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SIL Konformitdtserklarung / SIL Declaration of Conformity
Funktionale Sicherheit nach IEC 61508 / Functional Safety according to [EC 61508
Endress+Hauser Conducta GmbH+Co. KG, Dieselstr. 24, D-70839 Gerlingen

erkldrt als Hersteller die Richtigkeit der folgenden Angaben. /
declares as manufacturer the correctness of the following data

Gerit/Product Liquiline M CM42

1: Sichere Ubermittlung des gemessenen mV-Wertes
und Ausgabe als Messwert in pH auf den Stromausgang-
en/

) Safe transmission of the measured mV value and output
Schutzfunktion / of the converted pH value on both current outputs

Safety function 2: Grenzwertiiberwachung des pH-Wertes /

Limit monitoring of pH value

3+4: Sichere Kalibrierung, Justierung /
Safe calibration, adjustment

Systematischer SIL / Systematic SIL

:: Software SIL / Software SIL 253

HFT 0

Geriétetyp / Device type B

Betriebsart / Mode of operation Low demand mode

SFF / MTTR 04.8 % / 8 Stunden/hours
Prifintervall T, / Empfohlen / recommended:

Proof Test Interval T, T, =1 Jahr / year

Ne/ hsw/ Mo/ Moo 688 FIT / 947 FIT / 2667 FIT / 236 FIT
PFD,; T, =1]Jahr / year 1.03x 107

MTBF / MTBFpy (reciprocal of

Mol / Apu, assuming constant failure 25 Jahre / years / 483 Jahre / years
rate)

Das Gerdt wurde in einem vollstdndigen Functional Safety Assessment unabhéngig bewertet.

In the event of device modifications, a modification process
compliant with [EC 61508 is applied.
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Note!

General information about functional safety (SIL) is available at www.endress.com/SIL and
in the competence brochure CP002Z "Functional safety in the Process Industry - risk reduc-
tion with Safety Instrumented Systems".

Note!

For general and technical information please read the Technical Information and
Operating Instructions of Liquiline M CM42.

1 Structure of measuring system using a
Liquiline M CM42 SIL transmitter

1.1 System Components
A system using CM42 looks for example like the following:

lool 2002 lool
! o Current
e (@ output 1 : Safe path
4 : P PCS Actuator
Diagnostics
" Current :
output 2 : VOTER:

check, if current out 1

( - -’ ) is equal to current out 2

Not part of the :
assesment  : Responsibility of E+H ¢ Not part of the assesment by E+H

K j
Y

This part is covered by this document.

1. Memosens pH glass sensor, SIL
2. Memosens cable CYK10, SIL
3. Memosens transmitter Liquiline M CM42, SIL
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The transmitter produces an analogue signal (4..20 mA) proportional to the measured volt-
age at the sensor element. This signal must be processed by a logic component (e.g. a PLC
rated SIL2 or higher), which in turn uses maybe some actors to realize the safety function.

The Liquiline M CM42 display is not safe and therefore all operations using the display as an
interface to the user are specially secured. It has been shown, that the display hardware and
software is reactionless regarding safety to the CM42 system.

The transmitter is always only a part of the complete safety function. The transmitter is a
compliant item according to IEC 61508.

1.2 Description of the application as a safety related system

To use the Liquiline M CM42 safety related system, you need for example a safe Memosens
sensor and a safe Memosens cable of Endress+Hauser Conducta GmbH & Co. KG. The
display (GUI) hardware and software of the CM42 is reactionless for the safety function of
the transmitter.

The transmitter must be connected to a safe PCS by using both analogue current outputs.
The voter can for example be realized by safe function blocks inside a PLC or by a hardware
based 2002 voter.

The logic component must be able to handle LO- and Hl-alarms (< 3.6mA,
> 21.0mA).

The CM42 system has several modes of operation:

1. Classic mode

2. SIL mode — Active safe state mode (referred to as "active safe state")
3. SIL mode — SIL measurement mode

4.  SIL mode — Passive safe state mode (referred to as "passive safe state")

In Classic mode the system behaves almost like a traditional well-known CM42 system. It is
NOT executing any safety related functions and can therefore NOT be used in a safety chain
in this mode!

In Active safe state mode the system produces the error current on the current outputs and
waits for a manual switch to the SIL measurement mode or the Classic mode.

In SIL measurement mode the system is executing the safety function SAF1 or SAF2 (see
later on). Only in this mode, the system operates in a safe manner and only in this mode you
can start a safe calibration or adjustment (SAF3/SAF4 — see later on).

In Passive safe state mode the system is staying in the safe state until you restart/reset the
system physically or return to the safe measurement mode.

Attention:
The transmitter must be switched to the SIL measurement mode, only then the safety func-
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tion is active. Without switching the system to SIL measurement mode, the system is not
safe and therefore not executing the safety functions! After a reset/power-on the system is
NOT in SIL measurement mode!

The following diagram gives an overview of the two states of the system:

Switch to SIL-Mode

Classic
mode

Switching to Classic-Mode
OR Reset

And the following diagram shows the possible states inside the SIL mode.

SIL mode

Safe measurement mode

Error Detected

Switch to safe (e.g. sensor lost)
measurement mode

k A

Fatal Active safe state J
error

detected t

k
_ Switch t
{ Passive safe state STS ;odoe
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1.3 Valid device types

The information in this manual pertaining to functional safety applies to the device versions
listed below and is valid from the stated software and hardware versions.

Unless otherwise indicated, all subsequent versions can also be used for safety functions. If in
doubt, call Endress+Hauser service.

