmental
ernmental, in liaison with ISO, also take part in the work. ISO
closely with the International Electrotechnical Commission

(IEC) on all (natters of electrotechnical standardization.

Draft Interr
circulated t
Standard re
a vote.

Internationa
ISO/TC 127
requiremen

Annex A fo

ational Standards adopted by the technical committees are
the member bodies for voting. Publication as an International
quires approval by at least 75 % of the member bodies casting

| Standard ISO 12117 was prepared by Technical Cammittee
Earth-moving machinery, Subcommittee SC.2, Safety
ts and human factors.

Fms an integral part of this International Standard. Annex B is

for information only.

© SO 1997
All rights res

erved. Unless otherwise specified, no part of this publication may be

reproduced or utilized in any form or by any means, electronic or mechanical, including

photocopying a
Internationa

Case posta
Internet
X.400

nd microfilm, without permission in writing from the publisher.

| Organization for Standardization

le 56 « CH-1211 Geneéve 20 o Switzerland
central@iso.ch

c=ch; a=400net; p=iso; o=isocs; s=central

Printed in Switzerland



https://standardsiso.com/api/?name=f68b287b44a38774b617bd4f4b8246f6

INTERNATIONAL STANDARD © SO

I1ISO 12117:1997(E)

Earth-moving machinery — Tip-over protection structure
(TOP xcavators — Laborator nd
perfarmance requirements

1 Scope

This Inte
character

requirements of a representative specimen under such loading.

It applied to TOPS of compact excavators (as defined in ISO.6165) with swing type boom, havin

mass of

2 Nor

000 kg to 6 000 kg.

mative references

The following standards contain provisions which, through reference in this text, constitute pro
Internatignal Standard. At the time of publication, the editions indicated were valid. All standards

revision,
possibilit
registers
ISO 148:

1SO 898-

ISO 8981

thread.

and parties to agreements based on this International Standard are encouraged to i
 of applying the most recent.editions of the standards indicated below. Members of IEC an
of currently valid Internationa) ‘Standards.

1983, Steel — Charpyimpact test (V-notch).

1:1988, Mechanical\oroperties of fasteners — Part 1: Bolts, screws, and studs.

ISO 3164:1995<Earth-moving machinery — Laboratory evaluations of protective structures — Sp

deflectio

h-limiting volume.

ISO 6164 _1)’ l:::rfh_mn\/ing machinery — Basic types — \/nr‘::hu/nr\,/

rnational Standard establishes a consistent and reproduciblés/means of evaluating thg load-carrying
istics of tip-over protective structures (TOPS) under stati¢ loading, and prescribes| performance

@ an operating

isions of this
are subject to
vestigate the
1 ISO maintain

2:1992, Mechanical properties of fasteners — Part 2: Nuts with specified proof load vallies — Coarse

beifications for

ISO 6683:1981, Earth-moving machinery — Seat belts and seat belt anchorages.

ISO 7135:1993, Earth-moving machinery — Hydraulic excavators — Terminology and commercial specifications.

ISO 9248:1992, Earth-moving machinery — Units for dimensions, performance and capacities, and their
measurement accuracies.

ISO 10262: —2), Earth-moving machinery — Hydraulic excavators — Laboratory tests and performance
requirements for falling-object guards.

1) Tobe

2) Tobe

published. (Revision of ISO 6165:1987)
published.
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3 Definitions

For the purposes of this International Standard, the following definitions apply.

3.1 tip-over protective structure (TOPS): System of structural members whose primary purpose is to reduce
the possibility of an operator, held by a seat belt system (3.5), being crushed should a machine tip-over.

NOTE — Structural members include any subframe, bracket, mounting, socket, bolt, pin, suspension, flexible shock absorber
used to secure the system to the swing frame, but excludes mounting provisions that are integral with the swing frame.

3.1.1 cabin type TOPS: TOPS for machines with a cabin.

3.1.2 canopy type TOPS: TOPS for machines having an open canopy.

