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Foreword

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

The procedures used to develop this document and those intended for its further maintenfance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteriayneeddd for the
d|fferent types of ISO documents should be noted. This document was drafted in accerdance|with the
eglitorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Aftention is drawn to the possibility that some of the elements of this document'may be the Jubject of
pptent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document wilk be’in the Introductign and/or
oh the ISO list of patent declarations received (see www.iso.org/patents),

Ahy trade name used in this document is information given for the.convenience of users and|does not
c¢nstitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and
expressions related to conformity assessment, as well“as information about ISO's adherence to
the World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see
www.iso.org/iso/foreword.html.

This document was prepared by Technical\ Committee ISO/TC 127, Earth-moving machinery,
Stibcommittee SC 2, Safety, ergonomics and general requirements.

This first edition, together with ISO 19014-1, ISO 19014-2, ISO 19014-3 and ISO 19014-4, cancels and
r¢places the first editions (ISO 15998:2008 and ISO/TS 15998-2:2012), which have been tefhnically
re¢vised.

The main changes are as follows:

— complete reassessment-and associated rewriting of the document, following the process gccording
to ISO 19014-1;

— added detail to dssist users in determining if the assessments contained herein are applicable to
their product;

—+ added.detail to assist system designers in understanding what hazards and failure typed apply to
whatimachine performance level requirements.

Allist'ef all parts in the ISO 19014 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

This doc

ument addresses functional safety of all types of energy systems utilized by earth-moving

machinery.

The structure of safety standards in the field of machinery is as follows:

Type-A standards (basis standards) give basic concepts, principles for design and general aspects that
can be applied to machinery.

Type-Bs
of safegy

— typs

— type
devi

Type-Cs
machine

This doc
This dod

earth-m¢ving machinery type, determined through the process qutlined in ISO 19014-1.

This dog
market g

— mac
— heal

Others c
above-m

— mac
— mac
— Servy
— Ccony

The aboy
process

The mac
are cove

fandards (generic safety standards) deal with one or more safety aspects, or one or more typ¢s
ards that can be used across a wide range of machinery:

-B1 standards on particular safety aspects (e.g. safety distances, surface temperature, noise};

-B2 standards on safeguards (e.g. two-hands controls, interlocking devices, pressure sensitiye
Ces, guards).

fandards (machinery safety standards) deal with detailed safety requiréments for a particular
or group of machines.

iment is a type C standard as stated in ISO 12100.

ument contains a list of Machine Performance Level requirements (MPL_) by function arld

ument is of relevance, in particular, for the following stakeholder groups representing the
layers with regard to machinery safety:

hine manufacturers (small, medium and large enterprises);
th and safety bodies (regulators, accident prevention organizations, market surveillance etc.).

in be affected by the level of machinery safety achieved with the means of the document by the
entioned stakeholder groups:

nine users/employers (small, medium and large enterprises);

hine users/employees (e.g. trade unions, organizations for people with special needs);
jce providers, e. g. fof maintenance (small, medium and large enterprises);

umers (in case ofntachinery intended for use by consumers).

e-mentioned{stakeholder groups have been given the possibility to participate at the drafting
f this document.

hinery concerned and the extent to which hazards, hazardous situations or hazardous events

red.are indicated in the Scope of this document.

When requirements of this type-C standard are different from those which are stated in type-A or
type-B standards, the requirements of this type-C standard take precedence over the requirements of
the other standards for machines that have been designed and built according to the requirements of
this type-C standard.

Vi
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Earth-moving machinery — Functional safety —

Part 5:
Tables of performance levels

[y

Scope
This document provides normative tables of machine performance levels required (MPL)) by

nmlapped or applied to safety control systems (SCS) used to control or that affect'the function
the table.

—e
—

The MPL,. in this document are determined through the machine control systém safety analysis
ptocess outlined in ISO 19014-1. A brief explanation of how the levels,were derived and the af
agsumptions are contained herein.

This document is not applicable to EMM manufactured before theydate of its publication.

Normative references

2
The following documents are referred to in the text in such a way that some or all of theij
c
u

hdated references, the latest edition of the referenced document (including any amendmentsj
I40 6165, Earth-moving machinery — Basic tyipes — Identification and terms and definitions
[0 12100:2010, Safety of machinery —|General principles for design — Risk assessment and risk

190 19014-1, Earth-moving machinery — Functional safety — Part 1: Methodology to determii
related parts of the control system.and performance requirements

I§0 19014-2:2019, Earth-moving machinery — Functional safety - Part 2: Design and eval
h@rdware and architecture-requirements for safety-related parts of the control system

[0 19014-3, Earth-nteving machinery — Functional safety — Part 3: Environmental performanc(
requirements of electronic and electrical components used in safety-related parts of the control sy

190 19014-45:Earth-moving machinery — Functional safety — Part 4: Design and evaluation of|
ahd data trgnsmission for safety-related parts of the control system

common

fynction and type for earth-moving machinery (EMM) as defined in ISO 6165. These’MPL, can then be

b defined

(MCSSA)
sociated

" content

nstitutes requirements of this document. For,dated references, only the edition cited applies. For

applies.

reduction

e safety-
Llation of
b and test

stem

software

3| “Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 6165, ISO 12100, ISO
[SO 19014-2, ISO 19014-3, ISO 19014-4 and the following apply.

19014-1,

[SO and IEC maintain terminology databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

© IS0 2021 - All rights reserved
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31

idle factor

factor applied as part of determining the H variable (hazard time) to account for maximum or minimum
idle time (100 % - max / min idle %)

EXAMPLE1  Minimum idle time would be applied to loading a machine waiting for hauling machines during
the loading cycle (idle factor = 10 %).

EXAMPLE 2  Maximum idle time would be applied to hazards associated with a stationary machine [hold still
(3.2) function - idle factor = 50 %].

3.2 |L
hold sti

function|that keeps the wheels or crawler tracks stationary, preventing the machine from moving

EXAMPLH A SCS that would control the hold still function is a park brake.

3.3

slow/stdp

functionwhich reduces or brings to zero the machine speed (3.4)

EXAMPLH A SCS that would control the slow/stop function is a service brake.
3.4

maching speed
function|which controls the rate of travel

EXAMPLH A SCS that would control the machine speed functionis a throttle control, propel control or gear
selection fontrol.

3.5
engine speed
functionfwhich controls the rotational speed of the engine

EXAMPLH A SCS that would control the engine speed function is a throttle control.

3.6
maching direction
functionfwhich controls the longitudinal direction of the machine travel

EXAMPLH A SCS that would confirol the machine direction function is a forward/neutral/reverse selectidn
control.

3.7
steering
function|which contxgls the lateral direction of machine travel

EXAMPLJ ASES that would control the steering function is a steering wheel or joystick.

3.8
swing/slew
function which controls the clockwise or anti-clockwise rotation of the upper structure of an excavator
or digging linkage

EXAMPLE A SCS that would control the swing/slew function is a joystick.

3.9

machine abuse

activities that are outside the intended use of the machine and are beyond the reasonably foreseeable
usage as communicated in the machine operation and service literature

EXAMPLE1 Standing under a suspended load.

EXAMPLE 2  Using an earth-moving machine as an elevating work platform.

2 © IS0 2021 - All rights reserved
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EXAMPLE 3  Intentionally driving machines in a way that would harm oneself or others.
EXAMPLE4  Performing activities that are illegal.

Note 1 to entry: It is considered abuse to perform some maintenance tasks with the engine running or systems
de-energized unless otherwise stated in the operator’s manual.

3.10
roading
machines moving on a road (3.14)

Npte 1 to entry: A suitably designed machine and road homologation can be required.

3|11
traveling
nmlachine moving from one point on a worksite to another without going on a road (8.14)

53|

KAMPLE On a haul road, unimproved road or other thoroughfare on a site.

12

jgh wall
ine, quarry or other similar type wall associated with the worksjte.that a machine may belworking
bar

505w

bte 1 to entry: It is considered machine abuse (3.9) to operate machines near high walls without berm§ (3.13) in
ace.

13

Prm
le of dirt, rocks or other material intended to prevent a machine from passing into an areq it is not
tended to be operated in

T T W T =

Npte 1 to entry: Some regions use different terms; e.g. bund, windrow.

3|14

road

1blic traffic area for use by automotive vehicles for travel or transportation

aintenance, alteration, improvement, installation, or any other works to, above or under the road, |including
ork to road equipment, lighting, barriers, walls etc) or roads not open to the public (e.g. on new hopising and
industrial developments), or on which public traffic is not permitted.

p
Npte 1 to entry: Public traffic-area does not include the sites of temporary road works (e.g. fof repairs,
m
v

[JOURCE: 1SO 17253:2014, 3.2]

3|15
work cycle
r¢peated.process or task a machine performs within a use case

Npte-1 to entry: Work cycles can be broken down into segments and steps (examples can be found in 5.4).

3.16

operator presence system

system fitted to a machine that detects if an operator is positioned in an operator station and
automatically takes a control system action based on that determination

©1S0 2021 - All rights reserved 3
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4 General
4.1 General principles

4.1.1 Safety requirements

The MPL, provided in this document may be used as an alternative to performing an MCSSA for like
machinery per ISO 19014-1 and were derived using that process. The functions, applications and use
cases used to determine these levels are based on generic limits of machine application for the machine
type. If the MPL_ in this document are used, the MPL, shall be in accordance with Annexes A - AA aftér
following the review outlined in 4.1.2, 4.2, 4.3, 4.4, 4.5, and 4.6.

Machinefy shall comply with the safety requirements and/or protective/risk reduction meastres pf
ISO 19014-1, ISO 19014-2, and ISO 19014-4. In addition, the machine shall be designed accerding to the
principlds of ISO 12100:2010 for relevant but not significant hazards which are not dealt with by thijis
documert.

4.1.2 Information for use

Limits off machine use, notable assumptions or examples of machine abuse éonsidered in this document
shall be|communicated in the information for use according to 1S0x19014-2:2019, Clause 8 arnd
1SO 12100:2010, 6.4 and 6.4.5.

4.2 Mapping of functions to a SCS

The MCSSA supporting these MPL. were carried out by funetion rather than system. In practice, there
can be sgveral SCS that could fail in a way that is describ€d by the failure type listed for any particular
function| All SCS on a machine shall be reviewed to determine if any failure could cause a hazardous
outcome|associated with a failure type of the functions listed. For example, a brake system may be
mapped from a slow/stop or hold still function, as could another system that interferes with the ability
of the machine to brake at an appropriate rate toomeet the ISO 3450 stopping distance.

Measuref beyond SCS may be applied to mitigate hazardous failures (e.g. mechanical lock outs, guards,
adminisfrative controls). In such a case, a-MCSSA shall be completed to assess the MPL requirements pf
any residual risk associated with the.SCS.

4.3 Applicability of the listed MPL, to machines

This doqument does not-eliminate the need to do a risk assessment per ISO 12100 as defined |n
ISO 1901§4-1.

The MCSSA supporting these MPL. were carried out considering the limits of the machine type usage
across the induystry. Unique or limited applications or use cases can result in a different MPL, for the
machinelfunctien. If a machine is specifically designed or modified for an application other than what|is

considerpd-in.the tables in this document, an MCSSA shall be performed to determine if any functions
require ddifferent MPL

While every effort was made to perform the supporting MCSSA in a general sense, there can be times
where the assessment does not match a specific machine design; this is particularly relevant to the
selection of the controllability factors (AC, AR, AW). The supporting MCSSA assume a common operator
control layout around the operator station and no common cause failures. If there is a common cause
failure between the SCS mapped to the function being assessed and the MCS or SCS being used for
controllability, the MPL,. in the table is not applicable (e.g. two systems sharing a control element or a
control unit). Likewise, where the control used to activate the avoidance on a particular design does
not align with the AR score in the table, the table is not applicable (e.g. a brake is assumed to be on the
floor immediately next to a throttle/propel pedal, if the brake is controlled with a lever the AR score
would change from an AR3 to an AR2, a size difference within a machine type that results in a change
in severity). In this case, the designer shall perform a MCSSA according to ISO 19014-1 to consider these

4 © IS0 2021 - All rights reserved
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facts. If the remaining data used in the assessment are applicable to the machine being assessed, the
data can be used in that MCSSA and the non-applicable score changed. It is the responsibility of the
machine designer to review and assess whether the scoring used in the MCSSA are applicable to their
machine.

4.4 Truncation

Due to the large number of combinations of inputs, the MCSSA supporting these tables are focused on
scenarlos that would Clearly domlnate the MPL, (scenarlo that drlves the hlghest MPL for the same
A assessed

Part of the truncation process included equatmg scenarios to be the same, no worsg, of
s¢enarios already assessed; where this is the case, detail is not provided in the tables for the sake of
ldgibility.

Oply the scenarios that led to the highest MPL, are included in the tables i the annexes|unless a
d|fferent failure type with a different hazardous outcome existed, in which case the scenarios|with the
hjghest MPL, for all those failure types are included in the tables. Additional explanation in this space
can be found in the function dominant failure type matrices. When more than one scenario of fhe same
dilure type led to the highest MPL,. all such scenarios have been included.

415 Effects of different technologies on MCSSA

I} most cases, the MPL,. in this document apply regardless)of'the technology used in the SCS; however,
there are times when this is not the case, e.g. mechanical drivetrains versus electric or hyflrostatic
drivetrains.

When considering an alternative SCS technology: ‘(e.g. electric or hydrostatic), the assessments in
the tables in this document shall be reviewedSAny assumptions or assessments that are inyalidated
b} the introduction of a different technology’shall be reassessed according to 4.3. Additionpally, the
fynctionality of these systems can cause MPL, to be mapped to different SCS.

NDPTE Not all machines were assumed-to have mechanical drivetrains; dozers, excavators, skid stegr loaders
amd rollers were assumed to have a hydrostatic drivetrain.

The following are some situations where technology differences can affect MPL.:

— thereare changesinresponse to machine speed, propel, brake or direction commands (e.g. cpmpared
to mechanical drivetrains, some electric and hydrostatic drivetrains apply functions differently);

— retarders mag-niot have been considered a safety function on a mechanical drive systen but can
possibly bethe primary means of slowing the machine in an electric drive machine;

—+ controlability assessments may be different due to common components and other commjon cause
failure¢onsiderations;

— ~there are additional safety functions associated with new hazards created by using a |different

energv tvpe:
oJ J 7

— engine speed can become decoupled from other systems (e.g. nolonger has a direct effect on machine
speed);

— there are changes in SCS performance due to system stored energy level (e.g. output performance
varying due to battery charge).

4.6 Supporting diagrams and data for the tables of machine performance levels

Scenarios that dominated the MPL score in the MCSSA are listed in the tables and a brief explanation are
contained in the annexes. Where more detail is deemed necessary additional diagrams and information
are provided in Clause 5.

© IS0 2021 - All rights reserved 5
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5 Additional MCSSA scenario information

5.1 Traffic rate on road

After reviewing the scenarios that earth-moving machines are used in, it was determined that the
highest P value was bystanders in other vehicles when roading. The exposure of bystanders to an
uncommanded steering event is largely dictated by the distance between vehicles. Machines cannot be
designed to mitigate situations where illegal or unsafe actions are committed by other road users. The
MCSSA considered traffic rates with 2 car lengths distance between cars as the norm (less distance
betweenfcars 'Uciug Lummuuiy TomsTdered umsate across the wor id).

While traffic can momentarily exceed this rate, the P value needs to account for the machine lifecycle.
Traffic rgtes with less spacing would not occur continually over the entire machine lifecycle; this/makes
the traffic rate of 1 car every 3 car lengths conservative (see Figure 1).

NOTE This document refers to cars, light vehicles, and vehicles. Car is typically used in_the context of|a
roading ujse case. Light vehicles is typically used in mining applications and weigh less tham3°500 kg. Vehiclesi|is
used gengrically.

5.2 Steering while roading

All failurje types for steering create the same hazard, depending on whether the desired path is straight
or curvefl (i.e. uncommanded steering on a straight road has the sanie hazardous outcome as failure fo
steer on p curved road) - the machine will leave the intended trayehlane.

S

// - /

’ . 1 » W
—

3L

A
\J

Key
vehicle 1
vehicle 2
machine
X1 zonel
X2 zone 2
L  length

Figure 1 — Steering hazard zone for on road travel
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Earth-moving machines can cause an S3 injury if there is contact between the machine and a vehicle.

The proportion of the vehicle that results in an S3 injury is quantified below.

— The passenger cabin of the vehicle (i.e. machine contacts the side of the vehicle); this equates to

approximately % the car length (see dotted line on vehicle in Figure 1, X1).

— The front of the vehicle (i.e. the vehicle drove straight into the side of machine due to the

machine

steering in front of the vehicle); this equates to approximately %2 the width of the vehicle (see solid
line on vehicle in Figure 1, X2). Contact on the corners of the vehicle would be less likely to cause an

S3 Injury.

been used.

W

nljachine; this is less than the traffic rate. A P variable of 10 % has been used.
B

than:

Hyg Py +Hy P, =HgPg +Hj (TR( D (50 %x10 %)+| 50 %Q =16 %

where {<
QQ

L= 1carlength; \\

Pp = Pvariable for the right-hand unc&r@nanded steering = 10 %;
H, = Hvariable for left hand uncomfanded steering = 50 %;

P, = Pvariable for the left-h@&dncommanded steering;

Ty = trafficrate per 5,1 ’/’3 ;

W= L/3,5. QO

3 Slow/stop machine speed

92}

hcomman increase in machine speed has a similar hazard zone (see Figure 2).

=

The hazard@_@for a brake failure is the area beyond the machine’s normal stopping disf]

?\v
é 1 2

Key

1 machine

2  intended stopping distance
3 increased stopping distance

Figure 2 — Slow/stop and machine speed hazard zone

© IS0 2021 - All rights reserved

— The ratio of length to width varies by vehicle; however, an estimation of an average ratlpvﬁf 1:3,5 has
'hen roading there is a risk of contacting a vehicle, a bystander or an object on &&bther side of the

hsed on these limiting factors the H and P variables for machines roading cal\% shown to be o higher

Hp = Hvariable for right hand uncommanded s%rmg 50 % (if the machine steers without com-
mand, half the failures would steer the@chlne to the left, the other half to the righp);
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5.4 Work cycles

This section contains descriptions of common work cycles for the various machine types used in the
MCSSA evaluations to determine MPL..

The values used in the percentage breakdown in Tables 1 through 6 represent the worst credible
scenario for the failure type being assessed as determined in the MCSSA.

Figures 3 through 6 represent work cycles as considered in the MCSSA.

5.4.1 Dumpers
3
2 1
5
Figure 3 — Truck unloading and queuing cycle
Table.1 — Truck unloading and queuing cycle
Unloading and queuing - long cycle - see Figure 3
1 - 2 (slow forward-speed, high traffic) 50 %
P - 3 (slow farward speed, low traffic) 8%
B - 4 (slow peverse speed, low traffic) 17 %
Dump 17 %
4 4 ¥ (medium forward speed, high traffic) 8%

5.4.2 Excavators

Table 2 — Excavator object handling work cycle

Object handling cycle
Step Time [s] % cycle
(1) lower/lash 45 21,3 %
@) lift 30 14,2 %
(3) swing 15 71 %
(@) lower 60 28,4 %
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Object handling cycle
Step Time [s] % cycle
(5 unlash 45 21,3 %
(6) lift 4 1,9 %
(@) swing 2 09 %
travel 10 4,7 %
totatl-eyele-time 2+t 106,0-%

Table 3 — Excavator trenching work cycle

Trenching use case

dig (includes some lift)

35%

swing CCW

25%

dump

10 %

swing CW

25%

travel

5%

5{4.3 Wheel loaders

5{4.3.1 Wheel loader bucket work

I1
B{D
|
Kpy
A loading
C unloading

B/D travel during cycle
I zone with offsite traffic P = 50 %
II zone with site traffic P = 20 %

I11 zone where it is considered machine abuse, between machine and destination P =0 %

Figure 4 — Wheel loader bucket work cycle
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5.4.3.2 Wheel loader loading/unloading and lifting

Key

B/D

11

A

Table 4 — Wheel loader bucket work cycle

Wheel loader bucket work cycle - see Figure 4

Segments A, C

30%

Segments B, D

20 %

N

Az

Cy

unloading
loading

trayel during cycle

Z0

Figure 5 — Wheel loader'work lifting and loading/unloading cycle

Table 5 — Wheel loader lifting and loading/unloading cycle

I

I

I
L
I

I

I

I

I

I

I

I

I 11
I

zo;[e with more pedestrian traffic, less vehicular traffic P = 20 %
e with more vehicular traffic, less pedestrianmtraffic P = 20 %

\ 4

4
Ay

7
%

Lifting and loading/unloading use case - see Figure 5

Al 6,25 %
A2 6,25 %
A3 6,25 %
A-Positioning 6,25 %
B 25%
C1 6,25 %
C2 6,25 %
C3 6,25 %
C-Positioning 6,25 %
D 25%

5.4.4 SKkid steer loaders

Lifting, material handling, low to the ground and bucket work cycles look similar to the wheel loaders,
however, instead of doing a 3-point turn, the machine rotates by counter steer.

10
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1 3 4

Figure 6 — Skid steer loader lifting, loading/unloading, low to ground cycle diagram

Table 6 — Skid steer loader lifting, loading/unloading, low to ground cycle

Lifting, loading/unloading, low to ground use case
1%
1%
48 %
1%
1%
48 %

DU W[

5|5 Swing/slew of backhoe loaders and excavators

5.1 Hvariable for working beside traffic or co-workers

ithin the hazard zone. These MCSSA assume sufficient'worksite hazard mitigations are in pl

5
Ap excavator swing radius is a hazard zone and it is not intended for people, objects or tra
\
a$ barriers and worksite rules).

Cpntact with an excavator tool during swing has‘three-dimensional zones in which the severit
Between the ground and 1 m from the ground, the worst credible injury is an S2. Between 1
f

tq stand between the arm and the trench wall, however, a limb may momentarily be in this are{
pen considered an S2. When the teelis on the ground or 2 m above, it is not considered a haz4

b

When the motion of the lowest point of the tool is plotted over the object handling work cycle
determined which portions.-df:the work cycle fall within the S2 and S3 zones. Both zones were
w{ith the dominant score being shown in the scenarios contained in the tables in Annexes D, E,
A

representation of thisis shown in Figure 7 and Table 2.

fic to be
hce (such

y differs.
m-2m

ilom the ground, the worst credible injuryis an S3. When the tool is within a trench, it is machine abuse

h and has
rd.

it can be
analysed
and F.

© IS0 2021 - All rights reserved
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H
1
3 2
2
S3
1
S2
0
S2
-1
-2
0 LOAZO k?;O 4(1 50 60 70 80 90 100 110 120 130 140 150,166 170 180 19&2.00 210 ¢
S3 S2 S2
(7 %) (7 %) (72 %)

S3 (0,4 %)

Key
t  timejn seconds

H heigljt in meters

S2  zoneg in which an S2 severity could occur (0 m - 1 m'above the ground or in the trench)
S3  zonelin which an S3 severity could occur (1 m -»2.uh above the ground)

Figure 7 — Different severity score zones of the swing cycle (see cycle in Table 2)

The resuflt is the following H variables:

—_— HSZ ¥+ 79 %,
—_— Hsg ¥ 7 %
5.5.2 values for.,swinging into traffic or co-workers

The assymption-of one vehicle every three vehicle lengths remains from 5.2. The proportion of the
vehicle l¢gngth\that could result in an S3 injury is assumed to be % the vehicle length (combination pf
surfaces|aleng the length and width of the vehicle where a person may be contacted by the machine topl
- which i1Snarrow compared to the exposed area) P = 1/Z2 x 1/3 = 1/6.

A P value of 5 % has been added to one or both sides of machines to account for co-workers who
momentarily pass into the swing radius of the machine to perform tasks that are necessary for the
cycle (e.g. to check trench depth or attach / release a pipe from a chain). These co-workers are aware
of hazard of swinging machines and would avoid being in the swing radius whenever possible. These
values are then averaged across both sides of the machine because the machine can only swing in one
direction at a time.

Where there is a co-worker on both sides of the machine P =[(1/6 + 5 %) +5 %]/2 = 14 %.

Where there only is a co-worker on one side of the machine P = (1/6 + 5 %)/2 = 11 %.
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5.6 Maximum foreseeable P variables for typical areas on a site

Mine haul road - other machines: P = 10 %

Mine haul road - light vehicles and pedestrians: P=5 %

Busy construction sites: P = 20 - 50 % depending on the task, applications and machine type

Scenarios where people should not be, however specific scenarios may rarely, however legitimately,
require someonetobe:P=1-5%

S¢enarios where it is considered machine abuse, however it is foreseeable that there may be mgmentary
ricidental exposure: P=1-2 %

—

Stte park up area (e.g. area where shift changes, breaks, maintainers and activitiésythat may cause
nmlachines to converge on at certain times): P = 25 - 50 % depending on machine type’and applications

5|7 Seat belts

Eprth-moving machines with seated operators are fitted with operator restraint systems—sedt belts—
and all MCSSA for such machines in this document were assumed\that the operator was |properly
r¢strained. It is considered machine abuse to operate a machine fitted with a seat belt withoutwearing

8 Maintenance tasks

5

O]Ely machine maintenance tasks that require or are réasonably foreseeable to be done with the engine
riinning are considered in these assessments. The proportion of maintenance time is calculated based
on the length of time the task takes and the frequency of those tasks. The H variable is calcul:Iled from
the proportion of the time the maintainer would be exposed to the hazard while performing those
4sks.

Depending on the size of the machine, maintenance tasks typically involve (70 - 75) % of the|tasks on
nlachine, with the rest of the time changing tools, performing job hazard analysis and other tasks. The
P|variables used reflect this.

5|9 Backhoe arm out and wheeled excavator or backhoe stabilizer down while
travelling or roading

When travelling or.foading, if a wheeled excavator or backhoe (centre mount only) stabiliz¢r lowers
wlithout command;the stabilizer protrudes into the space beside the existing machine enyelope. A
similar situatien.,occurs when a backhoe (side shift only) arm moves out without command; however,
thhe arc of metien is up and out rather than down and out (see Figure 8). If traffic or pedestrians are in
these spaces, they could be contacted by the machine.