Device versions valid for use in safety-related applications: CM42-MGx41xEBxxxx

Valid Hardware-Versions (electronics) currently:
FMIH1 module: Version 71131717
FC2W1: ExRev 07,
FBIHI: Ex Rev 05,
FSDGI1 module:  Ex Rev 04, Version 71132960

Valid Firmware/Software versions currently:
FMIH1 module:  Projecting: 11.00.00
FC2W1: V1.00.01-0001
FBIH1: V3.03.08
FSDG1 module:  V1.01.00

All versions can be looked up in the CM42 software menu. Please consult the manual of the
CM42 on how to do that. When switching to SIL mode the system itself checks for these
versions and denies the switch, if not all versions are correct.

The CM42 SIL transmitter is distinguishable from Non-SIL versions by the nameplate with
the TUV logo and the Endress+Hauser SIL logo and can be identified using the order code.

Order code: Liquiline M CM42-MGx41xEBxxxx (4 refers to SIL)

In the event of device modifications, a modification process compliant with IEC 61508 is
applied by Endress+Hauser.

All rights reserved. Passing on and copying of this document, use and communication of its contents not

permitted without written authorization from Endress+Hauser Conducta GmbH+Co. KG.
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1.4 Applicable device documentation

With Liquiline M CM42 additional documentation is delivered. Please see the TI and the
Operating Instructions of Liquiline M CM42.

Documentation Contents
Technical Information - Technical data
TI381CEN 1310 - Details to accessories

TI381CDE 1310
and future editions

Operating Instructions - [dentification
(Depends on the order - Installation
code of CM42) - Cabling
- Usage
- Commissioning
- etc.
Ex Information - Safety instructions
XA381CA3 1008 - Technical Data
and future editions - Electrical Data
Version: Page:
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2 Description of safety requirements and boundary conditions

2.1 Safety Functions (SAF) — SIL measuring mode

The safe output values on the two current outputs are always produced conforming to NA-
MUR NE43.
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0,0 mA No power, safe state for minimum 4 s
0,0 mA - Safe state: ,lower error current® for minimum 4 s
3,6 mA
3,6 mA - Interpretation as a valid measured value (4mA), is not allowed to be
3,8 mA put out directly (see Namur NE43).
3.8 mA - Interpretation as a valid measured value (4mA), is not allowed to be
’ put out directly (this is the failure interval of the current out - Range
4,0 mA :
Overshoot Detection).
4,0 mA - . . .
20,0 mA Valid value (measurement information)
20.0 mA - Interpretation as a valid measured value (20mA), is not allowed to
’ be put out directly failure interval of the current out - Range Over-
20,5 mA :
shoot Detection).
20,5 mA - Interpretation as a valid measured value (20mA), is not allowed to
21,0 mA be put out directly (see Namur NE43).
>21,0 mA Safe state: ,,upper error current® for minimum 4 s

The device has a few safety functions (SAFs).

Attention: All safety functions do not take into account any physical or chemical influences
of the medium in contact with the sensor on the measured value. This has to be done by the
operator of the safety relevant measurement point. So we are here never talking about accu-
racy, but always about precision!
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To use the safety functions, the device has to be switched to the safe "SIL mode" and “SIL
measurement mode” using the display and the keys/navigator. After switching to SIL mode
the device is able to execute safety functions.

Note!

If not otherwise stated, all comments/remarks/restrictions/etc. of this document refer to
safety functions SAF1 and SAF2. SAF3 and SAF4 are special safety functions, which are not
executed constantly like SAF1 or SAF2.

Note!
In SIL measuring mode the following formulas are used:
The pH value is computed for a measured voltage U at temperature Tk by using:
pH =- (U / Stk) + pHyp
Stk = slope at temperature Tk, zero-point pHyp: both from pH adjustment.

The pH value is always automatically temperature compensated (ATC) using the formulas
from chapter 4.7.1.

The system does only allow slopes between 50.0 and 61.0 and zero points between 6.0 and
8.0. All other values will not be accepted. Sensors with slope or zero point outside these
ranges can not be used.

2.1.1 Safety Function 1 (SAF1) - limit value monitoring

Monitoring of the measured value (internally converted from voltage to pH value):
[f leaving a user-defined pH-interval [ = [M min, M max], an error current is set.

Instead of an interval it is also possible to define an upper or a lower limit only. Then the
other limit is equal to the minimum (4.0 mA) or maximum (20.0 mA) possible measured
value.

The value of I,,;, in the figure below is 0.0 pH, the value of I, is 14.0 pH (0.0 pH up to
14.0 pH).

Version: Page:
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MAX —
e.g.pH 14
Measurement
error
MAX_obs
(by Use
MAX allowed
Imax >1> Imin
MIN_allowed
MIN_obs
(by Use
I = Interval
Imin = minimum possible interval for monitoring
MIN ——— Imax = maximum possible interval for monitoring
eg.pHO

The defined interval I of the monitored measured value is transferred automatically in an
optimum way (with respect to resolution) to the current outs using a lower limit of

4 mA and an upper limit of 20 mA (see picture below).

I . defined
4 N interval (pH)

spread
current out
(mA)

L;
4mA 20 mA

The precision is therefore dependant on the spread configuration of the current outputs.
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2.1.2  Safety Function 2 (SAF2) - safe measurement

The safety function of the measuring chain is the output of the pH value on the current
output. To that end the mV and T value is received from the sensor with a given precision
and resolution, the pH value is computed and finally converted to a mA value, which is then
put out to the current output.

All errors (rounding, computations, conversion from pH to mA, etc.) caused by the Liquiline
M CMA42 transmitter can be completely neglected compared to the errors on the current
output and the sensor.

The mV value from e.g. the Orbisint CPS11D sensor (communicated by the Memosens
protocol to the transmitter) has a resolution of £0.1mV, the temperature +£0.01K, the pH
value £0.01pH, the slope +£0.001pH/mV and the zero point +0.001pH. The precision of all
values is given in the safety manual of the sensor head.

