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Determination PL
According to EN ISO 13849-

1:2016, Fig. 5 and Table 4, 5

MTTFd

3 years

10 years

30 years

100 or 2500 years

DCavr

None < 60%

Low ≥ 60%; <90%

Medium ≥ 90%; <99%

High ≥ 99%

Low

Low
Low Low

Low

Medium

Medium
Medium Medium

Medium

High

High
High High

High
High

Low

Medium

High

PFHD 

10
-4

10
-5

3x10
-6

10
-6

10
-7

10
-8

1. Determination of category, DCavr and MTTFd

2. Selection of applicable column from Category and DCavr

3. Determination of horizontal position based on MTTFd

4. Reading of PL

Note: 
Please use chart K.1 from EN ISO 13849-1 for more accurate results.

Cat. B 

DCavr

= None

Cat. 1 

DCavr

= None

Cat. 2 

DCavr

= Low

Cat. 2 

DCavr

= Medium

Cat. 3 

DCavr

= Low

Cat. 3 

DCavr

= Medium

Cat. 4 

DCavr

= High

Safety specifications
Acc. to VDMA 66413:2012, Fig. 1 (modified)

Developed according to safety standards, e.g. safety relays, safety-

related control system components, safety light curtain, safe drives /

drive functions 

Device type 1

Wear depending on age: e.g. proximity switch, non-safety-related 

electronics, pressure sensor, hydraulic valve 

Device type 2

Wear depending on frequency of operation: e.g. power contactors, 

switches, pneumatic valves, interlocking devices

Device type 3

Value can be calculated

Value may have influence

For determination all data 

are required  

PL

PFHD*

T1

B10

B10d
RDF

C
PL

PFHD

T1

T1

MTTFd

CCF

DC

Category

T2

nop

(Shift frequency)

HFT (Shift structure)

&

Application 

specific data

Preferred 

data

Value calculated 

by user

Device data

MTBF MTTF T1

PL

PFHD

T1

MTTFd (oder λD)

CCF

DC

Category

T2

RDF

HFT (shift structure)

λDD

λDU

λSD

λSU

As device type 1, but PFHD = 0

e.g. safety drive with STO, spring actuated guard locking

Device type 4

Evaluation of technical safeguards
According to EN ISO 13849-1:2016

Design of safety function 

and selection of components

Evaluation of category (6.2), 

Evaluation of DC (4.5.3 & E),

Evaluation of MTTFd (D)

Evaluation of PL of 

all subsystems (K)

Evaluation of PL of the 

safety function (6.3)
Evaluation of MTTFd 

from B10d and nop 

(C.4.2)

Other

safety function

possible? YES

YES

YES

YES YES

YES

NO

NO

NO

Missing

safety data available

in EN ISO 13849-1?

(C.3 & C.5)

MTTFd

of all subsystems

known?

PL

of all subsystems

given?

Safety

function con-

forms with category, DC

and MTTFd combination from 

EN ISO 13849-1? 

(Fig. 1 & K)

With calculation tool like Sistema

Safety

data for all

components available

from manu-

facturer?

PL >= PLr

Start End

NO

NO

Cat. 2

to 4 and CCF

< 65 Pt?

NO

YES NO

NO

NO

Selection

of other categorie or 

DC possible?

YES

YES

YES

S - Severity of injury

S1 slight (normally reversible injury)

S2 severe (normally irreversible injury including death)

 

F - Occurence and/or duration of exposure to hazard

F1  infrequently up to less frequently and/or short period of exposure to hazard

F2  frequently up to permanently and/or long period of exposure to hazard

 

P - Ways to avoid hazards or limitation of damage  

P1 possible under specific conditions

P2 barely possible

Probability of occurrence of a hazardous event

The additional parameter, introduced with the ISO 13849-1:2016, is omitted here, as the standard provides no methods to justify it. 

For further infos, please contact our technical support.

Determination PL
r
 – Risk graph

According to EN ISO 13849-1:2016, Fig. A.1

Risk evaluation and risk reduction 
According to EN ISO 12100:2010, Fig. 1

Risk evaluation

Risk reduction

At each step of the iterative process: 

risk estimation, risk evaluation and if 

applicable: risk comparison

Step 1: 

Risk reduction by

inherently safe design

measures (see 6.2)

Step 2: 

Risk reduction by safe-

guarding 

Implementation of com-

plementary protective 

measures (see 6.3)

Step 3: 

Risk reduction by infor-

mation for use (see 6.4)

Risk analysis

Determination of the 

limits of the machinery 

(see 5.3)

Hazard identification 

(see 5.4 and Annex B)

Risk estimation (see 5.5)

Risk evaluation (see 5.6)

Documentation (see 7)

Has the

risk been adequately

reduced? (adequate risk re-

duction: see Clause

6)

Can the hazard be

removed?

