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Pressure Transmitter
cerabar M PMC 41/45
cerabar M PMP 41/45/46/48
with Output Signal 4...20 mA/HART 

Functional Safety Manual
Application
Pressure measurement (e.g. limit 
pressure monitoring) to satisfy particular 
safety systems requirements as per 
IEC 61508/ IEC 61511-1. 

The measuring device fulfils the 
requirements concerning: 
• Functional safety in accordance with 

IEC 61508/IEC 61511-1
• Explosion protection (depending on 

the version)
• Electromagnetic compatibility as per 

EN 61326 and NAMUR 
recommendation NE 21.
Your benefits

• Used for pressure monitoring (MIN, 
MAX, range) up to SIL 2, independently 
evaluated by exida.com as per 
IEC 61508/ IEC 61511-1

• Continuous measurement
• Easy commissioning
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Cerabar M
SIL declaration of conformity
The binding document is included in the scope of delivery when the Cerabar M is ordered with 
the "SIL 2/IEC 61508 Declaration of conformity" option.
Endress+Hauser 3



Cerabar M
Validity of the Safety Manual

Valid device versions and
software versions

The evaluation described in this Safety Manual regarding functional safety is valid for the device 
versions and software versions specified below. Unless otherwise stated, all of the following 
versions can also be used for safety functions because they are subject to the internal 
modification process, within which the effects of modifications regarding functional safety are also 
evaluated.

The valid device versions are as follows:

• Cerabar M PMC 41/45-xxxxHxxx
• Cerabar M PMC 41/45-xxxxJxxx
• Cerabar M PMP 41/45/46/48-xxxxHxxx
• Cerabar M PMP 41/45/46/48-xxxxJxxx

Valid software version:

• as of SW 1.1

# Warning! 
The evaluation of the devices with regard to functional safety includes the basic device with main 
electronics, sensor electronics and sensor through to the sensor membrane and directly fitted 
process connection. 
• The following applies for diaphragm seals (PMP46 and PMP48):

The additional use of diaphragm seal systems has an impact on the overall accuracy of the 
measuring transmission and the settling time. In these cases, the planning instructions for 
diaphragm seal systems in Technical Information TI 399P must be observed. Assessing the 
suitability of the overall system, consisting of the basic device and the diaphragm seal, for 
safety-relevant operation is the responsibility of the operator.
4 Endress+Hauser



Cerabar M
Introduction

Abbreviations, standards 
and terms

Abbreviations

Information on abbreviations in connection with functional safety and their explanations can be 
found in the E+H brochure "Functional Safety in the Process Industry – reducing risks with SIL" 
(SD 002Z).

Relevant standards

Terms

Determining the Safety 
Integrity Level (SIL)

The achievable Safety Integrity Level is determined by the following technical safety 
characteristic quantities:
• Average Probability of Failure on Demand (PFDav)
• Hardware Fault Tolerance (HFT) and
• Safe Failure Fraction (SFF).

The specific technical safety characteristic quantities for the Cerabar M, as a part of the safety 
function, are listed in the "Technical safety characteristic quantities" chapter.

The following table displays the dependence of the "Safety Integrity Level" (SIL) on the "Average 
Probability of Failure on Demand" (PFDav). Here, the "Low demand mode" has been observed, 
i.e. the requirement rate for the safety-related system is maximum once a year. 

Sensor, logic unit and actuator together form a safety-related system, which performs a safety 
function. The "Average Probability of Failure on Demand" (PFDav) is usually divided up into the 
sensor, logic unit and actuator sub-systems as per Figure 1.

Standard English Deutsch

IEC 61508, 
Part 1 – 7

Functional safety of electrical/electronic/
programmable electronic safety-related 
systems 
(Target group: Manufacturers and 
Suppliers of Devices)

Funktionale Sicherheit 
sicherheitsbezogener elektrischer/
elektronischer/programmierbarer 
elektronischer Systeme 
(Zielgruppe: Hersteller und Lieferanten 
von Geräten)

IEC 61511, 
Part 1 – 3

Functional safety – Safety Instrumented 
Systems for the process industry sector 
(Target group: Safety Instrumented 
Systems Designers, Integrators and 
Users)

Funktionale Sicherheit – 
Sicherheitstechnische Systeme für die 
Prozessindustrie (Zielgruppe: Planer, 
Errichter und Nutzer)

Term Explanation

Dangerous 
failure

Failure with the potential to put the safety-related system in a dangerous or non-
functional condition.

Safety-related system A safety-related system performs the safety functions that are required to 
achieve or maintain a safe condition e.g. in a plant. Example: pressure 
measuring device – logic unit (e.g. limit signal generator) – valve form a safety-
related system.