2.1.3  Precision and Timing of SAF1 and SAF2

For all information or results given here, we assume slope and zero point of the sensor are
correct.

The error of the Liquiline M CM42 transmitter on the current output caused by the hardware
is below +0.05 mA for the complete range from 4-20 mA and for all possible allowed
EMC/environment conditions. See the table in chapter 2.2 for the dependency of current
output spread and the precision.

If we assume that the slope, the zero point and temperature offset (= all sensor adjustment
values) have no errors, we get:

Error limit for zero point is +0.001 pH
(= resolution of storage in sensor),

Error limit for the slope at 25°C/77°F is +0.001 pH/mV
(= resolution of storage in sensor),

Error limit for voltage value U from sensor is denoted as DU
(= resolution storage is +0.1 mV),

Error limit for temperature value T from sensor is denoted as DT
(= resolution storage is +0.01 K).
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All errors due to the finite resolution of the values can always be neglected; they are well
below the measurement errors. Additionally, as stated already, all rounding errors of the
software can be neglected too; they are far below the measurement errors.

So the relative error limit of the calculated pH value Dy is just given by the temperature
measurement and the voltage measurement relative errors of the sensor:

Don/pH=DU/U+DT/T.

For Orbisint CPS11D (with KSG2-SIL head), the values are for example:

Don/pH =1.1% + 0.3% = 1.4%

(for the temperature range 0°C/32°F to 60°C/140°F, see safety manual of sensor).
That means DpH is 0.2 pH for the temperature range 0°C/32°F to 60°C/140°F.

The complete detailed results are given in the next table about the complete measuring
chain.

The time for a measurement to be visible on the current output is in the worst case scenario
5 seconds (for example a change from 4 mA to 20 mA and communication problems, etc.).

This value is only valid for the transmitter. They do not include delays caused by the cable
(almost zero for Memosens cable) or sensor (about 1 second see safety manual of the sensor
head).

Endress+Hauser pH measuring chain

If you are using a Endress+Hauser pH measuring chain using the SIL Memosens CYK10
cable and the pH glass sensor (with KSG2-SIL head), the following figures apply to the whole
pH measuring chain:

The time for a measurement to be visible on the current output is in the worst case scenario
<6 seconds, most of the time it is <2 seconds.
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The precision depends on the temperature and the current output spreading (for the values
0.3% and 4.0% used here, see the table and description in chapter 2.2):

Precision in | Relative error on | Relative error on
Tempoeéature TempoeFrature oH current outputat | cuent otaut ot
"o CF) (=DpH) | @spreadof 1 pH | aspread of 14 pH
=34% = 2.5%
% + 4% 1.5%+0.3%
0°C-60°C | 32°F- 140°F £0.20 20% + 4%
=24% = 1.8%
% + 4% 2.2%+0.3%
60°C—90°C | 140°F - 194°F £0.30 30% =+ 4%
=34% = 2.5%
% + 4% 2.9%+0.3%
00°C - 110°C | 194°F - 230°F +0.40 40% + 4% +
=a4% = 3.2%
% + 4% 3.3%+0.3%
110°C - 125°C | 230°F - 257°F +0.45 4% + 4%
=49% = 3.6%

This table includes all uncertainties (including EMI) except the precision of the slope, zero
point and temperature offset.

2.1.4  Safe calibration and adjustment (SAF3 and SAF4)

The safe calibration executes a safe calibration sequence, safe value computations and safe
interactions with the user for the calibration results using the display of the device.

The errors of all computations in the transmitter used for the slope and zero point of the
sensor are negligible, because they are well below the resolution used to store the values in
the sensor (slope £0.001pH/mV and zero point +£0.001pH). This also refers to the pH values
needed for the used pH buffers at the given temperature.

The safe adjustment does store the results of the calibration in a safe manner into the sensor
interacting in a safe way with the user.

The safely calibrated and adjusted values in the sensor can then be used for the SIL meas-
urement of the pH value using SAF1 and/or SAF2.

Both safety functions can only be used in SIL mode and started in SIL measurement mode.
Both safety functions need the user to do some checks. To that end special screens are used
to communicate with the user in a safe way (see for example chapter 4.4).
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2.2 Safety-related signal and safe state

The safety-related signal is the analogue output (4..20 mA) on both current outputs. There
are no other safe outputs of the device.

The safe state is defined as either:

. No current output at all (0 mA) or
. Low error current (3.6 mA) on one of the outputs or
. High error current (>21.0 mA) on one of the outputs.

The safe signals have to be processed by a connected logical component PCS.

pH current
out 2

© pH current :Voter i mA PGS
. Inmm d out1 i 2002

Why a 2002 voter?
The pH value is calculated in two ways:
1. traditional calculation of the mV value to pH in the transmitter.

2. independently from this and in parallel to it the pH is calculated directly in the intelligent
sensor head. This value is delivered to current output 2.

So from the sensor head to the voter it is a 2002 system. But as the source of the two values
is the same sensor glass element, the whole measuring is defined as 1001 in total (see also
graphic in chapter 1.1).

The voter can be a standalone voter realized in hardware and/or software or a software
voter integrated into a control system like a PLC.

Anyway the signal has to be voted by a 2002 voter using the following algorithm:

= [f any of the current outs shows a HI or LO error current, an error current has to be
set.

= [f any current out delivers a signal below 3.6mA (e.g. 0 mA), an error current has to
be set.

= [f the both current outputs differ by more than +0.04 pH from each other for
longer than 1 second, an error current has to be set.

The allowed current output difference is then dependant on the current output spreading
used.
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E.g. for a given spread interval of 1pH we get an allowed difference of

0.04 pHx16 mA/pH = 0.64 mA (= 4.0% of full span),

for an interval of 14 pH the allowed difference is

0.04 pHx1.143 mA/pH=0.04572 mA (= 0.3% of full span; you have to use 0.05
because of the given physical resolution of the current outputs).

