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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transformed into an International Standard or be withdrawn.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)
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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

 

6 © ISO 2012 – All rights reservedCopyright International Organization for Standardization 
Provided by IHS under license with ISO Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs

Not for Resale, 12/03/2013 08:38:49 MSTNo reproduction or networking permitted without license from IHS

--`,`,,,,,```,````,`,,`,`````-`-`,,`,,`,`,,`---



 

ISO/TS 15998-2:2012(E)

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
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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  
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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

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.
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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

 

Table A.1 (continued)
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Table A.2 — Generic SIL/PLr chart

Failure mode Hazard 
cat.

Steel- 
tracked 
dozer, 
loader, 

pipelayer, 
scraper 
puller 

Articulated 
rubber-
tracked 
dozer or 

loader 

Tractor 
loader- 

backhoe 

Articulated 
wheeled 
loaders 

Art. 
wheeled 
loader, 

too big for 
onroad use/ 
Undergrnd. 

mining 
loader/ 

compactor 

Articulated 
compact 
wheeled 

loader 

STATIONARY MACHINE

and lower functions and 

and similar begin to move 
uncommanded 

 
— Operator is not present 
— Disabling devices/park 
brakes applied. 
— Engine can be running. 
— Attachments on ground 
where appropriate for 
machines not in use.

Op. SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b

SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b

Veh. N/A SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b N/A SIL 1/PLr b

Engine starts uncom-
manded During mainte-
nance. 

locked in position OFF

Op. SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b

SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b

Veh. N/A N/A N/A N/A N/A N/A

WORKING MACHINE

and lower functions and 

and similar remains sta-

to move.

Op.
-

ment

-
ment

Veh. N/A
-

ment

N/A

PROPEL/BRAKING

Propel speed/acceleration 
much higher than com-
manded. 
— Driving near a location 
where there could be a col-

are present. 
— Operator can stop pro-
pel using service brakes or 

as the F/N/R. 
— Service brake capac-

increase stopping force 
needed.

Op. SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b

SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b

Veh. N/A SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b N/A SIL 1/PLr b
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Failure mode Hazard 
cat.

Steel- 
tracked 
dozer, 
loader, 

pipelayer, 
scraper 
puller 

Articulated 
rubber-
tracked 
dozer or 

loader 

Tractor 
loader- 

backhoe 

Articulated 
wheeled 
loaders 

Art. 
wheeled 
loader, 

too big for 
onroad use/ 
Undergrnd. 

mining 
loader/ 

compactor 

Articulated 
compact 
wheeled 

loader 

Propel speed/acceleration 
-

manded.  
— Driving near a location 
where there could be a col-

are present. 
— Operator can stop pro-
pel using service brakes or 

the F/N/R. 
— Service brake capac-

increase stopping force 
needed.

Op.
-

ment

-
ment

Veh. N/A
-

ment

N/A

Complete loss of all brakes 
for stopping. 

machine to coast to a stop 
or use attachment in some 
cases. 
— Steering remains func-
tional for most wheeled 

skid steers and crawler 
machines.

Op. SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b

SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b

Veh. N/A SIL 2/PLr d SIL 2/PLr d SIL 2/PLr d N/A SIL 1/PLr b

Complete loss of service 
 

— Operator still has at 

as park brake.

Op. r a r a r a r a r a r a

SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b

Veh. N/A SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b N/A SIL 1/PLr b

Complete loss of engine/ 
transmission/electrical 
retarder. 

functions. Without warn-
ing.

Op. N/A N/A N/A N/A N/A N/A

N/A N/A N/A N/A N/A N/A

Veh. N/A N/A N/A N/A N/A N/A

-

-
ling at full speed.  

in most conditions.  

Op. r a r a r a r a r a r a

r a r a r a r a r a

Veh. N/A r a r a r a N/A r a

Swing brake release with-
out command.  

-
lic leakage. 
— Operator is not present. 

Op. N/A N/A N/A N/A N/A N/A

N/A N/A N/A N/A N/A N/A

Veh. N/A N/A N/A N/A N/A N/A
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Failure mode Hazard 
cat.

Steel- 
tracked 
dozer, 
loader, 

pipelayer, 
scraper 
puller 

Articulated 
rubber-
tracked 
dozer or 

loader 

Tractor 
loader- 

backhoe 

Articulated 
wheeled 
loaders 

Art. 
wheeled 
loader, 

too big for 
onroad use/ 
Undergrnd. 

mining 
loader/ 

compactor 

Articulated 
compact 
wheeled 

loader 

STEERING

Complete loss of all steer-
ing (either steers uncom-
manded or not at all while 
propelling). 
— Operator has braking to 
stop the machine. 
— Operator is not warned 
prior to loss of steering.

Op. r a SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b

r a SIL 2/PLr d SIL 2/PLr d SIL 2/PLr d SIL 2/PLr d SIL 2/PLr d

Veh. N/A r e r e r e N/A r e

Loss of normal steering 
while maintaining another 

manded or is limited in 

propelling). 
— Operator has braking to 
stop the machine. 
— Operator is not warned 
prior to loss of steering. 
— Operator can switch to 

Op.
-

ment

SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b

Veh. N/A SIL 2 / PLr d SIL 2/PLr d SIL 2/PLr d N/A SIL 2/PLr d

EQUIPMENT/ATTACHMENT

move without command.  
— Operator is present in 
operating station and can 
react.  

attachment is turned-off 

or similar.

Op.
-

ment

SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b

Veh. N/A SIL 1/PLr b SIL 1/PLr b r a N/A r a

backhoe loader/hoe func-

-
ers or skid steer loader 
boom arm functions begin 
to move without com-
mand. 
— Operator is present in 
operating station and can 
react.  

attachment is turned-off 

or similar.

Op. N/A N/A

N/A N/A SIL 1/PLr 
c Consider 
SIL 2/PLr d

SIL 1/PLr c SIL 1/PLr c SIL 1/PLr c

Veh. N/A N/A SIL 1/PLr b SIL 1/PLr b N/A SIL 1/PLr b
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Failure mode Hazard 
cat.

Steel- 
tracked 
dozer, 
loader, 

pipelayer, 
scraper 
puller 

Articulated 
rubber-
tracked 
dozer or 

loader 

Tractor 
loader- 

backhoe 

Articulated 
wheeled 
loaders 

Art. 
wheeled 
loader, 

too big for 
onroad use/ 
Undergrnd. 

mining 
loader/ 

compactor 

Articulated 
compact 
wheeled 

loader 

Automatic blade/bucket/
bin control function is lost. 

