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CALCULATION OF THE PERFORMANCE LEVEL 
 
 
To calculate the system performance level, the following formula must be used: 
 

 

1
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑑𝑑

= �
1

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑑𝑑,𝑖𝑖
=  �

𝑛𝑛𝑗𝑗
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑑𝑑,𝑗𝑗

Ñ

𝑗𝑗=1

𝑁𝑁

𝑖𝑖=1

 

 
 
Where 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑑𝑑 means the failure rate of dangerous failure. It is therefore necessary to calculate the 

following values of 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑑𝑑 for the entire security chain: 

 

• 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑑𝑑 of the sensitive element (mat, edge or bumper) according to the number of annual 
operations foreseen 
 

• 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑑𝑑 of the safety control unit, data available from the manual, according to some predefined 
annual operations 
 

• 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑑𝑑 of any output contactors according to the number of annual operations foreseen 

 
Wide Automation provides for its pressure sensitive products (carpets, edges and bumpers) the parameter 

𝐵𝐵10𝑑𝑑 which means the number of cycles to be carried out on a device until 10% of the components 

present a fault or a dangerous break. 

 
The calculation of the 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑑𝑑 through the 𝐵𝐵10𝑑𝑑 is carried out using the following formula: 
 
 

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑑𝑑 =
𝐵𝐵10𝑑𝑑

0.1 · 𝑛𝑛𝑜𝑜𝑜𝑜
 

 
 
where 𝑛𝑛𝑜𝑜𝑜𝑜 is the average number of operations in a year, i.e. the number of times the sensitive element is 

pressed and can be estimated with the following formula: 

 
 

𝑛𝑛𝑜𝑜𝑜𝑜 =
𝑑𝑑𝑜𝑜𝑜𝑜 ·  ℎ𝑜𝑜𝑜𝑜 · 3600

𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
 

𝑛𝑛𝑜𝑜𝑜𝑜 : number of cycles in a year 
𝑑𝑑𝑜𝑜𝑜𝑜 : days of work per year 
ℎ𝑜𝑜𝑜𝑜 : hours of work per day 
𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐  : time interval between two cycles (in 
seconds) 
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Once the total 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑑𝑑 value has been found and knowing that the Wide Automation safety control units are 

in category 3, the PL of the system is determined using table K.1 of the 13849-1 standard as shown below: 

 
 
 

 
 
 
 

 
 

Table K.1 of the 13849-1 standard 
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INSIGHTS ON THE SUBJECT 
 

The EN ISO 13849-1 standard provides the manufacturer with an iterative method to assess whether the 
risks of a machine can be limited to an acceptable residual level through the use of adequate safety 

functions. 

 

The method adopted envisages, for each risk, a hypothesis-analysis validation cycle at the end of which it 

must be possible to demonstrate that each safety function chosen is adequate for the relative risk under 

examination. The first step therefore consists in evaluating the level of performance required by each safety 

function. 

 

EN ISO 13849-1 uses a graph to analyze the risk of a function of a machine (figure A.1) determining, as a 

function of the risk, instead of a required safety category, a required performance level or PLr (Required 

Performance Level) for the safety function that will protect that part of the machine. 

 

Figure A.1 - Risk graph to determine the PL required for the safety function 
Legend: 
1 - Starting point for assessing the contribution of the safety function to risk reduction 
L - Low contribution to risk reduction 
H - High contribution to risk reduction 
PLr - Performance level required 
 
Risk parameters: 
S - Severity of the injury 

S1: Slight (usually reversible injury) 
S2: Severe (usually irreversible injury or death) 

F - Frequency and/or exposure to danger 
F1: Rare to infrequent and/or short exposure time 
F2: Frequent to continuous and / or long exposure time 

P - Possibility of avoiding the danger or limiting the damage 
P1: Possible under specific conditions 
P2: Rarely possible 
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The manufacturer of the machinery, starting from point 1 of the graph and answering questions S, F and P, 

will identify the PLr for the safety function in question. 

 

He will then have to create a system to protect the machine operator that has a PL performance level 

equal to or better than that required. 
 

 

PL (Performance Level) 
The EN ISO 13849-1 standard provides the PL of the system through a correlation table (annex K of EN ISO 

13849-1) or, in simplified graphic form (point 4.5 of EN ISO 13849-1), through the following figure once 

known the parameters: 

 

B10d:   Number of operations for 10% of components to fail dangerously 
B10:   Number of operations for 10% of components to fail 

B10/B10d:  Relationship between total failures and dangerous failures. 

MTTFd:  Mean Time to Failure Dangerous 

DC:   Diagnostic coverage 

PFHd:   Probability of Dangerous Failure per hour 

SIL CL:  Safety Integrity Level Claim Limit. Maximum SIL achievable according to EN 62061 
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This image is very useful because it has multiple reading modes. 

Given a certain PLr it highlights all the possible solutions that provide that level of PL or the possible circuit 

structures that provide the same PL. 

For example, observing the figure it is possible to notice how to obtain a system with PL equal to “c” all the 
following solutions are possible: 

 

• Category 3 system with unreliable components (MTTFd = low) and medium DC. 
• Category 3 system with reliable components (MTTFd = medium) and low DC. 
• Category 2 system with reliable components (MTTFd = medium) and medium DC. 
• Category 2 system with reliable components (MTTFd = medium) and low DC. 
• Category 1 system with very reliable components (MTTFd = high). 

 

At the same time, the figure, having chosen a circuit structure, allows you to immediately see the maximum 

PLs that can be reached as a function of the average diagnostic coverage and the MTTFd of the 
components: 

 

The manufacturer can therefore exclude a priori some circuit structures as they are not adequate for the 

requested PLr. 


