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Foreword

committee has been established has the right to be represented on that committee. International 

The main task of technical committees is to prepare International Standards. Draft International 

casting a vote.

of the members of the parent committee casting a vote;

committee casting a vote.

transformed into an International Standard or be withdrawn.

Earth-moving machinery
Machine characteristics, electrical and electronic systems, operation and maintenance.

Earth-moving machinery — Machine 
control systems (MCS) using electronic components:

— Performance criteria and tests for functional safety

— Part 2: Use and application of ISO 15998 

Performance criteria and tests for functional safety
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Introduction

earth-moving machine.
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Earth-moving machinery — Machine control systems 
(MCS) using electronic components —

Part 2: 
Use and application of ISO 15998

1 Scope

This part of ISO 15998 assists in the interpretation and application of the performance criteria and tests 

of ISO 15998.

2 Normative references

Earth-moving machinery — Electromagnetic compatibility

Safety of machinery — Safety related parts of control systems

Earth-moving machinery — Machine-control systems (MCS) using electronic components 
— Performance criteria and tests for functional safety1)

1)  To become ISO 15998-1.

TECHNICAL SPECIFICATION ISO/TS 15998-2:2012(E)

© ISO 2012 – All rights reserved 1
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3.1
base machine

3.2
equipment

design function of the machine

3.3
attachment

3.4
safety integrity level
SIL

NOTE 1 The target failure measures (see Table 1).

phrase “SIL n n
n.

of ISO 15998.

3.5
performance level
PL

function under foreseeable conditions

NOTE 2 See Table 1.
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3.6
required performance level
PLr

 
SEE: Figures 1 and A.1

3.7
electrical/electronic subassembly
ESA
electrical and/or electronic components or set of components intended to be part of an earth-moving 

3.8
functional safety

3.9
safety-related part of a control system
SRP/CS

output signals

3.10
machine control system
MCS

the intended manner

3.11
diagnostic time interval

3.12
fault reaction time
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3.13
high/continuous mode

3.14
process safety time

4 General

4.1 Other controls standards

document) for determining both SILs and PLrs.

4.2 Risk assessments 

4.2.1 SILs and PLs
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Table 1 — SIL/PL cross-reference table

SIL Average probability of dangerous failure 
per hour (1/h) PLr Average probability of dangerous failure 

per hour (1/h)
—  —
— a > 10  to < 10
1

> 10  to < 10
b  to < 10
c > 10

2 > 10  to < 10 d > 10  to < 10
> 10  to < 10 e > 10  to < 10

4 — Not applicable

4.2.2 Risk assessment variations

Figure 1 to achieve a more straightforward correspondence between the reference methods used.

W
acceptable to assume the W W2.

NOTE 2 C4
death of large number of people is negligible.

Figure 1 — Risk graph
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4.2.3 Reconciling different methods

r

SIL/PLr

that proper assumptions were made.

5 Additional guidance for safety-related machine-control systems

6 Documentation

7 Test for safety-related MCS
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Annex A 
(informative) 

 
Guidelines for risk assessment

A.1 General risk assessments similar to ISO 13849-1 assessments

r and 

of the severe road damage that would result. Each reasonable foreseeable scenario should be assessed in 

A.1.1 Use of risk graphs

guidance on how to perform a risk assessment is included in the risk parameters instructions below. The 

A.1.2 Severity of injury — S1, S2 and S3

whereas amputation or death would be S2.

C

of steering condition.
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compared to a larger version in the same conditions.

A.1.3 Frequency and/or exposure times to hazard (F1 and F2)

F1 and F2
following explanation could facilitate making the right decision where doubt exists.

F2

F2 F1 
should be selected.

F2

F1.

F2.