-
able location.  
— Operator assumed to 

because he is compelled to 
disable attachment func-
tion when exiting.  

 

Op. r a SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b

r a r a r a SIL 1/PLr b r a r a

Veh. N/A SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b N/A SIL 1/PLr b

Automatic blade control 

bucket will not move auto-
 

 

Op.
-

ment

-
ment

Veh. N/A
-

ment

N/A

Quick Couplers: allows 
attachment to fall down 
uncommanded.

Op.
-

ment

SIL 1/PLr c SIL 1/PLr c SIL 1/PLr c SIL 1/PLr c SIL 1/PLr c SIL 1/PLr c

Veh. N/A N/A N/A SIL  /No 

ENGINE

impact on: speed of pro-

attachments.

Op.
-

ment

-
ment

Veh. N/A
-

ment

N/A
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Table A.3 — Generic SIL/PLr chart

Failure mode Hazard 
cat.

Art. dump 
trucks 

Undergrnd. 
mining 

truck, not 
allowed on 

highway 

Rigid-frame 
haul truck, 
not allowed 
on highway 

Crawler 
excava-

tor, steel 
tracks not 
allowed on 
road (rub-
ber tracks 

onroad) 
< 12 km/h

Compact 
crawler 
excava-

tor, steel 
track not 

allowed on 
road (rub-
ber tracks 

onroad) 
< 12 km/h

Large 
crawler 

excavator 
or shovel, 

> 45 t 
not allowed 

on road 
< 12 km/h

STATIONARY MACHINE

machine: Such as articu-

functions and other 
-

and similar begin to 
move uncommanded 

 
— Operator is not 
present 
— Disabling devices/
park brakes applied. 
—Engine can be run-
ning. 
—Attachments on 
ground where appropri-
ate for machines not in 
use.

Op. SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b

SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b

Veh. SIL 1/PLr b N/A N/A N/A 
(SIL 1/PLr b)

N/A 
(SIL 1/PLr b)

N/A

Engine starts uncom-
manded during mainte-
nance. 

is locked in position OFF

Op. SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b

SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b

Veh. N/A N/A N/A N/A N/A N/A

WORKING MACHINE

and lower functions and 

functions such as drill-

when commanded to 
move.

Op.

Veh. N/A N/A N/A N/A N/A

PROPEL/BRAKING
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Failure mode Hazard 
cat.

Art. dump 
trucks 

Undergrnd. 
mining 

truck, not 
allowed on 

highway 

Rigid-frame 
haul truck, 
not allowed 
on highway 

Crawler 
excava-

tor, steel 
tracks not 
allowed on 
road (rub-
ber tracks 

onroad) 
< 12 km/h

Compact 
crawler 
excava-

tor, steel 
track not 

allowed on 
road (rub-
ber tracks 

onroad) 
< 12 km/h

Large 
crawler 

excavator 
or shovel, 

> 45 t 
not allowed 

on road 
< 12 km/h

Propel speed/accelera-
tion much higher than 
commanded. 
— Driving near a loca-
tion where there could 
be a collision or where 

 
— Operator can stop 
propel using service 
brakes or other similar 

F/N/R. 
— Service brake capac-

increase stopping force 
needed.

Op. r a r a r a r a r a r a

SIL 1/PLr b r a r a r a r a r a

Veh. SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b N/A 
r a)

N/A 
r a)

N/A

Propel speed/accelera-

commanded.  
— Driving near a loca-
tion where there could 
be a collision or where 

 
— Operator can stop 
propel using service 
brakes or other similar 

 
— Service brake capac-

increase stopping force 
needed.

Op.

Veh. N/A N/A

Complete loss of all 
brakes for stopping. 

allow machine to coast 
to a stop or use attach-
ment in some cases. 
— Steering remains 
functional for most 

not for skid steers and 
crawler machines.

Op. SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b

SIL 2/PLr d SIL 2/PLr d SIL 2/PLr d SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b

Veh. SIL 2/PLr d N/A N/A N/A 
SIL 1/PLr b

N/A 
(SIL 1/PLr b)

N/A

Complete loss of service 
 

—Operator still has 
-

such as park brake.

Op. r a r a r a N/A N/A N/A

SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b N/A N/A N/A

Veh. SIL 1/PLr b N/A N/A N/A N/A N/A

Complete loss of engine/ 
transmission/electrical 
retarder.  

-

functions. Without 
warning.

Op. N/A N/A N/A

N/A N/A N/A

Veh. N/A N/A N/A N/A N/A
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Failure mode Hazard 
cat.

Art. dump 
trucks 

Undergrnd. 
mining 

truck, not 
allowed on 

highway 

Rigid-frame 
haul truck, 
not allowed 
on highway 

Crawler 
excava-

tor, steel 
tracks not 
allowed on 
road (rub-
ber tracks 

onroad) 
< 12 km/h

Compact 
crawler 
excava-

tor, steel 
track not 

allowed on 
road (rub-
ber tracks 

onroad) 
< 12 km/h

Large 
crawler 

excavator 
or shovel, 

> 45 t 
not allowed 

on road 
< 12 km/h

-

propelling at full speed.  

stop in most conditions.  

Op. SIL 1/PLr c SIL 1/PLr c SIL 1/PLr c r a r a r a

SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b

Veh. SIL 1/PLr b N/A N/A N/A N/A N/A

Swing brake release 
without command.  

 
— Operator is not 
present.

Op. N/A N/A N/A

N/A N/A N/A

Veh. N/A N/A N/A N/A

STEERING

Complete loss of all 
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.

Op. SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b r a r a r a

SIL 2/PLr d SIL 2/PLr d SIL 2/PLr d r a r a r a

Veh. r e N/A N/A N/A 
SIL 1/PLr b

N/A 
r a

N/A

Loss of normal steer-
ing while maintaining 

uncommanded or is lim-

all while propelling). 
— Operator has braking 
to stop the machine. 
— Operator is not 
warned prior to loss of 
steering. 
— Operator can switch 

Op. r a r a r a N/A N/A N/A

r a r a r a N/A N/A N/A

Veh. SIL 2/PLr d N/A N/A N/A N/A N/A

EQUIPMENT/ATTACHMENT

begins to move without 
command.  
— Operator is present 
in operating station and 
can react.  