NOTE — Both of these types of TOPS are designed to be integrated with the main members of the TOPS for thg evaluation

test, whether

3.2 falling
station. (See

3.3 swing

mini-excavatd

3.4 swing-

hey are separated from the load carrying members or not.

SO 10262.)

r upon which the TOPS is directly mounted.

lype boom: Boom pivoted horizontally at the boom base. (See ISO 7135:1993, figure 18.)

3.5 seat belt system: Seat belt assembly with anchorages. [ISO £683:1981, definition 4.3.]

3.6 bedpla
of the test.

3.7 deflect
normal clothi

3.8 representative specimen: TOPS, mounting hardware and machine frame (complete or partig

purposes tha

3.9 load d
application p
3.10 load 3

3.11 deflec

hg and a protective helmet. (See 1ISQ.3164:1995, figure 1.) [ISO 3164:1995, definition 3.1]

t is within the manufacturep's;specifications.

Dint.

tion of TOPS: Movement of the TOPS structure caused by the application of the load and

bbject guard (FOG): System of top guard and front guard for the protection.of.the excavatg

frame: Main chassis or main load bearing structural member(s) of ‘the revolving upper fra

te: Substantially rigid part of the test fixtures to.which the machine frame is attached for th

on-limiting volume (DLV): Orthogonal ‘approximation of a large, seated, male operatd

stribution device: Dévice used to prevent localized penetration of the TOPS members 4

pplication point: Point on the TOPS structure where the test load is applied to the TOPS st

r operator

me of the

e purpose

r wearing

[) for test

t the load

ructure.

measured

at the load applicatioh point.

o0 come to

3.13

lateral simulated ground plane (LSGP): For a machine coming to rest on its side, the plane 15° away from
the DLV about the horizontal axis within the plane established in the vertical plane passing through the outermost
point (see figure 1). This establishes the LSGP. The LSGP is established on an unloaded TOPS and moves with the
member to which load is applied while maintaining its 15° angle with respect to the vertical.

3.14 operating mass: Mass of the base machine, with equipment and attachments as specified by the
manufacturer, operator (75 kg), full fuel tank, and all fluid systems at the levels specified by the manufacturer.

NOTE — Soil, mud, rocks, branches, debris, etc. that commonly adhere to or lie on machines in use are not considered as

part of the mass of any machine. Material dug, carried or handled in any manner is not considered part of the machine mass in
determining test requirements.
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N

DLV
15°
LSGP
/
c.d
Key
a Upper TOPS member to which the lateral load is applied
b Outermost point from the end view of member a
c Veftical line through point b
d Vertical plane parallel to the machine longitudinal ¢gntreline through line ¢
e Lateral simulated ground plane
Figure 1 — Determination of lateral simulated ground plane (LSGP)

4 Symbols

The following symbols are uged in this International Standard.
4.1 U: fnergy, expressed in joules, absorbed by the structure, related to the machine mass.

4.2 F: Horce, expressed in newtons.

4.3 m: Manufacturer's maximum recommended mass, expressed in kilograms.

The manufacturer's maximum recommended mass includes attachments in operating condition with all reservoirs
full to capacity, tools and TOPS.

4.4 L length of the TOPS, expressed in millimetres, defined as below.

a) For a one- or two-post TOPS with a FOG and/or cantilevered load-carrying structural members, the length, L, is
that portion of the cantilevered load-carrying members which covers the vertical projection of the length of the
DLV of the operator. It is measured at the top of the TOPS, from the extreme face of the TOPS post(s) to the
far end of the cantilevered load-carrying members (see figure 2).

b) For all other TOPS, the length, L, is the greatest total longitudinal distance between the outsides of the front
and rear posts (see figure 3).
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Boundary planes of DLV
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NOTE — Lodd distributor and socket are used to prevent local penetration and to)hold the end of the load-generating device.

Figure 2 — Two-post TOPS lateral load.application point
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NOTE — Load distributor and socket are used to prevent local penetration and to hold the end of the load-generating device.