Safety function Defined function, which is performed by a safety-related system with the aim of 
achieving or maintaining a safe condition for the plant, considering a specified 
dangerous incident. Example: limit pressure monitoring

Safety Integrity Level (SIL) PFDav (Low demand mode)

4 ≥ 10–5...< 10–4

3 ≥ 10–4...< 10–3

2 ≥ 10–3...< 10–2

1 ≥ 10–2...< 10–1
Endress+Hauser 5



Cerabar M
P01-xxxxxxxx-05-xx-xx-en-000

Fig. 1: usual division of the "Average Probability of Failure on Demand" (PFDav) into the sub-systems

Note!
This documentation considers the Cerabar M as a component of a safety function.

The following table displays the achievable "Safety Integrity Level" (SIL) of the entire safety-related 
system for type B systems depending on the "Safe Failure Fraction" (SFF) and the "Hardware Fault 
Tolerance" (HFT). Type B systems are, for example, sensors with complex components such as 
microprocessors (→ see also IEC 61508, Part 2).

PFD   :av � 35 % � 50 %� 15 %

Actuator
(e.g. valve)

Logic unit
(e.g. PLC)

Sensor
(e.g. pressure
measuring device)

Safe Failure Fraction 
(SFF)

Hardware Fault Tolerance (HFT)

0 1 (0) 1

1) In accordance with IEC 61511-1, Section 11.4.3, the "Hardware Fault Tolerance" (HFT) can be reduced 
by one (values in brackets), if the following conditions are true for devices using sensors and 
actuators with complex components: 
– The device is "proven in use".
– The device allows adjustment of process-related parameters, e.g. measuring range, 

upscale or downscale failure direction, etc.
– The adjustment the process-related parameters of the device is protected, e.g. jumper, password 

(here: numeric code or key combination).
– The function has a SIL requirement of less than 4.

All conditions are true for the Cerabar M.

2 (1) 1111

< 60% not permitted SIL 1 SIL 2

60 ...< 90% SIL 1 SIL 2 SIL 3

90 ...< 99% SIL 2 SIL 3 –

≥ 99 % SIL 3 – –
6 Endress+Hauser



Cerabar M
Safety function with Cerabar M

Safety function for limit 
pressure monitoring

P01-PMx4xxxx-14-xx-xx-en-001

Fig. 2: Safety function (e.g. for limit pressure monitoring) with Cerabar M as sub-system

1 Cerabar M with local operation, option for setting the lower range-value and upper-range value and the 
attenuation

2 Computer with operating program e.g. Commuwin II for setting all parameters such as alarm behaviour, 
max. alarm, operating mode, etc.

3 Handheld terminal HART Communicator DXR 275 for setting all parameters such as alarm behaviour, 
max. alarm, operating mode, etc.

Safety-relevant signal

The Cerabar M transmitter with electronic insert 4…20 mA/HART generates an analog signal 
(4…20 mA) proportional to the pressure. The analog signal is fed to a downstream logic unit, such 
as a PLC, or a limit signal generator and monitored there for:

• exceeding a maximum pressure value or
• undershooting a minimum pressure value or
• leaving a pressure range that is to be monitored

For fault monitoring, the logic unit must be able to detect both HI-alarms (22 mA) and LO-alarms 
(3.6 mA).

Safety function data Caution!
The compulsory settings and data for the safety functions are listed in the "Settings" and 
"Technical safety characteristic quantities" chapters.

For the reaction time of the transmitter, see Technical Information TI 399P.

Note!
MTTR is set at eight hours.

Safety-related systems without a self-locking function must be monitored or set to an otherwise 
safe state after carrying out the safety function within MTTR.

4…20 mA

➀

➁
I

O

FMD 230:LIC0001
Online
1 >Group Select
2   PV                                20 mbar

HELP

➂

Commubox
FXA 191

HART Communicator
DXR 275

Computer with
operating program
e.g. Commuwin II

Actuator

Logic unit
e.g. PLC,
limit signal generator
etc.Cerabar M

with display module (optional)
Endress+Hauser 7



Cerabar M
Supplementary device 
documentation 

Depending on the version, the following documentation must be available for the transmitter: 

Caution!
• The installation and setting instructions, and the technical limit values must be observed in 

accordance with the Operating Instructions (BA 201P).
• For devices used in explosion-hazardous areas, the supplementary documentation (XA, ZD) in 

accordance with the table must also be observed.

Supplementary documentation Cerabar M
For more information, see Technical Information TI 399P.

Behaviour in operation and failure

Note! The behaviour in operation and failure is described in the Operating Instructions BA 201P.