-

or similar.

Op.

r a r a r a SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b

Veh. N/A N/A N/A N/A 
SIL 1/PLr b

N/A 
SIL 1/PLr b

N/A
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Failure mode Hazard 
cat.

Art. dump 
trucks 

Undergrnd. 
mining 

truck, not 
allowed on 

highway 

Rigid-frame 
haul truck, 
not allowed 
on highway 

Crawler 
excava-

tor, steel 
tracks not 
allowed on 
road (rub-
ber tracks 

onroad) 
< 12 km/h

Compact 
crawler 
excava-

tor, steel 
track not 

allowed on 
road (rub-
ber tracks 

onroad) 
< 12 km/h

Large 
crawler 

excavator 
or shovel, 

> 45 t 
not allowed 

on road 
< 12 km/h

backhoe loader/hoe 

-
tor buckets which can 

steer loader boom arm 
functions begin to move 
without command. 
— Operator is present 
in operating station and 
can react.  

-

or similar.

Op. N/A N/A N/A

N/A N/A N/A SIL 1/PLr c 
Consider SIL 

2/PLr d

SIL 1/PLr c 
Consider SIL 

2/PLr d

SIL 1/PLr 

-
ment for arm 
and boom if 
not used to 

crane

Veh. N/A N/A N/A N/A 
SIL 1/PLr b

N/A 
SIL 1/PLr b

N/A

Automatic blade/
bucket/bin control 

bucket/bin moves ran-
-

able location.  
— Operator assumed to 

because he is compelled 
to disable attachment 
function when exiting.  

 
— Function is not a 

etc.

Op. SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b r a or 
SIL 1/PLr b 
if there is 

a potential 
contacting 

the operator 

r a or 
SIL 1/PLr b 
if there is 

a potential 
contacting 

the operator 

r 
a or 

SIL 1/PLr b 
if there is 

a potential 
contacting 

the operator 

r a r a r a SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b

Veh. SIL 1/PLr b N/A N/A N/A 
SIL 1/PLr b

N/A 
SIL 1/PLr b

N/A

Automatic blade control 

bucket will not move 
 

 
— Function is not a 

-

Op.

Veh. N/A N/A N/A N/A N/A

Quick couplers: allows 
attachment to fall down 
uncommanded.

Op. N/A N/A N/A

N/A N/A N/A SIL 1/PLr c SIL 1/PLr c SIL 1/PLr c

Veh. N/A N/A N/A N/A 
r a

N/A 
r a

N/A

ENGINE
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Failure mode Hazard 
cat.

Art. dump 
trucks 

Undergrnd. 
mining 

truck, not 
allowed on 

highway 

Rigid-frame 
haul truck, 
not allowed 
on highway 

Crawler 
excava-

tor, steel 
tracks not 
allowed on 
road (rub-
ber tracks 

onroad) 
< 12 km/h

Compact 
crawler 
excava-

tor, steel 
track not 

allowed on 
road (rub-
ber tracks 

onroad) 
< 12 km/h

Large 
crawler 

excavator 
or shovel, 

> 45 t 
not allowed 

on road 
< 12 km/h

minor impact on: speed 
-

ing or attachments.

Op.

Veh. r a N/A N/A N/A N/A N/A

Table A.4 — Generic SIL/PLr chart

Failure mode Hazard 
cat.

Wheeled 
excavator, 
roadable 

Wheeled 
excavator, 
non-road-

able or 
roadable 

Wheeled 
excavator, 
non-road-

able 

Articulated 
motor 

grader, 
roadable 

Articulated 
grader, too 
big for pub-
lic road use, 

typically 
used in min-

ing 

Skid steer 
loader and 
all-terrain 

track 
loaders, 

steel-track 
not allowed 

onroad; 
rubber-
tracks 
onroad 

< 25 km/h

STATIONARY MACHINE

machine: Such as articula-

and lower functions and 

and similar begin to move 
uncommanded 

 
— Operator is not present 
— Disabling devices/park 
brakes applied. 
—Engine can be running. 
— Attachments on ground 
where appropriate for 
machines not in use.

Op. SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b

SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b

Veh. SIL 1/PLr b N/A 
SIL 1/PLr b

N/A SIL 1/PLr b N/A N/A 
SIL 1/PLr b

Engine starts uncom-
manded During mainte-
nance. 

locked in position OFF

Op. SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b

SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b

Veh. N/A N/A N/A N/A N/A N/A

WORKING MACHINE
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Failure mode Hazard 
cat.

Wheeled 
excavator, 
roadable 

Wheeled 
excavator, 
non-road-

able or 
roadable 

Wheeled 
excavator, 
non-road-

able 

Articulated 
motor 

grader, 
roadable 

Articulated 
grader, too 
big for pub-
lic road use, 

typically 
used in min-

ing 

Skid steer 
loader and 
all-terrain 

track 
loaders, 

steel-track 
not allowed 

onroad; 
rubber-
tracks 
onroad 

< 25 km/h

and lower functions and 

and similar remains sta-

to move.

Op.
-

ment

-
ment

Veh.
-

ment

N/A N/A N/A 

PROPEL/BRAKING

Propel speed/acceleration 
much higher than com-
manded. 
— Driving near a loca-
tion where there could 
be a collision or where 

 
— Operator can stop pro-
pel using service brakes 

such as the F/N/R. 
— Service brake capac-

increase stopping force 
needed.

Op. SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b

SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b

Veh. SIL 1/PLr b N/A 
SIL 1/PLr b

N/A SIL 1/PLr b N/A N/A 
SIL 1/PLr b

Propel speed/acceleration 
-

manded.  
— Driving near a loca-
tion where there could 
be a collision or where 

 
— Operator can stop pro-
pel using service brakes 

such the F/N/R. 
— Service brake capac-

increase stopping force 
needed.

Op.
-

ment

-
ment

Veh. N/A N/A 

-
ment

N/A N/A N/A 

Complete loss of all brakes 
for stopping. 

allow machine to coast to 
a stop or use attachment 
in some cases. 
— Steering remains func-
tional for most wheeled 

skid steers and crawler 
machines.

Op. SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b

SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b

Veh. SIL 1/PLr b N/A 
SIL 2/PLr d

N/A SIL 2/PLr d N/A N/A 
SIL 1/PLr b
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Failure mode Hazard 
cat.