The pH-difference mentioned only refers to the inaccuracy of both ways to calculate the pH
value (calculation in the transmitter and independently from this in the sensor head) up to
the current outputs of the device.

This means that the individual cable length and is quality (2-wire) is NOT included.
This influence is to be added to +/- 0,04 pH as an additional source of inaccuracy.

The table below shows values for different spreading.

Spread [pH] 1.0 2.0 3.0 4.0 5.0 6.0 7.0
Allowed 0.64

difference [mA) _ 49 0.32 0.21 0.16 0.13 0.11 0.09
Spread [pH] 8.0 9.0 10.0 11.0 12.0 13.0 14.0
Allowed 0.05
difference [mA) 0.08 0.07 0.06 0.06 0.05 0.05 03 %

The device is leaving the safe state when being restarted. After the device has booted cor-
rectly and has detected a sensor, all start up self tests have been successfully executed. The
device is not automatically entering the safe SIL mode after a reboot (e.g. after a power
breakdown), even if it has been correctly working in SIL mode before the reset has taken
place.

Note!

After the safe state has been detected by the logic component of the PCS, the CM42 has to
be manually switched to the safe SIL mode back again. This is necessary, because the logic
component does not know, if the transmitter has been "repaired" after the safe state has been
reached at the logic component. The logic component just detects a measuring value after
the error current has been seen for at least 4 seconds.

Example for a voter realized in a PCS as a function block
This is the safe function block F_1002AI of a Siemens PLC:
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This function block checks for valid inputs, compares the two inputs against a configured
delta tolerance and checks for a discrepancy time. See the manuals of the used PCS for more
information. The allowed deviation is set to "DELTA" = 1mA and "DIS_TIME" = 1 second.
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1
F_CH_AI
F_:Fail-
CHADDR PASS_OUT —
16#30— CHADDE _R QCHF_HL —
YALUE | GCHF LLI—
@ .0—|VHRANGE QEAD
B .0—|ULEANGE QSIM—
O—cH F_ON QsUBsI—
@.0—{CH_F_HL u
@.0—CH_F_LL U _DATA|—
@—SIM_ON Y Moo |-
@.0—SUBs_U ACK_REQ|—
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O—{PASS_OM F_1002A1
o—ACKE NEC F_z4602 1 3
i—AcK REI -O—pDELIA QUT_AVE
1s—DIS_TIME OuT _MAX |
IN1 OuT _MINM
N2 L GEAD ACHI™
9EADI | GBAD_ALL[—
2 QWEAD2 pIshk
F_CH_AI -0—zygs u pIs o
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16#0— CHADDE E QEAD
——{MALUE AsIMmf—
@ .0~ UHRANGE | QsuBs |—
B.0—y| RANGE y
@=—{CH_F_0ON U_DATA—
®.0—|CH_F_HL QUALITY |
@.0—cH F LL Y mop—
o.0—smyv || #ck REaf—
B—|SIM_0On
B.8—sups Uy
G—SUBS_0ON
B—{PASS_OM
O— ACK _NEC
1—|ACK_REI

2.3 Restrictions for the use in safety related applications

The given environmental conditions have to be obeyed at all times. All remarks in the CM42

Operating Manual and Installation Instructions (see chapter 1.4) have to be obeyed.
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Additional mandatory restrictions for the use in safety related applications:

¢ [nstallation, commissioning, operation and maintenance of the safety measuring system
must only be carried out by trained technical personnel. The technical personnel must
be authorized to perform the tasks at the safety relevant system by the owner-operator.

e Use of the device at a maximum average environment temperature of 60°C/140°F (the
calculation of the failure rates have been based on this assumption). Please attend to the
temperature limitation for Ex devices!

e It has to be checked, that at all times a SIL capable cable is used (e.g. CYK10 SIL - look
for the nameplate with the SIL- and TUV logo). This can not be checked by the trans-
mitter or the sensor in operation.

o Before going into operation, it has to be checked, if metal masses are close to the
transmitter or the sensor head, which can influence the inductive transmission of the
cable and the transmitter.

ohne schriftliche Genehmigung der Endress+Hauser Conducta GmbH+Co. KG nicht erlaubt.

e Itis not allowed to use the system in a radioactive environment (apart from natural ra-
dioactivity).

e Strong magnetic fields are not allowed in the neighborhood of the device.

Alle Rechte vorbehalten. Das Kopieren dieses Dokuments und die Verwendung von Teilen aus diesem Dokument ist

e The device must be protected against lightning or strong electromagnetic disturbances.

e The connections of the cable to the transmitter and the sensor have to be checked thor-
oughly before going into operational state.

e The connection of the Memosens cable to the transmitter has to be carefully checked,
see CM42 installation instructions.

e The environmental conditions from [EC 61326-3-2 have to be obeyed.

e The voter and its configuration have to be checked for, before going into operation. A
2002 voter must be used.

e A shield connector at the transmitter must be used. You have to use two-wire cabling
shielded on both sides, "hard grounding".

e Functional grounding must be used for the stainless steel housing.
e Please check the polarity of the connections carefully.

e The display is NOT safe, even not in SIL mode.

o [f used outside, the weather protection must be used.

