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Declaration of Conformity
The SIL Declaration of Conformity is specific to the device serial number. Therefore only a
sample declaration is illustrated in this document!

  A0026616
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Other safety-related
characteristic values

Specific functional safety parameters:

Characteristic as per
IEC 61508

Value

Safety function MIN, MAX

SIL hardware SIL 2

SIL software SIL 2

HFT 0

Device type B

Operation mode Low demand mode/high demand mode

SFF 91 %

MTTR 8 h

Recommended time interval
for proof-testing T1

1 year

λsd 0 FIT

λsu 118 FIT

λdd 695 FIT

λdu 75 FIT

λtot
 1) 888 FIT

PFDavg for T1 = 1 year 2) 3.29 x 10-4

MTBF 114 years

Diagnostic test interval 3) 30 s

Fault reaction time 4) < 5/30 s / 40 min RAM and ROM check

System reaction time 5) ≤5 s

PTC test sequence 45 %

1) This value takes into account failure types relevant to the function of the electronic components according
to Siemens SN29500.

2) A factor of 1.3 should be taken into account where the average continuous service temperature is in the
region of +50 °C (+122 °F).

3) During this time, all diagnostic functions are executed at least once.
4) Time between error detection and error response.
5) Step response time as per DIN EN 61298-2.

Useful lifetime of electrical
components

The established failure rates of electrical components apply within the useful lifetime as per
IEC 61508-2:2010 section 7.4.9.5 note 3.

According to DIN EN 61508-2:2011 section 7.4.9.5 national footnote N3, appropriate measures
taken by the manufacturer and operator can extend the useful lifetime.
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Certificate
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Document information

Document function The document is part of the Operating Instructions and serves as a reference for application-specific
parameters and notes.

Symbols used Safety symbols

Symbol Meaning

DANGER

DANGER!
This symbol alerts you to a dangerous situation. Failure to avoid this situation will result in
serious or fatal injury.

WARNING

WARNING!
This symbol alerts you to a dangerous situation. Failure to avoid this situation can result in
serious or fatal injury.

CAUTION

CAUTION!
This symbol alerts you to a dangerous situation. Failure to avoid this situation can result in
minor or medium injury.

NOTICE

NOTE!
This symbol contains information on procedures and other facts which do not result in
personal injury.

Symbols for certain types of information

Symbol Meaning

  A0011193

Tip
Indicates additional information.

  A0011194

Reference to documentation
Refers to the corresponding device documentation.

  A0011195

Reference to page
Refers to the corresponding page number.

  A0011196

Reference to graphic
Refers to the corresponding graphic number and page number.

, …, Series of steps

Symbols in graphics

Symbol Meaning

1, 2, 3,... Item numbers

, …, Series of steps

A, B, C, ... Views
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Supplementary device
documentation

Liquicap M FMI51, FMI52

Documentation Comment

Technical Information:
TI00401F/00

The documentation is available on the internet:
→ www.de.endress.com

Operating Instructions:
BA00298F/00

• The document is provided with the device.
• The documentation is available on the internet:

→ www.de.endress.com

Safety instructions depending on the selected option
"Approval".

Additional safety instructions (XA, ZE) are supplied with
certified device version.
Please refer to the nameplate for the relevant safety
instructions.

This supplementary Safety Manual applies in addition to the Operating Instructions, Technical
Information and Safety Instructions. The supplementary device documentation must be
observed during installation, commissioning and operation. The requirements specific for the
protection function are described in this Safety Manual.
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Permitted devices types
The details pertaining to functional safety in this manual relate to the device versions listed below
and are valid as of the specified firmware and hardware version. Unless otherwise specified, all the
following versions can also be used for protective systems. A modification process according to
IEC 61805 is applied for device changes.