Wheeled 
excavator, 
roadable 

Wheeled 
excavator, 
non-road-

able or 
roadable 

Wheeled 
excavator, 
non-road-

able 

Articulated 
motor 

grader, 
roadable 

Articulated 
grader, too 
big for pub-
lic road use, 

typically 
used in min-

ing 

Skid steer 
loader and 
all-terrain 

track 
loaders, 

steel-track 
not allowed 

onroad; 
rubber-
tracks 
onroad 

< 25 km/h

Complete loss of service 
 

— Operator still has at 

as park brake.

Op. r a r a r a r a r a r a

SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b

Veh. SIL 1/PLr b SIL 1/PLr b N/A SIL 1/PLr b N/A N/A 
SIL 1/PLr b

Complete loss of engine/ 
transmission/electrical 
retarder.  

functions. Without warn-
ing.

Op. N/A N/A N/A N/A N/A N/A

N/A N/A N/A N/A N/A N/A

Veh. N/A N/A N/A N/A N/A N/A

-

-
ling at full speed. 

in most conditions.  

Op.
-

ment

r a r a r a

-
ment

r a r a r a

Veh. r a N/A 
r a

N/A r a N/A N/A 
r a

Swing brake release with-
out command.  

 
— Operator is not present.

Op.
-

ment

N/A N/A N/A

-
ment

N/A N/A N/A

Veh. N/A 

-
ment

N/A N/A N/A N/A

STEERING

Complete loss of all steer-
ing (either steers uncom-
manded or not at all while 
propelling). 
— Operator has braking 
to stop the machine. 
— Operator is not warned 
prior to loss of steering.

Op. r a SIL 1/PLr b r a SIL 1/PLr b SIL 1/PLr b r a

SIL 1/PLr b SIL 2/PLr d r a SIL 2/PLr d SIL 2/PLr d SIL 1/PLr b

Veh. SIL 2/PLr d N/A 
r e

N/A r e N/A N/A 
SIL 2/PLr d
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Failure mode Hazard 
cat.

Wheeled 
excavator, 
roadable 

Wheeled 
excavator, 
non-road-

able or 
roadable 

Wheeled 
excavator, 
non-road-

able 

Articulated 
motor 

grader, 
roadable 

Articulated 
grader, too 
big for pub-
lic road use, 

typically 
used in min-

ing 

Skid steer 
loader and 
all-terrain 

track 
loaders, 

steel-track 
not allowed 

onroad; 
rubber-
tracks 
onroad 

< 25 km/h

Loss of normal steering 
while maintaining another 

-
manded or is limited in 

propelling). 
— Operator has braking 
to stop the machine. 
— Operator is not warned 
prior to loss of steering. 
— Operator can switch to 

Op.
-

ment

r a SIL 1/PLr b r a SIL 1/PLr b r a r a

Veh. SIL 1/PLr b N/A 
SIL 2/PLr d

N/A SIL 2/PLr d N/A N/A 
SIL 1/PLr b

EQUIPMENT/ATTACHMENT

move without command. 
— Operator is present in 
operating station and can 
react. 

-

similar.

Op.
-

ment

SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b

Veh. SIL 1/PLr b N/A 
SIL 1/PLr b

N/A SIL 1/PLr b N/A N/A 
SIL 1/PLr b

backhoe loader/hoe 

-
tor buckets which can 

steer loader boom arm 
functions begin to move 
without command. 
— Operator is present in 
operating station and can 
react. 

-

similar.

Op.
-

ment

N/A N/A

SIL 1/PLr 
c for boom 

while exiting

SIL 1/PLr c 
Consider SIL 

2/PLr d

SIL 1/PLr 
c Consider 
SIL 2/PLr d

SIL 1/PLr c 
Consider SIL 

2/PLr d

N/A N/A SIL 1/PLr c

Veh. SIL 1/PLr c N/A 
SIL 1/PLr c

N/A N/A N/A N/A 
SIL 1/PLr b
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Failure mode Hazard 
cat.

Wheeled 
excavator, 
roadable 

Wheeled 
excavator, 
non-road-

able or 
roadable 

Wheeled 
excavator, 
non-road-

able 

Articulated 
motor 

grader, 
roadable 

Articulated 
grader, too 
big for pub-
lic road use, 

typically 
used in min-

ing 

Skid steer 
loader and 
all-terrain 

track 
loaders, 

steel-track 
not allowed 

onroad; 
rubber-
tracks 
onroad 

< 25 km/h

Automatic blade/bucket/
bin control function is 

undesirable location. 
— Operator assumed to 

because he is compelled to 
disable attachment func-
tion when exiting. 

 

Op.
-

SIL 1/PLr
if there is 

a potential 
contacting 

the operator 

-
mentor SIL 
1/PLr
there is a 
potential 

contacting 
the opera-

or other 

or SIL 1/
PLr
is a potential 

contacting 
the operator 

SIL 1/PLr b SIL 1/PLr b

SIL 1/PLrc 
for boom 

while exiting

SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b

Veh. SIL 1/PLr b SIL 1/PLr b N/A SIL 1/PLr b N/A N/A 
(SIL 1/PLr b)

Automatic blade control 

bucket will not move auto-
 

 

Op. 
-

ment

-
ment

Veh. N/A 

-
ment

N/A N/A N/A 

Quick couplers: allows 
attachment to fall down 
uncommanded.

Op.
-

ment

N/A N/A

SIL 1/PLr c SIL 1/PLr c SIL 1/PLr c N/A N/A SIL 1/PLr c

Veh. N/A 

-
ment

N/A N/A N/A N/A 

ENGINE

impact on: speed of pro-

attachments.

Op.
-

ment

-
ment

Veh. N/A 

-
ment

N/A N/A N/A 
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Table A.5 — Generic SIL/PLr chart

Failure mode Hazard 
cat.

Crawler 
trencher 

< 12 km/h

Rubber-
tyred 

trencher 
< 12 km/h

Walk-
behind 

horizontal 
directional 

drill 
< 12 km/h

Ride-on 
horizontal 
directional 

drill 
< 12 km/h

Wheeled 
tractor 
scraper, 
roadable 

Self-
propelled 

roller, road-
able 

< 12 km/h

STATIONARY MACHINE

and lower functions and 

and similar begin to move 
uncommanded 

 
— Operator is not present 
— Disabling devices/park 
brakes applied. 
— Engine can be running. 
— Attachments on ground 
where appropriate for 
machines not in use.