Reason: At temperature > 55°C/131°F a measurement with a reliability required for SIL
applications can no longer be guaranteed. A weather protection roof enables using the
CM42 SIL in many regions also under insolation.
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e The environmental pressure has to be checked against the values given in the Operating
Instructions. Do not use outside the allowed ranges.

o If using a different sensor as the Endress+Hauser ones like the CPS11D-8* (SIL sensor),
the manufacturer has to make sure, that the sensor uses the exact same calculations of
the pH-value as the Endress+Hauser one. If not, the two current outputs might differ
systematically and your voter will detect the difference and enter the safe state. To be
sure, check with Endress + Hauser, if the sensor is to be used safely with the Liquiline
M CM42 transmitter.

e The used sensor must not be older than 3 years, starting from the day of production.
This is checked by the transmitter Liquiline M CM42. Reason: The quality of the meas-
ured value of an older sensor does not meet the high requirements of a safety related
measuring point. As long as the SIL mode is not left after the 3 years, the measurement
is running.

ohne schriftliche Genehmigung der Endress+Hauser Conducta GmbH+Co. KG nicht erlaubt.

e Storage temperature: see operating instructions.

e Environmental temperature: ATEX II (1) 2G: -20 °C/-4° F to 50 °C/122 °F (T6) or
rather to 55°/131°F (T4)

e The LED on the display is never used to display any relevant state of the system. It is
not part of the safe path and therefore deactivated.

Alle Rechte vorbehalten. Das Kopieren dieses Dokuments und die Verwendung von Teilen aus diesem Dokument ist

e DAT modules are for safety reasons not allowed to be connected to the ports of the dis-
play when in SIL mode and must be removed. This will be checked by the software of
the transmitter.

e The service interface is turned off in SIL mode for safety reasons and switched back on,
when leaving SIL mode. It can be used for service personnel of Endress + Hauser to di-
agnose the system. It is not meant to be used in other circumstances.

Therefore Memobase cannot be used with safe calibrations/adjustments. But you can
still do non safe calibrations in Classic mode using Memobase and use these sensors for
SIL measurements.

e For safe calibrations/adjustments in the laboratory a SIL transmitter, e.g. Liquiline M
CM42 SIL, is necessary. After a successful adjustment the data can be read out by Me-
mobase Plus CYZ71D and stored in the database.

e To store the settings (all parameters) of the used transmitter, you can use a Copy-DAT
CY42-C1 (see operating instructions).

e The system needs 15,5V to output all error currents (LO and HI) and all measurement
values. Below 9V the system can not guarantee that there is an error current on the
outputs. Between 9V and 15,5V the system is always able to output the HI error cur-
rent, but not the LO error current.
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Voltage supervision:

(The following statements can be used for a FMEDA of the complete safety function in-
cluding the PLC, etc.)

e Ifyou are using the LO error current, you must use a voltage supervision on both out-
puts and drive the system to a safe state, if the voltage drops below 15,5V.

. Scope of a voltage supervision: permanent check of the supply voltage, delivered by the
PCS. It must be > 15,5V, otherwise an alarm is set.

o [f you are using the HI error current, you must use voltage supervision on current out-
put 2 and drive the system to a safe state, if the voltage drops below 9V. The current
output 1 is supervised by the Liquiline M CM42 system and is reset if the voltage on
output 1 drops below 9V.

ohne schriftliche Genehmigung der Endress+Hauser Conducta GmbH+Co. KG nicht erlaubt.

e We recommend using two independent voltage supplies for the two current
loops. Then all errors lead to a safe state, except if the voltage supply on current output
2 has an error and there is an error current on current output 2 or a measurement sig-
nal (4-20 mA) on both outputs. For these two cases, the voter detects the error with a
DC of 90%.

e If you are using just one voltage supply for both current outputs, the following applies:
If the voltage supply has an error, the voter detects all voltage errors with a DC of 60%.

Alle Rechte vorbehalten. Das Kopieren dieses Dokuments und die Verwendung von Teilen aus diesem Dokument ist

The following table gives an overview of the device status in SIL mode:

Version: Page:

2.3 22 of 68

All rights reserved. Passing on and copying of this document, use and communication of its contents not

permitted without written authorization from Endress+Hauser Conducta GmbH+Co. KG.



Page:

23 of 68

P —
@ apajap lola
[ apows seaus IS — AJaJes [PUOTRUN — JLLAS) E— e P ._uuw@_m_mam - (0
= 5 uo 20uanbas PIMS aY) SUTP)S AQ JUaWAIM DI W - ' :
& m afes 0} uwuhn ﬁ.brﬁm W "o L M“m._ha Jouy o | O 1o . LL PR/ 90 MO
m m _ 2 JUEN LR JEER APOW-TIS 0 PIRMS
<<
HMHO m JSUTIP 10 J0SUIS
2 311 P avL0I ST
4+ = ¥ ST
wn S (ssoseal ayes 10j) V0 SpOWIIS 03 | quazmo 1l asealg
d) s g0 HE 9POUS T[S UF 3qUTreA® PIOH ON amp [ wdmo | =1 G
m S AL 0115 JUaLmo 2as (apow IS Ut A[qISTA
-] 10U WaY RUIW)
_LnL a8y Josuag
~ uo PO S UT I[qEITRAR J0U SUOSPAI AJaJes 10] TG VOREm S
= UORFEmES — 30TAIaS — OYIQ
N
<
=
O . ApOUIIS UT [qEIP2 10U NG I[qISIA IV SUTHAS SUO AT A]aJes 10] apOW-T[S UT
M o WA RUA W AUR ~ I [FS LLE Sures Jo aduwyn
=
m. (suoseal Ayayes J03) U0 apowIIs 0} waugsnipy
.w o o Hg PO T[S UF 2qETRAR PIOH ON anp [ mdmo | anpea-pyd E 7316 ) /UOTRIqI®)
m m an[eA paInaly WAL 338 ayes
S 3
=
> g {10113 SPaRP 19104 YO U0 apow-TIS 03 UM
U o, "
® = o aneA pamseay ¥ §3REND oqeatid E a ayes
»n 9 JUaLMD 3as
f— =]
< E
g o
g =
w & apows IS U001 [0JU0 D) ¢ mdmo JRi cYND 30 SNIE}S 1A
m .m juaImy uaImy Ieq sTeg .
= &