Figure 3 — Four-post TOPS lateral load application point
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4.5 Ww: Width of the TOPS, expressed in millimetres, defined as below.

a)

117:1997(E)

For a one- or two-post TOPS with a FOG and/or cantilevered load-carrying structural members, the width, W, is

that portion of the cantilevered load-carrying members which covers the vertical projection of the width of the
DLV. It is measured at the top of the TOPS, from the extreme face of the TOPS post to the far end of the
cantilevered load-carrying members (see figure 2).

b)
posts

(see figure 3).

4.6 A: Deformation of the TOPS, expressed in millimetres.

For all other TOPS, the width, W, is the greatest total width between the outsides of the left and right TOPS

5 Test

5.1 Gen

The requi
the lateral
assure tha
tip.

The evalu
However,

conditiong:

— aflat

— 90° of

5.2 Inst

Systems

5.3 Tes

Fixtures s
load as de¢

5.4 TOR

5.4.1 Thd
complete
specimen
panels, dq

method and facilities

eral
ement for TOPS is energy absorption in the lateral direction. There are limitations on defl

loading. The energy requirements and limitations on deflection (DLV) undep lateral loading a
t the TOPS will not significantly deform while retaining significant capability to withstand

ation procedure will not necessarily duplicate structural deformations due to a given a
it is expected that crush protection for a seat-belted operatdr will be assured under at least

nard soil surface;

tip-over about the swing frame longitudinal axis;without losing contact with the surface.

rumentation

sed to measure mass, force and deflection shall be capable of meeting the requirements of

t facilities

nall be adequate to securethe TOPS/swing frame assembly to a bedplate and to apply the rd
termined by the formulae given in table 1.

'S /swing frame assembly and attachment to bedplate

p TOPS shall be attached to the swing frame as it would be on an operating machine (s¢]
swing_frame is not required for the evaluation. However, the swing frame and mountg
shall represent the structural configuration of an operating installation. All normally detacha

bctions under
e intended to
impact in the

tual tip-over.
the following

ISO 9248.

quired lateral

e figure 4). A
d TOPS test
ble windows,

ors) and other non-structural elements shall be removed so that they do not contribute t

D, nor detract

from, the structural evaluation.

5.4.2 The TOPS/swing frame assembly shall be secured to the bedplate so that the members connecting the
assembly and bedplate experience minimal deflection during testing. The TOPS/swing frame assembly shall not

receive an

y support from the bedplate, other than that due to the initial attachment.

5.4.3 The test shall be conducted with any machine/ground suspension elements blocked externally so that they
do not contribute to the load-deflection behaviour of the test specimen. Suspension elements used to attach the
TOPS to the machine frame and acting as a load path shall be in place and functioning at the start of the test.
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6 Testlod

6.1 Gener3l

6.1.1 All load
6.1.2 No stra

6.1.3 A load
TOPS.

6.1.4 The T
specified in t4
therefore, a |
required, it sh

down

i | )

]

| Undercartiag

3) Anchorage

Figure 4 — Anchorage of swing frame

ding procedures

application points shall be identified and marked-on the structure before any loading is appli
ightening or repair is permitted during loading phases.

distribution device may be used to_prevent localized penetration. It shall not impede rotat
DPS structure shall have the.energy absorption capability against longitudinal load energy
ble 1. Through normal design techniques, a TOPS design may have adequate longitudinal r

ongitudinal loading test is_hot mandated in this International Standard. If, however, such
ould be carried out in acgérdance with annex B.

Table)T — Formulae for the determination of energy required

b) Actual machine (for comparison)

m

on of the

as being
psistance,
a test is

Lateral load energy

Longitudinal load energy

13000{

125
A?nn( n \

(1000

(10000

6.2 Lateral

loading

6.2.1 The load distribution device shall not distribute the load over a distance greater than 80 % of the length, L.

6.2.2 For one- or two-post TOPS, initial loading shall be dictated by the length, L, and the vertical projections of the
front and rear planes of the DLV. The load application point may not be within L/3 from the one- or two-post TOPS
structure. Should the L/3 point be between the vertical projection of DLV and the one- or two-post TOPS structure,

the load application point shall be moved away from the structure until it enters the vertical projection of the DLV.
(See figure 2.)
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6.2.3 For a TOPS of more than two posts, the load application point shall be located between vertical projections
of planes 80 mm outside of the front and rear boundary planes of the DLV. (See figure 3.)