Itlis ot reasonable for people or traffic to be close to a moving machine (approximately 1 m). However,
at the outer most portions of the range of motion, it is possible that people or traffic are present, such
that they could be contacted.

For stabilizers and arm, the portion of the motion where someone could be present is approximately
20 %. For stabilizers, a P variable of 16 % (see 5.2) for traffic has been used per 5.1. For arm, a P variable
of 10 % is used (lower because of the height of the motion at this stage would only contact high vehicles)

(see Figure 8).

©1S0 2021 - All rights reserved 13
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T

J
q/'\
8 — Wheeled excavator, backhoe stabilizer down and backhoe arm out during t@el H
diagram .
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Annex A
(normative)

Rigid frame dump trucks performance level tables

A1 Rigid frame dump trucks

S¢ores and percentages for S, A, H, P, E, AC, AW and AR and C are given in the tablés for dominant

s¢enarios along with the dominant MPL, for the function. More details can be found‘in the supsequent
stibclause (Tables A.1 to A.5) or in Clause 5.
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A.2 Supporting explanation

A.2.1 Supporting explanations for dominant scenarios
RD1 - body up
H: Hazard exists for the entire cycle. H = 100 %

P: Operator is always in cab for this use case. P =100 %

ACTACT=Remove foot from throttie to Teduce Taise rate, brake to Stop Moving
AW: AW1 - Only if looking in mirror or body down indicator (if fitted)

AR: AR3 - Removing foot from throttle is a natural reaction

RID2 - body up

H: Hazard only exists if machine rolls in one direction - 50 % of hazards are dangerous. Hj= 50 %
P: Light vehicle on haul road trafficrate. P=5 %

AC: AC1 - Remove foot from throttle to reduce raise rate, brake\to stop moving

AW: AW1 - Only if looking in mirror or body down indicator (if fitted)

AR: AR3 - Removing foot from throttle is a natural reaction

RD3 - body down

H: Worst case when downhill hauling - 50 % of hazards are dangerous. H =50 %

P: Operator is always in cab for this use ¢case. P = 100 %

AC: AC1 - brakes

AW: AW?2 - Operator should be'watching body lower and machine feel will be different
AR: AR3 - Operator can choose not to start moving

RD4 - body down

H: Worst case when' downhill hauling (50 %), hazard only exists if machine rolls in one ¢irection
(50 %). H=50-%% 50 % =25 %

P: Light véhicle traffic rate. P =5 %
AC: AGD- Remove foot from throttle to reduce raise rate, brake to stop moving

AW: AW?2 - Operator should be watching body lower and machine feel will be different

ARTAR3—=Operator cam Clo0Se Mot to Start Moving

RD5 - neutralize

H: Only hazardous when dumping (queue would be at low idle and operator would have brake
applied) see Table 1 and Figure 3 (17 %). 50 % failures are hazardous — moves into reverse only. H
=50% %17 % =9 %

P: Operator always in cab for this use case. P = 100 %
AC: AC1 - Operator should have foot on brake or have park brake applied
AW: AW2 - Operator should be watching body lower and machine feel will be different

©1S0 2021 - All rights reserved 19
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AR: AR3 - Operator should have foot on brake or have park brake applied

RD6 - machine speed

H: When going downhill (45 %) or trying to stop (10 %). H =45 % + 10 % = 55 %

P: Operator is always in cab for this use case. P = 100 %

AC: AC1 - brakes

AW: AW3 - Not immediately hazardous - hazard increases in time

AR:
cons

RD7 - slq

H: W
stop

P: Oy
AC: 4
AW:
AR: |

RD8 - slgw/stop

H: H
cond

P: Oy
AC: 4
AW:
AR: ]
RD9 - hg

H: A
area

P: Ty
AC: /
RD10 - h

AR3 - Applying brakes is a natural reaction and applying brake during the operation'fis
idered underfoot

w/stop

hen going downhill (45 %) on a curve (40 %) or trying to stop (10 %) ((45 %40 %) + 10 %
ping). H=28 %

perator is always in cab for this use case. P =100 %
\C1 - park brakes
AW 2

AR2 - Applying park brake required (by moving their hafid)

azardous when on curve (40 %), downhill (45%), high wall present (90 %), conditions
ucive to a skid (25 %). H =40 % x 45 % x 90 %< 25 % =4 %

perator is always in cab for this use case. P="100 %
AC1 - berm
AW 2

AR2 - Berms are not alway$§weffective

1d still

mount of time machine could be left unattended not in V ditch or specifically designed parking
designed to prevent roll away (10 %). H=10 %

pical bystander rate in central / parking areas. P = 25 %

ACO

old still

H: 10 % of refuel (58,6 %), 20 % of daily walk around (19,5 %), 10 % of window wash (only when on
the ground - lesser severity on platform) (9,8 %), 0 % of brake test (4,9 %), 100 % troubleshooting
(1 %), 25 % of camera wash (some lower severity) (4,9 %), 10 % of tyre inspection (1,4 %). H =
(10 % x 58,6 %) + (20 % x 19,5 %) + (10 % x 9,8 %) + (0 % x 4,9 %) + (100 % x 1 %) + (25 % x 4,9 %)
+(10% x 1,4 %) =13 %

P: Maintainer can be dedicated to these tasks for fleet of machines, P is considered H calculation. P
=100 %

AC: ACO
RD11 -s

20

teering
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H: Hazardous when high wall present (90 %). H =90 %
P: Operator is always in cab for this use case. P = 100 %
AC: AC1 - berm

AW: AW?2

AR: AR2 - Berms are not always effective

RD12 - steering

H: Hazard exists during the whole cycle. H = 100 %

P: Typical haul road light vehicle rate. P =5 %

AC: AC1 - brakes

AW: AW?2

AR: ARO

RD13 - powered access system

H: Hazard exists during the whole cycle. H = 100 %

P: Typical bystander rate in central / parking areas. P.=25 %
AC: AC1 - brakes (stop machine before it hits someone)

AW: AWO0

AR: AR1

RD14 - pressure vessel discharge

H: Only maintenance tasks withifithe system that could be charged. H=10 %
P: Maintenance task on / off machine split. P = 75 %

AC: AC1 - It is consideréd machine abuse to perform tasks where pressure could be releas¢d from a
pressurized system without first checking to ensure that the energy is discharged.

AW: AW3 - Checks are performed before work commences and the hazard presents itself.
AR: AR1 - Maintainer required to move hands and feet to perform this task.

RP15 - isolation system

H:©nly maintenance tasks within the system that could be charged. H = 10 %

P: Maintenance task on / off machine split. P = 75 %

AC: ACO
A.2.2 Application use cases

Table A.2 — Application use case table

Application Traveling Loadmg and Unloadlr_lg Slow spegd Maintenance
queuing and queuing | maneuvering
Less than
100 000 kg 80 % 40 % 20 % 30 % 7%
rigid trucks
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A.2.3

A2.4

Function
outline ¥

(e.g. faild
same ha3

Table A.2 (continued)

Application Traveling Loadmg and Unloadlr_lg Slow spee_d Maintenance
queuing and queuing | maneuvering
Greater than
or equal to
100 000 kg 90 % 40 % 20 % 20 % 7 %
payload large
trucks
Maintenance task breakdown
Table A.3 — Maintenance task breakdown
Time (min/|% Maintenance
day) time
refuel 60 59
walk around, oil check 20 20
wash mirror and windows 10 10
brake test 5 5
troubleshooting 1
clean camera 5 5
tire maintenance 1,4 1

Table A.4 — Function dominant failure type matrix

Hunction dominant failure type matrix

-dominant failure type matrices reflect the approach that was taken during the MCSSA arnd
vhere some truncation occurred. The notion'is that some failure types result in the same
hazardofis outcomes as other failure types and, therefore, resultin the same performance level requirgd
re to apply on demand and uncomman@ded deactivation of the park brake would result in the
ardous outcome; park brake is off when the operator expects it to be on).

. Fail-
Fail-
ure to Uncom-
ure to Uncom-
. re- manded
Function apply manded . Notes
lease .. deactiva-
on de- activation .
onde- tion
mand,
mand
Failure to release on demand is considered the
maching speed same as uncommanded activation. Other failure
types are less severe.
Failure to apply is treated as a failure to change
maching direc- 4 direction or changing into wrong direction. An
tion s uncommanded direction change is considered the
same as uncommanded park brake.
transmission 1 Shifting out of N without command
neutralize
Uncommanded shutdown is considered the same as
uncommanded hold still or stop or N depending on
machine start machine design. Uncommanded activation is only
dangerous when in maintenance and the machine
is keyed on.

NOTE

A “1” has been placed in the cell for function - failure type combination that would or could potentially cause the
most hazardous failure.

22
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Table A.4 (continued)
Fail- | Fail-
ure to Uncom-
ure to Uncom-
. re- manded
Function apply manded . Notes
lease R deactiva-
on de- activation .
on de- tion
mand
mand
body up 1 Other failure types are less or not hazardous.
Failure to lower the body is less dangerous than
body down 1 1 the body lowering without command, but is still
assessed.
ejector out 1 Other failure types not hazardous
Only dangerous when in maintenance and|machine
ejector in is running, however it is machine abuse tp be be-
hind ejector plate when.the machine is rfinning.
Other failure types have'the same outcomg as what
slow/stop 1 1 . ;
is being analyzed.
Failure to applyrott.demand considered thg same as
hold still 1 uncommandéd rélease. Uncommanded acftivation
considered the same as uncommanded slqw/stop.
Uncommanded discharge is covered under system
pressure vessel . / 7",
: 1 integrity of the system the pressure vesskel is in-
discharge .
stalled in.
. Failure to apply on demand is considered the same
steering 1 S
as uncommanded activation.
Uncommanded activation is the same as fincom-
ifolation system 1 manded slow/stop. Uncommanded releage is the
same as failure to apply on demand.
powered access 1 Other failure types are less or not hazafdous.

NOTE A “1” has been placed in the cell for.function - failure type combination that would or could potentiallyj
nmost hazardous failure.

cause the

Al2.5 Notes and assumptions

— Due to sites with maehines this size typically having controlled access, the following assy
were made:

— co-workers\were people in other similar sized machines,
— Dbystandets were co-workers in light vehicles and pedestrians.

— This d@ssessment only considers trucks used as dump trucks and derivatives to the extent
haye.common usage and features to the dump trucks considered in the MCSSA.

— CSome data suggested thatloading/queuing and unloading/queuing values could be higher t}

imptions

that they

1an those

Used in this analysis, However it was determined that this was highly inetticient and would not be a
sustainable business practice in the long term and would thus not be an accurate representation of
machine usage.

— Consistent scoring guidelines:

— S1 collision with another similar size or larger machine except for rear end collisions between
2 trucks of similar size (operator and co-worker),

— S3 rear end collision between 2 trucks of similar size - rigid trucks only (operator and co-

worker),

— S3 machine off high wall (operator),

© IS0 2021 - All rights reserved

23


https://standardsiso.com/api/?name=d78a529a2f37e667e63bfc60de8285b5

ISO/TS 19014-5:2021(E)

— S3 machine versus pedestrian or light vehicle (bystander),

— S1 rear end collision between 2 trucks of similar size - articulated trucks only (operator and

co-worker),

— S1roll over (operator).

A.3 MPL, mapped to SCS table

Table A.
rigid fra

function|failures in Table A.1 would also be mapped to these MPL..

Table A.5 — MPL,. mapped to SCS

Mpchine function Failure type MPLre- | Example of mapped sys-
quired tem
uncommanded activation i )
body up - b hoist raise
failure to release on demand
body down failure to apply on demand a hoist lower
neutralize uncommanded deactivation b gear direction control
machine speed uncommanded activation b throttle and speed gear
control
mpchine direction failure to apply on demand c gear direction control
failure to apply on demand d i
slow down / stop — service brakes
uncommanded activation c
hold still failure to apply on demand C parking brakes
steering uncommanded activation d steering
jpowered access uncommanded activation c powered access ladder
]l)ressure vessel .
discharge 2 failure to apply-on demand b accumulator charge system
ipolation system failure to.apply on demand c machine lockout system

a | For pressure vessel discharge and isolation systems, uncommanded activation of the systems has the
sape MPL,. as the system they drejcontrolling.

L

24
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Annex B
(normative)

Articulated-frame dumpers equal to or greater than 22 000 kg
performance level tables

B.1 Articulated-frame dumpers equal to or greater than 22 000 kg

ominant

cores and percentages for S, A, H, P, E, AC, AW and AR and C are given in the tables for g
bsequent

enarios along with the dominant MPL,. for the function. More details can be foimd in the su
fibclause (Tables B.1 to B.4) or in Clause 5.

n n wn
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B.2 Supporting explanation

B.2.1 Supporting explanations for dominant scenarios

BAD1 - ejector out
H: Only hazardous while loaded. H = 50 %

P: Typical haul road machine rate. P =10 %

ACACO
BAD2 - machine direction

H: Only hazardous at the precise moment when the operator goes to drive away from t
point. H=2 %

P: Operator is always in cab for this use case. P =100 %
AC: AC1 - brakes

AW: AW?2

AR: ARO

BAD3 - slow/stop

H: Only hazardous when going downhill (15 %) anden a curve (40 %). H=6 %
P: Operator is always in cab for this use case. =100 %
AC: AC1 - park brake

AW: AW?2

AR: AR2

BAD4 - slow/stop

a skid (25 % - high wall’'and downhill reduced to 1/3rd of large rigid trucks). H = (40 %
25%)=2%

P: Light vehicle-on haul road trafficrate. P=5 %

AC: ACO

BADS - steering

H: Only hazardous when high wall is present. H = 30 %

he dump

H: Only hazardous when*on curve (40 %), going downhill (15 %), 25 % conditions conglucive to

< 15 % x

P: Operator is always in cab for this use case. P =100 %
AC: AC1 - park brake
AW: AW?2
AR: AR2
BADG6 - steering
H: Hazard exists for the whole cycle. H = 100 %

P: Light vehicle on haul road trafficrate. P=5 %

© IS0 2021 - All rights reserved
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AC: AC1 - brake
AW: AW?2
AR: AR2

B.2.2 Application use cases

Table B.2 — Application use case table

Application Traveling Loadmg and Unloadu.lg Slow spegd Maintenance
queuing | and queuing | maneuvering
22 000 kg and greater payload o o o o N
articulated-frame dumpers 80 % 30 % 40% 30% Vo

B.2.3 Maintenance task breakdown

Table B.3 — Maintenance task breakdown

Time (min/ | % Maintenance

day) time
refuel 10 17
walk around, grease and oil check 20 33
wash machine 5 8
wash mirror and windows 10 17
brake test 5 8
troubleshooting 1
install body-lockpins 1,7 3
install articutation lock 1,7 3
clean camera 5 8
tire maintenance 1,7 3

B.2.4 Hunction dominant failuretype matrix

See Tabl¢ A.4.

B.2.5 Notes and assumptions

See A.2.5.

B.3 MPL, mapped to SCS table

Table B.4 shows function-based MPL,. (see Table B.1) mapped to SCS per the results of the MCSSA for|a

22 000 kg and greater payload articulated-frame dumper. Other systems that fail in a way that cause a
hazardous outcome similar to the function failures in B.1 would also be mapped to these MPL..

Table B.4 — MPL, mapped to SCS

Machine function Failure type I\;ll:il‘r:{ Exam;;l;s(;igllapped
body up uncommanded activation b hoist raise
body down failure to apply on demand a hoist lower
ejector out uncommanded activation b ejector
neutralize uncommanded deactivation b gear direction control

28
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Table B.4 (continued)
Machine function Failure type MP.L re- Example of mapped
quired system
machine speed uncommanded activation b throttle and speed gear
control
machine direction failure to apply on demand c gear direction control
failure to apply on demand C )
slow down / stop — service brakes
uncommanded activation c
hold still failure to apply on demand c parking brakes
steering uncommanded activation d steering

©1S0 2021 - All rights reserved 29
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Annex C
(normative)

Articulated-frame dumpers equal to or less than 22 000 kg
performance level tables

C.1 Arnticulated-frame dumpers less than 22 000 kg

Scores ahd percentages for S, A, H, P, E, AC, AW and AR and C are given in the tables for -dominant
scenariop along with the dominant MPL, for the function. More details can be found in.theé subsequent

subclausg (Tables C.1 to C.3) or in Clause 5.
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C.2 Supporting explanation

C.2.1 Supporting explanations for dominant scenarios
LAD1 - body up
H: Hazard exists for the entire cycle. H = 100 %

P: Operator is always in cab for this use case. P =100 %

ACTACT=Remove foot from throttie to Teduce Taise rate, brake to Stop Moving

AW: AW1 - Only if looking in mirror or body down indicator (if fitted)

AR: AR3 - Removing foot from throttle is a natural reaction

LAD2 - body down

H: Worst case when downhill hauling - 50 % of hazards are dangerous. H=50 %

P: Operator is always in cab for this use case. P = 100 %

AC: AC1 - brakes

AW: AW?2 - Operator should be watching body lower and machine feel will be different
AR: AR3 - Operator can choose not to start moving

LAD3 - neutralize

H: Time when machine is idle while waiting, H= 20 %

P: Typical bystander rate in central/parking areas. P = 25 %

AC: AC1 - brakes

AW: AW?2 - Operator should be'watching body lower and machine feel will be different
AR: AR3 - Operator can brake as soon as movement is felt

LAD4 - machine speed

H: When going downhill (45 %) or trying to stop (10 %). H =45 % + 10 % =55 %

P: Light vehicle‘on haul road trafficrate. P=5 %

AC: AC1%brakes

AWFAW 3 - Not immediately hazardous - hazard increases in time

AR: AR3 - Applying brakes is a natural reaction and applying brake during the opefration is
considered underfoot

LADS5 - machine direction
H: Only hazardous when machine is changing direction (10 %). H = 10 %
P: Typical bystander rate in central/parking areas. P = 25 %
AC: AC1 - brakes
AW: AW?2
AR: AR3
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LADG6 - slow/stop

LAD7 -5

LAD8 -

H: Only hazardous when roading and stopping to avoid pedestrian (1 %).H=1 %

P: Pedestrian always present when stopping to avoid pedestrian. P = 100 %

AC: AC1

AW

AW?2

AR: AR2 - park brake

H: 0
H=1

P: Li
AC: 4

H: A
area

low/stop

hly hazardous when slick underfoot conditions (25 %), curve present (40 %), downhill{(15 9
5% x40% x25% =2 %

bht vehicle on haul road trafficrate. P =5 %
ACO
old still

mount of time machine could be left unattended not in V ditch oftspecifically designed parkir
designed to prevent roll away (10 %). H=10 %

P:0

ly hazardous at this severity for pedestrians in area. P =10%

AC: ACO

LAD9 - Rold still

LAD10 -

34

H: 0 Po of refuel (16,5 %), 10 % of daily walk arousid (33 %), 10 % of machine wash (8,25 %), 20 %
window wash (should 3 points of contact) (16,5%), 0 % of brake test (8,5 %), 100 % troubleshootiy

(1 %), 50 % of body pin install (2,75 %), 100:% of articulation lock install (2,75 %) 25 % of camery

was

P: P:
/ ob

AC: /

H: N
road

P: Se
AC: 4

(some lower severity) (8,25 %), 10%of tyre inspection (2,75 %)

Typical P for maintenance tasks-"70 % of task on machine, 30 % of task off machine (changir
aining tools, preparation, cléaning etc.). P =70 %

\CO
steering

bt used as haudunit on the road (highway trucks are used then - more efficient), only used g
for relocatién-between sites. H=10 %

e5.2.P=16%
\C1* brake

18

hf

18
a

18

AW:

AWZ

AR: ARO
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Table C.2 — Application use case table

Application

Roading

Loading and
queuing

Unloading
and queuing

Slow speed
maneuvering

Maintenance

Less than
22 000 kg
payload

- articulat-

80 %

30%

20 %

30 %

5%

ed-frame
dumpers

%]

be Table B.3.

wn

be Table A.4.

S¢e A.3.

C}2.5 Notes and assumptions

Cl2.3 Maintenance task breakdown

.3 MPL, mapped to SCS table

C{2.4 Function dominant failure type matrix

less than 22 000 kg payload articulated-fragie dumper. Other systems that fail in a way th

C
Table C.3 shows function-based MPL, (see Table €.1) mapped to SCS per the results of the
a
hhzardous outcome similar to the function fatlures in Table C.1 would also be mapped to these]

Table C.3 — MPL_. mapped to SCS

CSSA for

cause a

MPL,.

Machine function Failure type MP.L re- Example of mapped
quired system
body up uncommanded activation b hoist raise
body down failure to apply on demand a hoist lower
neutralize uncommanded deactivation b gear direction contrql
machinespeed uncommanded activation a throttle and speed gepr
control
machine direction failure to apply on demand a gear direction contrql
failure to apply on demand b i
slow down / stop — service brakes
uncommanded activation C
hold still failure to apply on demand C parking brakes
steering uncommanded activation d steering
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Annex D
(normative)

Crawler excavators less than 109 000 kg performance level tables

D.1 Crawler excavators less than 109 000 kg

Scores apd percentages for S, A, H, P, E, AC, AW and AR and C are given in the tables for dominant
scenariop along with the dominant MPL,. for the function. More details can be found in the Sabsequent
subclausg (Tables D.1 to D.5) or in Clause 5.

This MPL, table shall be used in conjunction with 5.4. If the assumptions in 5.5 do hot apply, then gn
MCSSA shall be performed.
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D.2 Supporting explanation

D.2.1 Supporting explanations for dominant scenarios
CH1 - acceleration / machine speed / direction

H: Only applicable during travel portion (4,7 %) - see Table 2, 90 % idle factor. H = 4 %

P: Co-workers are aware of hazard and avoid being directly under the boom wherever possible but

may not always be able to.P=5 %

AC: AC1 - Turn machine off or apply park brake

AW: AW ?2

AR: ARO - Not all operators would be able to react in time
CH2 - acfeleration / machine speed / direction

H: Oply applicable during travel portion (4,7 %), 90 % idle factor. H = 4 %

P:Sge 5.5.P=14 %

AC: AC1 - Turn machine off or apply park brake

AW: AW ?2

AR: ARO - Not all operators would be able to react in time
CH3 - acfeleration / machine speed / direction

H: S¢e 5.5, 50 % of failures hazardous. H = 40 %

P: Operator always present. P = 100 %

AC: AC1 - Turn machine off or apply park brake

AW: AW 2

AR: ARO - Not all operators would be able to react in time
CH4, CHY - acceleration / machine speed / direction

H: Oply when in tight-cenfines (50 %) and when stopping (10 %). H=5 %

P: Co-workers are’aware of hazard and avoid being directly under the boom wherever possible b

may(not always\be able to. P=5 %

AC: AC1 —Turn machine off or apply park brake

AW: [AW2

it

AR: ARO - Not all operators would be able to react in time
CH6 - acceleration / machine speed / direction
H: Could happen at any point while loading machine onto transport. H =100 %
P: Operator always present during cycle. P = 100 %
AC: AC1 - Turn machine off or apply park brake
AW: AW?2

AR: ARO - Not all operators would be able to react in time
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CH7 - acceleration / machine speed / direction
H: Could happen at any point while loading machine onto transport. H =100 %
P: People should not be standing in vicinity (may be in front or behind to guide machine on). P =5 %
AC: AC1 - Turn machine off or apply park brake
AW: AW?2

AR: ARO - Not all operators would be able to react in time

CH8 - acceleration / machine speed / direction
H: Only hazardous during dump (10 %), 90 % idle factor. H=9 %

P: Assumes people are aware of hazard of swinging machine on work area P=5"% plus traffic rate
1/6.P = (17 %+5 %+5 %)/2 =14 %

AC: AC1 - Turn machine off or apply park brake

AW: AW?2

AR: ARO - Not all operators would be able to react in time

CHO9 - acceleration / machine speed / direction

H: Only hazardous during dump plus last 25 % of swing (16 %), 90 % idle factor. H = 14 %

P: Assumes people are aware of hazard of swinging machine on work area P=5 % plus traffic rate
1/6.P = (17 %+5 %+5 %)/2 =14 %

AC: AC1 - Turn machine off or apply park®rake

AW: AW?2

AR: ARO - Not all operators wotld’be able to react in time
CH10 - acceleration / machinespeed / direction

H: Only hazardous last'25 % of swing (2 %) and when above the surface for lower - see 5.5|for more
detail (8,5 %), 90 % idle factor. H = 10,3 %

P: See 5.5. P = 1%
AC: AC1 - Furh machine off or apply park brake
AW: AW

AR7ARO - Not all operators would be able to react in time

CHAA =acceleration // machine cpnnﬂ // direction

H: Only hazardous during lash (21,3 %), last 25 % of swing (2 %) and when above the surface for
lower - see 5.5 for more detail (8,5 %), 90 % idle factor. H = 31,6 %

P: People should not be in the area; barriers should be in place. P = 10 %
AC: AC1 - Turn machine off or apply park brake

AW: AW?2

AR: ARO - Not all operators would be able to react in time

CH12 - track width extension
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H: Re

sults in no significant hazard

P: N/A

AC: N/A

AW: N/A

AR: N/A

CH13 -armin

H: Oply hazardous for half of lowering underground (50 % x 10 %) - another half at S2. 90 % jdje

factd

P: It s considered machine abuse to be between object and pinch point, may be momentarily due to

conf]

AC: ACO - No alternative controls

CH14 - bpom up

H: @

unlashing and lashing and moving, 90 % of lashing / unlashing. 90 %idle factor. H = 34 %
P: Oply have hands in hazardous point when connecting chains:B'= 10 %
AC: ACO - No alternative controls
CH15 - boom up
H: Rare for power lines or overhead objects to be present. H =1 %
P: Operator always present for the cycle. P = 1%

AC: ACO - No alternative controls

CH16 - b
H: H

P: It
lash

AC: 4
CH17 - a

H: S¢
159

rH=5%

ned space.P =5 %

nly hazardous for lashing and unlashing. Based on 45/10/45 breakdown of time sperfd

oom down

hzardous for half of lash andwnlash ((21,3 % x 2)/2), 90 % idle factor. H = 19 %

is considered machine“abuse to stand below boom, may be close when grabbing chains |n
ng or unlashing. P =2.%