Op. SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b

SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b

Veh. N/A SIL 1/PLr b N/A N/A 
SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b

Engine starts uncom-
manded During mainte-
nance. 

locked in position OFF.

Op. SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b

SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b

Veh. N/A N/A N/A N/A N/A N/A

WORKING MACHINE

and lower functions and 

and similar remains sta-

to move.

Op.
-

ment

-
ment

Veh. N/A
-

ment

N/A N/A

PROPEL/BRAKING

Propel speed/acceleration 
much higher than com-
manded. 
— Driving near a location 
where there could be a col-

are present. 
— Operator can stop pro-
pel using service brakes or 

as the F/N/R. 
— Service brake capac-

increase stopping force 
needed.

Op.
-

ment

-
ment

SIL 1/PLr b

Veh. N/A SIL 1/PLr b N/A N/A SIL 1/PLr b SIL 1/PLr b
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Failure mode Hazard 
cat.

Crawler 
trencher 

< 12 km/h

Rubber-
tyred 

trencher 
< 12 km/h

Walk-
behind 

horizontal 
directional 

drill 
< 12 km/h

Ride-on 
horizontal 
directional 

drill 
< 12 km/h

Wheeled 
tractor 
scraper, 
roadable 

Self-
propelled 

roller, road-
able 

< 12 km/h

Propel speed/acceleration 
-

manded.  
— Driving near a location 
where there could be a col-

are present. 
— Operator can stop pro-
pel using service brakes or 

the F/N/R. 
— Service brake capac-

increase stopping force 
needed.

Op.
-

ment

-
ment

Veh. N/A
-

ment

N/A N/A

Complete loss of all brakes 
for stopping. 

machine to coast to a stop 
or use attachment in some 
cases. 
— Steering remains func-
tional for most wheeled 

skid steers and crawler 
machines.

Op. SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b

SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 2/PLr d SIL 2/PLr d

Veh. N/A SIL 1/PLr b N/A N/A SIL 2/PLr d SIL 2/PLr d

Complete loss of service 
 

— Operator still has at 

as park brake.

Op.
-

ment

SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b

Veh. N/A SIL 1/PLr b N/A N/A SIL 1/PLr b SIL 1/PLr b

Complete loss of engine/ 
transmission/ electrical 

functions. Without warn-
ing.

Op. N/A N/A N/A N/A

N/A N/A N/A N/A

Veh. N/A N/A N/A N/A

-

-
ling at full speed.  

in most conditions. Steer-

Op. r a r a r a r a SIL 1/PLr b SIL 1/PLr b

-
ment

SIL 1/PLr b SIL 1/PLr b

Veh. N/A SIL 1/PLr b N/A N/A SIL 1/PLr b SIL 1/PLr b

Swing brake release with-
out command.  

-
lic leakage. 
— Operator is not present. 

Op. N/A N/A N/A N/A N/A N/A

N/A N/A N/A N/A N/A N/A

Veh. N/A N/A N/A N/A N/A N/A

STEERING
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Failure mode Hazard 
cat.

Crawler 
trencher 

< 12 km/h

Rubber-
tyred 

trencher 
< 12 km/h

Walk-
behind 

horizontal 
directional 

drill 
< 12 km/h

Ride-on 
horizontal 
directional 

drill 
< 12 km/h

Wheeled 
tractor 
scraper, 
roadable 

Self-
propelled 

roller, road-
able 

< 12 km/h

Complete loss of all steer-
ing (either steers uncom-
manded or not at all while 
propelling). 
— Operator has braking to 
stop the machine. 
— Operator is not warned 
prior to loss of steering.

Op.
-

ment

SIL 1/PLr b SIL 1/PLr b

-
ment

SIL 2/PLr d SIL 2/PLr d

Veh. N/A SIL 1/PLr b N/A N/A r e r e

Loss of normal steering 
while maintaining another 

-
manded or is limited in 

propelling). 
— Operator has braking to 
stop the machine. 
— Operator is not warned 
prior to loss of steering. 
— Operator can switch to 

Op.
-

ment

-
ment

SIL 1/PLr b SIL 1/PLr b

Veh.
-

ment

SIL 2/PLr d SIL 2/PLr d

EQUIPMENT/ATTACHMENT

move without command.  
— Operator is present in 
operating station and can 
react.  

-

similar.

Op.
-

ment

N/A

SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b N/A

Veh. N/A N/A N/A N/A SIL 1/PLr b N/A

backhoe loader —  hoe 

loader boom arm functions 
begin to move without 
command. 
— Operator is present in 
operating station and can 
react.  

-

similar.

Op.
-

ment

N/A

SIL 1/PLr c SIL 1/PLr c SIL 1/PLr c SIL 1/PLr c N/A N/A

Veh. N/A SIL 1/PLr b N/A N/A N/A N/A
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Failure mode Hazard 
cat.

Crawler 
trencher 

< 12 km/h

Rubber-
tyred 

trencher 
< 12 km/h

Walk-
behind 

horizontal 
directional 

drill 
< 12 km/h

Ride-on 
horizontal 
directional 

drill 
< 12 km/h

Wheeled 
tractor 
scraper, 
roadable 

Self-
propelled 

roller, road-
able 

< 12 km/h

Automatic blade/bucket/
bin control function is lost.  

undesirable location.  
— Operator assumed to 

because he is compelled to 
disable attachment func-
tion when exiting.  

 

Op. SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b

SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b SIL 1/PLr b

Veh. N/A SIL 1/PLr b N/A N/A SIL 1/PLr b SIL 1/PLr b

Automatic blade control 

bucket will not move auto-
 

 

Op.
-

ment

-
ment

Veh. N/A
-

ment

N/A N/A

Quick couplers: allows 
attachment to fall down 
uncommanded.

Op. N/A N/A N/A N/A N/A N/A

N/A N/A N/A N/A N/A N/A

Veh. N/A N/A N/A N/A N/A N/A

ENGINE

impact on: speed of pro-

attachments.