6.2.4 Where the operator's seat is not located on the swing frame longitudinal centerline, the loading shall be
applied against the outermost side nearest the seat. Where the operator's seat is on the swing frame longitudinal
centerline, if the TOPS structure and mounting are such that different force-deflection results are likely by loading

from left or right sides, the side load shall be that which will place the most severe loading requirements on the
TOPS/swing frame assembly.

6.2.5 The initial direction of the loading shall be horizontal and perpendicular to a vertical plane through the swing
frame longitudinal centerline. As loading continues, TOPS/swing frame deformations may cause the direction of
loading to change; this is permissible.

6.2.6 The rate of deflection shall be such that the loading can be considered static. The rate of load application can
be considpred static if the rate of deflection at the load application point is not greater than 5 paRy/s.| At deflection
incremen{s no greater than 15 mm (at the point of application of the resultant load), the Nalues|of force and
deflection| are to be recorded. This loading is to continue until the TOPS has achieved thé\energy fequirements.
See figurg 5 for the method of calculating the energy, U. The deflection used in calculating the energy is to be that
of the TOPS along the line of action of the force. Any deflection of members used to‘support the logd application
device shall not be included in the total deflection.

Force

(AR FA)
(AN,1.FN_1)/ TN

td

(A4, FY)

Deflection

Energy

&
)

Fy_1+ Fy
2

U=

Atk ot (By - Ay 1)

Figure 5 — Force-deflection curve for loading test

7 Material temperature criteria

7.1 In addition to the loading requirements, there is a material temperature requirement to ensure that the TOPS
will have meaningful resistance to brittle fracture. This requirement may be met by applying the static loadings with
all structural members at, or below, — 18 °C if material specifications and procurement ensure that materials in
TOPS subsequently manufactured will have toughness characteristics similar to those in the tested representative
specimen. Alternatively, the requirement may be met by applying the loadings at higher temperatures if all TOPS
structural members are fabricated from materials that meet the mechanical requirements in 7.2 to 7.4.
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7.2 Bolts used structurally shall be metric property class 8.8, 9.8 or 10.9 (see ISO 898-1). Nuts used structurally
shall be metric property class 8 or 10 (see ISO 898-2).

NOTE — In those countries using the inch system, it is important that the bolts and nuts used be of an equivalent grade.

7.3 Structural members of the TOPS and the mounts which attach it to the machine frame shall be made of steels
that meet or exceed one of the Charpy V-notch (CVN) impact strengths at — 30 °C shown in table 2. (The Charpy

V-notch evaluation is primarily a quality control check and the indicated temperature does not directly relate to
operating conditions.)

Specimens are to be “longitudinal” and taken from flat stock, tubular, or structural sections before forming or
welding for use in the TOPS. Specimens from tubular or structural sections shall be taken from the middle of the
side of greatest dimension and shall not include welds (see ISO 148).

7.4 Steel with a maximum carbon content of 0,20 % and less than 2,5 mm thick shall be considered'td meet the
requirementd of the Charpy test.

8 Acceptance criteria

8.1 The spgcific lateral energy requirements shall be met or exceeded in the testing of a single representative
specimen. The equations for determining the values to be met are given in table 1.

Table 2 — Minimum Charpy V-notch impact strengths

Specimen size Energy at — 30 °C"
mm J
10 x 102 11
10x9 10
10x8 9,5
10x 7,52 9,5
10x7 9
10x6,7 8,5
10x6 8
10 x 52 7.5
10x4 7
10x3,3 6
10x3 6
10 x 2,52) 55

1) An alternative energy requirément may be allowed at —20 °C. The energy requirement at — 20 °C is 2.5 timeq the value
specified for] — 30 °C. Other factors affect impact energy strength, i.e. direction of rolling, yield strength, grain drientation,
and welding| These shall bé«onsidered in selecting a steel.
2) Indicateq preferred size."Specimen size shall be no less than the largest preferred size that the material will pefmit.