ACO — No alterpative controls

rm in

e D.2.3:-10 % of daily inspection, 25 % grease, 5 % wash 0 % windows / mirrors. H = (10 %|x

) +425 % x 25 %) + (3 % x 5 %) =8 %

P: Ty
obta

l)iLd} P fUl llldillttﬂlldllbtﬂ tdb}\b - 70 n/b Uf tdb}\ Ull llldL}lillC, 30 "/6 Uf tdb}\ Ulcf llldbllillc (L}ldllgillg/
ining tools, preparation, cleaning etc). P = 70 %

AC: ACO - No alternative controls

CH18 -a

uxiliary flow

H: Only during lower (28 %). 90 % idle factor. H = 26 %

P: Co-workers should be aware of the hazards of suspended load. P =5 %

AC: ACO - No alternative controls

CH19 - -

44

blade down / float / tilt / angle
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H: Results in no significant hazard

P: N/A

AC: N/A

AW: N/A

AR: N/A

CH20 - coupler engagement

CH2

33)

CH23 - upper structure swing/slew - considers\the bucket at height between person’s waist

CH24 - upper structure swing/slew - considers bucket at height below person’s waist (S2)

H: Last 10 % of dump (10 %), 90 % idle factor. H = (10 % x 10 %) x 90 % = 0,9 %

P: It is considered machine abuse to stand below boom, may be close when grabbing
lashing. P =2 %

AC: ACO - No alternative controls

1-22 - upper structure swing/slew

H: Only hazardous when traveling in tight confines. H = 50 %

P: People should not be standing in swing radius but may havee to momentarily. P =5 %
AC: AC1 - Turn machine off or apply hydraulic lockout

AW: AW?2

AR: ARO - Not all operators would be able to reagt in time

H: See 5.5. Only hazardous stopping((last 25 %) while swing/slewing from A - B (25 %
90 % idle factor. H =6 %

P: People should not be standing in swing radius but may have to momentarily. P =5 %
AC: AC1 - Turn maching.off or apply hydraulic lockout
AW: AW?2

AR: ARO - Notallleperators would be able to react in time

H: Hazardous in both swing directions while stopping (last 25 %). 90 % idle factor. H = 11

P:§ee5.5.P=14%

rhains in

hnd head

of cycle),

%

AC:- AC1l — Turnmachine off or app]y hyﬂrnn]ir lockout

AW: AW2

AR: ARO - Not all operators would be able to react in time

CH25 - upper structure swing/slew - considers the bucket at height between person’s waist and head
(S3)

H: Hazardous only during dump (10 %). 90 % idle factor. H =9 %
P:See5.5.P=14%
AC: AC1 - Turn machine off or apply hydraulic lockout

© IS0 2021 - All rights reserved
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AW: AW?2

AR: ARO - Not all operators would be able to react in time

CH26 - upper structure swing/slew - considers bucket at height below person’s waist (S2)

CH27 -y
(S3)

CH28 - upper structure swing/slew — considers bucket-at height below person’s waist (S2)

46

H: Only dangerous during dump and last 10 % of dig ((10 %x35 %) +10 %), 90 % idle factor. H =

12 %

P:See5.5.P=14%

AC: AC1 - Turn machine off or apply hydraulic lockout
AW: AW 2

AR: ARO - Not all operators would be able to react in time

H: S¢

P: Similar to 5.5, however people on site side of machine should be aware of the hazard and not |n

area

AC: AC1 - Turn machine off or apply hydraulic lockout
AW: AW 2

AR: ARO - Not all operators would be able to react in time

H: S¢

P: Pe¢
=10

AC: AC1 - Turn machine off or apply hydraulic lockout
AW: AW 2

AR: ARO - Not all operators' would be able to react in time

pper structure swing/slew - considers the bucket at height between person’sswaist and hedd

e 5.5 for S3 material handling H, 90 % idle factor. H=7 % x 90 % = 6 %

(additional 5 % removed from calculation). P = 14 %

e 5.5 for S2 material handling H, 90 % idlefactor. H =79 % x 90 % =71 %

ople should not be in the area and barriers should be in place if next to public thoroughfare.|P
%
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Table D.2 — Application use case table

Mainte-
Bucket Object nance
work . . . Work
handling (including
(truck includ L blv |T tool (aux-
loading . (includes eve- assembly | Transport iliary
. ’| Trenching truck ling and disas- | (loading / .
. includes . . hydraulic
Applica- general (co-work- loading | (grad- Tracal sembly for |unloading onlv -
tion ("i‘.“ . | ermay be objects, mg | transport | machine y
igging, . . rapple,
. present) pipe with - counter- from .
leveling : . emoli-
. laying, po- | blade) 2 weight truck) .
with . 2 ] ion, log
buck- sitioning removal, 1dading) 2
et) 2 etc.) track in-
stallation)
Mini HEX
| (Front | 709 50 % 20% | 15% 20 % 5% 5% 75 %
boom)
Medium |80 9% 70 % 80% | 159% 20 % 5% 2% 90 %
Ilarge HEX
(B6 000 ke | g5, 70 % 0% | 0% S0 5% 1% 20 %
99 000 kg)
3l Could not find a scenario worse than trenching / object handling unless otherwise noted.
D.2.3 Maintenance task breakdown
Table D.3 —Maintenance task breakdown
Mini / Med Large
Time % Mainte- Time % Mainte-
Task| (min/day) nance time (min) nange time
daily inspection 6 15 4 7
refuel / DEF 10 25 20 34
lube / greasing 10 25 20 34
undercarriage removal 0 1 2
counterweight removal 0 0 1
wash 2 2 4
oil sample 1 1 2
clean windows and mirrors 5 13 5 8
troubteshooting Y t v 1
clean cooling package (waste application) 4 10 4 7
refill window washer 1 1 2
flash / calibrations 0 0 1

D.2.4 Function dominant failure type matrix

Function-dominant failure type matrices reflect the approach that was taken during the MCSSA and
outline where some truncation occurred. The notion is that some failure types result in the same
hazardous outcomes as other failure types and, therefore, result in the same performance level required
(e.g. failure to apply on demand and uncommanded deactivation of the park brake would result in the
same hazardous outcome; park brake is off when the operator expects it to be on).
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Table D.4 — Function dominant failure type matrix

Failure | Failure
toapply | tore- | Uncommand- Uncommand-
Function R ed deactiva- Notes
onde- |leaseon | edactivation .
tion
mand | demand
. Includes travel in wrong direction, each side is independ-
accelerate / machine RPN .
. - 1 1 ent. Uncommanded deactivation is considered the same
speed / direction .
as failure to release on demand.
track width extension 1 Operator should not start _operatlon until width is set to
requirement.
Failure to release on demand has same outcome as un-
booin up 1 commanded activation. Other failure types are less-or n¢t
hazardous.
Failure to release on demand is considered no.worse than
boom|down 1 -
uncommanded activation.
boom swing (L / R) 1 1 Other failure types are less or not hazardous.
Failure to release on demand is considered no worse thajn
boom|offset 1 uncommanded activation. Otherfailure types are less of
not hazardous.
armpin 1 Other failure typesareless or not hazardous.
armout 1 Other failure types are less or not hazardous.
. Other failure types\are less or not hazardous. Used only
telescopic arm 1 :
with clamshell.
buckef dump 1 Otherfdilure types are less or not hazardous.
buckdt curl 1 QOthevfailure types are less or not hazardous.
auxiliaby flow 1 Various failure types could cause uncommanded move
y ment based on the tool type. All are considered here.
blade up 1 Other failure types are less or not hazardous.
blade|down 1 Other failure types are less or not hazardous.
bladgfloat Itis considered the same as blade up.
bladp tilt Considered the same as worse of blade up and blade down
bladejangle Considered the same as worse of blade up and blade dowjn
quick Cog‘i EI; engage- 1 Other failure types are less or not hazardous.
swing/slew 1 1 Other failure types are less or not hazardous.
. Uncommanded deactivation is considered no worse thap
swing/sley slow/stop . .
. 1 failure to apply on demand. Other failure types are less ¢r
/ holdl still
not hazardous.
rated Cig ;;ty indi- 1 Other failure types are less or not hazardous.
cab|tilt 1 Other failure types are less or not hazardous.
cab elevate 1 Other failure types are less or not hazardous.
cab $lide 1 Other failure types are less or not hazardous.
counteyweight 1 Other failure types are less or not hazardous.
rempval
NOTE A "1'lhdshbeén placed in the cell for function - failure type combination that would or could potentially cause the most hazardous failure.

D.2.5 Notes and assumptions

— Use cases requiring machine modification to be used safely are out of scope, e.g. forestry.

— Applications considered are: construction, utilities, oil and gas, agriculture, waste, demolition,

general purpose (including rental), quarry.

— Machines used in material handling use cases are assumed to have appropriate control/check valves
fitted (BLCV, SLCV) and be configured for lifting.

— Engine speed impact on other SCS is covered in those systems.

— Telescopic boom is not considered a common feature and thus not considered in this assessment.

48
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Excavators do not have active brake controls. It is part of the track control.

021(E)

Control pattern and mode change systems are the highest MPL, of the system that are being

controlled by that function.

For swing and uncommanded propel (causes rotation) calculations values for medium excavators

have been used.

Considered lifting bollards or barriers off a truck onto the ground and found it to be no worse than

a ditch scenario.

For swing calculations considered the co-worker as the S3 scenario and S2 for bystander'to|consider
both scenarios. Both could be present interchangeably.
It is machine abuse to lift objects over bystanders.
Where hazard is present from object swinging there is a co-worker guiding object from a safe
distance by rope or chain.
Quick coupler scoring assumes couplers meet [SO 13031.
Work tools require analysis specific to the type of work tool.
For elevated cab machines, it is considered machine abuse forpeople to be under the unbldcked cab
during operation.
For rated capacity indicator - using the capacity indicator is considered miss use. Due car¢ shall be
taken to ensure that load restrictions are followed;y'Analysis done on the assumption that people
should not be relying on indicator.
For maintenance, assumed that the implement’is grounded. It is considered machine abusg if this is
not the case.
.3 MPL, mapped to SCS table
hble D.5 shows function-based MPL, (see Table D.1) mapped to SCS per the results of the MCSSA for
crawler excavator. Other systems that fail in a way that cause a hazardous outcome similar to the
nction failures in Table Ddswould also be mapped to these MPL,.
Table D.5 — MPL, mapped to SCS
Machinefunction Failure type MP.L re- Example of mappec
quired system
acceleration / failure to release on demand
machine speed / o C propel
direction uncommanded activation
track width extension uncommanded activation QM track width extension
L. dad i e 1o 3
UUVUIIT ul) Uit vIIrimaInmuctu de tivdativll A% UuUvUIlII 1dIioT
boom down uncommanded activation C boom lower
boom swing (L / R) uncommanded activation C boom swing
boom offset uncommanded activation c boom offset
arm in uncommanded activation c arm in
arm out uncommanded activation C arm out
telescopic arm uncommanded activation C telescopic arm
bucket dump uncommanded activation c bucket dump
bucket curl uncommanded activation c bucket curl
auxiliary flow uncommanded activation C auxiliary flow
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Table D.5 (continued)

Machine function Failure type 1\;1]:11;-2?1 Exampsl;s(;(faﬁapped
blade up uncommanded activation C blade raise
blade down/float/ tilt uncommanded activation QM blade lower / float / tilt
/ angle / angle
coupler engagement uncommanded deactivation C coupler engagement
upper structure uncommanded activation -~ e
swing/slew failure to release on demand - e
slsvxrcltl%/vilr?v/v}_losltc?gt{ll uncommanded activation c swing/slew brake
implement rotate uncommanded activation C implement rotate
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Annex E
(normative)

Wheeled excavators performance level tables

El1 Wheeled excavators

fores and percentages for S, A, H, P, E, AC, AW and AR and C are given in the tablés for d
enarios along with the dominant MPL, for the function. More details can be found‘n the su

S
s
syibclause (Tables E.1 to E.5) or in Clause 5.

ominant
bsequent
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E.2 Supporting explanation

E.2.1 Supporting explanations for dominant scenarios
WE1 - machine speed
H: Only hazardous when braking to avoid pedestrian or vehicle. H = 10 %

P: Assumes pedestrian always present when needing to stop at pedestrian crossing. P = 100 %

ACACtT=brakes
AW: AW?2

AR: AR3 - Applying brakes is a natural reaction and applying brake during/the opefration is
considered underfoot

WE?2 - machine direction

H: Only hazardous at the start of the travel portion. H = 2 %
P: Construction site co-worker rate. P = 20 %

AC: AC1 - brakes

AW: AW?2

AR: AR3 - Applying brakes is a natural reaction and applying brake during operation is considered
underfoot. Machine moves very slow during direction change.

WE3 - machine direction

H: Rarely change direction while traveling. H=1 %

P: Rarely people between machinge ahd object / vehicle or in parked vehicle. P =5 %
AC: AC1 - brakes

AW: AW?2

AR: AR3 - Applying brakes is a natural reaction and applying brake during the opefration is
considered underfogt. Machine moves very slow during direction change.

WE4 - boom up

H: Only_hazardous for lashing and unlashing. Based on 45/10/45 breakdown of tinje spend
unlashing and lashing and moving, 90 % of lashing / unlashing. 90 % idle factor. H = 34 %

P: Only have hands in hazardous point when connecting chains. P = 10 %.

AC: ACO

WEDS - boom up
H: Rare for powerlines / objects to be present. H = 10 %
P: Operator present throughout cycle. P = 100 %.
AC: ACO

WE6 - boom down

H: 50 % lash, 50 % unlash (see 5.3), 90 % idle factor. H = 18 %
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P: It is considered machine abuse for co-worker to stand below boom, may be close when grabbing
chains in lashing. P = 2 %.

AC: ACO
WE7 - arm in

H: Boom shall be at upper limits of heights - only likely during release when loading a high hopper.
5 % of release (see 5.3), 90 % idle factor. H=1 %

P: Operator present fhrmlghmlf r‘yr‘]n P-10094

AC: AC1 - key switch
AW: AW 2
AR: ARO

WES8 - afm out

H: Hpzardous for half of lowering underground (50 % x 10 %) - the other half at S2. 90 % idJe
factgr.H=5 %

P: It s considered machine abuse to be between object and pinch point, may be momentarily due to
conflned space. P =5 %.

AC: ACO
WEO9 - afm out

H: Ophly when stopped in traffic. H=5 %

P: Only when stopped behind vehicles of specificheights. P = 1 %.
AC: ACO
WE10 - boom offset
H: Only hazardous for 10 % of greasing (19 %). H=1- % x19% =2 %
P: Sde 5.8. Maintainer on machine for 70 % of task on smaller machine. P = 70 %.
AC: ACO
WE11 - guxiliary flow
H: Hazardous while lowering only (28 %), 90 % idle factor. H = 26 %
P: Pgople should not be under suspended load but may be momentarily. P =5 %.

AC: ACO

WE12 - blade down
H: Hazard present when the machine is travelling at higher speeds and not stopping. H=50 %
P: Operator present throughout cycle. P = 100 %.
AC: ACO
WE13 - blade down
H: Only hazard when in heavy traffic. H=50 %
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P: Vehicles should be going same speed as machine, and maintaining legal safe distances, only S3
for bikes and scooters. P =5 %.

AC: ACO
WE14 - coupler engagement
H: Last 10 % of dump (10 %), 90 % idle factor. H = (10 % x 10 %) x 90 % = 0,9 %

P: It is considered machine abuse to be standing near a load being dumped. P =1 %

AC: ACO
WE15 - upper structure swing/slew

H: Swing from A - B (25 % of cycle), stopping in last 25 %, 90 % idle factor. SeeTable 3. H 3 (25 % x
25%) x90 % =6 %

P: Itis considered machine abuse to be standing within swing/slew radius‘of machine, coulfl happen
momentarily. P=5 %

AC: ACO
WE16 - upper structure swing/slew
H: Only dangerous during dump (10 %), 90 % idle factor:See 5.5. H=9 %

P: Itis considered machine abuse to be standing within swing/slew radius of machine, coulfl happen
momentarily, P = 5 % in work zone, traffic rate 1/6;P = (17 % + 5 %) + 5 %)/2 =14 %

AC: ACO

WE17 - upper structure swing/slew

H: 90 % idle factor, 50 % failures hazardous. See 5.5. H=8,5 % x 50 % x 90 % =4 %
P:See5.5.2.P=11%

AC: ACO

WE18 - upper structure swing/slew hold still

H: Hazard exists-during the whole cycle. H = 100 %

P: For collision’ in one direction collision with the front of a car (bucket below roof height is
hazardous).~traffic rate 1 car every 3 car lengths (33 %). For swing in the other direction|collision
with therear of the car (bucket greater than approximately 1 m off ground is hazardous), traffic
rate 1/6'(see 5.5.2).P=(33 % + 17 %) / 2 = 25 %.

ACrACO

E1Y - cab lower
H: 10 % of greasing (19 %). H=2 %
P: See 5.8. Maintainer on machine for 70 % of task on smaller machine. P = 70 %.
AC: ACO
WEZ20 - cab raise
H: Rare for powerlines / objects to be present. H =1 %

P: Operator present throughout cycle. P = 100 %.
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AC: AC1 - brakes
AW: AW3 - Cab raises slowly and is not hazardous until the end of the range of motion
AR: AR3 - Stop before the machine hits object
WEZ21 - hold still
H: When machine stopped, bucket off ground when it should be grounded. H =5 %

P: Construction site co-worker rate. P = 20 %

AC: ACO

WEZ22 - hold still
H: When machine stopped, bucket off ground when it should be grounded. H =5 %
P: Sde 5.6 for park up area (considered similar for longitudinal traffic). P = 25 %!
AC: ACO

WE23 - implement rotate

H: Hpzardous for 33 % or grab (30 %) and release (10 %), all loaded.swing (25 %). 90 % idle factd
H = [[(33 % x 38 %) + (25 %) + (33 % x 10 %)] x 90 %

gl

P: It|is considered machine abuse to be in pinch area for\pipe laying, or that close to swinging
machine. May occur momentarily. P = 2 %.

AC: ACO

WE24 - ¢scillating axle unlock
H: Hpzard exists during the whole cycle. H =000 %
P: Operator present throughout cycle. R =100 %.
AC: ACO

WE?25 - ¢scillating axle unlock

H: Oply hazardous higher speed potions of swing or lifting load high (50 % x 8 %), idle factor 90 %.
H=4 %

P: Construction site.co-worker rate. P = 20 %
AC: ACO
WE?26 - $tabilizers down

H: See ﬂ 20904 of the arc passes fhrnngh where trafficcould be H =20 04

P: See 5.9. Traffic / pedestrians would rarely be this close to the machine. P =10 %
AC: ACO
WE27 - steering
H: Hazard exists during the whole cycle. H = 100 %
P:See 5.2. P =16 %.
AC: AC1 - brakes
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AW: AW?2
AR: ARO
WE?28 - slow/stop
H: Only hazardous when wanting to stop or slow - worst case in traffic. H = 50 %
P: rarely slowing to avoid hitting pedestrian. P = 10 %.
AC: AC1 - park brake

AW: AW?2

AR: AR2

WE29 - slow/stop

H: Hazard present when the machine is travelling at higher speeds and net'stopping. H =5
P: Operator present throughout cycle. P = 100 %.

AC: ACO

WE30 - slow/stop - S3 has been used because following vehicle(could be a motorcycle. A car
P or S1.

[%2]

H: Only hazardous when not stopping or slowing. H= 50 %
P: Vehicles should be going same speed as machine and maintaining legal safe distances. P
AC: ACO

WE31 - transmission neutralize

H: Time when machine is idle while waiting and portion of travel that is low speed manoe}
/6).H=02x1/6=3%

P: Typical bystander rate in central / parking areas. P = 25 %.
AC: AC1 - brakes
AW: AW?2

AR: AR3 - The'brakes would be under foot and the machine moves slowly

E{2.2 Application use cases

0 %

would be

=5 %.

hvring (1
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E.2.3 Maintenance task breakdown

ISO/TS 19014-5:2021(E)

Table E.3 — Maintenance task breakdown

Time (min/ | % Maintenance

day) Time
daily inspection 10 19
refuel / DEF 10 19
lube / greasing 10 19
tire pressure check / top up 10 19

wash 10

oil sample 15 1
clean windows and mirrors, cameras 5 10
troubleshooting 30 1
clean cooling package (waste application) 8
refill window washer 1 2
flash / calibrations 60 1

2.4 Function dominant failure type matrix

inction-dominant failure type matrices reflect the appreach that was taken during the M(
itline where some truncation occurred. The notion .is that some failure types result in f{
hzardous outcomes as other failure types and, therefore, result in the same performance level
.g. failure to apply on demand and uncommandedgdeactivation of the park brake would res
ime hazardous outcome; park brake is off whensthe operator expects it to be on).

Table E.4 — Function dominant failure type matrix

SSA and
he same
required
1t in the

Failure | Failure
toapply | tore- | Uncemimand- Uncommand-
Function Lo ed deactiva- Notes
onde- |leaseon | _edactivation .
tion
mand | demand
machine speed 1 1 Apply is increase, release is decrease. Other fajlure types
are not considered hazardous.
Uncommanded change in direction is considered the
machine direction 1 same as uncommanded slow/stop. Other failur types are
considered the same as failure on demdnd.
transmission neu- 1 Uncommanded deactivation is the same as failure to neu-
tralize tralize. Other failure types are not hazarflous.
bucket curl 1 Other failure types are less or not hazarglous.
bucket dump 1 Other failure types are less or not hazarglous.
arm-in 1 Other failure types are less or not hazarglous.
arin out 1 Other failure types are less or not hazarglous.
boom up 1 Other failure types are less or not hazarglous.
boom down 1 Other failure types are less or not hazardous.
mtermecllll;te boom 1 Other failure types are less or not hazardous.
intermediate boom .
1 Other failure types are less or not hazardous.
down
blade up 1 Other failure types are less or not hazardous.
blade down 1 Other failure types are less or not hazardous.
stabilizers up 1 Other failure types are less or not hazardous.
stabilizers down 1 Other failure types are less or not hazardous.
coupler engagement 1 Other failure types are less or not hazardous.
NOTE A "1" has been placed in the cell for function - failure type combination that would or could potentially cause the most hazardous failure.
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Table E.4 (continued)
Failure | Failure
toapply | tore- | Uncommand- Uncommand-
Function R ed deactiva- Notes
onde- |leaseon | edactivation .
tion
mand | demand
boom zf}fisfett / side 1 Other failure types are less or not hazardous.
implement rotate 1 Other failure types are less or not hazardous.
auxiliary flow 1 Other failure types are less or not hazardous.
1 T T Uncommanded deactivationisthe same as failure toney-
slowfstop tralize. Other failure types are not hazardous.
hold|still 1 Itis the same as uncommanded release.
. Considered all failure types within uncommanded steer}-
steefing 1 :
ing.
. Considered all failure types within ungommanded mod¢
steering mpde change 1
change.
cabfise 1 Other failure types are les$ornot hazardous.
cab lpwer 1 Other failure types ape'l€ss or not hazardous.
osc1lli';1ltl jncfiaxle 1 Other failure types are(considered in oscillating axle lock.
oscillating axle lock 1 1 Other failure types'dre considered in oscillating axle
unlock.
upper sfructure 1 1 Includes swinig lock, considers both a failure to stop ang
swing an uncommanded swing.
NOTE \ "1" has been placed in the cell for function - failure type combination that would or.could potentially cause the most hazardous failure.

E.2.5 Notes and assumptions

— Covsd

— Trav
desi

—  Trav
— Whe

— Assy

manpfacturer in the information for use.

— Uncd
cons

to the operator otya-person following behind the machine.

E3 M

Table E.j

rs wheeled excavators of all sizes.

el lock MPL, is determined by the functions:it controls, which will vary by function. The syste
bn may be broken into sub functions.

el during lifting could be as high.as\50 % of cycle for wheeled excavators.
eled excavators up to 25 000kg-can be used in roading applications.

mptions and grounds for/swing analysis shall be documented and communicated by t

idered to be the'same hazardous outcome - the machine would stop suddenly without warnip

PL, mapped to SCS table

} shows function-based MPL. (see Table E.1) mapped to SCS per the results of the MCSSA f

mmanded direction change, uncommanded slow/stop and uncommanded hold still af

m

1S

18

r

a wheeled excavator. Other systems that fail in a way that cause a hazardous outcome similar to the

function

failures in Table E.1 would also be mapped to these MPL..

Table E.5 — MPL, mapped to SCS

Machine function Failure type MP.L re- Example of mapped
quired system
machine speed failure to release on demand b throttle and speed gear
control
machine direction failure to apply on demand a gear direction control
boom up uncommanded activation C boom raise
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Table E.5 (continued)

ISO/TS 19014-5:2021(E)

Machine function Failure type MP.L re- Example of mapped
quired system
boom down uncommanded activation C boom lower
boom offset uncommanded activation C boom offset
arm in uncommanded activation C arm in
arm out uncommanded activation C arm out
tool dump uncommanded activation C tool dump
tool curl uncommanded activation C tool curl
auxiliary flow uncommanded activation C auxiliary flow
blade up uncommanded activation c blade(raise
blade down uncommanded activation QM bladé lower
uncommanded deactivation
coupler engagement — C coupler engagement
uncommanded activation
upper structure failure to release on demand i
. ) — c slew / swing
swing/slew uncommanded activation
upper structure - .
swing/slew hold still uncommanded activation d slew / swing brake
cab lower uncommanded activation C cab lower
cab elevate uncommanded activation QM cab raise
hold still failure to apply on demand C parking brakes
implement rotate uncommanded activation C implement rotate
intermediate boom . intermediate boom
uncommanded.-activation C .
up raise
intermediate boom - intermediate boom
uncommanded activation C
down lower
oscillating axle uneommanded activation C oscillating axle unlodk
unlock
stabilizers up uncommanded activation c stabilizers up
stabilizers down uncommanded activation C stabilizers down
steering uncommanded activation d steering
steering mode change uncommanded activation d steering mode changp
transmlss_lon neu- uncommanded deactivation a gear direction contrql
tralize
failure to apply on demand i
slow/stop C service brakes

uncommanded activation
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Annex F
(normative)

Backhoe loaders performance level tables

F.1 B3ackhoe loaders

Scores apd percentages for S, A, H, P, E, AC, AW and AR and C are given in the tables for dominant
scenariop along with the dominant MPL,. for the function. More details can be found in the Sabsequent

subclausg (Tables E.1 to E.5) or in Clause 5.
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F.2 Supporting explanation

F.2.1 Supporting explanations for dominant scenarios

BH1 - machine speed
H: Only hazardous when not at high idle - worse case in traffic. H = 40 %

P:See 5.2. P =16 %.