Version:

JqNRLIS 1YDTU O3] "0D+HJUID) RIONPUOY) JISNRH-+SSAIPUL Jop SUNSIWIYaUIL) SYDINJLYDS dUYO
1ST JUSWNYO(] WASIIP SNB US[[3] UOA SUNPUIMIDA 3P PUN SIUIWNNO(] SISIIP UIAIOY SB(] “USIRYSGIOA 1YY o[y

‘O *0D)+HAUW) BIONPUOY) IISNRH+SSAIPUT WO UONRZLIOYINE USNILIM INOTIIM panturiad
10U SJUSIUOD S$}1 JO UONBIIUNUIWIOD PUE 3SN TUaWNop Syl Jo 3urAdod pue uo 3uissed ‘pPaAlasal sy [y

2.3




All rights reserved. Passing on and copying of this document, use and communication of its contents not Alle Rechte vorbehalten. Das Kopieren dieses Dokuments und die Verwendung von Teilen aus diesem Dokument ist

permitted without written authorization from Endress+Hauser Conducta GmbH+Co. KG.

ohne schriftliche Genehmigung der Endress+Hauser Conducta GmbH+Co. KG nicht erlaubt.

Functional Safety Manual

Endress+Hauser L7

People for Process Automation

for the Memosens transmitter Liquiline M CM42 SIL

Functional safety parameters

Specific functional safety parameters for single-channel device operation:

Parameters according to

Liquiline M CM42, Memosens

IEC 61508
1: pH limit monitoring
Safety function 2: pH value measurement
3 and 4: safe calibration / adjustment
Hardware: 2, Software: 3
SIL .
in homogenous redundancy: 3
HFT 0
Device type B

Mode of operation

Low demand mode

SFF

04.8 %

MTTR (used for PFD calculation)

8h

Ty (Proof test interval)

Recommended 1 year (see chart below)

Asp 688 FIT
Asy 047 FIT

ApD 20067 FIT

Apu 236 FIT

AMTotal R 4549 FIT

PFD,y (for T; = 1 year) " 1.03x 10°

PFH 2.36 x 107

MTBE / MTBFpy ! 25 years / 483 years

Diagnostic test interval "

< 60 min (without RAM-test: <10 min)

Error reaction time 3

< 1 second

DCp (Diagnostic coverage dangerous)

02 %
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h According to Siemens SN29500 at 60°C/140°F. MTBF calculated as reciprocal
of PFH/ Ao, assuming constant failure rate.

2 During this time all diagnostic functions are completed at least once.
" Time between failure detection and failure reaction (here this is the error current).

" Of course you can choose different (e.g. longer) proof test intervals. Choose the one
suited for your application by using the chart given below.

— PFDavg

1,20E-02

ohne schriftliche Genehmigung der Endress+Hauser Conducta GmbH+Co. KG nicht erlaubt.

1,00E-02
8,00E-03

6,00E-03

PFDavg

Alle Rechte vorbehalten. Das Kopieren dieses Dokuments und die Verwendung von Teilen aus diesem Dokument ist

4,00E-03
2,00E-03

0,00E+00

years

Proof test interval depending on PFD,y, for the 1o01D structure.
Years = "examples of proof test intervals"

Note!

These values do NOT include the PFD,,,/SFF values of the used voter and for external pow-
er supplies or external voltage supervisions.

Note!
For the calculation of the PFD,y, a Markov model for a 1001D system was used.
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Dangerous undetected failures in this scenario:

A dangerous undetected failure Apy is defined as a wrong measurement signal on the current
outputs in the range of 4..20 mA, whereas a wrong measurement value is a value departing
for more than the given precision (see chapter 2.1.3) from the true measurement value.

Some dangerous undetected failure can be found by the voter — but not all of them. In these
cases, the transmitter does not show an error message or an unusual behaviour.

Useful lifetime of electronic components:

The underlying failure rates apply within the useful lifetime according to [EC 61508-2
Clause 7.4.7.4 Note 3 [[EC61508:2000] or Clause 7.4.9.5 Note 3 [[EC61508:2010]. Other
values can be used from experience of the previous use in a similar environment.

[t is assumed that early failures are detected to a huge percentage during the production
testing and installation period and therefore the assumption of a constant failure rate during
the useful lifetime is valid.

According to [EC 61508-2 section 7.4.7.4 a useful lifetime based on experience should be
assumed.

Note!
Safe operation of the device requires a correct installation according to chapter 2.3.

2.4 Behavior of the device when in operation and in case of failure

2.4.1 Behavior of the device when switched on

When starting the device, loading the software takes about 40-60s. Safety related
internal tests are carried out. During that time the current output is held at the high error
current (>21.5 mA).

The power to the Memosens cable and Memosens sensor is switched on after the boot
phase, not earlier.

2.4.2 Behavior of the device on demand

If an internal error is detected, the device enters the safe state within the error reaction time
(see chapter 2.2).

In case the device reaches the active safe state, the SIL measurement mode is left, but the
SIL mode is still active. So the SIL icon remains visible in the status bar.
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In case of the passive safe state, the system stops completely and displays some information.
You have to repower the system to get it running again, but keep in mind that a passive safe
state indicates a serious problem with the system.

The display in the passive safe state looks like this:

Please use this information for your potential report to E+H service.

If the RAM- or ROM/Flash-Test detects an error, the system stops working and sets the
error currents without any information on the display (passive safe state).

2.4.3  Behavior of the device in the event of alarms and warnings
Error current

The alarm current can be chosen to be low or high error current. But most internal errors
are signalled by using the high error current.

To that end the logic component has to handle both cases: low and high error currents.