8.2 The limltations-on the deflections are absolute; no part of the TOPS shall enter the DLV at any time|during the
lateral loading phase of the test.

8.3 The lateral simulated ground plane (LSGP) shall not enter the DLV at any time during the lateral loading phase
of the test, except as noted in 8.4.

8.4 During lateral loading with a side-mounted operator seat facing the direction that the TOPS will deflect under
load application, it is permissible for the upper portion of the DLV to be inclined forward up to 15° about its locating
axis (LA), as defined in ISO 3164, to prevent intrusion of TOPS members (or the LSGP). Forward inclination of the
DLV shall be limited to less than 15° if interference with any machine components or controls occurs at a lesser
angle [see figure 6 a)].

8.5 The lateral loading portion of the deflection-limiting volume (DLV) above the locating axis (LA) (see 1SO 3164)
is allowed to deviate or lean up to 15° laterally as shown [see figure 6 b)] when the minimum energy requirement is
met. The portion of the DLV below the LA can be disregarded.

8.6 The TOPS shall not break away from the swing frame due to failure of the swing frame or mounting.
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9 Labelling of the TOPS

O ~
N
b
Q.
w
D

NOTE — Information concerning the FOG may be included on the label.

9.2 Label specifications

9.2.1 The label shall be of a permanent type and permanently attached to the structure of the TOPS.

9.2.2 The_label shall be located on the structure so that it can be easily read and is protected from weather
defacing.

a) Allowable inclination of the upper b) Lateral inclination of the upper DLV
DLV about the Locating axis (LA)

Figure 6 — Inclination of the upper DLV

9.3 Label content

The label shall indicate the following:

a) the name and address of the manufacturer of the TOPS;

b) TOPS identification number, if any;

c) machine make, model(s), or serial number(s) of the machines that the TOPS is designed to fit;

d) maximum machine mass, m, for which the TOPS structure meets all of the performance requirements of this
International Standard;
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International Standard number(s) for which the structure meets all of the performance requirements (national
regulations may be included);

f)  the manufacturer may include other information as deemed appropriate (for example, installation, repair or
replacement information).

10 Reported results

The results of the test shall be reported using the typical test report presented in annex A.

10
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Annex A
(normative)

Test report for TOPS conforming to ISO 12117

A.1 Identification

A11 MLchine

Type: ......

Manufactdrer:

Model: ....

Serial numer:

Swing frame part NUMDET: ... S D e

A.1.2 TOPS

Manufactyrer:

Model: ....

Serial number:

TOPS franfie part NUMDEI: o e e

A.2 Infprmation supplied by’the manufacturer(s)

Maximum|recommended M@aSS: ........cccoiiiiiiiiii et kg

Location of DLV:

A.3 Criteria

Lateral 080 BNEIGY: ..o e, J

A.4 Test results

A.4.1 Lateral loading

The following energy level was achieved or exceeded with no penetration by the TOPS structural member or the
simulated ground plane into the DLV.

The Maximum €NErgY @HAINEA: .......oo.iiiiii ittt ettt ettt ettt J

1"
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A.4.2 Temperature and material

A.4.2.1 The test was performed with TOPS and swing frame members at

A.4.2.2 (To be completed only if the temperature in A.4.2.1 is over — 18 °C.)

©1S0

ere tested on specimen
SIZ€ i, MM X e mm
The ADSOMDEA BNEIGY WAS ...c.oiiiieiiei ettt bbb J
NUt property Class:
BOIt PrOPEItY ClASS: ..o ieceee ettt
A.5 Attestation statement
The minimufn performance requirements of 1ISO 12117:1996 were met in this test-for'a maximum maghine mass

Date of test

Name and a

Test engineg

DAt Of 1O TEPOIT: .ottt e

12
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Annex B
(informative)

Longitudinal loading test of TOPS

B.1 Test procedure

B.1.1 Aft

er removal of the lateral load, a longitudinal load shall be applied to the TOPS.