ACACtT=brakes

AW: AW2

considered underfoot

BH2 - machine speed

H: Only hazardous when wanting to stop or slow - worst case in traffic-H = 50 %
P: Rarely slowing to avoid hitting pedestrian. P = 10 %.

AC: AC1 - brakes

AW: AW?2

AR: AR3 - Applying brakes is a natural reactionrand applying brake during the ope]
considered underfoot

BH3 - hoe boom lower
H: Hazardous for half of lash and unlash\[{21,3 % x 2 %)/2], 90 % idle factor. H = 19 %

P: It is considered machine abuse to stand below boom, may be close when grabbing
lashing or unlashing. P =2 %

AC: ACO

BH4 - hoe arm out

H and P: PxH valu¢see 5.9. PxH=20% x 10 % =2 %
AC: ACO

BH5 - hoe arm¢out

H: Halfof the proportion of lowering is underground (considered to be 10 % of total cycle)
hatfat S2 (5 %). 90 % idle factor. H = 4,5 %

AR: AR3 - Applying brakes is a natural reaction and applying brake during/the opefration is

ration is

thains in

another

P: People should not be in this area but may be momentarily. P =5 %.

AC: ACO
BH6 - hoe coupler engagement
H: Last 10 % of dump, 90 % idle factor. H=10% x 10 % x 90 % =1 %
P: It is considered machine abuse to be standing near a load being dumped. P = 1 %.
AC: ACO
AW: AW?2
AR: AR3
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BH7 - hoe boom swing

H: See 5.5. Worst case considered was material handling from flatbed truck. 90 % idle factor. H =
21 % x 90 %=19 %

P: Hitch and lift where traffic present in swing. Traffic rate (see 5.5.2), people there 5 % of the time

and only dangerous for swing direction only 1 way (divide by 2). P= (17 % +5%) /2=11%

AC: ACO

BHS8 - hoeboom swing

H: It|is hazardous during the whole cycle, 90 % idle factor. H =90 %

P: Itfis considered machine abuse for a person to be around the machine during truck l¢gading. P

2%

AC: ACO

BHO9 - hald still

H: Hpazard present when the machine is travelling at higher speeds and net’stopping. H =50 %

P: Operator present throughout cycle. P = 100 %

AC: ACO

BH10 - hjold still

H: Hpzard present when the machine is travelling at higher speeds and not stopping. H=50 %

P: Fq
abus

AC: ACO

BH11 - hjold still

H: Oply hazardous for portions of.tasks with loader in the air (boom lock installed) 20 %. 88 %

tota

P: Se

maintenance. H =18 %

AC: ACO

BH12 - steering

H: Oply hazafdbus for all of time machine is on the road. H = 100 %

llowing vehicles should be traveling at the same speed as the machine, it is considered machir
e to be following the machine within vehicletopping distance.P =5 %

e 5.8. Maintainer on machine for 70 % of task on smaller machine. P = 70 %.

1

P: Sge 52.P =16 %.
AC: A€T=Dbrakes
AW: AW?2

AR: ARO

BH13 - slow/stop

H: Percentage of time slowing / stopping to avoid hitting pedestrian or vehicle. H = 10 %
P: Someone is present whenever machine is stopping to avoid hitting someone. P = 100 %.

AC: AC1 - park brake (steering may not always help avoiding collision)

72
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AR: AR2 - Operator needs to move hand to activate but is a natural response

BH14 - transmission neutralize

H: Time when machine is idle (20 %) during low speed manoeuvring (20 %). H=20% x 20 % =4 %

P: Typical bystander rate in central / parking areas. P = 25 %.

AC: AC1 - brakes

AW: AW2

2.2 Application use cases

AR: AR3 - The brakes would be under foot and the machine moves slowly

Table F.2 — Application use case table

Loader
work tools Hoe work
- sweepers, tools - ham-
Travel Loader - mulchers, Loader mer, com-
(including |bucket, 4-in- | snow blow- | object han- pacting plate, | Hoe - object
Application roading) 1 Bucket ers dling Heoe auger handling |Maintenance
Utility 30% 30% 20 % 20% 70 % 30% 20 % 5%
Civil 30 % 20 % 20 % 15% 70 % 40 % 15% 5%
Cpnstruction 20 % 40 % 20 % 10 % 50 % 20 % 15 % 5%
Ff2.3 Maintenance task breakdown
Table F.3 —Maintenance task breakdown
Time (min/| % Mainte-
day) nance time

parking brake test 2 11

clean windows 5 28

grease 5 28

transmission oil check 2,5 14

engine oil check 2,5 14

top up transmission oil 0,25
top up engine oil 0,25 1
troubleshooting 0,5 3

F

2.4 Function dominant failure type matrix

Function-dominant failure type matrices reflect the approach that was taken during the MCSSA and
outline where some truncation occurred. The notion is that some failure types result in the same
hazardous outcomes as other failure types and, therefore, resultin the same performance level required
(e.g. failure to apply on demand and uncommanded deactivation of the park brake would result in the
same hazardous outcome; park brake is off when the operator expects it to be on).
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Table F.4 — Function dominant failure type matrix

Failure | Failure

to appl tore- | Uncommand- | Uncommand-
Subsystem pply A ed deactiva- Notes
onde- |leaseon | edactivation .
tion
mand | demand
. Activation is increase; release is decrease. Other failure
machine speed 1 1
types are less or not hazardous.
. Activation is increase; release is decrease. Other failure
engine speed 1

types are less or not hazardous.

Uncommanded change in direction is considered the
directiof change 1 same as uncommanded slow/stop. Other failure types
considered the same as failure on demand.

loadeq raise Less hazardous than loader lower
loader]lower 1 Other failure types are less or not hazardous.
loader bugket dump 1 Other failure types are less or not hazardous.

loader bycket curl Less hazardous than loadex dump
loader quifk coupler 1 Other failure types are less'or-not hazardous.

Failure to release on demand just as hazardous as
uncommanded activation *both considered under un-

hoe boom swing 1 commanded activation{ Other failure types are less or n¢t
frazardous.
hoe bogm raise Less hazardous than boom lower
hoe boom lower 1 Otherdailure types are less or not hazardous.
hoe arm rpise / out 1 Other failure types are less or not hazardous.
hoe arm lower / in beth'in and out are hazardous - will consider both
hoe arm gxtend out 1 Other failure types are less or not hazardous.
hoe arm fetract in Less hazardous than out
hoe bucKet dump 1 Other failure types are less or not hazardous.
hoe bucket curl Less hazardous than hoe dump
hoe quick coupler 1 Other failure types are less or not hazardous.
loadfer aJ_xiliary 1 Other failure types are less or not hazardous.
undtion
hoe auxtiil é;ry func- 1 Other failure types are less or not hazardous.
hoe side shift 1 Other failure types are less or not hazardous.

Uncommanded slow / slow stop considered under unconp-
slowfstop 1 manded Hold Still. Other failure types considered unde
failure to apply on demand or are less or not hazardous

hold|still 1 1 Other failure types are less or not hazardous.

All failure types are hazardous - considered all under

steefing 1 uncommanded activation.
Uncommanded activation is more hazardous than failurg
all wheel fteering / 1 on demand because the intention is to steer, but gets a dilf-
crab pteer ferent radius vs. the unexpected nature of uncommanded
activation
stabilizpnTaise Lower is more dangerous
stabilizer Tower T Other failure types are less or not hazardous.
NOTE A "1" has been placed in the cell for function - failure type combination that would or could potentially cause the most hazardous failure.

F.2.5 Notes and assumption

— Powered hand tools considered to not require anything of the machine control systems have not
been considered in this assessment - flow rate settings are considered under loader auxiliary
function.

— Implement lockout MPL, is the same as the MPL, of the function it is locking out.
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— Uncommanded change in direction is considered to be the same as uncommanded park brake
activation - sudden stop with no warning - MPL, for this failure type from uncommanded slow/

stop.

— Auxiliary functions are not assessed in this MCSSA. Due to the large number of possible tools
that could be fitted, it is not possible to assess in a general sense. Machine functions based on
tool combinations need to be assessed individually by the OEM, through the process outlined in

[SO 19014-1.

— Uncommanded direction change, uncommanded slow/stop and uncommanded hold still are

o

3 MPL, mapped to SCS table

Table F.5 — MPL,. mapped to SCS

considered to be the same hazardous outcome - the machine would stop suddenly withoufjlwarning
to the operator or a person following behind the machine.

hble F.5 shows function-based MPL,. (see Table F.1) mapped to SCS per the results of the MCFSA for a
hckhoe loader. Other systems that fail in a way that cause a hazardous outcome similar to the{function
ilures in Table F.1 would also be mapped to these MPL,

Machine function Failure type 1\;511;,23 Example of mapped system
) uncommanded activation throttle and speefl gear
machine speed - b 1
failure to release on demand contro
machine direction uncommanded activation C gear direction cgntrol
hoe boom up uncommanded activation c hoe boom raige
hoe boom down uncommanded aetivation c hoe boom lowjer
hoe boom offset uncommanded‘activation c hoe boom offget
hoe arm in uncommanded activation c hoe arm in
hoe arm out uncommanded activation c hoe arm ouf
hoe tool dump uncommanded activation c hoe tool dumjp
hoe tool curl uncommanded activation c hoe tool cur
Tools used on backhoe loaders were
not considered to be hazardous. If tools
hoe auxiliary flow are used similar to crawler or wheeled N/A hoe auxiliary flow
excavators than the MPL, for those ma-
chines shall be used
loader boomup uncommanded activation c loader boom rdise
loader.boom down uncommanded activation c loader boom lower
loader tool dump uncommanded activation C loader tool dump
loader tool curl uncommanded activation c loader tool curl
hoe coupler engagement uncommanded deactivation b hoe coupler engagement
hoe swing/slew uncommanded activation c hoe swing/slew
) uncommanded activation )
hold still - C parking brakes
failure to apply on demand
stabilizers up uncommanded activation c stabilizers up
stabilizers down uncommanded activation C stabilizers lower
steering uncommanded activation d steering
steering mode change uncommanded activation d steering mode change
transmission neutralize uncommanded deactivation a gear direction control
slow/stop failure to apply on demand c service brakes

© IS0 2021 - All rights reserved
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Table F.5 (continued)

Machine function Failure type l\clllll:lLr:i Example of mapped system
engine speed uncommanded activation d throttle
hoe arm extend out uncommanded activation C hoe arm extend out

76
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Annex G
(normative)

Large wheel loaders equal to or greater than 24 000 kg
performance level tables

G.1 Large wheel loaders equal to or greater than 24 000 kg

cores and percentages for S, A, H, P, E, AC, AW and AR and C are given in the tables for g
enarios along with the dominant MPL,. for the function. More details can be foimd in the su

Wibclause (Tables G.1 to G.5) or in Clause 5.

ominant
bsequent

n n wn
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G.2 Supporting explanation

G.2.1 Supporting explanations for dominant scenarios

LW1 - machine speed

H: On haul road, up to 80 % of time (block handling), high wall present up to 90 % of time, downhill

25 % (uphill not going fast enough for hazard to occur). H=80 % x 90 % x 25 % =18 %

P: Operator is always in cab for this use case. P = 100 %

LW2 - machine speed

LW4 - boom raise

LW3 - machine speed

AC: AC1 - brakes

AW: AW3 - Machine speed increases slowly - operator becomes aware before hazardous

AR: AR3 - Applying brakes is a natural reaction and applying brake while in operation is considered

underfoot

H: Could be stopping to wait up to 5 % of the time. H=5 %
P: Stopped by definition of waiting. P = 100 %

AC: AC1 - brakes

AW: AW?2

AR: AR2

H: Only a hazard for last 1/8 or forward portion of cycle. 90 % idle factor. H = (50 % x 90
6 %

P: Operator is always in cab for:this use case. P = 100 %
AC: AC1 - brakes

AW: AW?2

AR: AR2

H: Whenéver machine is not idle and not already raising boom (all but A1, A2 and C2). 9
factor’HE=90 % x (1-(25% /4)-(25% /8)-(25% /8)) =79 %

P: Operator is always in cab for this use case. P = 100 %

AC: AC1 - key switch

AW: AW2

AR: AR1 - Turning machine off requires moving hand and is not a natural response

LWS5 - boom lower

H: Only applicable during unloading (25 %/4), 90 % idle factor. H= (25 % / 4) x 90 % =6 %

P: Co-worker always in truck for this use case. P = 100 %

AC: ACO

LW6 - boom lower

© IS0 2021 - All rights reserved
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H: Percentage of time machine travels with bucket / forks flat / loading position, downhill 25 %
(block carrying), Curve such that machine would head to high wall 40 %, high wall present 90 %,

time

on haul road 80 % (block carrying). H=25 % x40 % x90 % x 80 % =7 %

P: Operator is always in cab for this use case. P = 100 %

AC: AC1 - key switch

AW: AW?2
AR: AR3 - brakes (lost drive torque would rapidly stop machine) tilt bucket back
LW?7 - bgom lower
H: A]l tasks boom should be on ground except troubleshooting. H =4 %
P: Mpintenance task on / off machine split. P = 75 %
AC: ACO
LW8 - hqld still
H: Rpduced maximum idle time by 90 % to account for the times the dperator does not put wor
tool pn ground - only when stopped with load in bucket. H=5 %
P: Light vehicle trafficrate. P =5 %
AC: ACO
LW9 - hqld still

H: R
tool

P: Li
AC: 4
LW10 -9

H: P
(blo

P: O
AC: 4
AW:
AR: ]

bduced maximum idle time by 90 % to account for the times the operator does not put woi
pn ground - only when stopped with load in‘bucket. H =5 %

pht vehicle traffic rate in park up / central area. P =50 %
\CO
teering

prcentage of failures in dangerous direction 50 %, high wall present 90 %, time on haul rog

'k handling) 80 %. H=50"% x 90 % x 80 % =36 %
perator always in-cab for this use case. P =100 %
A\C1 - berm

AW 2

AR2 —Berm is not always effective

LW11 - steer iug

H: Failures only hazardous in one direction. H =50 %

P: Light vehicle traffic rate. P =5 %

AC: AC1 - brakes

AW: AW?2

AR: ARO

LW12 - transmission neutralize

82
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H: Only applicable in unloading, 90 % idle factor. H= (25 % / 4) x 90 % =6 %

P: Based on being material handled, co-worker doing this task would not position themselves in
hazard zone. This is supported by the limited visibility it is not practical for them to be in that area
(immediately in front of or behind the machine). P =5 %

AC: AC1 - brakes
AW: AW2

AR: AR3

LV

LV

LW13 - slow/stop

V14 - slow/stop

V15 - slow/stop

H: On haul road up to 80 % of time (block handling), High wall present up to 90 %-eftime, downhill
25 % (uphill not going fast enough for hazard to occur), on curve such thatiymachine yill head
towards hazard 40 %. H=80 % x 90 % x 25% x40 % =7 %

P: Operator always in cab for this use case. P =100 %
AC: AC1 - berm
AW: AW?2

AR: AR2 - Berm is not always effective

H: On haul road up to 80 % of time (block handling); high wall present up to 90 % of time, downhill
25 % (uphill not going fast enough for hazard<to occur), on curve such that machine Will head
towards hazard 40 %. H =80 % x 90 % x 25% x40 % =7 %

P: Operator always in cab for this use casé’P = 100 %
AC: AC1 - park brake (steering may not always help avoiding collision)

AW: AW2

AR: AR2 - Operator needs'to move hand to activate but is a natural response

H: Last 10 % of the-push cycle (50 % of total cycle), 90 % idle factor H=10 % x 50 % x 90 % =5 %
P: Operator@lways in cab for this use case. P = 100 %
AC: AC1'+park brake

AW AW?2

AR: AR2 - Operator needs to move hand to activate but is a natural response

LW16 - auxiliary flow

H: Only when loaded moving forward - C3, D and A1, 90 % idle factor. H = (25 % + (25 % / 4) +
(25%/4))x09=34%

P: Operator always in cab for this use case. P =100 %

AC: ACO

LW17 - auxiliary flow

H: Person guiding the unloading process / machine placing of load on truck. Last 10 % of A1,
unloading. 90 % idle factor. H= (10 % x (25 % / 4) x90 %) =1 %
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P: Based on being material handled, co-worker doing this task would not position themselves in
hazard zone. This is supported by the limited visibility, it is not practical for them to be in that area
(immediately in front of the machine). P=5 %

AC: ACO

G.2.2 Application use cases

Table G.2 — Application use case table

Bucket Maintenange
v-cycle (in- Low speed (machinerun-
cluding truck / | Travel mode maneuvering ning)
Loading/unloading train loading, (loaded / un- / startup / Low to ground seryice
Applicatjon | (forks, hydraulic tools) hopper) loaded) parking tool / dozing Tepair
Open - sugface 90 % 90 % 80 % 6 % 90 % 6V
Confingd 90 % 90 % 80 % 6% 90-% 6
G.2.3 Maintenance task breakdown
Table G.3 — Maintenance task breakdown
Time (min/ ‘)% Mainte-
day) nance time
daily walk around 10 10
wash camera 4 4
refuel 20 20
oil sampling 4,3 4
GET replacement 1,4 1
wash 4 0
lube / grease 38,3 39
troubleshooting 4,3 4
window wash 10 10
install articulation lock
brake testing 2 2
G.2.4 FHunction dominant failure type matrix
Function-dominant failure type matrices reflect the approach that was taken during the MCSSA ar{d
outline where some, truncation occurred. The notion is that some failure types result in the sanje
hazardofis outcomeés as other failure types and, therefore, result in the same performance level requirgd
(e.g. failyre to apply on demand and uncommanded deactivation of the park brake would result in the
same hazardous outcome; park brake is off when the operator expects it to be on).

Table G.4 — Function dominant failure type matrix

Fail- Fail-
ure to | ureto Uncom- Uncom-
Function apply |release manded manded
onde- | onde- | activation | deactivation
mand | mand

Notes

acceleration /
propel

Failure to release on demand is no more dangerous than rate
greater than command. Other failure types are less or not hazard-

ous.

NOTE

A "1" has been placed in the cell for function - failure type combination that would or could potentially cause the most hazardous failure.

84
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Table G.4 (continued)
Fail- Fail-
ure to | ureto Uncom- Uncom-
Function apply |release manded manded Notes
onde- | onde- | activation |deactivation
mand | mand
Uncommanded activation results in an uncommanded stop (con-
. . sidered under uncommanded slow/stop) primarily before starting
direction control h di ) hus h h - di
(F/R) 1 to change direction thus has much greater response time and is
less hazardous. Failure to apply on demand includes failure to
change direction or changing into wrong direction.
Moving into or staying in N is not considered dangeroys. Uncom-
neutralize 1 manded moving out of N is more dangerous than failing|to neutral-
ize because of brakes and other systems beingdvallable.
. Failure to move boom not considered dangeroas. Othér failure
boom lift 1 :
types are considered less hazardous.
Failure to move boom not consideredidangerous. Othér failure
boom lower 1 .
types are considered\ess hazardous.
Failure to move tool not considered dangerous. Other fdilure types
tool curl 1 .
are considéred less hazardous.
Failure to move tool not considered dangerous. Other fdilure types
tool dump 1 \
are donsidered less hazardous.
boom float Cornsidéred the same as boom lower
auxiliary flow 1 Other failure types are considered less or not hazafdous.
slow/stop 1 1 Other failure types considered under failure to apply on demand
are less or not hazardous.
. Uncommanded deactivation covers failure on demand.|Other fail-
hold still 1 . N
ure types are considered less or not hazardoug.
. All failure types considered under failure to apply on d¢gmand and
steering 1 1 o
uncommanded activation
NPTE A "1" has been placed in the cell for function - failure type combination that would or could potentially cause the most hazardous fajlure.

.2.5 Notes and assumptions

Assumed that no single failure can‘cause an uncommanded start.

For the purpose of this assessiient, activation means it starts from zero, deactivation mea
to zero, changes in rate are'covered by other failure types.

Because bystanders(ape almost never around these machines the co-worker rows repr
workers in a machine and the bystander rows consider a co-worker on foot or in a light vel

For loading / Ginloading, the travel section is not less than 25 % in each direction.

Assumed‘thrat berms are present and sized appropriately, appropriate traffic controls are
and reads are built wide enough for anticipated traffic.

Sléw-speed manoeuvring includes transport (being loaded and unloaded from a truck).

For dozing off an edge, recommended practice is to push a rear pile to push a front pile o

s it goes

esent co-
hicle.

in space

f to limit

operator exposure to the high wall edge.

on.

For maintenance assume appropriate lockouts are in place.

Maintenance tasks are only those that are reasonably foreseeable that could be done with the engine

Uncommanded direction change, uncommanded slow/stop and uncommanded hold still are

considered to be the same hazardous outcome - the machine would stop suddenly without warning
to the operator or a person following behind the machine.
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G.3 MPL, mapped to SCS table
Table G.5 shows function-based MPL, (see Table G.1) mapped to SCS per the results of the MCSSA for

a large wheel loader equal to or greater than 24 000 kg. Other systems that fail in a way that cause a
hazardous outcome similar to the function failures in Table G.1 would also be mapped to these MPL..

Table G.5 — MPL, mapped to SCS

Machine function Failure type “:Eil‘rzz_ Example of mapped system
machine speed uncommanded activation b throttle ?éft:gleed 873"
machine direction uncommanded activation c gear directionconttol
bgom raise uncommanded activation c boom raise
bopm lower uncommanded activation b boom lower
tdol dump uncommanded activation C tool dump
tpol curl uncommanded activation c tool curl
hold still uncommanded deactivation c parking brakes
jteering uncommanded activation d steering
transmigsion neutralize uncommanded deactivation a gear direction control
slbw/stop u.ncommanded activation (& service brakes
failure to apply on demand c
loader ; ut)i((i)lrilary func- Uncommanded Activation c Loader Auxiliary Function
loader coupler Mll(lilt;s\llif;lél;giss tl(r)1 t\:\folliliizr?;dg?};ilf)or N/A loader coupler
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Annex H
(normative)

Medium, small and compact wheel loaders less than 24 000 kg
performance level tables

.1 Medium, small and compact wheel loaders less than 24 000 kg

fores and percentages for S, A, H, P, E, AC, AW and AR and C are given in the tables for Jominant
bsequent

enarios along with the dominant MPL,. for the function. More details can be foimd in the su
tibclause (Tables H.1 to H.4) or in Clause 5.

n n wn

© IS0 2021 - All rights reserved

87


https://standardsiso.com/api/?name=d78a529a2f37e667e63bfc60de8285b5

2021(E)

ISO/TS 19014-5

‘pasn a@qjeys $.1993s pIys 10j dois/MO[S pue UOI1}da1Ip dulydew ‘paads suryoew ‘urIaals 10y SULI0IS Y3 [on.13 J0U SI STYI J] *AI1D0[9A [BUOIIDAIIP
Ul 9SBa.J0UI UE 9SNed p[nom ppads auryoew ui 9s€pdoul ue Jeyl yons ‘3uriasdls UOIIB[NIIIIE YIM JALIP J11BISOIPAY 10 [EDIUEBYISW dABY SISPEO] [99YyM JBYI SOUINSSE JUSWSSISSE SIY ],
‘a1doad sp.a1emol UaALLp 9 10U P[NOYS SUIYIL] ‘Yoeq P13 9] P[NOYS SaUL], “19peo] [99YM 93.1e[ SE dWES 93} $ 01 Pa.I9pISU0D SI MO[J AIeI[IXNY ¢
aInjonJaseljul d
2 <) | €4V | TMV | TOV | T4 % S % 9¢ % 06 €S |193I0M-00 | pESYIIA0 S1IE]} onEAE TPl | asres wooq | 9TM
0 p 0 papuewiwodun | f Surpeo| :
-Uu0d aulydew
guimorjoy
d[21YaA YIM
€) | V/N | VN | 0OV | 24 | % 00T % 0§ % 0€ IS | 10jerado | uorsif[od - puewt nonEAd Surpeo. SIM
0 0 ° = papurwIIOdUN :
-W0d INOYIM
sdoas aulyoew
uord3IIp
J auIYOBW I M auryoew
SapI[[02 9242103
N \ 1 o o o Jepueisiq | JOW 10 2PIYdA uoneAnoe E M
€ |V \/ 00V | O 0 S 0 0S 00€ €S P q Sui[ie.) - puew | papueWILIOdUN Ip 4
w02 INOYIUM
sdoas aulyoew
UOISI[[0D - paads
papuaiul ueyl puewap :
ul[eAe.}
10 | €4V | MV | TOV | T3 | % 00T % 0T % 0¢€ €S | 1opueisAq | 19y8iy Suisned U0 asea[a.l Surpeo. €TM
aouelsip suid 0} 2an[Iej ‘
-doas pdsep.aour
uoIsI| puewap paads
q 10 | €4V | MV | TOV | Td % 0¢ % 9¢ % 06 €S |19310M-00 | -[0D - D} Surd U0 sses[al 19d_nq auryoew AW\
-do3s pake[ap 03 21n[Iej :
UoISI[[02 - paads
papuaiul ueyl d
% 02 % L % 06 €S | J19310m-02 | J19yd1y Suisned D quipeorun 1M
10 | €4V | ¢V | TOV | T4 0 (] 0 ! ! papuetriboun | f Suipeoy
aoueysip uid
-do3s pasea.uour
pasodxa
! 4G 4G UG dno.as auanna 9dAYoIn[e] | osed as() tonuny #3194
TdW J | UV | MV | OV d -BLIBA J | -BLIBA | | -BLIBA Y S uosiag snop.ezey ; auiyoep