Op.
-

ment

-
ment

Veh. N/A
-

ment

N/A N/A

A.3.3 
consistent with the generic SILs/PLr
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Decel Pedal

Brake Pedal(Service)

Final Drive Le�

Final Drive Right

Example of System Block Diagram for Steel-Tracked Dozer

FNR&Speed Shi� Lever
 or Switch

Steering Levers

Implement&A�achment
Control Levers

Implement (Blade, Ripper)
& A�achment ActuatorsHydraulic System

Power Train

Hydraulic System

Engine Func�on

Power Train / Steering Func�on

Implement Func�on

Brake Func�on (Service, Parking)

De-Ac�va�ng Devices
for

Power Supply Func�on

Ba�ery Disconnect Switch

Hydraulic System
Brakes

>Opera�on
>Signal
>Electrical &
  Mechanical
Power
>Cut off func�on

Engine
Thro�le Lever or Dial

Operator

Parking Brake Lever or Switch

Ba�ery

Electric System

Figure A.2 — Steel-tracked crawler dozer

 

32 © ISO 2012 – All rights reservedCopyright International Organization for Standardization 
Provided by IHS under license with ISO Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs

Not for Resale, 12/03/2013 08:38:49 MSTNo reproduction or networking permitted without license from IHS

--`,`,,,,,```,````,`,,`,`````-`-`,,`,,`,`,,`---



 

ISO/TS 15998-2:2012(E)

Final drive Right

Example of System Block Diagram for Crawler Excavator

Travel Control Levers

Implement&A�achment
Control Levers

Swing Lock Switch or Lever

Implement (Boom, Arm,
Bucket) & A�achment

Actuators

Hydraulic System

Hydraulic System

Hydraulic System

Engine Func�on

Propel Func�on

Implement Func�on

De-Ac�va�ng Devices
for Implements&A�achments

Power Supply Func�on

Ba�ery Disconnect Switch

EngineThro�le Lever or Dial

Operator

Swing Lock Actuator

>Opera�on
>Signal
>Electrical &
  Mechanical
Power
>Cut off func�on

Swing Control Lever Swing ActuatorHydraulic System

Swing Func�on

Travel Speed Selec�on Switch

Ba�ery

Electric System

Final Drive Le�

Park Brake

Figure A.3 — Steel-tracked crawler excavator
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,

Thro�le Pedal

Brake Pedal(Service)

Final drive, Steered
wheels

Actuator for Steering

Operator

Example of System Block Diagram for Ar�culated Dump Truck/Rigid Frame Haul Truck

Shi� Lever

Steering Wheel

Hoist Control Lever Hoist Actuator

Engine

Hydraulic System

Hydraulic System

Engine Func�on

Power Train Func�on

Steering Func�on

Implement Func�on

Emergency Power

Brake Func�on (Service, Secondary,Parking)

Power Supply Func�on

Ba�ery Disconnect Switch

Parking Brake Lever or Switch

Brake Pedal or Lever
(Secondary) Brake ActuatorHydraulic System

Brake Actuator

Brake Actuator

Power Train

Hydraulic System

Hydraulic System

Ba�ery

Electric System

>Opera�on
>Signal
>Electrical &
  Mechanical
Power
>Cut off func�on

It may be designed to comply with ISO5010.

It may be designed to comply with ISO3450.

Figure A.4 — Articulated dump truck/rigid-frame haul truck
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,

Thro�le Pedal

Brake Pedal(Service)

Final drive, Steered
wheels

Actuator for Steering

Operator

Example of System Block Diagram for Ar�culated Wheeled Loader

FNR&Speed Shi� Lever

Primary Steering

Implement&A�achment
Control Lever

Implement (Boom,
Bucket)

Engine

Brake Actuator

Hydraulic System

Power Train

Hydraulic System

Hydraulic System

Engine Func�on

Power Train Func�on

Steering Func�on

Implement Func�on

Secondary Steering Hydraulic System

Emergency Power

Brake Func�on (Service, Parking)

De-Ac�va�ng Devices
for Implements

Power Supply Func�on

Ba�ery Disconnect Switch

Parking Brake Lever or Switch Hydraulic System Brake Actuator

>Opera�on
>Signal
>Electrical &
  Mechanical
Power
>Cut off func�on

Ba�ery

Electric System

It may be designed to comply with ISO5010.

It may be designed to comply with ISO3450.

Figure A.5 — Articulated wheeled loader

A.4 Contributions to the risk reduction of the MCS

r 

NOTE 1 Combinations of lower SIL/PLr
SIL/PLr.

NOTE 2 The difference between a SIL 1/PLrb and SIL 2/PLr
10 times more reliable with respect to the undesirable failure mode.

A.4.1 Redundant control systems

r
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r d for an articulated dump truck. If there 

lowered to SIL 1/PL b.

r e for 

r

r

A.4.2 Advance warning

r

r e for wheeled machines used onroad. If 

A.4.3 Disablement

reduce the risk of uncommanded motion when the operator leaves the operator station; therefore the 
SIL/PLr
and at risk from un-commanded motion.

r

failure/104 h of operation).

A.4.4 Countering

r
but the sensor failure mode is not considered SIL 1/PLr

them occurring.
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A.5 Risk reduction chart

r
references of ISO 15998.

A.5.1 Risk reduction process used to achieve tolerable risk (adequately reduced risk)

result of achieving a safe condition (see Figure A.6).

Key
Rh
Rr

Ra actual risk reduction achieved with protective measures
1

2

4
R risk
R1SRP/CS R2SRP/
CS

R1

a

b

Figure A.6 — Overview of risk reduction process for each hazardous situation
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Table A.6 — Examples of risk reduction for braking systems

Tolerable risk
Examples

Combination of E/H park and second-

Proven common components for EH 

Risk represented as SIL

2/PLr

2/PLr d.

r d. 
r b performance and consists of proven-in-

use components.

r e performance level.

A.5.2 Risk reduction via an operator protection device

The risks associated with exiting the operator station of a skid steer loader having the boom lower are 
SIL 1/PLr

r c 
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Annex B 
(informative) 

 
Guidance for describing the ISO 15998 safety concept

Table B.1 — Wheeled loader — Propel direction MCS — Example

Safety concept description ele-
ments from ISO 15998:2008 

[ISO 15998-1]
E/E/PE system being described — Example — Transmission MCU

4.2

related functions

Transmission:  
Solenoids to control transmission gear and direction 

three switches 
 

4.3 Description of basic function F/N/R direction is three digital inputs:
a) Forward signal (F)  

b) Neutral signal (N)  

c) Reverse signal (R)  

Output direction solenoids
Forward solenoid 
Reverse solenoid

 

Open loop system 

4.4 Risk analysis and assessment The risk assessment indicates the machine propelling while operator 
r b.
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Safety concept description ele-
ments from ISO 15998:2008 

[ISO 15998-1]
E/E/PE system being described — Example — Transmission MCU

4.5 Performance criteria for the 
safety concept

Redundancy 
F/N/R input sensors must agree to be a valid state. 