Valid device versions for safety-related use: Liquicap M FMI51, FMI52

Ordering feature Designation Option

010 Approval All

020 Inactive length L3 All

030 Active length L1;
insulation

All

050 Process connection All

060 Electronics; output • A
• B

FEI50H; 4-20mA HART + display
FEI50H; 4-20mA HART

070 Housing All

080 Cable entry All

090 Type of probe 1 Compact

100 Additional option F SIL Declaration of Conformity

995 Marking All

• Valid firmware version: 01.03.00 and higher
• Valid hardware version (electronics): 02.00 and higher

SIL label on the nameplate SIL certified devices are marked with the following symbol on the nameplate: 
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Safety function

Definition of the safety
function

The device's safety functions are:
• Minimum level measurement (e.g.: dry running protection)
• Maximum level measurement (e.g.: overfill prevention)

Safety-related signal The safety-related signal is the analog output signal: 4 to 20 mA. All safety measures refer to this
signal exclusively.

In addition, the device communicates via HART and contains HART commands with additional
diagnostic information.

Restrictions for use in safety-
related applications

The measuring system must be used correctly for the specific application, taking into account the
medium properties and ambient conditions. Carefully follow instructions pertaining to critical
process situations and installation conditions. The specifications may not be exceeded, see the
relevant Operating Instructions (→   9).

The following restrictions also apply to safety-related use:
• The accuracy of the safety-related output signal 4 to 20 mA is ±2 % of the span (=0.32 mA).
• For operation in accordance with IEC 61508, the actual span (difference between full and empty

calibration) must be between 25 and 4 000 pF:
• If the span exceeds this range, the device cannot be calibrated correctly
• If the span is below this range, unstable measured values can result

• The absolute permitted accuracy is max. 5 pF. If the span is below 250 pF, the accuracy of the
4 to 20 mA safety-related output signal of ±2 % can be exceeded, corresponding to the ratio of
5 pF to the actual span.

Rule out the following sources of error in a safety-related application:
• A minimum input voltage (terminal voltage) of 13.5 V must be ensured when the devices are

used in a safety function
• Solid and/or heavy deposit buildup on the probe rod
• Corrosion or diffusion in the context of the compatibility of the medium in relation to the

rod/rope material and the coating

Dangerous undetected failures in this scenario

A dangerous undetected failure is defined as an output signal that deviates by more than 2 %
(0.32 mA) from the real measured value although the output signal is still in the M measurement
information range according to NAMUR NE43 (3.8 to 20.5 mA). Deviations under 0.32 mA are
considered safe undetected failures.
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Use in protective systems

Device behavior during
operation

Device behavior during power-up

The behavior of the device during power-up is described in the relevant Operating Instructions
(→   9).

Device behavior in safety function demand mode

The behavior of the device in safety function demand mode is described in the relevant Operating
Instructions (→   9).

Parameter configuration for
safety-related applications

Calibration of the measuring point

The calibration of the measuring point is described in the relevant Operating Instructions (→   9).

Dry calibration

If dry calibration has been performed, check whether the level matches the value displayed.

Recommendation:
Go to two different levels and compare the levels against the values displayed to ensure that dry
calibration has been performed correctly.

Medium subfunction: no buildup/buildup

Only use the "Buildup" option if the conductivity of the medium is at least 1 000 µs/cm.

Linearization

Only use the "None" or "Linear" option for linearization. All other kinds of linearization are not
permitted for operation according to ISO 61508.

Output, adv. calibration

The 4 000 pF measuring range may only be used if the actual span exceeds the standard setting of
2 000 pF.

Output, current turn down

If the current turn down function is used, the operator must ensure that the areas of the probe which
this function hides are not safety-related.

Configuration methods

When using the devices in process control safety systems, the device configuration must comply with
two requirements:
• Confirmation concept:

Proven, independent testing of safety-related parameters entered.
• Locking concept:

The device is locked after configuration.
• The method "Device configuration with increased safety (SIL/WHG mode)" is available.
• The device must be switched off and then on again following a reset.
• Due to the increased configuration safety when the device is used in process control safety

systems, the use of the "Device configuration with increased safety" method is explained in
the following section "Device configuration with increased safety via the display" (→   12).

Device configuration with increased safety via display

When the display is connected, the keys on the electronic insert are disabled.

Locking must be activated if the device has been configured as explained in the Operating
Instructions. For this purpose, select the "Safety settings" menu item in the main menu (CX001).