A.1.4 Possibility of avoiding the hazard (P1 and P2)

P1
P2 should be selected if there is almost no chance of 

P2. A bucket could be lowered to 
P1. Lesson: when including external sources as a means 

P include

 

8 © ISO 2012 – All rights reserved

Full document details: ISO TS 15998-2-2012

http://avadocuments2026.com/doc/iso-ts-15998-2-2012
http://avadocuments2026.com/doc/iso-ts-15998-2-2012


 

ISO/TS 15998-2:2012(E)

r for various scenarios 
and/or

ISO/TR 14121-2 (see also -1 ISO 12100.

Key
1 starting point for risk estimation
S1/C1

S2/C2

C death of several people
F1 seldom-to-less-often and/or exposure time is short
F2

P1

P2

a–e

Figure A.1 — Risk graph for determining PLr for safety function
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-
ing, propel, braking, and attachment operation for ISO 15998, ISO 13849-1 or 
other similar risk assessments

an unintended manner.

could indicate in some cases higher SILs/PLr rs in 
r

for each function.

A.2.1 Severity considerations

C1.

A.2.2 Frequency considerations

F1

A.2.3 Overall assessment considerations

S/C P and F

P1 or P2

Examples are given for two of the various risk assessment methods. The user should select one risk 

r associated with steering and braking increase due to limitations of the 
operator in maintaining control after a failure (P
a collision (S/C).

F) 

S/C values and lower SIL/PLr C with 
respect to the occupants of the vehicle.

losses (P

P) 
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not as effective in dealing with a loss in steering at higher speeds.

lower S/C r one level less 

r e for a 

rd for the same loss of steering condition.

Table A.1 — Generic SIL/PLr
allocation for EMMs with and without MCS, using risk assessment similar to that of 

ISO 13849-1 or ISO 15998

Hazards to operator Severity of injury, 
S or C

Frequency and/or 
exposure time to 

hazard F

Possibility of avoiding 
the hazard, P

Required 
performance 

level, PLr
SIL

1 – Steel tracked 
dozer travelling at 

N/A 
(not applicable)

F2 P1 -
ment

Uncommanded brake 
propels at speeds 

 
The operator can use feet 
to brace himself. 
Front of cab has no sharp 

reach. 

reducing abruptness of 
the stopping.

  

2 – Articulated 
dump truck travel-

S2/C2 F2 P1 c 1

Uncommanded brake Operator can 
-

a rollover.

propels at speeds 
-

rollover.
 

The operator can use 
feet and hands to brace 
himself. 
Front of cab has no sharp 

reach. 

from locking in most 
cases. 

operator from being 
crushed. 

  

3 – Rubber-tyred 
trencher trav-
els < 12 km/h

N/A F2 P1  

 

© ISO 2012 – All rights reserved 11

Full document details: ISO TS 15998-2-2012

http://avadocuments2026.com/doc/iso-ts-15998-2-2012
http://avadocuments2026.com/doc/iso-ts-15998-2-2012


 

ISO/TS 15998-2:2012(E)

Hazards to operator Severity of injury, 
S or C

Frequency and/or 
exposure time to 

hazard F

Possibility of avoiding 
the hazard, P

Required 
performance 

level, PLr
SIL

with F/N/R in neutral. 
2. Or machine propels in 
opposite direction com-
manded. 
— Operator is compelled 
to be present in operator 
station 
— Operator has at least 

motion.

neutral.

Operator can press the 
service brake to stop. 

 
Front of cab has no sharp 

reach. 
-

more time for operator 
to respond.

-
ment

 

4 – Tractor loader back- S1 or C1 F2 P1 a

with F/N/R in neutral. 
2. Or machine propels in 
opposite direction com-
manded. 
— Operator is compelled 
to be present in operator 
station 
— Operator has at least 

motion.

Operator can 
experience minor 

machine can roll 
and the operator 
can fall from the 
operator station 
and suffer more 

neutral.

Operator can press the 
service brake to stop. 

 
Front of cab has no sharp 

reach. 
-

more time for operator 
to respond.

  

5 – Articulated wheeled 
loader, too big for on-
road use, travel speed 
less than 40 km/h

S2/C2 F1 P1 b 1

Complete loss of all brakes 
for stopping. 

machine to coast to a stop 
or use attachment to stop. 
— Steering remains func-
tional.