83 000 ¥Z ueyl ss9 s1apeo] [99Yym 1doeduwiod pue [[ews ‘WNIPawi .10J 3[qel "TdIN — T'H d[qeL

© IS0 2021 - All rights reserved

88


https://standardsiso.com/api/?name=d78a529a2f37e667e63bfc60de8285b5

2021(E)

ISO/TS 19014-5

"pasn a4 [[eYs $.19931s prys 10j d03S/MO[S pue UOIIAIIP dulydew ‘paads auryoew ‘Suriaals 10y SULIOIS Y3 ‘ONIY 30U S STY3 J] ‘AID0[9A [EUOTIIAIIP

Q

r

{peruruos} THSTIEL

Ul 9Seoa.Jdul ue asned pjnom vnﬂr\mn SUTO e U oSeo U e I I OIS~ s U oo IS HotTe ot e I oA P ITIeISOApPA o Tedtaeosttr oAt SIS PEeo] [99UM JE([] SoWINSSe JU9WISSasSe SIY ],
.QMQOUQ SpJeMO] USALIP 9Q 10U P[NOYS SUIYIEBA "¥Ieq pal[ll aq p[noys saul ], "Isapeoj [9aym wwhm~ Se ouwes 9y} $( 03 paJapISu0d ST MO} \Ahm:_umﬂ< e
uomnounjy %u@%mw e]lou - snop.Jezey aanjiej Qﬁwﬂ:m ou h@—&
) . ) -NoJ J9peo|
e Uo)uUNJ
J Jopeo[ [eoym QWMN— Se 9WES 93] paJapIisuod Nﬂ.:m:_um:ﬁ _ L1
1opEo] 9TMT
0 o 0 IopueISA UOISI[[0D - QOum puewap uo AR
20 | UV | ZMV | TOV | T8 | %00 | %O0L | %0€ | €5 |30pueIsAq| oo e | Ardde o oanprey | | PAES ZTIM
0 0 0 IoDUeISA UOISI[[0D - QOHW puewap uo 390
, || Tav | zMy | 1OV | TE | %0S |SHOT | %06 | S |HOPURISAA| o g ionnoeu | Adde oomnpies | [P | gors/mors | YT
OWCNSU UOI}J9.Ip aulydew seuWes 9]l 2q 0] pa.Japlisuod uoljeAllde popuewrwiodun S-F1M
0 0 o 19310M-03 UOISI[[0D - QOum puewsp uo mﬂ_ﬁNA:CS
20 | zuv | eV | TOV | T | % 00T | % 0T [C%06 | €S |10 o1 s{tey aurgoew | Adde o1 sanyrey | J Surpeoy 0TIM
9ZI
e J9peoT [99U N\ OWMNJ Se/ouWeES o) padapISuod -feJnau uois| zZTM'1
-sjuasue.a)
9 9 9 dapuelsh uoIsI[[od HoneAnoe Burpeo. Sur1aals
P | €| 0dv | ZMV | TOV | T3 | %9T | %00T | %0g | €S fdopueisiq st popuewmosun | [FUP 1991 | 6IM
OMGNSU UOI1JalIp aulydew Se aWES 9] 9( 0] paJaplsStuod UOoIjeAl}de papuelaodun S—-71M
J 1S p[o
SI9peO] [99YyM 93.1€[ Sk duwes a3 9q 0} pa.Japisuod puewap uo Ajdde o3 a.anjrej [11s proy o BT
J 9SIe.J W00(q Se awes a3l 9q 03 pa.JapIisuod [[INnd Joo)} 9TM
J OWQNQU UO0IJadIp saulydew se sawies 9] 9( 0} pa.JaprSuod QE—‘—@ [00} S-V1M
PeQ[ PayI]
Japun £poq jo
uoInjeAlnloe
€0 | V/N | VN | 00V | T8 | %00L | %TL | %0S | ZS |3o3om-03| 3aed A[uo -Peo] | oiionun | | FURH 81M
> 3uipn.ao.d JaMo[ wooq
Aq paysn.o
i peoj Surpn.y HoeAnoe quipeoqun
€ | VN | VIN |00V | 08 | %T | %9 | %06 | €S [3iom-0d| Fe | poptaumorun | | Surpeop LTM
9[q 91q 91q —UQMOQMWQ ouI0dINo uoryounjy
Jd 5
TdI I LAY My v 1 -eLLIeA d | -BLLIBA H | -elLIeA Y S :Qh—mﬁvvmvww snop.aezeH OQ%H oImied PSED S QUIYIEe] #394

89

© IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=d78a529a2f37e667e63bfc60de8285b5

ISO/TS

19014-5:2021(E)

H.2 Supporting explanation

H.2.1 Supporting explanations for dominant scenarios

WL1 - machine speed

H: Only hazardous when trying to stop - last 10 % of A1, A2, C1 and C2. Added 5 % for other times

may

need to stop. 90 % idle factor. H = (((10 % x (25 % x 25 % x 4)) + 5 %) x 90 %) =7 %

P: Time when trying to stop, to avoid hitting person. P = 20 %

AC: AC1 - brakes

AW:
AR:

AW 2

AR3 - Applying brakes is a natural reaction and applying brake during the \6peration

consfidered underfoot

WL2 - miachine speed

H: 0

ly hazardous when in reverse (40 %) - See Table 4. 90 % idle factor¢H=40 x 90 % =36 %

P: Time when trying to stop, to avoid hitting person. P = 20 %

AC: AC1 - brakes

AW:
AR:

AW 2

AR3 - Applying brakes is a natural reaction and ‘applying brake during the operation

consfidered underfoot

WL3 - mlachine speed

H: 0

ly hazardous when stopping to avoid collision with vehicle or pedestrian. H = 10 %

P: Bystander present whenever tryingté avoid collision. P = 100 %

AC: AC1 - brakes

AW:
AR:

AW?2

AR3 - Applying braKes is a natural reaction and applying brake during the operation

consjidered underfoot

WL4 - mlachine direction

H: H

hzardous-when not stopping or slowing. H=50 %

P: Trailingwehicle should be maintaining safe distance but may momentarily be closer. P =5 %

AC: ACO

IS

IS

IS

WL5 - machine direction

H: Hazardous when not stopping or slowing. H = 50 %

P: Operator present for during the whole cycle. P = 100 %

AC: ACO

WL6 - boom raise

H: Only hazardous when in reverse (40 %) - better awareness in forward. 90 % idle factor. H = 40

x 90

90

% =36 %

© IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=d78a529a2f37e667e63bfc60de8285b5

ISO/TS 19014-5:2021(E)

P: People should not be close to the machine in tight confines. P =5 %
AC: AC1 - brakes
AW: AW1 - Operator looking behind machine, not in front

AR: AR3 - Removing foot from throttle would stop boom motion

WL7 - boom lower

H: Only applicable during unloading (25 %/4), 90 % idle factor. H = (25 % / 4) x 90 % =6 %

WL8 - boom lower

WLO - steering

WL10 - slow/stop

WL11 sstow/stop

P: It is considered machine abuse to be under lifted load but there may not be anywhef
stand in congested work area. P=1 %

AC: ACO

H: Only when positioning load (25 %/4), 90 % idle factor. H = 2 x (25 %~/ 4) x 90 % = 11 %j
P: Co-worker present for all of this portion of cycle. P = 100 %

AC: ACO

H: Hazard exists throughout cycle. H = 100 %
P:See5.2.P=16%

AC: AC1 - brakes

AW: AW?2

AR: ARO

H: Percentage of time slowing / stopping to avoid hitting pedestrian or vehicle. H = 10 %
P: Co-worker present.whenever trying to avoid collision with co-worker. P = 100 %

AC: AC1 - park Brake (steering may not always help avoiding collision)

AW: AW?2

AR: AR2'- Operator needs to move hand to activate but is a natural response

e else to

H: Percentage of time slowing / stopping to avoid hitting pedestrian or vehicle. H = 10 %

P: Machine exits work area. See 5.4.3. P =50 %
AC: AC1 - park brake (steering may not always help avoiding collision)
AW: AW?2

AR: AR2 - Operator needs to move hand to activate but is a natural response

WL12 - slow/stop

H: Percentage of time slowing / stopping to avoid hitting pedestrian or vehicle. H =10 %

P: Co-worker present whenever trying to avoid collision with co-worker. P = 100 %

© IS0 2021 - All rights reserved
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AC: AC1 - park brake (steering may not always help avoiding collision)
AW: AW?2

AR: AR2 - Operator needs to move hand to activate but is a natural response
H.2.2 Application use cases

Table H.2 — Application use case table

Bucket
v-cycle Transport Maintenarncp
Loading / unload-| (including (loading (machine
ing truck / Roading |and unload- Low to ruhhing)
(forks, hydraulic | trainload- (loaded / ing from ground tool service
Applicatidn tools) ing, hopper) | unloaded) trailer) Lifting Stockpiling | /dozing repair
Open - Suy-
face 90 % 90 % 30% 5% 25% 50 % 90 % 3%
Confined 90 % 90 % 0% 1% 5% 10 % 50 % 3%

H.2.3 Maintenance task breakdown

Maintengnce tasks are not found to dominate any scoring.

H.2.4 Kunction-dominant failure type matrix

Function-dominant failure type matrices reflect the approach.that was taken during the MCSSA arnd
outline yhere some truncation occurred. The notion is that-some failure types result in the sane
hazardoiis outcomes as other failure types and, therefore, xésult in the same performance level requirgd
(e.g. failyre to apply on demand and uncommanded deactivation of the park brake would result in the
same hazardous outcome; park brake is off when the operator expects it to be on).

Table H.3 — Function-dominant failure type matrix

Failure | Failure
toapply | tore- | Uncommand- Uncommand-
Fundtion . N\od ed deactiva- Notes
onde- |leaseon | edactivation .
tion
mand | demand
Stopping machine on railroad tracks, under mining wal
maching speed 1 1 1 considered worksite responsibility. Failure to apply on
demand is not considered hazardous.
machine flirection 1 1 Other failure types are less or not hazardous.
transmispion neu- Same as large wheel loader
tralize
boom|raise Not more dangerous than lower
boom|lower 1 Other failure types are less or not hazardous.
toolfcurl Not more dangerous than lower
tool qump 1 Other failure types are less or not hazardous.
quick coupleremgage= 1 No single failure hazardous
ment
Other failure types are less or not hazardous or are con-
slow/stop 1 1 . .
sidered under failure to apply on demand.
hold still 1 1 Other failure types are less or not hazardous.
. All failure types hazardous and are considered in uncom-
steering 1 .
manded steering.
NOTE A "1" has been placed in the cell for function - failure type combination that would or could potentially cause the most hazardous failure.

H.2.5 Notes and assumptions

— Third and fourth function (additional auxiliary hydraulic oil supply function) to be assessed by
machine manufacturer as potential tools are risk assessed.

92 © IS0 2021 - All rights reserved
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Assumed coupler compliance to ISO 13031.

considered a bystander or co-worker.

ADT or semi-trailer

ISO/TS 19014-5:2021(E)

Ground level shutdowns are not fitted on all manufacturers - excluded from analysis.

Operator is assessed as an operator until they are off the machine completely, then they are

On lifting use case assume guide ropes are long enough to keep co-worker out of harm’s way.

Assume truck being loaded is stationary, it could be pickup, rigid frame highway or off highway,

q

A Sl e Bl = o

- Itis considered machine abuse for anyone to be standing between loader and rock pilé/tryck.

- Railroad applications are excluded from this analysis.

- Tool close to ground, stock piling and transport were reviewed and determined not to yield any
higher scores than the use cases already assessed.

- Assume greasing can be done without the maintainer getting into the‘ttazard zone.

- Uncommanded direction change, uncommanded slow/stop and) uncommanded hold

still are

considered to be the same hazardous outcome - the machine woeuld stop suddenly without{jwarning

to the operator or a person following behind the machine.

.3 MPL, mapped to SCS table

hble H.4 shows function-based MPL, (see Table H.1) mapped to SCS per the results of the MCSSA for
medium, small and compact wheel loader less thian 24 000 kg. Other systems that fail in a way that
huse a hazardous outcome similar to the function failures in Table H.1 would also be mapped to these

PL,.

Table H:4 — MPL_ mapped to SCS

© IS0 2021 - All rights reserved

Machine function Failure type MP.L re- Example of mappec
quired system
i uncommanded activation throttle and speed geqr
machine speed - b
failure to release on demand control
machine direction uncommanded activation c gear direction contrdl
boom raise uncommanded activation c boom raise
boonm(lower uncommanded activation c boom lower
teol dump uncommanded activation c tool dump
tool curl uncommanded activation c tool curl
) failure to apply on demand i
hold still — c parking brakes
uncommanded activation
steering uncommanded activation d steering
transmission neu- uncommanded deactivation a gear direction control
tralize
failure to apply on demand )
slow/stop — C service brakes
uncommanded activation
1 ili . o .
oader duxiiiary uncommanded activation c loader auxiliary function
function
loader coupler multiple failures to be hazardous for N/A loader coupler

known designs in working group
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Annex I
(normative)

Wheeled and crawler skid steer loaders performance level tables

I.1 Wheeled and crawler skid steer loaders

Scores apd percentages for S, A, H, P, E, AC, AW and AR and C are given in the tables for dominant
scenariop along with the dominant MPL,. for the function. More details can be found in the Sabsequent
subclausg (Tables 1.1 to 1.5) or in Clause 5.
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1.2 Supporting explanation

1.2.1 Supporting explanations for dominant scenarios

SSL1-b

oom raise

A: Operator gets in or out of the machine 8 times an hour, takes 8s.A=64s/3600s=2%

H: Only while passing behind the implement. H = 25 %

P: Operatoratways presemnt for thistask- P=1009%
AC: ACO
SSL2 - bpom lower
A: Operator gets in or out of the machine 8 times an hour, takes 8s.A=64s/3 6005=2 %

H: Only while passing behind the implement. H = 25 %

P: It

supgorted — would only be during emergency situations. P =1 %

AC: ACO

SSL3 - tqol dump

H: Short cycle worst case, portion "A" - if loading by hand er'D if emptying by hand. Could be up 1

609

.90 % idle factor. H=54 %

P: Pgrson would only be present when loading or emptying bucket. P = 15 %

AC: ACO

SSL4 - tqol curl

H: A

dedifated trencher in for more than that. 90 % idle factor. H =90 % x 25 % x 90 % = 20 %

P: Pgople should not be in the @rega but may momentarily be while checking. P=5 %

AC: AC1 - Turn machine off

AW:

AW 2

AR: AR1 - Shutting'-machine down may not be a natural reaction

SSL5-h

bld still

H: Maximum idle time (50 %). H =50 %

is considered machine abuse to enter/exit the machine with the beem up without having

nytime trencher is in the ground;(90 %), could be using a trencher up to 25 % - would g

it

W
[

P: Person standing around the machine during landscaping. P = 20 %

AC: AC1 - Turn machine off

AW:

AW3 - Operator would detect creep while exiting the machine

AR: AR3 - Tool should be on the ground
SSL6 - hold still

H: Maximum idle time (50 %). H =50 %

P: Person standing around the machine during snow removal. P = 20 %

98
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AC: AC1 - Turn machine off
AW: AW3 - Operator would detect creep while exiting the machine
AR: AR3 - Tool should be on the ground

SSL7 - slow/stop

H x P: Hazardous during all of A and D. 10 % of other segments. P at A is 60 %. P at Dis 1 %. 90 %
idle factor. H x P = [(12,5 % x 60 %) +(12,5 % x 1 %) +(75 % x 10 %)] x 90 % = 14 %

AC: AC1 - park brake (steering may not always help avoiding collision)

AW: AW?2

AR: AR2 - Operator needs to move hand to activate but is a natural response
S$L8 - slow/stop

H: Last 1/8th of D. Idle factor 90 %. H=(1/8 x1/8) x90 % =1 %

P: Operator always present for this task. P = 100 %

AC: AC1 - park brake (steering may not always help avoiding eollision)

AW: AW?2

AR: AR2 - Operator needs to move hand to activatebut is a natural response
S$L9 - slow/stop

H: Only hazardous when car following. H = 25 %

P: Operator present for during the wholécycle. P = 100 %

AC: ACO

S$L10 - slow/stop

H: Hazardous when not stopping or slowing. H =50 %

P: Trailing vehicle should be maintaining a safe distance but may momentarily be closer. P|=5 %
AC: ACO

SFL11 - auxiliary flow

H: 10 % ‘of daily inspection, 10 % washing, 10 % of windows / camera / mirror clean gnd all of
troubleshooting and refill window washer. H = (10 % x 22 %) +(10 % x 1 %) +(10 % x 22 %) + 1 %+
1%=6%

P: See 5 8 Maintainerisonmachine for 70 04 of the task on the smaller machine P =70 %

AC: ACO
SSL12 - auxiliary flow

H: Only hazardous when tool is not in the ground / rotating parts exposed and not being used or
hooking tool up (5 %). 90 % idle factor. Tool could be used up to 5 % of time. H=5 % x 90 % x 5 %

=2%
P: Could be guiding tool to work point engagement up to 50 % of the time. P =50 %

AC: ACO
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SSL13 - coupler engagement

H: Only during auger engagement with ground and first few inches (15 %). 90 % idle factor. Tool
usedupto (5%).H=15%%x90% x5%=1%

P: Operator present throughout cycle. P = 100 %
AC: ACO

SSL14 - coupler engagement

H: Oply during auger engagement with ground and first few inches (15 %). 90 % idle factor. Topl
usedupto (5%).H=15%%x90% x5%=1%

P: SHould not be that close, but may be momentarily to remove spoil, etc. P =5 %

AC: ACO

1.2.2 Application use cases

Table 1.2 — Application use case table

Bucket

work (e.g. Material Power sup-

v-cycle,[Low to|lhandling|OffS/the|ply (oper-

truckload-|g r ou n d|(e.g. forks,|g % o)ju n d|ator not in Maintd-
Applicatiop Travel ing) work tool |grapple) [worktool |cab) Transport |nance
Constructjon 10 % 50 % 75 % 20 % 25% 5% 10 % 5%
Landscapipg 20 % 50 % 75 % 30% 15% 2% 10 % 5%
Civil (snow removal, street sweep-
ing) 30 % 50 % 90 %, 5% 5% 2% 10 % 5%
Agricultuie 30 % 50 % 5% 50 % 5% 2% 2% 5%
Industrial (waste, conveyer clean-
up, factory) 10 % 60 % 25% 25% 5% 5% 2% 5%
Demolition 10 % 50 % 30 % 50 % 50 % 2% 5% 5%
Forestry 30 % 10"% 10 % 20 % 90 % 2% 10 % 5%

I.2.3 Maintenance task breakdown

Table 1.3 — Maintenance task breakdown

Time (min/| % Mainte-
day) nance time
daily inspection 5,0 22 %
refuel / DEF 2,0 9 %
lube / greasing 2,0 9%
tire pressure check / top up / track tension 2,0 9%
wash 0,3 1%
oil sample 0,5 2%
clean windows and mirrors, cameras 5,0 22%
troubleshooting 1,0 1%
clean cooling package (waste application) 4,0 17 %
refill window washer 0,1 1%
flash / calibrations 1,0 1%

100 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=d78a529a2f37e667e63bfc60de8285b5

1.2.4 Function dominant failure type matrix

ISO/TS 19014-5:2021(E)

Function-dominant failure type matrices reflect the approach that was taken during the MCSSA and
outline where some truncation occurred. The notion is that some failure types result in the same
hazardous outcomes as other failure types and, therefore, resultin the same performance level required
(e.g. failure to apply on demand and uncommanded deactivation of the park brake would result in the
same hazardous outcome; park brake is off when the operator expects it to be on).

Table 1.4 — Function dominant failure type matrix

Failure | Failure
toapply | tore- | Uncommand- Uncommand-
Function R ed deactiva- Notes
onde- |leaseon | edactivation .
tion
mand | demand
machine propel
direction, steering, 1 1 Other failure types arejless‘or not hazarglous.
speed)
engine speed 1 Other failure types-are less or not hazarlous.
boom raise 1 Other failureltypes are less or not hazarglous.
boom lower 1 Other failure'types are less or not hazarglous.
tool dump 1 Otherfailtre types are less or not hazardlous.
tool curl 1 Other failure types are less or not hazarglous.
auxiliary flow 1 Other failure types are less or not hazarlous.
qpick CO?IE);E: engage- 1 Other failure types are less or not hazardlous.
slow/stop 1 1 Other failure types are less or not hazarglous.
Failure on demand and uncommanded relefase are
hold still 1 considered the same. Other failure types are Jess or not
hazardous.
shutdown 1 Not a hazard
off board power 1 Other failure types are less or not hazarglous.
supply
. Considered the same as the failure type the function
function map change 1
controls
NPTE A "1" has been placed in the cell for funetion - failure type combination that would or could potentially cause the most hazardous fajlure.
I.2.5 Notes and assumptions
— This assessment does not consider the hazards unique to single boom or telescopic boom skid steer
machines.
— For skid stéer machines propel covers direction control (L, R, F, R) and engine speed ap control
magnitude,
— Considered tool change and found it to be very similar, but no worse than hazards associdted with
accessing and egressing the cab (S, E and C).
—+ _¥ncommanded direction r‘h:mgp’ uncommanded c]mm]/cfnp and uncommanded hold Istill are

considered to be the same hazardous outcome - the machine would stop suddenly without warning
to the operator or a person following behind the machine.

— Uncommanded slow/stop hazards have been scored lower than other machines due to the lower
speeds (less than 20 km/h), smaller size and different geometry.

— Considered the hazard of boom raise while operator and maintainer are accessing machine together.

© IS0 2021 - All rights reserved
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1.3 MPL, mapped to SCS table
Table 1.5 shows function-based MPL, (see Table 1.1) mapped to SCS per the results of the MCSSA for a

wheeled or crawler skid steer loader. Other systems that fail in a way that cause a hazardous outcome
similar to the function failures in Table I.1 would also be mapped to these MPL..

Table 1.5 — MPL_. mapped to SCS

Machine function Failure type I\:::iLrZﬁ- Exam;)slsstzilr:llapped
machine p_ropel (speed, direc- uncommanded activation c propel
tion, steer)
engine speed multiple failures to be hazardous N/A throttle
boom raise uncommanded activation c boom|xdise
boom lower uncommanded activation C boom lower
tool dump uncommanded activation C tool dump
tool curl uncommanded activation c tool curl
hold still failure to apply on demand a parking brakes

considered to be the same as whatever

functions are being switched function map change

fundtion map change

failure to apply on demand c )
slow/stop —— service brakes
uncommanded activation b
loaderfauxiliary function uncommanded activation c loader auxiliary function|
lpader coupler uncommanded release b loader coupler
offboard power supply multiple failures to be dangerous N/A offboard power supply
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Annex |
(normative)

Landfill compactor performance level tables

/1 Landfill compactors

enarios along with the dominant MPL,. for the function. More details can be found‘n the supsequent

J

S¢ores and percentages for S, A, H, P, E, AC, AW and AR and C are given in the tablés for dominant
S

stibclause (Tables J.1 to ].5) or in Clause 5.
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J.2 Supporting explanation

J.2.1 Supporting explanations for dominant scenarios

CO1 - machine speed

H: Only hazardous at the points where preparing to change direction or stop - 10 %. 90 % idle

factor. H= (10 % x 90 %) =9 %

P: Rare for people to be in the area. P=5 %

AC: ACO
CO2 - bldde lower

H: 10 % of wash, 10 % of walk around, 75 % grease, 100 % troubleshoot. H = (10 % =x.14:%) + (10

x 24(%) + (75% x5 %) +2 % =10%
P: Mpintenance task on / off machine split. P = 75 %
AC: ACO

CO3 - slgw/stop

H: Opnly hazardous at the points where preparing to change diréction or stop - 10 %. 90 % id

factgr. H= (10 % x 90 %) =9 %
P: Rare for people to be in the area. P =5 %
AC: AC1 - parking brake
AW: AW 2
AR: AR2
CO4 - slqw/stop

H: O
factgr. H= (10 % x 90 %) =9 %

P: Typical bystander rate in ‘central / parking areas. P = 25 %
AC: AC1 - parking brake
AW: AW 2
AR: AR2
COS5 - hold still

chine could be idle up to 75 % of the time

ly hazardous at the points where preparing to change direction or stop - 10 %. 90 % id

le

le

P: Typical bystander rate in central / parking areas. P =25 %
AC: ACO
CO6 - steering
H: Only hazardous in one direction - 50 %
P: Not normally travelling on access road. P =5 %
AC: ACO

CO7 - steering
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H: 10 % of refuel, 10 % walk around, and all of articulation lock install. H = (10 % x 36 %) + (10 % x
24%)+2%=8%

P: Maintenance task on / off machine split. P = 75 %

AC: ACO

J.2.2 Application use cases

Table J.2 — Application use case table

Application Compaction | Travel | Slow speed manoeuvring | Dozing Maintenance
Landfill compaction 90 % 15 % 5% 25% %
Soil rolling 90 % 15 % 5% 20% 3%
J.2.3 Maintenance task breakdown
Table J.3 — Maintenance task breakdown
Time (min/| % Mainte-
day) nance time
wash 6,0 14 %
refuel 15,0 36 %
daily inspection 10,0 24 %
camera clean 3,0 7%
gil'sample 3,0 7%
grease 2,0 5%
troubleshooting 1,0 2%
window wash 1,0 2%
articulation lock install 1,0 2%

2.4 Function dominant failure type matrix

J
Flhinction-dominant failure\type matrices reflect the approach that was taken during the M(SSA and
0
h

Table J.4 — Function dominant failure type matrix

1itline where some truneation occurred. The notion is that some failure types result in the same
hzardous outcomes-as.other failure types and, therefore, result in the same performance levelrequired
(g.g. failure to applyon demand and uncommanded deactivation of the park brake would respilt in the
sgme hazardous outcome; park brake is off when the operator expects it to be on).