Locking a SIL device

The device must be locked in a defined locking order:
1. First control menu (SAX02): Check the output damping setting and the behavior of the current

output in the event of a failure and confirm.
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2. Second control menu (SAX03): Check the calibration of the device against the user's calibration
data (previously noted down).

3. Third control menu (SAX04): The device only switches to the SIL/WHG mode if positive
confirmation has been given in the first and second control menu.

• The device remains in SIL/WHG mode following a power failure!
• A key symbol on the display visually indicates that the device is locked.
• Following electronics replacement, the entire locking procedure must be performed again by

the user.

Unlocking a SIL device

Enter the "7452" access code directly in the "SIL operating mode" menu (SAX04).

Configuration information concerning the evaluation unit

If the level sensor is used as continuous measuring system, the limit value determined must be
entered at the subsequent limit switch (logic unit). Always proceed as explained in the relevant
Operating Instructions when performing any calibration and configuration work (→   9).
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Proof-testing NOTICE
The safety function is disabled during the proof test.
A potentially dangerous output signal is output temporarily.
‣ Take measures to guarantee the safety function during this period.

Recommendation: Check the probe rod for bending and other signs of substantial application of
force!

Check the operativeness and safety of safety functions at appropriate intervals! The operator must
determine the time intervals.

The values and graphics in the "Additional safety-related characteristics" section can be used for this
purpose (→   5). The test must be carried out in such a way that it verifies the correct operation of
the protective system in interaction with all of the components.

Procedure of the proof-test

The proof test can and may only be performed if the device does not indicate an error.

The status of the individual output signal is indicated by a measuring device or a downstream
component of the safety path (e.g. safety-related PLC, actuator). For more information, →   17.

It is advisable to document the steps of the proof test (→   19).

Test sequence

Procedure

1. Check whether the level value displayed matches the actual level.
2. Make sure that the level does not change throughout the proof test.
3. Unlock (→   13).
4. Activate the proof test (via display or operating tool).
5. Monitor the current output using an ammeter (see the diagram below).
6. The proof test takes approx. 30 s. It cannot be interrupted. The current output returns to the

current level value.
7. Lock (→   12).
8. Document and store the results.

The proof-test has not been passed if the current value at a certain probe state deviates from
the anticipated value (→   19. For troubleshooting, refer to the Operating Instructions
(→   9). The test reveals 45 % of the dangerous undetected failures.
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A Level [%]
B Current rating [mA]
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Life cycle

Requirements for personnel The personnel for installation, commissioning, diagnostics, repair and maintenance must meet the
following requirements:
• Trained, qualified specialists must have a relevant qualification for this specific function and task
• Are authorized by the plant owner/operator
• Are familiar with federal/national regulations
• Before beginning work, the specialist staff must have read and understood the instructions in the

manuals and supplementary documentation as well as in the certificates (depending on the
application)

• Follow instructions and comply with basic conditions
The operating personnel must meet the following requirements:
• Are instructed and authorized according to the requirements of the task by the facility's owner-

operator
• Follow the instructions in this manual

Installation The installation of the device is described in the relevant Operating Instructions (→   8).

Commissioning The commissioning of the device is described in the relevant Operating Instructions (→   8).

Operation The operation of the device is described in the relevant Operating Instructions (→   8).

Maintenance Please refer to the relevant Operating Instructions for maintenance information (→   9).

Alternative monitoring measures must be taken to ensure process safety during configuration,
proof-testing and maintenance work on the device.

Repair Repair means restoring functional integrity by replacing defective components. Components of
the same type must be used for this purpose.

We recommend documenting the repair. This includes specifying the device serial number, the
repair date, the type of repair and the individual who performed the repair.

The following components may be replaced by the customer's technical staff if genuine spare parts
are used and the appropriate installation instructions are followed:

Component Installation Instructions Checking the device after repair

Electronic insert EA01077F/00 Proof-testing, see the "Proof-testing" section
(→   14)  1)

Electronic insert FEI50H KA00665F/00

Terminal module KA00666F/00

Housing cover T13 • EA01049F/00 (inspection
glass)

• EA01050F/00 (connection)

Housing cover F13 EA01046F/00

Housing cover F15 EA01034F/00

Housing cover F17 EA01036F/00

Cover seal 2) KA00620F/00

1) Additional country-specific regulations and tests must be observed.
2) The Brief Operating Instructions (KA) only apply for the stainless steel housing F15. No manual is

provided for the other seals.