Explosion protection
certificate

Devices Operating 
Instructions (BA)

Other documentation 
(XA, ZE or ZD)

Standard PMC 41/45, PMP 41/45,
PMP 46/48

BA 201P none

ATEX II 1/2 G 
EEx ia IIC T4/T6

PMC 41/45, PMP 41/45,
PMP 46/48

BA 201P Safety Instructions 
XA 039P

ATEX II 2 G 
EEx ia IIC T4/T6

PMC 41/45, PMP 41/45,
PMP 46/48

BA 201P Safety Instructions 
XA 039P

ATEX II 3 G 
EEx nA II T5

PMC 41/45, PMP 41/45,
PMP 46/48

BA 201P Safety Instructions 
XA 052P

ATEX II 1/2 D
EEx ia IIC T4/T6
IP66 T50°C/T82°C

PMC 41/45, PMP 41/45,
PMP 46/48

BA 201P Safety Instructions 
XA 038P

ATEX II 1/3 D
IP66 T110°C

PMC 41/45, PMP 41/45,
PMP 46/48

BA 201P Safety Instructions 
XA 040P

CSA General Purpose PMC 41/45, PMP 41/45,
PMP 46/48

BA 201P none

CSA IS (suitable Div. 2) 
Class I, II, III; Div. 1, 
Groups A – G

PMC 41/45, PMP 41/45,
PMP 46/48

BA 201P Control Drawing ZD 040P

CSA 
Class II, III; Div. 1; 
Groups E – G

PMC 41/45, PMP 41/45,
PMP 46/48

BA 201P none

FM IS (non-incendive) 
Class I, II, III; Div. 1, 
Groups A – G

PMC 41/45, PMP 41/45,
PMP 46/48

BA 201P Control Drawing ZD 039P

FM DIP
Class II, III, Div. 1; 
Groups E– G

PMC 41/45, PMP 41/45,
PMP 46/48

BA 201P none
8 Endress+Hauser



Cerabar M
Commissioning and iterative tests

Using the Cerabar M 
for continuous
measurements

The functional ability of the safety device must be checked at appropriate intervals. It is the 
responsibility of the user to select the type of check and the intervals in the specified time frame. 
The check must be carried out such that perfect functioning of the safety equipment in 
conjunction with all components is proven.

Settings

Alarm behaviour and 
current output

In the event of a fault, the current output is set to the value you have selected. The settings can 
be made either using the Endress+Hauser Commuwin II operating program or with the HART 
Communicator DXR 275 handheld terminal. The alarm behaviour can be set using the "Set output 
safety" parameter. 

Warning!
When using the device as part of a safety function, the "CONTINUE" setting must not be se-
lected!

Checks Caution!
After entering all of the parameters, check the safety function. The Cerabar M offers the option of 
simulating a signal current via the "Simulation" and "Set simulation current" parameters, 
independently of the measured pressure. (These parameters are available when using 
Commuwin II and the Hart handheld terminal.) → See also the Operating Instructions BA 201P, 
chapter 5.2 "Current simulation".

Locking/Unlocking Warning!
Changes to the measuring system and its settings after commissioning can have a negative effect 
on the safety function. For this reason, you should lock the operation of the Cerabar M after all 
parameters have been input and the safety function has been checked. This protects your entries 
against undesired and unauthorised changes. 

Caution! 
The locking and unlocking function is only available via the Commuwin II operating program and 
the Hart Communicator DXR 275. After locking, no settings via the communication tools are 
possible. 
Operation can be unlocked via the matrix by entering a three-digit code number different to 130 
in V9H9.

"Set output safety" selection Current value in the event of a fault

"MIN" 3.6 mA

"MAX" 22 mA

"CONTINUE" last measured value is kept

Software 
version

Matrix position 
(only for 
operation via 
Commuwin II)

Parameter Permitted 
settings

# Caution!
Impermissible setting!

as of SW 
1.1

V0H8 "Set output safety" – "MIN" (3.6 mA)
– "MAX" (22 mA)

"CONTINUE" (This setting is not 
permitted for the safety 
function!)
Endress+Hauser 9



Cerabar M
Technical safety characteristic quantities

Specific technical safety 
characteristic quantities 
for Cerabar M

The table displays the specific technical safety characteristic quantities for the Cerabar M. 

PFDav dependent on 
selected
maintenance interval

The following diagram displays the dependence of the PFDav on the maintenance interval. PFDav 
increases as the maintenance interval increases.

P01-PMx4xxxx-05-xx-xx-en-001

Fig. 4: "Average Probability of Failure on Demand" (PFDav) dependent on the selected maintenance interval.

Matrix Way through menu Input

Main group: Service

1 Lock operation

V9H9 Locking e.g. 131 Enter

2 Cancel locking 

V9H9 Locking 130 Enter

PMC 41/45 PMP 41/45/46/48

SIL SIL 2 SIL 2

HFT 0 0

SFF 74 % 71 %

PFDav 6.96 x 10–4 6.78 x 10–4

TI1

1) Complete function test, e.g. by approaching the limit pressure.

annual annual
10 Endress+Hauser
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exida.com Management Summary
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