Failureto | Failure to
. Uncommanded Uncommanded
Function applyon | release on R Lo Notes
activation deactivation
demand demand
machine speed 1 Other failure types are less or not hazardous.
machine direction 1 Other failure types are less or not hazardous.
engine speed 1 Other failure types are less or not hazardous.
neutralize trans- 1
mission Other failure types are less or not hazardous.
blade lower 1 Other failure types are less or not hazardous.
slow/stop 1 1 Other failure types are less or not hazardous.
hold still 1 Other failure types are less or not hazardous.
steering 1 Other failure types are less or not hazardous.
NOTE A "1" has been placed in the cell for function - failure type combination that would or could potentially cause the most hazardous failure.
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J.2.5 Notes and assumptions

J.3 MPL, mapped to SCS table

Table ].5| shows function-based MPL, (see Table ].1) mapped to SCS péDthe results of the MCSSA for
a landfil] compactor. Other systems that fail in a way that cause a-hazardous outcome similar to the
function|failures in Table ].1 would also be mapped to these MPLg

Not all machines are fitted with blades or vibration systems.

Machines without ROPS need to be reassessed and change severity to S3 if a failure could cause a
roll over.

If blades have pitch adjustment it is considered the same as blade lower.

Machines have low travel speed and can stop quickly, however steering was scored as an ACO
becW

For machine speed in compaction with hystat and e-stop fitted (no CCF with propel system) MPL =
b (A€1, AW2, AR2).

Wheel dozers have the same MPL, as WL for brakes, steering and propulsion angk'dozers for
implement.

Machine may not have e-stop.

Table J.5 — MPL,. mapped-to SCS

Malchine function Failure type B(;lll:;‘rzfi- Exampsl;:stziﬁapped
nfachine speed uncommanded agtivation C propel
engine speed uncommandedractivation C throttle
mdchine direction failure to @pply on demand C gear direction control
neutrplize transmission failure.to6 apply on demand c gear direction control
blade lower uncommanded activation b blade lower
blade raise uncommanded activation b blade raise
blade tilt left / right uncommanded activation b blade tilt left / right
slow/stop failure to apply on demand b service brakes
hold still failure to apply on demand c parking brakes
steering uncommanded activation C steering
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Annex K
(normative)

Roller performance level tables

K.1 Rollers

fores and percentages for S, A, H, P, E, AC, AW and AR and C are given in the tablés for d
enarios along with the dominant MPL, for the function. More details can be found‘n the su

yibclause (Tables K.1 to K.5) or in Clause 5.

S ominant
S bsequent
S
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K.2 Supporting explanation

K.2.1 Supporting explanations for dominant scenarios

RL1 - edge cutter up / down

H: 5 % of wash, 5 % of walk around, and 100 % troubleshoot. H = (5 % x 3 %) + (5 % x 15 %) + 3 %
=4%

P: See 5.5. Maintainer on machine for 70 % of task on smaller machine. P = 70 %.

ly hazardous at this severity for pedestrians in area. R.=<10 %

AC: AC1 - E-stop or hydraulic lockout

AW: AW 2

AR: AR2 - Operator must move hand to apply Esstop or hydraulic lockout
RL4 - hold still

H: Maximum idle time (25 %), machineleft on grade where it could roll (2/3). H = (2/3) x 25 %|=
179

P: Light vehicle traffic rate in park up / central area. P =50 %

AC: AC1 - E-stop or hydratlic lockout

AW: AW 2

AR: AR2 - Operator must move hand to apply E-stop or hydraulic lockout
RL5 - ho}d still

H: 33 % wash, 10 % refuel, 33 % walk around, 90 % of grease, 10 % of window wash, all of camera

clean, 6il sample, troubleshoot, tire check, and articulation lock install. H = (33 % x 3 %) + (10 %)|x
44%)+(33% x15%)+ (90 % x3%)+ (10 % x6%)+6% +3%+3%=43%

P: See 5.8. Maintainer on machine for 70 % of task on smaller machine. P = 70 %.
AC: AC1 - E-stop or hydraulic lockout

AW: AW?2

AR: AR2 - Operator must move hand to apply e-stop or hydraulic lockout

RL6 - machine speed
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H: Only hazardous at the points where preparing to change direction or stop - 10 %. 90 % idle

factor. H= (10 % x 90 %) =9 %

P: Only hazardous at this severity for pedestrians in the area. P = 10 %
AC: AC1 - E-stop

AW: AW?2

AR: AR2

RIL7 - machine speed

factor. H= (10 % x 90 %) =9 %

P: People working on paver. P =50 %

AC: AC1 - E-stop

AW: AW?2

AR: AR2

RIL8 - steering

H: 90 % idle factor

P:See5.2.P=16 %

AC: AC1 - Remove propel command - slow machine speed allows reaction
AW: AW?2

AR: AR3

RIL9 - steering

H: 90 % idle factor

P: Always present during an emergency. P = 100 %

AC: AC1 - Removelpropel command - slow machine speed allows reaction
AW: AW?2

AR: AR3

RIL10 - steering

H~90 % idle factor

H: Only hazardous at the points where preparing to change direction or stop - 19"%. 9

0 % idle

P:See5.2.P=16%

AC: AC1 - Remove propel command - slow machine speed allows reaction
AW: AW?2

AR: AR3

RL11 - steering

H: 10 % of refuel, 10 % walk around, all of articulation lock install. H = (10 % x 44 %) + (10 % x

15%) +3 % =9 %
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113


https://standardsiso.com/api/?name=d78a529a2f37e667e63bfc60de8285b5

ISO/TS 19014-5:2021(E)

P: See 5.5. Maintainer on machine for 70 % of task on smaller machine. P = 70 %.
AC: ACO
RL12 - steering
H: Only hazardous in one direction - 50 %
P: Not normally travelling on access road. P =5 %

AC: ACO

K.2.2 Application use cases

Table K.2 — Application use case table

Application Travel | Compacting | Maintenance
et rolier | 10% 95 % 5 0,
u;ri?irtlgircﬁl/er 10 % 95 % 5%
Pnfglﬁ?tic 5% 95 % 5%

K.2.3 Maintenance task breakdown

Table K.3 — Maintenance task breakdown

Time (min/| % Mainte-

day) nance time
wash 1,0 3%
fuel,-water, DEF fill 15,0 44 %
daily inspection 5,0 15%
camera clean 2,0 6 %
oil sample 1,0 3%
grease 1,0 3%
troubleshooting 1,0 3%
window wash 2,0 6 %
tire check 5,0 15%
articulation lock install 1,0 3%

K.2.4 Hunction dominant failure type matrix

Function-dominant failure type matrices reflect the approach that was taken during the MCSSA ard
outline where some truncation occurred. The notion is that some failure types result in the same
hazardous outcomes as other failure types and, therefore, result in the same performance level required
(e.g. failure to apply on demand and uncommanded deactivation of the park brake would result in the
same hazardous outcome; park brake is off when the operator expects it to be on).

Table K.4 — Function dominant failure type matrix

Failureto | Failure to
. Uncommanded Uncommanded
Function applyon | release on P o Notes
activation deactivation
demand demand
machine speed 1 Other failure types are less or not hazardous.
NOTE A "1" has been placed in the cell for function - failure type combination that would or could potentially cause the most hazardous failure.
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Table K.4 (continued)
. Failure to | Failure to Uncommanded Uncommanded
Function applyon | release on R Lo Notes
activation deactivation
demand demand
machine direction 1 Other failure types are less or not hazardous.
edge cutterup / down 1 Other failure types are less or not hazardous.
slow/stop 1 1 Other failure types are less or not hazardous.
hold still 1 Other failure types are less or not hazardous.
steering 1 Other failure types are less or not hazardous.
Uncommanded activation considergd to be the
Efstop 1 :
same as systems it controls
NPTE A "1" has been placed in the cell for function - failure type combination that would or could potentially cause the most hazardous fajlure.

K.2.5 Notes and assumptions

— E-stop is considered only if equipped.

— Transmission neutralize is considered the same as machine direction.

K.3 MPL, mapped to SCS table
T

1} Table K.1 would also be mapped to these MPL..

—

hble K.5 shows function-based MPL,. (see Table K.1) mappedto SCS per the results of the MC
r¢ller. Other systems that fail in a way that cause a hazardous outcome similar to the functior

Table K.5 — MPL-mapped to SCS

SSA for a
1 failures

Machine function Failare type l\:;llill‘r?:i Exampsl;,estitfemapped
machine speed uncommanded activation b propel
engine speed unacommanded activation b throttle
machine direction failure to apply on demand b gear direction dontrol
edge cutter up / down uncommanded activation b edge cutter up / down
slow/stop failure to apply on demand b service braltes
hold still failure to apply on demand C parking brakes
steering uncommanded activation C steering
e-stop failure to apply on demand C e-stop

© IS0 2021 - All rights reserved
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Annex L
(normative)

Grader performance level tables

L.1 Graders

Scores apd percentages for S, A, H, P, E, AC, AW and AR and C are given in the tables for dominant
scenariop along with the dominant MPL,. for the function. More details can be found in the Sabsequent

subclausg (Tables L.1 to L.5) or in Clause 5.
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L.2 Su

pporting explanation

L.2.1 Supporting explanations for dominant scenarios

MG1 - ar

ticulation

H: 15 % of grease, 5 % of wash, 10 % of windows wash, and all of troubleshooting. H = (15 % x
14%)+ (5% x6%)+(10% x3%)+1%=4%

P: Maintenance task on / off machine split. P = 75 %

AC: 4
MG2 - bl

\CO

hde down

H: Alll cutting edge replace - mid-mount blade, shoe / circle adjustment, troubleshooting, arjd
moldboard wear strip change. H =4 %
P: Mpintenance task on / off machine split. P = 75 %
AC: ACO

MG3 - blhde side shift
H: Only when machine is at speed (>10 km/h) (75 %) and only dangerous if it extends in the
dire¢tion away from tandem and is able to extend past front tires (50 %). H = (75 % x 50 %) =38 %%
P: Oply when pedestrian is present and very close to«the machine (10 km/h). It is considerdd
machine abuse to road machine without blade fully rotated to minimize machine width. P =1 %
AC: ACO

MG4 - blpde up
H: 2b % of grease and all of shoe / circlefadjustment, troubleshooting, and moldboard wear str|p
change. H=(25% x 14 %) + 2 % +1 %+02 % =7 %
P: Mpintenance task on / off machine split. P =75 %
AC: ACO

MGS5 - cifcle / A-Frame L / R
H: A]l of cutting edge"replace - mid-mount blade, shoe / circle adjustment, troubleshooting, arjd
moldboard wearstrip change. H=0,4% + 2,1 % +1,4 % +0,2% =4 %
P: Mpintenance task on / off machine split. P = 75 %
AC: ACO

MG6 - cikelefA-Erame /LR

H: Only when machine is at speed (>10 km/h) (75 %) and only dangerous if it rotates in an outward
direction. H=(75% x 50 %) =38 %

P: Only when pedestrian is present and very close to the machine (10 km/h).P=1%

AC: AC1 - Steering

AW:

AW?2

AR: AR2

MG?7 - front implement down
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H: 20 % of grease and all of cutting edge replace - front blade. H=(20% x 14 %) + 1 % =4 %
P: Maintenance task on / off machine split. P =75 %
AC: ACO
MG8 - hold still
H: Only hazardous when machine stopped without the blade grounded. H =5 %

P: Construction site parkup area. P =20 %

AC: ACO
MG9 - hold still

H: 30 % walk around, 50 % refuel, 25 % window wash, 50 % cutting edgeiéeplace - front blade,
50 % ripper teeth - replace, 50 % transmission check, and all of enginec¢heck, transmigsion top
up, engine top up, troubleshooting, moldboard wear strip change, grease, wash, add/remove
attachments, cutting edge replace - mid-mount blade, and shoe/circle‘adjust. H = (30 % x 14,1 %) +
(50 % x 14,1 %) + (25 % x 2,8 %) + (50 % x 0,4 %) + (50 % x 0,4 %)+ (50 % x 7,1 %) + 7,1 % + 0,7 %
+07%+14%+02%+141%+57%+62%+04%+2,1%=55%

P: Maintenance task on / off machine split. P = 75 %

AC: AC1

AW: AW?2

AR: AR2 - It is considered machine abuse to not'ground implements
MG10 - machine direction

H: Only when in tight confines (50 %)-anid when stopping (10 %). H = (50 % x 10 %) =5 %
P: Construction site park up area-R= 20 %

AC: AC1 - brakes

AW: AW?2

AR: AR3

MG11 - machine speed

H: Slowing)dewn up to 50 % of time. H = 50 %

P: Traffic rate. P =16 %

ACYAC1 - brakes

AYAL _AYATID
avv. AVvV 4

AR: AR3
MG12 - ripper down
H:.20 % of grease and all of ripper teeth - replace. H = (20 % x 14 %) + 0,4 % =3 %
P: Maintenance task on / off machine split. P =75 %
AC: ACO
MG13 - slow/stop
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nly when slowing or stopping to avoid hitting someone. H = 10 %

P: Always present during an emergency. P = 100 %

AC: AC1 - park brake

AW:

AW?2

AR: AR2

MG14 - slow/stop

H: 0

P: Operator present throughout the cycle. P = 100 %
AC: ACO

MG15 - gnow wing

H: A
P: M

AC: ACO

MG16 - gnow wing

H: A

P:0
whil

AC: ACO
MG17 - qteering left / right

H: H

P:5qe5.2.P =16 %

AC: /
AW:
AR:/
MG18 -
H: H
P: Se

hly hazardous when machine not slowing down. H =50 %

1 of add / remove attachments. H =6 %

hintenance task on / off machine split. P =75 %

hy point when traveling with snow wing up. H = 100%

ly when person is beside road (rare in snow) % or machine in over taking or turning lafe
e vehicle is in regular lane (rare) 1 %.P =2 %

hzard exists during the whole cycle: H = 100 %

\C1

AW 2

\RO

vheel lean

hzard exists during the whole cycle. H =100 %

eS2.P=16%

AC: AC1 - steering

AW:

AW?2

AR: AR3

MG19 - transmission neutralize

H: T
man

ime when machine is idle while waiting (20 %) during portion of travel that is low speed
oeuvring (1/5).H=20%x1/5=4%

P: Typical bystander rate in central / parking areas. P = 25 %.
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AC: AC1 - brakes
AW: AW2
AR: AR3 - The brakes would be under foot

L.2.2 Application use cases

Table L.2 — Application use case table

Blading (all types -
Travel (no work, f‘l:;ﬁlgl?ggﬁgs';::y
Application high speed roading, blading, shoul- Ripping Maintenance
etc.) : .
dering, mid frame
scarifier)

Construction 5% 80 % 20 % 5%
Road maintenance 30 % 80 % 10 % 5%
Mining 10 % 80 % 20\% 5%

L|2.3 Maintenance task breakdown

Table L.3 — Maintenance task'breakdown

Time (min/| % Mainte-
day) nance time
daily inspection 10,0 28,3%
grease 5,0 14,1 %
refuel 5,0 14,1 %
wash 2,0 57 %
window wash 1,0 2,8%
add / remove attachments 2,2 6,2%
park brake test 2,0 57 %
cutting’édge replace - mid-mount blade 0,1 0,4 %
cutting edge replace - front blade 0,1 0,4 %
ripper teeth replace 0,1 0,4 %
shoe / circle adjustment 0,7 2,1%
transmission oil check 2,5 71 %
engine oil check 2,5 71 %
transmission oil fill 0,3 0,7 %
engine oil fill 0,3 0,7 %
troubleshooting 0.5 14 %
moldboard wear strip change 0,1 0,2 %
flash / calibration 1,0 2,8%

L.2.4 Function dominant failure type matrix

Function-dominant failure type matrices reflect the approach that was taken during the MCSSA and
outline where some truncation occurred. The notion is that some failure types result in the same
hazardous outcomes as other failure types and, therefore, resultin the same performance level required
(e.g. failure to apply on demand and uncommanded deactivation of the park brake would result in the
same hazardous outcome; park brake is off when the operator expects it to be on).
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Table L.4 — Function dominant failure type matrix

Failureto | Failureto Uncommand-
. Uncommand- .
Function apply on release on . ed deactiva- Notes
ed activation .
demand demand tion
Uncommanded release no worse than failure to
slow/stop 1 1
apply on demand
. Uncommanded release no worse than failure to
hold still 1
apply on demand
steering left / right 1 Failure on demand same as uncommanded steering
blage-sp + Otherfathiretypesaretessornoth dotts-
bladefdown 1 Other failure types are less or not hazardous.
blade s|de shift 1 Other failure types are less or not hazaxdons.
bladdq pitch 1 Other failure types are less or not Hazardous.
circle / A-frame L /R 1 Other failure types are less or nophazardous.
circld pitch 1 Other failure types are less ernot hazardous.
articylation 1 Other failure types are lessor not hazardous.
whedl lean 1 Other failure types‘areless or not hazardous.
snow wing 1 Other failure types are less or not hazardous.
rippgr up 1 Ripper up-s not considered hazardous
rippef down 1 Other failure types are less or not hazardous.
front implement up 1 Other failure types are less or not hazardous.
front implgment down 1 Other failure types are less or not hazardous.
. Failure to release on demand considered the same gs
machirle speed 1 S
uncommanded application
. . . Uncommanded application considered same as
machine|direction 1
uncommanded slow/stop
transmig ston neu- 1 Shifting out of neutral without command
trallize
NOTE A "1" has been placed in the cell for function - failure type combination that would or could potentially cause the most hazardous failure.

L.2.5

Co-

Bys

otes and assumptions

orker is someone inSimilar or larger machine / vehicle.

nder is a pedesfrian or light vehicle.

in other applications.

L3 M

Road maintenance has little to ng site management.

Tow]ng a camper / attachment is'included in other use cases.

Where mining hastower score, only applies to large purpose built (weight greater than 60 000 kg.
graders that arenot used in other applications. All smaller motor graders are considered to be use

Table L.5 shows function-based MPL,. (see Table L.1) mapped to SCS per the results of the MCSSA for a
grader. Other systems that fail in a way that cause a hazardous outcome similar to the function failures
in Table L.1 would also be mapped to these MPL,.

Table L.5 — MPL, mapped to SCS

Machine function Failure type MP.L re- Example of mapped
quired system
articulation uncommanded activation C articulation
blade down uncommanded activation b blade down
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Table L.5 (continued)

ISO/TS 19014-5:2021(E)

Machine function Failure type MP.L re- Example of mapped
quired system
blade side shift uncommanded activation c blade side shift
blade pitch no hazard N/A blade pitch
blade up uncommanded activation b blade up
circle / A-frame - left / right uncommanded activation b centre shift
front implement down uncommanded activation b front implement down
hold still failure to apply on demand C parking Bralke
. . ] uncommanded activation C . )
machine direction - gear direction dontrol
failure to apply on demand a
machine speed uncommanded activation b propel
ripper down uncommanded activation b ripper down
failure to apply on demand C ]
slow/stop — service brales
uncommanded activation b
snow wing uncommanded activation ¢ snow wing
) ) uncommanded activation d )
steering left / right - steering
failure to apply on demand d
wheel lean uncommanded activation b wheel lean
transmission neutralize uncommanded deactivation a gear direction dontrol

© IS0 2021 - All rights reserved
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Annex M
(normative)

Crawler dozer performance level tables

M.1 Crjawler dozers

Scores apd percentages for S, A, H, P, E, AC, AW and AR and C are given in the tables for dominant
scenariop along with the dominant MPL,. for the function. More details can be found in the Sabsequent
subclausg (Tables M.1 to M.5) or in Clause 5.
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M.2 Supporting explanation

M.2
TT1

TT2

TT3

TT4

TT5

TT6

128

.1 Supporting explanations for dominant scenarios
- blade angle
H: Only hazardous when idle (maximum idle = 60 %). H=60 %

P: Momentary exposure normally during access.P =1 %

AC: ACO

- blade angle

H: 10 % of change blade cutting edge, 10 % of assembly / disassembly, and all of troubleshooting.[H

=(10% *x1%)+(10% x1%)+0%=0%

P: Mpintenance task on / off machine split. P = 75 %
AC: ACO

- blade down

H: 10 % of change blade cutting edge, 10 % of assembly / disassembly; and all of troubleshooting.|H

=(10%x1%)+(10%x1%)+0%=0%

P: Mpintainer there for all of task. P = 100 %

AC: ACO

- hold still

H: Oply hazardous when idle (maximum idle =.60%). H=60 %

P: Mpmentary exposure normally during acecess. P =1 %

AC: AC1 - It is considered machine ahuse to leave machine unattended without blade on ground

AW:AW1 - May not realise the hazard

AR: AR2

- holld still

H: Oply when attaehing implement. H=1 %

P: Pyjesent for.most of cycle. P =90 %

AC: AC1 - {tis considered machine abuse to leave machine unattended without blade on ground

AW: [AWI1 - May not realise the hazard

AR: AR2

- machine direction

H: Machine stopping for maximum of 1/8th of cycle, moving forward 67 % of time, reverse 32 %,

10 % idle time. H = (12,5 % x 67 % x 32 % x 10 %) =8 %

P: Operator present throughout the cycle. P = 100 %

AC: AC1 - It is considered machine abuse to not push berm behind the berm being pushed off edge

AW: AW?2
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AR: AR3 - brakes

TT7 - powered access

H: Only hazardous when accessing / egressing the machine. H=1 %
P: Operator present throughout the cycle. P = 100 %

AC: ACO

TT8 - powered access

H: Bystanders would only be this close when at idle, maximum idle time 60 %. H =60 %

AC: ACO

T[l9 - ripper down / scraper bowl

1%)+(10% x1%)+33%+0%=43%

P: Maintenance task on / off machine split. P = 75 %
AC: AC1 - E-stop

AW: AW?2

AR: AR2

T[l'10 - steering

H: All of transport loading / unloadidg: H=4 %

P: Maintenance task on / off machine split. P = 75 %
AC: ACO

T[[11 - steering

80 % x 50 % x 90.% =36 %

P: Alwayspresent during an emergency. P = 100 %
AC: AC€Ty* brakes

AWFAW?2

AR: ARQ

P: Rare for person to be that close, in that specific spot, looking away from the machine. P

H: 25 % of greasing, 25 % of wash windows, 10 % of changing ripper teeth, 10 % of as
disassembly, and all of refuelling, and troubleshooting. H = (25 %(x'83 %) + (25 % x 7 %) -

=1 %

sembly /
- (10 % x

H: Only hazardou$§ when near the edge 80 %, 50 % of failures are hazardous, 90 % idle fdctor. H =

TT12 - engine speed

H: Proportion of time machine is moving at low engine speed is small (5 %) 90 % idle factor. H =

5%%x90%=5%

P: Very rare to be standing this close to a dozer in the path of travel. P=5 %
AC: AC1 - brakes

AW: AW2

AR: AR3

© IS0 2021 - All rights reserved

129


https://standardsiso.com/api/?name=d78a529a2f37e667e63bfc60de8285b5

ISO/TS 19014-5:2021(E)

M.2.2 Application use cases

Table M.2 — Application use case table

Application Pushing dirt Drawbar Pushing scrapers Ripping Travel Maintenance
?Z‘;e(rs‘::l ;fl‘)‘s“““m“ / waste 95 % 90 % 50 % 20 % 15 % 5%
?5233:5‘}?2?25“"" / waste 95 % 90 % 50 % 75 % 25 % 5%
Mining 95 % 0% 0% 95 % 15 % 5%
Fire dozer] 50 % 50 % 0% 40 % 25 % 5%
M.2.3 Maintenance task breakdown
Table M.3 — Maintenance task breakdown
Time (min/| % Mainte-
day) nancedinie
refueling 13,0 33%
transportloading / unloading 1,4 4%
greasing 13,0 33%
walk around 2,6 7 %
machine wash 4,3 11%
window wash 2,6 7 %
change cutting edge 0,5 1%
change ripper teeth 0,3 1%
adjusttrack 0,4 1%
troubleshooting 0,0 0%
assembly./ disassembly 0,3 1%
oil sampling 0,3 1%
clean undercarriage 1,0 3%
M.2.4 Hunction dominant failure type matrix
Function-dominant failure type matrices reflect the approach that was taken during the MCSSA arld
outline ywhere some truncation occurred. The notion is that some failure types result in the sanje
hazardolis outcomes asother failure types and, therefore, result in the same performance level requirgd
(e.g. failyre to apply 6n-demand and uncommanded deactivation of the park brake would result in the
same hazardous outcome; park brake is off when the operator expects it to be on).
Table M.4 — Function dominant failure type matrix
Eailureto Eailureto
Function apply on release on Uncorpma_nded Uncom}llaqded Notes
demand demand activation deactivation
slow/stop 1 Uncommanded stop not hazardous
hold still 1 Includes uncommanded release
machine speed 1 Includes failure to release on demand
engine speed 1 Other failure types are less or nothazardous.
machine direction (F / R) 1 Other failure types areless or nothazardous.
steering 1 Includes failure on demand
blade up No conceivable hazard
blade down 1 Other failure types are less or not hazardous.
NOTE  A"1"hasbeen placed in the cell for function - failure type combination that would or could potentially cause the most hazardous failure.
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Table M.4 (continued)
Function l;a;;:;;;z;o ::ll(::;: (t)(l)’l Uncoxflma_nded Uncom_maqded Notes
demand demand activation deactivation

blade tilt L Combined with Down
blade tilt R 1 Other failure types are less or nothazardous.
blade angle 1 Other failure typesare less or nothazardous.
blade pitch 1 Other failure typesareless or nothazardous.

ripper up / scraper bowl Combined with Down
Fipper down / scraper bowl 1 Other failure types are less ofnof hazardous.
r|pper pitch F / scraper apron 1 Other failure types are l€Ss,0rnof hazardous.
tlipper pitch R / scraper eject 1 Other failure typesare less or nofhazardous.
power access system 1 Other failure types-are less or nofhazardous.
operator presence 1 Other failuretypes are less or nof hazardous.
e-stop 1 Other failupe types are less or nofhazardous.

NPTE A "1" has been placed in the cell for function - failure type combination that would or could potentially cause the most hazardous fajlure.

— Pushing off highwall cycle:

10 % idle time.

this case both have PL,. = c.

M.2.5 Notes and assumptions

— Co-worker is someone in similar or larger machine / vehicle,

— Bystander is a pedestrian or light vehicle.