Installation Instructions, see the Download Area at www.endress.com

The replaced component must be sent to Endress+Hauser for the purpose of fault analysis if the
device has been operated in a protective system and a device error cannot be ruled out. In this case,
always enclose the "Declaration of Hazardous Material and Decontamination" with the note "Used as
SIL device in protective system" when returning the defective device. Please refer to the "Return"
section of the relevant Operating Instructions (→   9).
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Decommissioning The procedure for decommissioning the device is described in the relevant Operating Instructions
(→   8).
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Appendix

Structure of the measuring
system

System components

The measuring system's devices are displayed in the following diagram (example):

2

3 4

1

5

  A0026367

1 Liquicap M with electronic insert FEI50H
2 Active barrier
3 PLC
4 Commubox FXA195
5 Computer with operating tool, e.g. FieldCare

The Commubox FXA195 may not be used during SIL operation!

An analog signal (4 to 20 mA) in proportion to the level is generated in the transmitter. This is sent
to a downstream logic unit (e.g. PLC, limit signal transmitter, etc.) where it is monitored to
determine whether:
• A specified level value or level range is exceeded or undershot
• A fault has occurred (e.g. sensor error, sensor line interruption or short-circuit, supply voltage

failure)
For fault monitoring, the logic unit must recognize both HI alarms (≥21.0 mA) and LO alarms
(≤3.6 mA) in accordance with NE43.
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Description of use of protective system

The principle of capacitance level measurement is based on the change in capacitance of a capacitor
which is caused by a change in the level. The probe and vessel wall (conductive material) form an
electric capacitor. When the probe is in air (A), a certain low initial capacitance is measured. When
the vessel is filled, the capacitance of the capacitor increases as more of the probe is covered (B, C).

As of a conductivity value of 100 µS/cm, the measurement is independent of the dielectric constant
value (DK) of the liquid. This means that variations in the DK value have no effect on the measured
value display. In addition, the effects of medium buildup or condensate near the process connection
are avoided in the case of probes with an inactive length.

• A ground tube is used as a counterelectrode in the case of vessels made from non-conductive
materials.

• Correct installation is a prerequisite for safe operation.
The following graphics show typical measuring arrangements when the devices are used in
protective systems:

C
E

C
A

∆C

C
A

A B C

R

C
F

  A0026373

A Free
B Covered (switch point not yet reached)
C Covered (switch point reached)
R Conductivity of the liquid
CF Capacitance of the liquid
CA Initial capacitance (probe free)
CE Switching capacitance (probe covered)
∆C Change in capacitance
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Proof TestSystem-specific data

Company

Measuring point/TAG no.

Facility

Device type/Order code

Serial number of Liquicap

Name

Date

Signature

Commissioning or proof test report

Locking Unlock beforehand 

Current 1)

Test step Nominal Set point Actual value

Step 1 (0 %) 4.0 mA 3.68 to 4.32 mA

Step 2 (20 %) 7.2 mA 6.99 to 7.52 mA

Step 3 (40 %) 10.4 mA 10.08 to 10.72 mA

Step 4 (60 %) 13.6 mA 13.28 to 13.92 mA

Step 5 (80 %) 16.8 mA 16.48 to 17.12 mA

Step 6 (100 %) 20.0 mA 19.68 to 20.32 mA

Step 7 (short-circuit) 22.0 mA 21.68 to 22.32 mA

Locking Lock afterwards 

Conclusion Passed  Failed 

1) The terminal assignment depends on the cable entry or connector, see BA00298F.

Further information General information on functional safety (SIL) is available at:

www.de.endress.com/SIL (Germany) or www.endress.com/SIL (English) and in the Competence
Brochure CP01008Z/11 "Functional Safety in the Process Industry- Risk Reduction with Safety
Instrumented Systems".

Version history Version changes Valid from software version

SD00278F/00/EN/10.08 First version 01.03.zz

SD00278F/00/EN/13.15 "Proof testing" section 01.03.zz
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