Warnings
For warnings, see the Operating Instructions of the transmitter.

Resets
Version: Page:
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The system only resets, if the watchdog of the system is activated or the system detects a
power failure (or the system is physically reset or powered down).

3 Installation

3.1 Mounting, wiring and commissioning

The mounting, wiring and commissioning of the device is described in the Operating Instruc-
tions and TI of the device (see chapter 1.4).

All remarks in chapter 2.3 have to be obeyed.

3.2 Orientation

There are no restrictions to the orientation of the device, except the restrictions in chapter
2.3 and the ones stated in the documentation (see chapter 1.4) and the installation manual.

4 Operation

All screenshots shown in this chapter are done using an English version of the Liquiline M
CM42. Depending on your language the screen might differ slightly.

4.1 Basics of safety relevant operations

For all safety relevant operations: The SETUP menu has an additional item called "Functional
safety". This has to be used for almost all safety relevant operations.

To enter or leave the SIL mode you need the user management to be switched on and you
need an expert password, which is not set to "0000". See the manual of the Liquiline M
transmitter on how to do this.

The CM42 SIL software in SIL mode slightly differs from the standard software (Classic
mode): For safety reasons the only possible calibration is a 2 point pH calibration, which can
be only carried out using E+H buffers pH 7.00 and pH 4.00 (only exactly in this sequence)
and using automatic temperature compensation. The only temperature calibration is the one-
point calibration.

4.2 Calibrating the measuring point

Calibration of the transmitter is not necessary, but calibration of the used sensor is mandato-
ry. Please see Operating Instructions part 2 of Liquiline M CM42 and chapter 4.7.1.
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4.3 Method of device parameterization

The usual parameterization is described in the standard documentation (see chapter 1.4).
Some settings are mandatory for the SIL mode. They are listed up on the next but one page.

4.4 Using the SIL mode and the Classic mode — Switch to SIL mode

The classic mode is the default mode of the device after a reset or power on sequence. It is
the non safe mode of the "traditional" Liquiline M CM42. Only in this mode parameter
settings can be changed. The SIL mode is the operating mode for the safety functions. Only
in SIL mode the system can be regarded as safe.

Switching the mode always asks for the expert password using a special safe screen.

ohne schriftliche Genehmigung der Endress+Hauser Conducta GmbH+Co. KG nicht erlaubt.

Overview: Classic Mode , SIL Mode and Safe Measurement Mode
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Switch to SIL2 mode [ SIL2 SIL mode |
Init (Password) | Init i
f - Safe mmélimm :
Switch on/off !
measuring point | O |
¥ SIL Measurement i
| Mode l
Classic-Mode | l
| m All safety functions
pH-measuring point | are switched on
with full functionality i » Limited functionality :
(No SIL2) : m Safe calibration/ :
adjustment possible !
! ® Failure |
Switch off SIL2 mode
(Password) ! l
Correction of “tive !
defects & safe Safe State i

parameterization Error current

O Complete system check

Version: Page:

2.3 29 of 68

All rights reserved. Passing on and copying of this document, use and communication of its contents not

permitted without written authorization from Endress+Hauser Conducta GmbH+Co. KG.



Endress+Hauser L7

Functional SafEtY Manual People for Process Automation
for the Memosens transmitter Liquiline M CM42 SIL

Entering SIL mode:

After password confirmation the software leads you to check and confirm the values of the
lower and upper current output value in [pH] and the pH alteration rate in [pH/s|. These
values are shown three times on random positions to eliminate the influence of possible
display errors.

Push the “Yes” soft key for confirmation and the "No" soft key, if there is something wrong
with the values. The "Yes" soft key is always randomly placed.

Now the SIL mode is active, and in the status bar the SIL icon is shown:

| reioae
Now both current outputs show a high error current until you switch into the SIL
measurement mode!

ohne schriftliche Genehmigung der Endress+Hauser Conducta GmbH+Co. KG nicht erlaubt.

Leaving SIL mode:

After selecting this from the Setup - Functional Safety menu just enter the password and you
will leave the SIL mode (the SIL icon is gone). Note that the error current is set on the
current outputs for at least 4 seconds. After that time, the Classic mode is responsible for
both current outputs and the outputs are no longer safe!

Alle Rechte vorbehalten. Das Kopieren dieses Dokuments und die Verwendung von Teilen aus diesem Dokument ist

The SIL mode requires for certain settings which have to be set in case the operator changed
the default settings. If any for the SIL measurement mode relevant condition is not fulfilled, a

g pop-up window will indicate this.

52 S Settings needed to switch to SIL mode:

g9 pH offset 0

é % MEAS temperature compensation mode ATC

5 g CAL temperature compensation mode ATC

§ § CAL buffer recognition fixed

§ % Buffer manufacturer E+H

§ % Sensor diagnostics on

§ % 2 point calibration on

gE Error 011 F

) Error 012 F

§ % Error 377 F

%’E - Current output 1 Main value

§ § Version: Page:
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Current output 2 Main value
Error current 21.5mA
Simu current output 1 off

Simu current output 2 off

CAL hold off

SETUP hold off

DIAG hold off
Logbooks on

Lab device off

Correct hardware and software versions See chapter 1.3
Lower Limit current output 1 and 2 [dentical
Upper Limit current output 1 and 2 Identical

The fastest way to default settings required for SIL mode: Use factory settings (DIAG — Ser-
vice — Factory default).