Operators can 

-
liding with other 

can be involved in 
a rollover.

operate near obsta-

that can be hit.

Operator can steer the 
machine around obsta-
cles. 

  

6 – Articulated wheeled 
loader

S2/C2 F1 P2 c 1

other attachment moves 
without command. 

-

similar.

Operator can be 

or otherwise near 
moving parts. time.

If operator is near mov-

-

  

Hazards to bystanders S/C F P PLr SIL1

7 – Compact S2/C2 F1 P1 b 1

with F/N/R in neutral. 
— Operator is compelled to 
be present in cab. 
— Operator still has ser-
vice brake.

crushed between 
machine and hard 
surface.

machine and in the 

of time.

Operator can stop the 
machine in the normal 
operating position. 
Operator will instinc-

 

of machine’s path

  

 

Table A.1 (continued)
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Hazards to operator Severity of injury, 
S or C

Frequency and/or 
exposure time to 

hazard F

Possibility of avoiding 
the hazard, P

Required 
performance 

level, PLr
SIL

8 – Steel-tracked 
dozer travelling at 

S2/C2 F1 P2 c 1

Complete loss of all brakes 
for stopping. 

machine to coast to a stop 
or use blade to stop. 
— Steering does not 
remain functional

crushed between 
machine and hard 
surface. 

run over.

potential path of the 
machine.

There is no possibil-

out of machine’s path in 
some cases. 

  

9 – Tractor loader-back-
hoe Travelling < 40 km/h

S2/C2 N/A N/A  

 

 
Steering remains func-

crushed between 
machine and hard 
surface. 

run over.

-

path of a machine 
that is stopping 
faster than operator 

event of a rollover.

No further evaluation is 
needed.

-
ment

 

10 – Skid steer loader S2/C2 F1 P2 c 1

or other attachment moves 
without command. 
— Operator is compelled to 
be in the operator station. 
— Operator can stop 

crushed between 
machine and hard 
surface. 

run over.

time. -

  

Hazards to vehicular S/C F P PLr SIL

11 – Articulated grader 

Machine is roadable

C F2 P2 e

steering (either steers 
uncommanded or not at all 
while propelling). 
— Operator has braking to 
stop the machine. 
 — Operator is not warned 
prior to loss of steering.

accident can result 
in multiple deaths.

Roadable motor 

roaded.
steer machine. Vehicular 

machine’s path in some 
cases.

  

12 - Articulated wheeled 
Loaders < 40 km/h

C F1 P2 e

steering (either steers 
uncommanded or not at all 
while propelling). 
— Operator has braking to 
stop the machine. 
— Operator is not warned 
prior to loss of steering.

Potential to hit 
higher speed vehi-
cle with multiple 
passengers

vehicles in the path 
of machine is much 

time.

steer machine. Operator 
can stop the machine. 
Vehicle can be able to 
avoid the loader.

  

 

Table A.1 (continued)
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Hazards to operator Severity of injury, 
S or C

Frequency and/or 
exposure time to 

hazard F

Possibility of avoiding 
the hazard, P

Required 
performance 

level, PLr
SIL

13 – Rigid frame haul 
truck, not allowed on 
highway < 60 km/h

/C N/A N/A N/A N/A

steering (either steers 
uncommanded or not at all 
while propelling). 
— Operator has braking to 
stop the machine. 
— Operator is not warned 
prior to loss of steering.

Potential to hit 
higher speed vehi-
cle with multiple 
passengers

Neither used nor 
allowed onroad. 

on mining site is 
negligible.

No further evaluation is 
needed.

  

A.3 Safety integrity levels (SIL)/Performance Levels (PLr) from generic SIL/PLr 
risk assessments

A.3.1 Tables A.2 to A.5 show comparison SIL/PLr values for various machine forms and operating 
functions based upon example risk assessments and assignment of the SIL/PLr. These examples show the 
generic SILs/ PLr

A.3.2 

SIL/PLr
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