M.3 MPL, mapped to SCS.table

Table M.5 shows functior-based MPL, (see Table M.1) mapped to SCS per the results of the MCSSA for a
crawler dozer. Other systems that fail in a way that cause a hazardous outcome similar to the|function
fdilures in Table M.1%vould also be mapped to these MPL,.

—+ Yo-yoing is considered machine aburse; traction assist winch is under forestry.

Table M.5 — MPL,. mapped to SCS

— machine stopping for maximum of 1/ 8th oftycle, moving forward 67 % of time, reverse 32 %,

— For e-stops, the highest of PL (see ISO 13850) and the systems the e-stop controls shall bg used. In

Machine function Failure type l\(/l[ll:ll'rzz Exam[)sl;S(;(feﬁapped
blade angle uncommanded activation b blade angle
blade-titt teontandedactivation b blade-tilt
blade pitch no hazard N/A blade pitch
blade down uncommanded activation a blade down

engine speed uncommanded activation a throttle
e-stop failure to apply on demand C e-stop
hold still failure to apply on demand C parking brake
machine direction (F / R) failure to apply on demand b gear direction control
machine speed uncommanded activation b propel
slow/stop failure to apply on demand b service brakes
power access system uncommanded activation b power access system

© IS0 2021 - All rights reserved
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Table M.5 (continued)

Machine function Failure type MP.L re- Example of mapped
quired system
ripper / scraper bowl - up / uncommanded activation b ripper down / scraper
down bowl
ripper pitch forward / scraper uncommanded activation b ripper pitch forward /
apron scraper apron
ripper pitch rt_evefrse / scraper uncommanded activation b ripper pitch reverse /
ejec cr‘rnper_e}nr‘f
steering uncommanded activation C steering
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Annex N
(normative)

Pipelayer performance level tables

N.1 Pipelayers

fores and percentages for S, A, H, P, E, AC, AW and AR and C are given in the tablés for d
enarios along with the dominant MPL, for the function. More details can be found‘n the su

yibclause (Tables N.1 to N.5) or in Clause 5.

S ominant
S bsequent
S
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N.2 Supporting explanation

N.2.1 Supporting explanations for dominant scenarios

PL1 - boom up / down

H: 22-minute cycle, 20 min of cycle lifting and positioning when someone could be underload. H =
(20 /22) x100=91%

P: Operator present during the whole cycle. P = 100 %

AC: 4
PL2 - bo

H: 2
(20

P: Pe
AC: 4
PL3 - ho
H: H
P: Pg
AC: 4
PL4 - ho
H: H
P: P¢
AC: 4
PL5 -ho

H: 40 % of walk around, 40 % of wash machine, and all of refuelling, grease, wash windows, and qil

sam

ACO
bm up / down

P-minute cycle, 20 min of cycle lifting and positioning when someone could be underload. H|=
22)x100=91%

rson present during the whole cycle. P = 100 %

ACO

d still

hzardous during hook-up only - 1 % of cycle. H=1 %
rson present for all of hook up. P =100 %

ACO

d still

hzardous during hook-up only - 1 % of cyclexH =1 %
rson present for all of hook up. P = 100 %

ACO

d still

pling. H (maintenancé tasks) = (40 % x 7 %) + (40 % x3 %) +37 % +37 % +7 % + 1 % =86 %.

Maintenance is rarely.done on slope steep enough to overcome rolling resistance (10 %). Hazard
only|exists if machinerolls towards maintainer (50 %). H = 86 % (maintenance tasks) x 10 %|x
50%=43%
P: Mpintenance task on / off machine split. P = 75 %
AC: ACO

PL6 - madchinedirection{E /R

H: 22-minute cycle, 20 min of cycle lifting and positioning when someone could be underload. H =
(20 /22) x 100 =91 %

P: Operator present during the whole cycle. P = 100 %

AC: AC1 - Quick drop or brakes

AW:

AW?2

AR: AR2

PL7 - machine direction (F / R)

136
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H: 22-minute cycle, 20 min of cycle lifting and positioning when someone could be underload. H =
(20 /22)x100=91%

P: Person present during the whole cycle. P = 100 %
AC: AC1 - Quick drop or brakes

AW: AW?2

AR: AR2

PL8 - quick drop

H: Only during travel portion - 2,5 /4,5.H=(2,5/4,5) x 100=56 %
P: Operator present during the whole cycle. P = 100 %

AC: ACO

PL9 - quick drop

H: 2 min out of 4,5 min cycle of welding / travel to next section ofpipe. H = (2 / 4,5) x 100 £ 44 %

P: Body parts only under the pipe may get crushed during 1/3%fweld cycle (S1 for rest of uhderside,
no hazard for top side). P =33 %

AC: ACO

PL10 - steering

H: All transport loading / unloading. H =4 %

P: Maintenance task on / off machine spli€,P = 75 %

AC: ACO

N.2.2 Application use cases

Table N.2 — Application use case table

Application Welding Tie-in Bending St{;gg' Lay-in re’l;g;z ‘{ al Dr;\in:lbcz;lr /| Travel ::lai(i:en te-
Plipelaying 60 % 40 % 25 % 20% | 20% 2% 5% 20 % 5%
N.2.3 Maintenance task breakdown

Table N.3 — Maintenance task breakdown
Time (min/| % Mainte-
day) nance time
refueling 13,0 37%
transportloading / unloading 0,3 1%
greasing 13,0 37%
walk around 2,6 7%
machine wash 1,0 3%
window wash 2,6 7%
cable and componentry inspect 0,7 2%
adjust track 0,4 1%
troubleshooting 0,0 0%
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Table N.3 (continued)

Time (min/| % Mainte-

day) nance time
assembly / disassembly 1,0 3%
oil sampling 0,3 1%
clean undercarriage 0,5 1%

N.2.4 Function dominant failure type matrix

Function-dominant failure type matrices reflect the approach that was taken during the MCSSA ‘ar

d

outline ywhere some truncation occurred. The notion is that some failure types result in the‘sane
hazardofis outcomes as other failure types and, therefore, result in the same performance level required
(e.g. failyre to apply on demand and uncommanded deactivation of the park brake wouldyresult in the
same hazardous outcome; park brake is off when the operator expects it to be on).
Table N.4 — Function dominant failure type matrix
. Failure to Failure to Uncommanded | Uncommanded
Hunction apply on release on P . Notes
demand demand activation deactivation
slow/stop 1
hold still 1
ma¢hine speed 1
enpine speed 1
machine|direction (F / R) 1
Eteering 1
boom up / down 1
counteyweightin / out 1
load monitoring 1
ghick drop 1
hook up / down 1
opergtor presence 1
NOTE A "1" has been placed in the cell for function-<failure type combination that would or could potentially cause the most hazardous failure.
N.2.5 Notes and assumptions
— Co-worker is a person in-another machine.
— Bystlander is a pedestrian.
N.3 MPL, mapped to SCS table
Table N.$ shows function-based MPL, (see Table N.1) mapped to SCS per the results of the MCSSA for

a Pipelayer. Other systems that fail in a way that cause a hazardous outcome similar to the function
failures in Table N.1 would also be mapped to these MPL..

Table N.5 — MPL, mapped to SCS

Machine function Failure type l\;ll:lLl‘Zil Exampsl;S(:(fegapped
boom up / down uncommanded activation C boom up / down
counterweight in / out uncommanded activation C counterweight in / out
hold still failure to apply on demand c park brakes

hook up uncommanded activation c hook up

138
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Table N.5 (continued)

Machine function Failure type B;ﬂil‘r:;ﬁ' Exampsl;s(:(femapped
load monitoring failure to apply on demand c load monitoring
machine direction (F / R) uncommanded activation b gear direction control
quick drop uncommanded activation C quick drop
slow/stop failure to apply on demand b service brakes
steering uncommanded activation C steering
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Annex O
(normative)

Crawler loader performance level tables

0.1 Crawler loaders

Scores apd percentages for S, A, H, P, E, AC, AW and AR and C are given in the tables for dominant
scenariop along with the dominant MPL,. for the function. More details can be found in the Sabsequent
subclausg (Tables 0.1 to 0.5) or in Clause 5.
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0.2 Supporting explanation

0.2.1 Supporting explanations for dominant scenarios
CL1 - slow/stop
H: Rare for people to walk in front of machines. H =10 %

P: Always present during an emergency. P = 100 %

ACTACT=Bucketto ground ismatural reaction for a crawler

AW: AW?2

AR: AR3

CL2 - steering

H: Only while high on the stockpile and idle factor. H=33 % x 90 % = 30 %
P: Operator present during the whole cycle. P = 100 %

AC: ACO

CL3 - steering

H: Only half of failures are dangerous. H =50 %

P: Very rare a person would be close enough to the.machine. P = 2 %
AC: ACO

CL4 - tool curl

troubleshooting. H= (10 % x 7 %)% (10 % x 15 %) + 7 % + 0,6 % + 0,003 % = 10 %
P: Maintenance task on / off machine split. P = 75 %

AC: ACO

CL5 - tool dump

troubleshoating. H= (10 % x 7 %) + (10 % x 15%) + 7 % + 0,6 % + 0,003 % =10 %
P: Maintehance task on / off machine split. P = 75 %

AG:ACO

CL6= boom raise

H: 10 % walk around, 10 % matchine wash, all transport load / unload, bucket

H: 10 % walkaround, 10 % machine wash, all transport load / unload, bucket (

LET, and

LET, and

H: Minimal time in reverse. Could happen anytime there are overhead objects. H = 50 %
P: P: Rare for people to be in the area. P=5 %
AC: AC1 - Turn the machine off
AW: AW3
AR: AR1
CL7 - boom lower

H: Load only lifted half of 25 % at each end of the cycle 2 x 25 % x 25 % x 50 %. H=6 %
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P: It is considered machine abuse to be under the load, but it may happen momentarily. P =1 %

AC: AC1 - Could move machine (steering or reverse)

AW: AW?2 - Same as wheel loader

AR: ARO - Same as wheel loader

CL8 -rip

per down

H: 10 % walk around, 10 % machine wash, and all of transport load / unload, ripper GET, and

trou
P: M
AC: 4
CL9 -rip

H: 1
trou

P: M
AC: 4
CL10 - m
H: 0
P: P:

AC: |
oper|

AW:
AR: ]
CL11 -
H: 0

P: M
area

AC: 4
AW
AR: |

pleshooting. H= (10 % x 7 %) + (10 % x 15 %) 7 % + 0,4 % + 0,03 % =9 %
hintenance task on / off machine split. P =75 %

ACO

per up

D % walk around, 10 % machine wash, and all of transport load / unlead, ripper GET, ar

bleshooting. H= (10 % x 7 %) + (10 % x 15 %) 7 % + 0,4 % + 0,03 % =9 %
hintenance task on / off machine split. P =75 %

ACO

achine speed

ly dangerous in reverse (40 %). 90 % factor to account for idle time. H =40 % x 90 % = 36 %
Construction site co-worker rate. P = 20 %

AC1 - Inching pedal or bucket lower to grouind which would be normal practice for crawl
ators

AW 2

AR3

achine direction

hly dangerous in the last10 % of reverse legs. 90 % idle correction. H=4 % x 90 % =4 %

hchine moves significantly less than wheel loader and would not travel as far outside of woi
P=25%

A\C1 - brakes
AW 2
\R3

T

k

CL12 - engine speed

H: Portion of the cycle where operator is exposed to the heat. H = 25 %

P: Operator present during the whole cycle. P =100 %

AC: ACO
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0.2.2 Application use cases

Table 0.2 — Application use case table

ISO/TS 19014-5:2021(E)

Dozing /
Applcation | Traveting | SES0E | pipping | LA/ | Exava: | Matera | Prawbar/ | Tow | Matnte
ing
General
c((?:;‘t‘;’lll‘ctt‘:’;:l 20 % 80 % 15 % 60 % 80 % 10 % 10% 3% 5%
waste)
Steel mill 10 % 30 % 0% 70 % 0% 0% 0% 5% 5%
Spip hold/ g“t 10 % 95 % 0% 0% 0% 0% 0% 0% 5%
0.2.3 Maintenance task breakdown
Table 0.3 — Maintenance task breakdown
Time (min/}' % Mainte-
day) nance time

refueling 17 %

transportloading / unloading 7%

greasing 10 34 %

walk around 2 7%

machingwash 4,3 15%

window wash 2 7%

change’bucket / GET 0,17 0,6 %

change ripper / GET 0,11 0,4 %

adjust track 0,7 2%

troubleshooting 0,01 0,03 %

oil sampling 0,17 0,6 %

clean undercarriage 3 10 %

install lift arm lock 0,07 0,2%

.2.4 Function deminant failure type matrix

0
Flinction-dominant failure type matrices reflect the approach that was taken during the M(
0
h

hzardous outcomes as other failure types and, therefore, resultin the same performance level
(d.g. failtire to apply on demand and uncommanded deactivation of the park brake would res
same‘hazardous outcome; park brake is off when the operator expects it to be on).

SSA and

itline where‘some truncation occurred. The notion is that some failure types result in the same

required
L1t in the

Table 0.4 — Function dominant failure type matrix

Failure to Failure to
. Uncommanded | Uncommanded
Function apply on release on PR Lo Notes
activation deactivation
demand demand
slow/sto 1 Machine does not travel fast enough to make
P uncommanded brake a dangerous hazard
hold still 1 Considered same as uncommanded release
. Failure on demand considered the same
steering 1 N
as uncommanded activation
tool curl 1
NOTE A "1" has been placed in the cell for function - failure type combination that would or could potentially cause the most hazardous failure.
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Table 0.4 (continued)
. Failure to Failure to Uncommanded |Uncommanded
Function apply on release on R Lo Notes
activation deactivation
demand demand
tool dump 1
boom raise 1
boom lower 1
clam open 1
clam shut 1
Multiple failures required for coupler to e
coupler dangerous. Assumes "hinged " or "Hooked"
coupler
ripper down 1
ffipper up 1
inch in 1 Uncommon attachmeht
inch out 1 Uncommon attachment
impldgment lockout 1
auyiliary flow 1
ma¢hine speed 1
macHine direction 1 Other f:alilure types considered no worge
than failure to apply on demand
engine speed 1

NOTE A

"1" has been placed in the cell for function - failure type combination that would or, could potentially cause the most hazardous failure.

0.2.5 Notes and assumptions

0.3 MPL, mapped to SCS table

Win¢h is an uncommon attachment and was not assessed.

Multiiple failures required for coupler to be dangerous. Assumes "hinged " or "hooked" coupler.

Table 0.3 shows function-based MPL (See Table 0.1) mapped to SCS per the results of the MCSSA for|a
crawler loader. Other systems thatfail in a way that cause a hazardous outcome similar to the functign
failures in Table 0.1 would also be mapped to these MPL,.

Table 0.5 — MPL,. mapped to SCS

Maghine function Failure type 1\351‘1‘23 Exam;;l;stzirr::apped
slow/step failure to apply on demand b service brakes
hold-still failure to apply on demand [ park brakes
steering uncommanded activation c steering
tool curl uncommanded activation a tool curl
tool dump uncommanded activation b tool dump
boom raise uncommanded activation C boom raise
boom lower uncommanded activation c boom lower
Ripper down uncommanded activation a ripper down
ripper up uncommanded activation b ripper up
clam open uncommanded activation C clam open
clam shut uncommanded activation b clam shut
auxiliary flow uncommanded activation c auxiliary flow
implement lockout Failure to apply on demand c implement lockout

146
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Table 0.5 (continued)

ISO/TS 19014-5:2021(E)

Machine function Failure type 12511'1,23 Exampsl;s(;(feﬁapped
machine speed uncommanded activation b propel

machine direction Failure to apply on demand a gear direction control
engine speed uncommanded activation C throttle
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Annex P
(normative)

Wheeled dozer performance level tables

P.1 Wheeled dozer

Scores apd percentages for S, A, H, P, E, AC, AW and AR and C are given in the tables for dominant
scenariop along with the dominant MPL,. for the function. More details can be found in the Sabsequent
subclausg (Tables P.1 to P.5) or in Clause 5.
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P.2 Supporting explanation

P.2.1 Supporting explanations for dominant scenarios
WD1 - ripper raise

H:N/A

P:N/A

AC: N7/&
WD2 - ripper lower

H: 5% of machine wash and all of troubleshooting and get replace - ripper. H = (5 % x 102%) + 2 %
+2%=5%

P: Mpintenance task on / off machine split. P = 75 %
AC: ACO
WD3 - tijansmission neutralize
H: Time when machine is idle while waiting. H = 20 %
P: Typical bystander rate in central / parking areas. P = 25 %,
AC: AC1 - brakes
AW: AW 2

AR: AR3 - The brakes would be under foot and theimachine moves slowly
P.2.2 Application use cases

Table P.2~—Application use case table

Appllication Traveling Dozing Ripping I:;z‘:esl})ve:;gg Maintenance
gdneral 50 % 80 % 10 % 6 % 5%
P.2.3 Maintenance task-breakdown
Table P.3 — Maintenance task breakdown

Time (min/| % Mainte-

day) nance time
walk around 20 40 %
camera clean 2 4%
refueling 10 20%
oil sampling 1 2%
greasing 5 10 %
change blade / GET? 1 2%
change ripper / GET?2 1 2%
machine wash 5 10 %
window wash 2 4%
a2  Ground engaging Tool (GET) change only considers the portion of the task

required to block the implement.
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Table P.3 (continued)

Time (min/| % Mainte-

day) nance time
troubleshooting 1 2%
install articulation lock 1 2%
static brake test 1 2%

a2 Ground engaging Tool (GET) change only considers the portion of the task
required to block the implement.

2.4 Function dominant failure type matrix

itline where some truncation occurred. The notion is that some failure types.result in the same
hzardous outcomes as other failure types and, therefore, resultin the same performance level required
(g.g. failure to apply on demand and uncommanded deactivation of the park brake would resplt in the
same hazardous outcome; park brake is off when the operator expects it to.beon).

P,
Flinction-dominant failure type matrices reflect the approach that was taken during the M(SSA and
0
h

Table P.4 — Function dominant failure type matrix

Failure to Failure to
. Uncommanded | Uncommanded
Function apply on release on PR (Y. Notes
activation deactivation
demand demand
slow/stop 1
. Uncommanded deactivation {s the same
hold still 1 .
as failure to apply on demand
. Failure on demand is consider¢d the same
steering X I
as uncommanded activation.
tilt left 1
tilt right 1
tip back 1
tip foreword 1
ripper raise 1
ripper lower 1
blade lift 1
blade lower
machine speed 1
. . . Uncommanded activation is the same as
machine direction 1 .
uncommanded hold still.
powered aceess 1
NPTE A "1" Has.been placed in the cell for function - failure type combination that would or could potentially cause the most hazardous fajlure.

P|2.5 Notes and assumptions

— “Co-worker is a person in another machine.

— Bystander is a pedestrian.

P.3 MPL, mapped to SCS table

Table P.5 shows function-based MPL, (see Table P.1) mapped to SCS per the results of the MCSSA for a
wheeled dozer. Other systems that fail in a way that cause a hazardous outcome similar to the function
failures in Table P.1 would also be mapped to these MPL..
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Table P.5 — MPL . mapped to SCS

Machine function Failure type l\;l[:l[;'::i Exampsl;:s(:irl:llapped
blade lift uncommanded activation b blade lift
blade lower uncommanded activation b blade lower
hold still failure to apply on demand c parking brake
machine direction failure to apply on demand c gear direction control
machine speed uncommanded activation b propel
powered access uncommanded activation C powered access
ripper raise uncommanded activation QM ripper raise
Fipper lower uncommanded activation c ripper lower
slow/stop uncommanded activation C service'brakes
steering uncommanded activation d steering
tiilt left / right uncommanded activation b tilt left / right
transiission neutralize uncommanded deactivation a gear direction control
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Annex Q
(normative)

Scraper performance level tables

Q.1 Scrapers

fores and percentages for S, A, H, P, E, AC, AW and AR and C are given in the tablés for d
enarios along with the dominant MPL, for the function. More details can be found‘n the su

yibclause (Tables Q.1 to Q.5) or in Clause 5.

S ominant
S bsequent
S
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Q.2 Supporting explanation

Q.2.1 Supporting explanations for dominant scenarios
SC1 - slow/stop
H: 40 % of time is cornering. H = 40 %

P: Operator present during the whole cycle. P = 100 %

ACTACT=Towerbowloruse parkbrake

AW: AW?2

AR: AR2

S{2 - slow/stop

H: Only when stopping to avoid hitting a bystander. H=1 %
P: Always present during an emergency. P = 100 %
AC: AC1 - Lower bowl or use park brake

AW: AW?2

AR: AR2

S{3 - slow/stop

H: Hazard exists during the whole cycle. H = T00 %

P: Operator present during the whole cygle. P = 100 %
AC: ACO

SC4 - hold still

H: 20 % of grease, 20 % ofwalk-around, 20 % of machine wash, 25 % of window wash, 5
sampling, and all of change cutting edge and troubleshooting. H = (20 % x 32 %) + (20 %
(209% x5 %) + (25 % %3 %) + (50 % x 1 %) + 0,03 % + 0,03 % =12 %

P: Maintenance tasK on / off machine split. P = 75 %
AC: AC1 - implement on ground or chocks

AW: AW 2

AR:,AR3

SC572 steering

H: Hazard exists during the whole cycle. H = 100 %
P: Operator present during the whole cycle. P = 100 %
AC: ACO
SC6 - steering
H: Hazard exists during the whole cycle. H = 100 %
P: Rare that a person is in the work zone.P =1 %

AC: ACO

© IS0 2021 - All rights reserved

% of oil
16 %) +

155


https://standardsiso.com/api/?name=d78a529a2f37e667e63bfc60de8285b5

ISO/TS 19014-5:2021(E)

SC7 - apron down
H: Momentary during wash. H=1 %
P: Maintenance task on / off machine split. P = 75 %
AC: ACO
SC8 - bail down
H: Idle up to 50 %.H =50 %

P: Tyjpical park up area. P =25 %
AC: ACO
SC9 - m4chine speed
H: Oply hazardous when slowing down to avoid hitting someone. H = 10 %
P: Always present during an emergency. P = 100 %
AC: AC1 - brakes
AW: AW 2
AR: AR3
SC10 - nachine direction
H: S¢rapers are rarely reversed compared to other machines. H = 10 %
P: Typical park up area. P =25 %
AC: AC1 - brakes
AW: AW 2
AR: AR3
SC11 - tifansmission neutralize
H: Time when machine isddle while waiting. H = 20 %
P: Tyjpical bystander@ate in central / parking areas. P = 25 %.
AC: AC1 - brakes
AW: AW 2

AR: AR3'-'The brakes would be under foot and the machine moves slowly

Q.2.2 Application use cases

Table Q.2 — Application use case table

Coupling / | Slow speed
Application Traveling Loading Unloading | decoupling manoeu- Maintenance
vring
construction 80 % 20 % 10 % 5% 12 % 5%
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Table Q.3 — Maintenance task breakdown

Time (min/| % Mainte-

day) nance time
refueling 26 42 %
transport load / unload 0,4 0,7 %
greasing 20 32 %
walk around 10 16 %
machine wash 3 5%
window wash 2 3%
change cutting edge 0,02 0,04%
change bits 0,02 0,04 %
troubleshooting 0,02 0,03 %
oil sampling 0,33 0,5%

.2.4 Function dominant failure type matrix

itline where some truncation occurred. The notion is that some failure types result in f{
hzardous outcomes as other failure types and, therefore, résult in the same performance level
(g.g. failure to apply on demand and uncommanded deactivation of the park brake would res
sgme hazardous outcome; park brake is off when the,operator expects it to be on).

Q
Flinction-dominant failure type matrices reflect the approach that was taken during the M(
0
h

Table Q.4 — Function dominant failure type matrix

SSA and
he same
required
1t in the

Function

Failure to

apply on
demand

Failure to
release on
demand

Uncommanded
activation

Uncommanded
deactivation

Notes

slow/stop

1

1

hold still

1

steering

bowl up

bowl down

apron up

apron down

ejector forward

ejector\back

bailup

bail down

elevator forward

elevator reverse

machine speed

[N VS | S RS N N (SN [N N N N

machine direction

Uncommanded activation is the same as
uncommanded stop.

powered access

implement lockout

1

NOTE

A "1" has been placed in the cell for function - failure type combination that would or could potentially cause the most hazardous failure.

Q.2.5 Notes and assumptions

Co-worker is a person in another machine.
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Bystander is a pedestrian.

Q.3 MPL, mapped to SCS table

Table Q.5 shows function-based MPL, (see Table Q.1) mapped to SCS per the results of the MCSSA for a
scraper. Other systems that fail in a way that cause a hazardous outcome similar to the function failures
in Table Q.1 would also be mapped to these MPL,.