 
 
 

Fault detection 

fault is detected. 

 
Safe state 

power to Forward and Reverse solenoids. 

 

-
 

-

ranges. 
-

 

removal machine from the work site.
4.7 Emergency stop function

5.2 Fault avoidance and fault 
control

r b on the trans-
mission controller.

5.3 Requirements for program-
mable electronic systems (PES)

Software will be developed according to SIL1/PLr b.

5.4 Malfunction or failure of the 
electronic components used in 
the machine-control systems

Safe state 

power to F and R solenoids. 

 
-

5.5 Restart-up procedure
in N until a valid N command is received at the transmission controller. 

to F or R per the operator’s command.

 

Table B.1 (continued)
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Annex C 
(informative) 

 
Example of compliance with ISO 15998

ISO 15998
-1. See also ISO 12100
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a See ISO 12100.
b

Figure C.1 — Summary process map for ISO 15998 compliance 
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 Identify the safety functions to be performed
by SRP/CSs  

For each safety function specify the required 
characteristics (see Clause 5) 

Determined the required performance level PL r 
(see 4.3 and Annex A) 

Design and technical realisation of the safety
function;

 
 
Identify the safety-related parts which carry out the
safety function (See 4.4) 

Verification of PL for the 
safety function:   

Is PL ≥ PL  ? (see 4.7)r
 

Evaluate the performance level PL (see 4.5)
considering:

 

- Category (see Clause 6) 
- MTTFd (see Annexes C and D)  
- DC (see Annex E) 
- CCF (see Annex F) 
- If existing:  software (see 4.6 and Annex J)

of the above safety-related parts 

Validation (see clause 8  )
Are all requirement met ?

a

 

Have all safety functions
been analysed ? 

No 

No 

No 

To Figure 1 (ISO 12100) 

Yes 

Yes 

Yes 

For each 
selected 
safety 
function 

From Figure C.1 

Figure C.2 — Summary process map — Iterative process for design of safety-related parts of 
control systems (SRP/CS) 
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Annex D 
(informative) 

 
EMM example for complying with ISO 15998

ISO 15998-1:2008/ISO 15998-1 — General require-
ments Function Completed – 

Yes/No/%

  See below.

- Product 
design

 
-

tion.

- Product 
design

 
schematics for the machine.

-
Product 
design

 Technical manual — electrical schemat-
ics for the machine and wiring installation 
drawings.

- Product 
design

 Wiring installation drawings.

in agreement with the documentation with regard to the 
Product 
design

 Wiring installation drawings with connec-

the environmental conditions during the intended opera-
tion of the machine:

Product 
design

 

Product 
design

 Same as above.

Product 
design

 Same as above.

Product 
design

 Same as above.

— Electrical conditions (over- and under-voltage)
Product 
design

 Same as above.

— Electromagnetic conditions Product 
design

 Same as above.

Product 
design

 Same as above.

-

following:

Product 
design

 -

diagram with functional descriptions of each 
block; circuit diagram for external connec-
tion and description of external signals.

Product 
design

 

Product 
design

 

data/sensors used.
Product 
design

 

Product 
design

 

 

44 © ISO 2012 – All rights reservedCopyright International Organization for Standardization 
Provided by IHS under license with ISO Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs

Not for Resale, 12/03/2013 08:38:49 MSTNo reproduction or networking permitted without license from IHS

-
-
`
,
`
,
,
,
,
,
`
`
`
,
`
`
`
`
,
`
,
,
`
,
`
`
`
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



 

ISO/TS 15998-2:2012(E)

ISO 15998-1:2008/ISO 15998-1 — General require-
ments Function Completed – 

Yes/No/%

- Product 
design and 

product veri-

 
generic SIL/PLr chart from risk assessments 

-
cept of the machine taken into account during development 

Product 
design and 

product veri-

 

  

— Fault-detection procedures   

— Safe state

-
ing function along with indication to the operator (i.e. 

  

4.6.1 Environmental conditions in which the machines are Product  

documents

Product  

for electrical and electronic components and 

of ISO 15998.

Product  
electrical and electronic components and 

Product  -

Product  
electrical and electronic components and 

Product  
electrical and electronic components and 

r
r -

ment in accordance with the risk assessment:

Product 
design and 

product veri-

 

5.2 Fault avoidance and fault control Product 
design and 

product veri-

 

program for the manufacturer per ISO 9001 

-
tems (PES) have the software developed and validated 

Product 
design and 

product veri-

 

-

evaluation for validation

the case of the malfunction or failure of the electronic 

assessment.

Product 
design and 

product veri-

 
-

ples in Table D.1)

5.5 Restart-up procedures — automatic restart-up in the 
case of a fault that disappears not allowed unless the eval-
uation of the risk assessment demonstrates safe operation 
can be maintained.

Product 
design and 

product veri-

 

state.

 

Table D.1 (continued)
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ISO 15998-1:2008/ISO 15998-1 — General require-
ments Function Completed – 

Yes/No/%

Product 
design and 

product veri-

 Listed above in 4.2 to 4.6.5.

7.1 Tests give in 7.2 are intended to meet the general 

-

Product  

below).

-

(see 5.4); functional test at operating temperature and 

Product  

-

- Product  

for electrical and electronic components and 

-
ments that were met.

Product  Same as above.

7.2.4 Shock test should be performed either in accordance 

of IEC 60068-2-27.

Product  Same as above.

conduct simple software functional test and an expanded 
functional test in accordance with IEC 61508-7.

besides those of IEC 61508.

Product  
formal test reports for machine-level electri-
cal functional checkout.

 

Table D.1 (continued)
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Annex E 
(informative) 

 
Qualitative proposal for control of random hardware failures

E.1 Purpose

Fault avoidance and fault control for 
random hardware failures originating during machine life/operation.

normative element of ISO 15998.