Is the

intended

risk reduction

achieved?

Can the risk be

reduced by inherently safe 

design measures?

Can the risk be

reduced by guards,

protective devices?

Can the limits

be specified again?

Are

other hazards

generated?

YES

YES

YES

YES

YES

YES

JA

NO

NO

NO

NO

NO

NO

NO

Start

End

Is the

intended

risk reduction

achieved?

Is the

intended

risk reduction

achieved?

Scheme of standards according ISO/TR 22100-1: 2016

Type-B Standards related to: hazards Type-B Standards related to: aspects and technology

NOISE SUBSTANCES VIBRATION & SHOCK DIMENSIONS 

& DISTANCES

POWER SOURCE SAFETY DEVICES

Determination of emis-

sion sound pressure 

levels at a workstation

EN ISO 11200 to 11205

Determination of sound 

power & energy levels

EN ISO 3741, 3743-1, 

3744, 3745, 3746, 3747

Determination of sound 

power levels by sound 

intensity

EN ISO 9614 series

Insulation performances 

of enclosures

EN ISO 11546 series

Insulation performances

of cabins

EN ISO 11957

Declaration & verificati-

on of noise emission

EN ISO 4871

Evaluation of emission 

of airborne hazardous 

substances

ISO 29042 series

Reduction of risks to 

health from hazardous 

substances

ISO 14123-1 & -2

Hygiene requirements

EN ISO 14159

THERMAL HAZARDS

Human responses to

contact with surfaces

EN ISO 13732-1 & -3

FIRE HAZARDS

Fire prevention and 

protection

EN ISO 19353

ELECTRICAL

HAZARDS

Protection against 

electric shock

EN 60204-1

Whole body vibration 

ISO 2631 series

Hand-arm vibration

EN ISO 13753

Hand-held & hand-

guided machinery

EN ISO 20643

ERGONOMICS

Access openings

EN ISO 15534

Anthropometric require-

ments for workstations

EN ISO 14738

Computer manikins 

and body templates

EN ISO 15536-1

RADIATION 

HAZARDS

Lasers and laser-related 

equipment - Generals

EN ISO 11145

Gaps to avoid crushing

EN ISO 13854

Minimum distances

EN ISO 13855

Safety distances 

EN ISO 13857

Permanent means of 

access

EN ISO 14122 series

ALARMS 

& WARNINGS

Design principles for

safety signs 

ISO 3864-1

Registered safety signs

EN ISO 7010

Auditory danger signals

EN ISO 7731

Visual, acoustic and

tactile signals

EN 61310-1

Emergency stop function

EN ISO 13850

Validation of safety-

related parts of control 

systems

EN ISO 13849-2

Design of safety-related 

parts of control systems 

EN ISO 13849-1

Avoidance of unexpec-

ted start-up

EN ISO 14118

CONTROL SYSTEMS

Hydraulic equipment 

EN ISO 4413

Pneumatic equipment

EN ISO 4414

Electrical equipment

EN 60204-1

Guards

EN ISO 14120

Interlocking devices

EN ISO 14119

Two-hand control 

devices

EN ISO 13851

Electro-sensitive

protective equipment 

EN 61496 series

Detection of persons

EN 62046

Pressure-sensitive

protective devices

EN ISO 13856 series

ASSEMBLY OF

MACHINERY

Integrated manufactu-

ring systems

EN ISO 11161

GENERAL PRINCIPLES FOR DESIGN – RISK ASSESSMENT & RISK REDUCTION

 EN ISO 12100 (TYPE-A STANDARD)

Series connection 

of doors 

EN ISO/TR 24119

All significant

hazards dealt with and

associated risks appropria-

tely reduced?

Machine 

completely covered within

the scope?

Applicable type-C

standard?

Applicable

type-C standard

known? 

Documentation

Standard research, e.g. 
·  National standards institute (e.g. shop.bsigroup.com) 

·  Catalogue of harmonised standards

 
http://ec.europa.eu/enterprise/policies/europeanstandards/harmo-

nised-standards/machinery/index_en.htm

End

Start

Apply type-C

standard

Apply ISO 12100

in conjunction with

appropriate type-B 

standards

Apply type-C standard & ISO 

12100 in conjuntion with appro-

priate type-B standards for 

hazards not dealt with and/or 

where risks are not appropriately 

reduced by the type-C standards

Choose appropriate 

type-B standard

Choose appropriate 

type-B standard

Selection of standards

NO

NO
NO

NO

YES YES

YES

YES

Safety Guidelines

www.wieland-electric.com/en/training

safety service by Wieland
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