B.1.2 The longitudinal load shall be applied at the deformed location of the originally established point (the lateral

loading of
span the
distribute t

he TOPS is likely to result in permanent deformation of the structure). TheNoad distribution
vidth in cases where no rear or front cross-member exists. In all otlien cases, the deV|
he load over a length greater than 80 % of the width (W) of the TOPS ($ee figure 2 and figurg

device may
ce shall not
e 3).

B.1.3 The¢ longitudinal load shall be applied to the upper structural members’of the TOPS, along the longitudinal

centerline

B.1.4 The direction of loading (fore or aft) must be selected to-plate the most severe requiren]

TOPS/swir

bf the TOPS.

g frame assembly. The initial direction of loading shall be horizontal and parallel to
| centerline of the machine. The following additional?factors are to be considered before
Ction to apply the longitudinal load:

n of TOPS relative to the DLV and the effegtdhat longitudinal deflection of the TOPS w
ng crush protection for the operator;

ne characteristics, (for example, other-structural members of the machine which may resis
tion of the TOPS) that can limit the-direction of the longitudinal component of loading on the

longituding
which dire
a) locatig

provid
b) machi

deflec
c) experi

classi
B.1.5 Th
until the T

B.2 Test report

Ication of machine to skew(@s it rotates about a longitudinal axis during an actual tip-over.

ence which may indicate the, possibility of longitudinal tipping or the tendency of

rate of deflection shafl be such that the loading can be considered static. This loading ig
DPS has achieved thé-energy requirements given in table 1.

B.2.1

B.2.1.1

IdIntification

ents on the
the original
2 deciding in

uld have on
t longitudinal
TOPS;

a particular

to continue

Y. ettt

Manufacturer:

13
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B.2.1.2 TOPS

© SO

Y Y U - Tea (U] 0= cATUUUTUT TR TR PO PP PR O P PPPPPORER

S Al MU BT e et

TOPS AN MUMDET: oottt et e e st e sttt ekt e bt e et e e ettt et e e et e e e e e e e e e anbe et

B.2.2 Information supplied by the manufacturer

M aXIIUM TR COMIMIENAEA NS S, oeevven ettt e e e et e e e e e e e e e te e e e e ee e e eeae e et eeseaaneesssaeeesaseenennneessrrnaeesssfhes

LOCAEION OF DLV oo e

B.2.3 Criteria

Longitudinall load Nergy: .......cccooooieioiriiieeeecenie e e J

B.2.4 Tesit results

B.2.4.1 Longitudinal loading

The followirg energy levels were achieved or exceeded with no penetfration by the TOPS structural member or the

simulated gfound planes into the DLV.

The maximlim energy attained: ..........ccoovieiiiiieieieie e ettt J

B.2.4.2 Temperature and material

B.2.4.2.1 The test was performed with TOPS ang-machine frame members at a temperature of

B.2.4.2.2 (fo be completed only if the tempefature in B.2.4.2.1 is over — 18 °C)

The Charpy V-notch impact strength™ requirements for TOPS

on a specinjen size .................., mm’ x

The absorbgd energy was

NUL PrOPEIY ClaSS: .. rm ettt ettt e e e e e e e e e e e e

Bt PIOP B Y ClaS S . oottt ettt

B.2.5 Attestationstatement

.......... .. °C.

structural metallic members were tested

The minimum performance requirements of 1ISO 12117:1996 were met in this test for a maximum machine mass

of v, kg.

DALE OF B, oo e

Name and address Of 1ESt fACIHIY: ... oo et

TOST @NGINEEI: ..ottt

D =N o) H (=1 R =] 0 Lo 1 SURTUU SO OO PP PP TPPPPP PP

14
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