E.2 Safe failure fraction (SFF)

 

 

 

 

 

 

 

 

 -
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E.3 Fault control

E.3.1 Documentation

part of ISO 15998

The method gives guidance to the selection of measures in order to control random hardware failures 

E.3.2 Hardware architecture

See Table E.1.

Table E.1 — Hardware architecture

Table A.2 Electrical components
Electronic components

Table A.4 Processing units
Table A.5
Table A.6
Table A.7 I/O units and interface
Table A.8 Data paths
Table A.9
Table A.10
Table A.11 Clock
Table A.12 Communication and mass-storage

Sensors
Table A.14 Final elements

E.3.3 Architectural constraints

 

48 © ISO 2012 – All rights reservedCopyright International Organization for Standardization 
Provided by IHS under license with ISO Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs

Not for Resale, 12/03/2013 08:38:49 MSTNo reproduction or networking permitted without license from IHS

-
-
`
,
`
,
,
,
,
,
`
`
`
,
`
`
`
`
,
`
,
,
`
,
`
`
`
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



 

ISO/TS 15998-2:2012(E)

Table E.2 — Maximum allowable safety integrity level for a safety function carried out by a type 
A safety-related element or subsystem

Safe failure fraction of an element Hardware fault tolerance
 0 1 2

SIL 1/PLr b/c SIL 2/PLr d r e
SIL 2/PLr d r e  

r e   

r e   

Table E.3 — Maximum allowable safety integrity level for a safety function carried out by a type 
B safety-related element or subsystem

Safe failure fraction of an element Hardware fault tolerance
 0 1 2

Not Allowed SIL 1/PLr b/c SIL 2/PLr d
SIL 1/PLr b/c SIL 2/PLr d r e
SIL 2/PLr d r e  

r e   

 NOTE 2 This table in association with 7.4.4.2.1 and 7.4.4.2.2 can also be used:

function and the SFFs of the elements to be used.

 NOTE 4 See Annex C for details of how to calculate safe failure fraction.

E.3.4 Selection of techniques and measures to control random hardware failures dur-
ing operation

failure fraction due to the architectural constraints.
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r

interval + fault reaction < 500ms.

Table E.4 — Program sequence (watch-dog)

Diagnostic technique/measure See IEC 61508-7 Maximum diagnostic 
coverage considered 

achievable

Notes

Watch-dog with separate time 
base without time-window

A.9.1 Low  

Watch-dog with separate time 
base and time-window

A.9.2  

Logical monitoring of program 
of the monitoring.

Combination of temporal and 
logical monitoring of programme 

A.9.4 High  

Temporal monitoring with online 
check

A.9.5  

As

Watchdog with separate time base and time-window

E.3.5 Diagnostic test interval and fault reaction

E.3.5.1 Hardware fault tolerance more than zero

 

 -

or
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demand mode of operation.

 Shall be such that the sum of the diagnostic test interval and the time to perform the repair of a 

be less than 24 h.

E.3.6 Hardware fault tolerance of zero

 -

diagnostics if:

 

 — in high demand mode of operation the ratio of the diagnostic test rate to the demand rate 
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Annex F 
(informative) 

 
Architecture

mean time to failure consideration: 

 — ISO 26262;
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Annex G 
(informative) 

 
Realized design to meet determined SIL or PLr levels

G.1 General

PLr

d

G.2 MTTFd determination

d

— Use manufacturer’s data

— Software tools designed to access the above databases

d
instead of calculations offered in this section

— Siemens: SN 29500 – Failure rates of components

d

evaluate the failure mode of each component and determine the percent of the failures that are dangerous

MTTF  
MTTF

percent dangerous failures
d =  
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MTTFd
B10d

(0,1 nop)
=

∗

nop dop hop
3600s/h

tcycle
= ∗ ∗

where

 nop is the number of operations;

 hop

 dop

 

d

 System i System i +1 System n-1 System n 

1

MTTF

1

MTTF

1

MTTFd d1 d1

= =
= =
∑ ∑

ii

N

jj

N

System 1 
C1 

System 2 
C2 

MTTF
2

3
MTTF MTTF

1

1

MTTF

1

MTTF

d d d

d d

= + −
+

⎡

⎣

⎢
⎢
⎢
⎢

⎤

⎦

⎥
⎥
⎥
⎥

C1 C2

C1 C2
The following is an example of a simple circuit:

 

Bipolar Transistor 

Carbon Film Resistor 

Component MTTF MTTFd  1/MTTFd

68 494 1.46E-05
Resistor 114 155

d d d(transistor)

d

d
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d. In the simple example 
d would be denoted as High.

MTTFd

Denotation of each channel Range of each channel
Low d

d

High d

d
d

d

d values can be used for single components 
(see Table D.1).

G.3 Diagnostic coverage

The average diagnostic coverage is that ratio of detected dangerous failures to the total number of 
dangerous failures as follows. DCavg is to be calculated for the entire channel:

DC

DC

MTTF

DC

MTTF
...

DC

MTTF

1

MTTF

1

MTTF
...

avg

1

d1

2

d2

N

dN

d1 d2

=
+ + +

+ + ++ 1

MTTFdN

 

Upon completion of the DCavg
each channel.

DC
Denotation Range

None
Low

High
 NOTE 1 For SRP/CS consisting of several parts an average value DCavg

(e.g. IEC 61508) dealing with diagnostic coverage of tests. Investigations show that (1 – DC) rather than DC itself is a 
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G.4 Common cause failure

A common cause failure (CCF) is a single failure point that results in a failure in 2 or more channels. 

No. Measure against CCF Score
1 Separation/Segregation

 15

2 Diversity

 

Components of different manufactures.

20

3 Design/application/experience
15

Components used are well-tried. 5
4 Assessment/analysis

 -
mon cause failures in design? 5

5 Competence/training

 Have designers/maintainers been trained to understand the causes and conse- 5

6 Environmental

6.1

accordance with appropriate standards.

-
25

6.2

considered?

10

 Total [max. achiev-
able 100]

Total score Measures for avoiding CCFa

65 or better
Less than 65
a
calculation.
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G.5 Category of system

of the design.

avg d in order to determine the maximum PL level 

-12006

Category B 1 2 2 3 3 4
DCavg none none low medium low medium high
MTTFd of each channel:  
              Low a Not 

covered a b b c Not 
covered

b Not 
covered b c c d Not 

covered
              High Not 

covered c c d d d e
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