Table Q.5 — MPL_mapped to SCS

Makhine function Failure type l‘::f:};gg Exampsl;S(;tfegapped
slow/stop failure to apply on demand b service:brakes
uncommanded activation c
hold still failure to apply on demand c parking brake
steering uncommanded activation C steering
bowl down uncommanded activation C bowl down
apron down uncommanded activation b apron down
bail down uncommanded activation c bail down
nmachine speed uncommanded activation b propel
malchine direction failure to apply on demand a gear direction control
powdred access ladder uncommanded activation C powered access ladder
implement lockout uncommanded activation c implement lockout
transinission neutralize uncommanded deactivation a gear direction control

158
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Annex R
(normative)

Crawler excavators equal to or greater than 109 000 kg
performance level tables

R.1 Crawler excavators equal to or greater than 109 000 kg

ominant

cores and percentages for S, A, H, P, E, AC, AW and AR and C are given in the tables for g
bsequent

enarios along with the dominant MPL,. for the function. More details can be foimd in the su
tibclause (Tables R.1 to R.5) or in Clause 5.

n n wn
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R.2 Supporting explanation

R.2.1 Supporting explanations for dominant scenarios

HX1 - left track forward

H: All of the cycle except for digging (60 %), only in one direction (50 %), and idle factor (90 %).H =

60 %

x50 % x90 % =27 %

P: Operator present during the whole cycle. P = 100 %

AC: AC1 - E-stop and implement

AW: [AW3 - Operator becomes aware of hazard before it is dangerous because of the slow moveme
of the machine

AR: AR3 - Implement is in hand

HX?2 - left track forward

H: A
1%

1 of manoeuvring (travel / swing) in maintenance area and troubleshqoting. H=0,2% + 1 %

P: Mpintenance task on / off machine split. P = 75 %

AC: AC1 - Travel hold still and e-stop

AW: AW?2

AR: AR2

HX3 - bqg

om raise

H: 80 % of aligning linkage for exchange of components, 25 % of machine wash and all
troupleshooting. H= (80 % x 0,3 %) + (25/% %2 %) +1% =2 %

P: Mpintenance task on / off machiné split. P = 75 %

AC: ACO

HX4 - cld

m open

H: 1D % of aligning linkage for exchange of components and all of troubleshooting. H = (10 %

0,39

0)+1%=1%

P: Mpintenancetdsk on / off machine split. P = 75 %

AC: ACO

HX5 - slg

w-/'swing start

Nt

hf

X

H: 25 % of daily inspection and all of aligning linkage for exchange of components and
troubleshooting. H=(25% x24 %) +0,2% +1%=7%

P: Maintenance task on / off machine split. P = 75 %

AC: ACO

HX6 - slew / swing stop

H: 25 % of vertical, 40 % of horizontal, idle factor of 90 %, swing of 20 % of cycle. H = 25 % x 40 %

x 90
P: Al

162

%x20%=2%

ways present during an emergency. P = 100 %
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AC: AC1 - E-stop or move implement in hand
AW: AW?2
AR: AR3

HX7 - slew / swing hold still

H: 25 % of daily inspection, 50 % of machine wash, 50 % of camera clean and all of aligning linkage
for exchange of components and troubleshooting. H = (25 % x 24 %) + (50 % x 2 %) + (50 % x 18 %)
+0304+104=170,

P: Maintenance task on / off machine split. P = 75 %
AC: ACO

H[X8 - engine speed

H: All of aligning linkage for exchange of components and troubleshooting. H=0,2%+1%=1%
P: Maintenance task on / off machine split. P = 75 %
AC: AC1 - implement

AW: AW3 - Engine speed increases slowly

AR: AR3 - Implement control is in hand

HIX9 - travel speed

H: All of manoeuvring (travel / swing) in maititenance area and troubleshooting. H=0,2% + 1 % =
1%

P: Maintenance task on / off machine split. P = 75 %
AC: AC1 - E-stop

AW: AW?2

AR: AR2

H[X10 - travel hold still

H: All of aligninglinkage for exchange of components and troubleshooting. H=0,2%+1%=1%
P: Maintenance task on / off machine split. P =75 %
AC: ACD

HX1l ~powered access ladder movement

H: 20 94 of access / egress mnr‘hlnn 5 04 of qu]v lncnnrhr\n 5 04 of machine ur:\ch 5 9% df camera
clean and all of troubleshootmg H=(20% x 18 %) (5 % x 24 %)+ (5% x2 %)+ (5% x 18 %) +
1%=7%

P: Maintenance task on / off machine split. P = 75 %
AC: ACO
HX12 - powered access ladder interlock

H: 50 % of access / egress machine, 5 % of daily inspection, 5 % of machine wash, 5 % of camera
clean and all of troubleshooting. H = (50% x 18 %) + (5 % x 24 %) + (5 % x 2 %) + (5 % x 18 %) +
1%=12%
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P: Maintenance task on / off machine split. P = 75 %
AC: ACO
HX13 - service centre motion

H: 2 % of daily inspection, 5 % of refuelling / refilling / fluid top off, 5 % of oil sampling, 2 % of
machine wash, and all of troubleshooting. H = (2 % x 24 %) + (5 % x 24 %) + (5 % x 1 %) + (2 % x
2%)+1%=3%

P: Maintenance task on // off machine cp]if P - 75 04

AC: ACO
HX14 - sprvice centre interlock

H: 10 % of daily inspection and all of refuelling / refilling / fluid top off, oil.sampling, arjd
troupleshooting. H= (10 % x 24 %) +24 % +1% +1 % =28%

P: N¢ed to be standing in a very specific area. P = 50 %
AC: ACO

HX15 - machine lockout
H: All of machine wash and troubleshooting. H=2 % + 1 % = 3%

P: Mpintenance task on / off machine split. P = 75 %

AC: ACO

R.2.2 Application use cases

Table R.2 — Application use case table

General exca- Dropping
Appllication Truck loading . balls to crush Traveling Maintenance
vation
rocks
miningjand quarry 90 % 15 % 5% 10 % 5%
construction 90 % 15 % 0% 10 % 5%
R.2.3 Maintenance task-breakdown
Table R.3 — Maintenance task breakdown
Time (min/| % Mainte-
day) nance time
access / egress machine 15 18 %
maneuvering (travel / swing) in mainte- 0,25 0,3 %
nance area
daily inspection 20 24 %
refueling / refilling / fluid top off 20 24 %
aligning linkage for exchange of compo- 0,25 0,3 %
nents
oil sampling 1 1%
machine wash 2 2%
window wash 10 12 %
troubleshooting 1 1%
164 © IS0 2021 - All rights reserved
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Time (min/| % Mainte-
day) nance time
| camera clean 15 18 %

R.2.4 Function dominant failure type matrix

Function-dominant failure type matrices reflect the approach that was taken during the MCSSA and
outline where some truncation occurred. The notion is that some failure types result in the same

h
(g

NY:

Table R.4 — Function dominant failure type matrix

hzardous outcomes as other failure types and, therefore, resultin the same performance level
.g. failure to apply on demand and uncommanded deactivation of the park brake would: res
ime hazardous outcome; park brake is off when the operator expects it to be on).

required
i1t in the

Failure to Failure to
. Uncommanded | Uncommanded
Function apply on release on PR Lo Notes
activation deactivation
demand demand
FKailure to apply on demand, failufe to release
on demand, uncommanded actjvation, and
left track forward 1 R !
uncommanded deactivation allresultin an
uncommanded steer.
left track back It is the same as left track foryard.
right track forward It is the same as left track foryard.
right track back Itis the same as left track foryard.
engine speed 1
travel speed X
boom raise 1
boom lower 1
clam open 1
clam shut 1
arm in 1
arm out 1
bucket curl 1
bucket dump 1
. Uncommanded activation is the same as
Slew / swing start 1
uncommanded stop.
slew / swing stop 1
Slew/swing hold still 1
travel hold\still 1
powereddacgess ladder 1
movement
powvered access ladder 1 Other failure types are considerd no worse
interlock than failure to apply on demand.
SErvice Celire Iotion 1
service centre interlock 1
machine lockout 1
cable reel 1

NOTE

A "1" has been placed in the cell for function - failure type combination that would or could potentially cause the most hazardous failure.

R.2.5 Notes and assumptions

It is considered machine abuse to load the truck from the front.

Co-worker is a person in another machine.

— Bystander is a pedestrian or in a light vehicle.
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Bucket dropping onto truck body without swinging is SO.

It is considered machine abuse to operate a shovel under power lines.

R.3 MPL, mapped to SCS table

Table R.5 shows function-based MPL, (see Table R.1) mapped to SCS per the results of the MCSSA for a
crawler excavators equal to or greater than 109 000 kg. Other systems that fail in a way that cause a
hazardous outcome similar to the function failures in Table R.1 would also be mapped to these MPL,.

Table R.5 — MPL,. mapped to SCS

Maghine function Failure type l\:llll:ll‘r:;g Exampsl;stigﬁapped
leff track forward uncommanded activation b track motion
boom raise uncommanded activation c boom raise
boom lower uncommanded activation c boom lower
bucket curl uncommanded activation c bucket curl
bucket dump uncommanded activation C bucket dump
clam open uncommanded activation b clam open
clam shut uncommanded activation b clam shut
arm in uncommanded activation c arm in
arm out uncommanded activation c arm out
sleyv / swing start uncommanded activation C slew / swing start
slew / swing stop failure to apply on demand b slew / swing stop
slew|/ swing hold still failure to apply on demand c slew / swing hold still
¢ngine speed no hazard N/A throttle
fravel speed uncommangded activation b propel
titavel hold still failure te;apply on demand C brake
powered access ladder move- uncémmanded activation b powered access ladder
ment movement
powered accless ladder inter- ¥4ilure to apply on demand c powert?d access ladder
ock interlock
servicg centre movement uncommanded activation a service centre movemer|t
servide centre interlock failure to apply on demand service centre interlock
mhpchine lockout failure to apply on demand C machine lockout
cable reel no hazard N/A cable reel

166

© IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=d78a529a2f37e667e63bfc60de8285b5

ISO/TS 19014-5:2021(E)

Annex S
(normative)

Cable excavator (front shovel) performance level tables

S|1 Cable excavator (front shovel)

S¢ores and percentages for S, A, H, P, E, AC, AW and AR and C are given in the tablés for dominant
s¢enarios along with the dominant MPL, for the function. More details can be found‘in the supsequent
syibclause (Tables S.1 to S.5) or in Clause 5.
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S.2 Supporting explanation

S$.2.1 Supporting explanations for dominant scenarios
CS1 - engine speed
H: All of rope change and troubleshooting. H=6% + 1,4 % =7 %

P: Maintenance task on / off machine split. P = 75 %

ACTACO

CP2 - hoist raise

H: 80 % of rope change and all of troubleshooting. (80 % x 6 %) + 1,4 % =6 %
P: Maintenance task on / off machine split. P =75 %

AC: ACO

Cp3 - left track forward

H: All of manoeuvring (travel / swing) in maintenance area andll of troubleshooting. H $ 0,3 % +
1,4%=2%

P: Maintenance task on / off machine split. P =75 %

AC: AC1 - Travel hold still and e-stop

AW: AW?2

AR: AR2

Cp4 - machine lockout

H: All of machine wash and all of g¢toubleshooting. 3 % + 1,4 % =4 %
P: Maintenance task on / off machine split. P = 75 %

AC: ACO

CP5 - powered access Jadder interlock

H: 50 % of aecess / egress machine, 5 % of daily inspection, 5 % of machine wash, and 5 % of
camera cleamand all of troubleshooting. H = (50 % x 20 %) + (5 % x 27 %) + (5 % x 3 %)|+ (5 % x
20 %) + 154 % =14 %

P: Maintenance task on / off machine split. P = 75 %

ACrACO

CS6 - powered access ladder movement

H: 20 % of access / egress machine, 5 % of daily inspection, 5 % of refuelling / refilling / fluid top
off, 5 % of machine wash, and 5 % of camera clean and all of troubleshooting. H = (20 % x 20 %) +
5%%27%)+(5%x7%)+(5%x3%)+(5%x20%)+1,4%=8%

P: Maintenance task on / off machine split. P =75 %
AC: ACO

CS7 - slew / swing start
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5 % of daily inspection and all of manoeuvring (travel / swing) in maintenance area and all of

troubleshooting. H= (25 % x 27 %) +0,3% + 1,3% =8 %

P: Maintenance task on / off machine split. P = 75 %

AC: ACO

CS8 -slew / swing stop / hold still

H: 2

5 % of daily inspection, 50 % of machine wash, 50 % of camera clean and all rope change and all

Oftr'mh]pchnnfing H= (7': O x 27 O/n) + (':ﬂ % x 3 0/n) + ( 509% x 20 OA\) +60+1302260

P: Mpintenance task on / off machine split. P = 75 %

AC: ACO

CS9 - trgvel hold still

H: All of rope change and all of troubleshooting. H=6 % +1,3% =7 %

P: Mpintenance task on / off machine split. P = 75 %

AC: ACO

CS10 -t

javel speed

H: All of manoeuvring (travel / swing) in maintenance area @ndall of troubleshooting. H = 0,3 %
1,4%=2%

P: Mpintenance task on / off machine split. P = 75 %

AC:

AW:

AR:

AC1 - E-stop
AW ?2
AR2

S.2.2 Application use cases

Table S.2 — Application use case table

Application Truck loading Excavation (no Traveling Maintenance
truck)
rope shovel 95 % 10 % 5% 5%

S.2.3

170

Maintenance task breakdown

Table S.3 — Maintenance task breakdown

Time (min/| Y Mainte-
day) nance time
access / egress machine 15 20 %
maneuvering (travel / swing) in mainte- 0,25 0,3 %
nance area
daily inspection 20 27 %
refueling / refilling / fluid top off 5 7%
rope change 4,2 6 %
oil sampling 1 1%
machine wash 2 3%
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Time (min/| % Mainte-

day) nance time
window wash 10 14 %
troubleshooting 1 1,4 %
camera clean 15 20%

S.2.4 Function dominant failure type matrix

Table S.4 — Function dominant failure type matrix

inction-dominant failure type matrices reflect the approach that was taken during theyM(SSA and
itline where some truncation occurred. The notion is that some failure types result)in the same
hzardous outcomes as other failure types and, therefore, result in the same performancelevel
.g. failure to apply on demand and uncommanded deactivation of the park brake.would res
ime hazardous outcome; park brake is off when the operator expects it to be on).

required
11t in the

Failure to Failure to
. Uncommanded | Uncommandéd
Function apply on release on P d o Notes
demand demand activation eactivation
Failure to apply on demand, failufe torelease
on demand, uncommanded act|vation, and
left track forward 1 S !
uncommanded deactivation allresultin an
uncommanded steer.
left track back It is the same as left track forward.
right track forward Itis the same as left track foryard.
right track back Itis the same as left track foryard.
travel speed 1
engine speed 1
hoist raise 1
hoist lower 1
hoist hold still 1
crowd in 1
crowd out 1
crowd hold still 1
bucket dump 1 l_t is only applicable to shovel§ - not drag
lines.
slew / swing stant 1
slew / swing )
stop / hold.still
Travehhold Still 1
powered access ladder 1
movement
poewered access ladder . Other failure types considered no worse
interlock B than failure to apply on demand.
machine lockout 1
cable reel 1 Grid power only

NOTE

A "1" has been placed in the cell for function - failure type combination that would or could potentially cause the most hazardous failure.

S.2.5 Notes and assumptions

— Takingabucket offa dragline and putting on a clam shell causes the machine to become a foundation
excavation machine falling under ISO TC 195.
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— Taking offabucketand adding a wrecking ball, material handling, or other attachments is derivation

defined in ISO 6165, but will not be assessed in this assessment. Manufacturers should assess these
themselves.

— Using hydraulic shovel cycle times.

— This does not consider walking drag lines.

S.3 MPL, mapped to SCS table

Table S.5
cable exd
to the fu

Table S.5 — MPL. mapped to SCS

shows function-based MPL, (see Table S.1) mapped to SCS per the results of the MCSSA-for
avator (front shovel). Other systems that fail in a way that cause a hazardous outcome Simil:
hction failures in Table S.1 would also be mapped to these MPL..

a
nr

Maghine function Failure type l:l][ll:lLrZ?i Exampsl;s(z(faﬁapped
¢ngine speed uncommanded activation c throttle
cifowd hold still failure to apply on demand C crowd hold still
crowd in uncommanded activation C crowd in
crowd out uncommanded activation c crowd out
Hoist hold still failure to apply on demand C hoist hold still
hoist lower uncommanded activation c hoist lower
hoist raise uncommanded activation c hoist raise
leff track forward uncommanded activation b track motion
mpchine lockout failure to apply on demand c machine lockout
powered accless ladder inter- failure to appln demand c powere_:d access ladder
ock interlock
powered access ladder move- uncommarded activation b powered access ladder
ment movement
sleiv / swing start uncommanded activation c slew / swing start
slew / sying stop / hold Still failure to apply on demand C slew / swi:t%ls;top / hold
tavel hold Still failure to apply on demand C brake
fravel Speed uncommanded activation b propel
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Annex T
(normative)

Cable excavator (dragline) performance level tables

Ti1 Cable excavator (dragline)

S¢ores and percentages for S, A, H, P, E, AC, AW and AR and C are given in the tablés for dominant
s¢enarios along with the dominant MPL, for the function. More details can be found‘in the supsequent
s

Wibclause (Tables T.1 to T.5) or in Clause 5.
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T.2 Supporting explanation

T.2.1 Supporting explanations for dominant scenarios
DS1 - engine speed
H: All of rope change and troubleshooting. H=1%+1%=2%

P: Maintenance task on / off machine split. P = 75 %

ACTACO

DS2 - hoist raise

H: 80 % of rope change and all of troubleshooting. (80 % x 1 %) +1 % =2 %
P: Maintenance task on / off machine split. P =75 %

AC: ACO

D3 - left track forward

H: All of manoeuvring (travel / swing) in maintenance area andll of troubleshooting. H $ 0,3 % +
1,4%=2%

P: Maintenance task on / off machine split. P =75 %

AC: AC1 - Travel hold still and e-stop

AW: AW?2

AR: AR2

D4 - machine lockout

H: All of machine wash and all of g¢toubleshooting. 3 % + 1,4 % =4 %
P: Maintenance task on / off machine split. P = 75 %

AC: ACO

DIS5 - powered access fadder interlock

H: 50 % of aecess / egress machine, 5 % of daily inspection, 5 % of machine wash, and 5 % of
camera cleamand all of troubleshooting. H = (50 % x 20 %) + (5 % x 27 %) + (5 % x 3 %)|+ (5 % x
20 %) + 154 % =14 %

P: Maintenance task on / off machine split. P = 75 %

ACrACO

DS6 - powered access ladder movement

H: 20 % of access / egress machine, 5 % of daily inspection, 5 % of refuelling / refilling / fluid top
off, 5 % of machine wash, and 5 % of camera clean and all of troubleshooting. H = (20 % x 20 %) +
(5% %x27%)+(5%x27%)+(5%%x3%)+(5%%x20%)+1,4%=9%

P: Maintenance task on / off machine split. P =75 %
AC: ACO

DS7 - slew / swing start
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H: 25 % of daily inspection and all of manoeuvring (travel / swing) in maintenance area and all of

troubleshooting. H= (25 % x 27 %) +0,3% + 1,3% =8 %

P: Maintenance task on / off machine split. P = 75 %

AC: ACO

DS8 - slew / swing stop / hold still

H: 25 % of daily inspection, 50 % of machine wash, 50 % of camera clean and all rope change and all

Oftr'mh]pchnnfing H= (7': O x 27 O/n) (’-‘\ﬂ O x 3 O/n) + (':n % x 20 O/n) +1 0+ 1 305=21 0

P: Mpintenance task on / off machine split. P = 75 %

AC: ACO
DS9 - trgvel

hold still

H: All of rope change and all of troubleshooting. H=1%+1,3% =2 %

P: Mpintenance task on / off machine split. P = 75 %

AC: ACO

DS10 - tyavel speed

H: All of manoeuvring (travel / swing) in maintenance area @ndall of troubleshooting. H = 0,3 %

1,4 % =

2%

P: Mpintenance task on / off machine split. P = 75 %

AC: AC1

- E-stop

AW: [AW?2

AR: AR2

T.2.2 Application use cases

Table T.2 — Application use case table

Application Truck loading Excavation (no Traveling Maintenance
truck)
dragline 5% 95 % 5% 5%
T.2.3 Maintenance task breakdown
Table T.3 — Maintenance task breakdown
Time (min/| Y Mainte-
day) nance time
access / egress machine 15 20 %
maneuvering (travel / swing) in mainte- 0,25 0,3 %
nance area
daily inspection 20 27 %
refueling / refilling / fluid top off 20 27 %
rope change 0,6 1%
oil sampling 1 1%
machine wash 2 3%
176 © IS0 2021 - All rights reserved
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Table T.3 (continued)
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Time (min/| % Mainte-

day) nance time
window wash 10 14 %
troubleshooting 1 1,4 %
camera clean 15 20%

T.2.4 Function dominant failure type matrix

Flinction-dominant failure type matrices reflect the approach that was taken during the \M{(SSA and
ofitline where some truncation occurred. The notion is that some failure types resulthin the same
hhzardous outcomes as other failure types and, therefore, result in the same performancelevel required
(g.g. failure to apply on demand and uncommanded deactivation of the park brake.would resplt in the
sgme hazardous outcome; park brake is off when the operator expects it to be on):
Table T.4 — Function dominant failure type matrix
Function F:;:)l;;%:lo :;i;:;‘: (t)(r)l Uncorpma!nded Uncom_mar}ded Notes
demand demand activation deactivation
Failure to apply on demand, failufe torelease
left track forward 1 ondemand, uncommz_mdgd act vation_, and
uncommanded deactivation allresultinan
uncommanded steer.
left track back It is the same as left track foryard.
right track forward Itis the same as left track foryard.
right track back Itis the same as left track foryard.
travel speed 1
engine speed 1
hoist raise 1
hoist lower 1
hoist hold still 1
crowd in 1
crowd out 1
crowd hold still 1
bucket dump 1 ]litnizsc.mly applicable to shovel§ - not drag
slew / swing stant 1
slew / swing
stop / hold.still !
travehhold still 1
powered access ladder 1
movement
poewered access ladder . Other failure types are considerfd no worse
interlock B than failure to apply on demand.
machine lockout 1
cable reel 1 Grid power only
NOTE A "1" has been placed in the cell for function - failure type combination that would or could potentially cause the most hazardous failure.

T.2.5 Notes and assumptions

— Takingabucket offa dragline and putting on a clam shell causes the machine to become a foundation
excavation machine falling under ISO TC 195.
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— Taking offabucketand adding a wrecking ball, material handling, or other attachments is derivation

defined in ISO 6165, but will not be assessed in this assessment. Manufacturers should assess these
themselves.

— Using hydraulic shovel cycle times.

— This does not consider walking drag lines.

T.3 MPL, mapped to SCS table

Table T.5
cable exd

the func

Table T.5 — MPL,. mapped to SCS

shows function-based MPL,. (see Table T.1) mapped to SCS per the results of the MCSSA-for
avator (dragline). Other systems that fail in a way that cause a hazardous outcome similar 1
tion failures in Table T.1 would also be mapped to these MPL..

a

Maghine function Failure type l:l][ll:lLrZ?i Exampsl;s(z(faﬁapped
¢ngine speed uncommanded activation c throttle
cifowd hold still failure to apply on demand C crowd hold still
crowd in uncommanded activation C crowd in
crowd out uncommanded activation c crowd out
Hoist hold still failure to apply on demand C hoist hold still
hoist lower uncommanded activation c hoist lower
hoist raise uncommanded activation c hoist raise
leff track forward uncommanded activation b track motion
mpchine lockout failure to apply on demand c machine lockout
powered accless ladder inter- failure to appln demand c powere_:d access ladder
ock interlock
powered access ladder move- uncommarded activation b powered access ladder
ment movement
sleiv / swing start uncommanded activation c slew / swing start
slew / syving stop / hold still failure to apply on demand C slew / swi:t%ls;top / holg
tfavel hold still failure to apply on demand C brake
fravel speed uncommanded activation b propel
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Annex U
(normative)

Compact trencher less than 4 500 kg performance level tables

U.1 Compact trencher less than 4 500 kg

fores and percentages for S, A, H, P, E, AC, AW and AR and C are given in the tablés for d
enarios along with the dominant MPL, for the function. More details can be found‘n the su

fibclause (Tables U.1 to U.4) or in Clause 5.

S ominant
S bsequent
S
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U.2 Su

Uuz21 S

pporting explanation

upporting explanations for dominant scenarios

CTR1 - counter steer

H: Only in one direction. H =50 %

P: Operator present during the whole cycle. P = 100 %

AC:
AW:
AR: ]
CTR2Z - g
H: 0
P: Pe
AC: 4
AW:
AR: ]
CTR3 -
H: 0

P:U
thro

AC: 4
AW:
AR: |

€1="Camrstop machine or groumnd toot
AW 2

AR1

ounter steer

nly in one direction. H =50 %

A\C1 - Can stop machine or ground tool
AW 2

AR1

ounter steer

nly in one direction. H =50 %

CTR4 -

H: If] is considered machine abuse for the operator position to be on downhill slope of machine
duripg travel. 10 % oftravel time is across slopes and 25 % of this time the operator station is dn

igh the hazard area. P =10 %
AC1 - Can stop machine or ground tool
AW 2
AR1
ticulated steer

the downhill sidée¢H=25% x 10 % =2,5%

P: Operator present during the whole cycle. P = 100 %

AC: ACT = Key switch or release controls

AW:

ople should not be in this area but may be momentarily. P =5 %.

ed a higher P value for bystander in urban@pplication because more people may be passing

AW?2

AR: AR2

CTRS5 - propel speed

H: 2 % of boring work cycle. Occurs at need to addition rods (no rotation) or only during the initial
insert of the tool into the ground (rotation).

P: Co-worker is present only when rod guide is required or additional rods are needed, which is

only

25 % of boring activities. P = 25 %

AC: AC1 - Key switch or reverse direction
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AW: AW2
AR: AR1

CTR6 - propel speed

H: 80 % of time the machine is not moving during prep. Only hazardous when it moves towards a
pedestrian operator in one direction. H =80 % x 50 % =40 %

P: Operator present during the whole cycle. P = 100 %

AC: AC1 - Engage service brake, key switch, or reduce engine speed
AW: AW?2

AR: AR2

C[FR7 - direction (F / R)

H: Hazard zone is only directly behind machine, 50 % of the quadran®-(25 %). H = 25 % K 50 % =
13 %

P: Only in the hazard zone 10 %. P =10 %

AC: AC1 - Engage service brake, key switch, or reduce engine-speed
AW: AW?2

AR: AR2

C['R8 - slow/stop

H: Co-worker can on one of the 4 sides and,only a portion of that is the hazard zone.H =5 {6
P: People should not be in this area bit may be momentarily. P =5 %.
AC: AC1 - Engage service brake,.erigage park brake, reduce engine speed
AW: AW?2

AR: AR1

C['R9 - slow/stop

H: Co-worker‘ean on one of the 4 sides and only a portion of that is the hazard zone. H =5 {%

P: People should not be in this area but may be momentarily and more people than the cp-worker
are considered. P = 10 %.

ACvAC1 - Engage service brake, engage park brake, reduce engine speed

AV A2

AR: AR1
CTR10 - slow/stop

H: N/A

P: N/A

AC: N/A
CTR11 - slow/stop
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