The following screenshots give an impression how it looks like on the display:
First you probably start with no sensor connected:

ATC

W [0 B Ei

Then after you have connected the sensor and the sensor has been found and the first meas-
urement has been done, you see:
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=] 28.09,2010
m 13:52: 20

Senzor pH{ORP d
Current output wd
enaral zattings .4
Functional Zafety  .d
Dizplay wd
DAT manu e
QK
Senzor pH{ORP el
Current output wed
General settings .4
" Functional Safety
1L Mode
"SETUP
sengar pH/ORP e
Lurrant autput -
I [SIL mode activation not possiblal
To activate SIL mode, ugar management
must be activated and expert-passwaord
must be changed (unaqual ta 0000)!
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4.5 The SIL mode — Active safe state mode

This mode always displays the reason for its activation. It is given as a hexadecimal number
and looks like

safe state: UOULDULS

In this example the reason is 00000003, which means: "user has explicitly deactivated the
SIL measurement mode (via safe adjustment)".

Here is the table of reasons for the activation of the active safe state and its meaning:
(below each reason, there is short help on what to do if this diagnostic code appears)

Number Number Reason
decimal hexa.dec1mal (> proposed action)
as displayed
on screen
0 00000000 No error. Maybe just switched to SIL mode.
2 00000002 User has explicitly deactivated the SIL measurement mode

(via safe calibration)

3 00000003 User has explicitly deactivated the SIL measurement mode
(via safe adjustment)

4 00000004 Physical sensor reported internal error.
- disconnect and connect sensor, or change sensor

5 00000005 Sensor value ranges check violation.
-> change sensor

6 00000006 Sensor state error bits set.
-> change sensor
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7 00000007 Sensor and transmitter pH value difference.
—> try changing sensor

8 00000008 Sensor sends measurement values too fast or often.
-> change sensor

9 00000009 Sensor sends measurement values too slow or seldom.
—> change sensor

ohne schriftliche Genehmigung der Endress+Hauser Conducta GmbH+Co. KG nicht erlaubt.
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10 0000000a Sensor updates measurement values too fast or often.
= try changing sensor

11 0000000b Sensor updates measurement values too slow or seldom.
= try changing sensor

12 0000000c Sensor sequence counter jump detected.
- try changing sensor

13 0000000d pH alteration rate higher than physically possible.
- try changing sensor

14 0000000e pH alteration rate higher than user specified limit.
- try changing sensor

15 0000000f Timing control error: pH value to old.
- try changing sensor

16 0000010 pH value exceeds pH limits.
- try changing sensor

17 0000011 Current output detected an invalid request.
-> contact E+H service.

18 0000012 Responses to current output module came too
slow/seldom.

- contact E+H service.

19 0000013 SIL measurement mode aborted because classic error
active (if user has configured some).
- see DIAG information for further steps

20 0000014 DAT module detected in SIL mode.
- remove DAT module from system
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4.6 Switch to SIL measurement mode

After entering SIL mode, in the Functional Safety menu the "SIL measurement mode switch"
appeared directly below the “SIL mode switch”. A SIL sensor has to be connected to do this
switch.

Please switch on the SIL measurement mode and check and confirm the values of the
sensor’s latest calibration (zero point, slope and sensor temperature adjustment). It is
necessary to document these values during calibration/adjustment and compare
them with the values given here. The software itself does not have the possibility to
check the "correctness".

Now the SIL measurement mode is finally started. The measured value is (safely) delivered
to the PCS and all safety diagnostics are running permanently in the background.

If an error is detected (e.g. sensor disconnected) the system leaves the SIL measuring mode
and enters the "SIL mode — active safe state". The reason for the active safe state is given in
the display as a hexadecimal number (see 4.5).

The SIL measurement mode requires for certain settings which have to be set in case the
operator changed the default settings. If any for the SIL measurement mode relevant condi-
tion is not fulfilled, a pop-up window will indicate this.

The conditions are the same as switching to SIL mode, but this time it is mandatory to have
a sensor connected.

The fastest way to default settings required for SIL measuring mode: Use factory settings.

The following screenshots give an impression how it looks like on the display:

SETUP
" Functional Safety 55,300

SIL Mode an
SIL MEAS mode 55.300

Senzor Proof Test At
Cable Proof Test 55.300

Dizplay

I this value correct?
yaz | no | no | no
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The measurement screen will now look like:

N I Nl

4.7 Using the safe sensor calibration and adjustment
Important remark!

You can also do the calibration in Classic mode (unsafe calibration/adjustment), this is not
checked for when using a SIL sensor. It is up to the user to check, if a correct "safe" calibra-
tion is used. This can be looked up under DIAG — Logbooks — Calibration logbook

4.7.1 2-point pH calibration

The two point calibration uses the following formulas to compute the slope and the zero
point of the sensor in the transmitter (the transmitter transforms the given equations inter-
nally to reduce computational errors):

Use two buffers (only E+H buffers with pH 7.00 and pH 4.00 and in this sequence are al-
lowed), measure the two voltages U1 and U2 with their pH-values pH 1 and pH 2. Then we
have:

Slope from the two measured values: Stk = (U1 —U2) / (pH1 — pH2)
Automatic temperature compensation (ATC) is done by using an adapted slope:
S'25°C = STk * ((273.15 + 25°C) / (273.15 + Tk [°C]))
Zero-Point (x=2 is used): pHyp = - (Ux / STk) + pHx
Ux = voltage measured at electrode
STk = slope at temperature Tk, S'25°C = slope at 25°C/77°F

pHx = pH-value of the buffer solutions (x is 1 or 2) — the pH-values are taken from the E+H buffer
tables with regard to the temperature of the buffers (T1 or T2)

T1: temperature of pH-buffer 1, T2: temperature of pH-buffer 2
Tk = (T1+T2)/2, mean temperature of calibration
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S'25°C and pHyp will be stored in the sensor, if the safe adjustment is used.
For the formulas of the pH calculation see chapter 2.1.

To start the calibration/adjustment use the menu "2-point calibration" from the CAL menu.

Then follow the instructions given on the display. The sequence is the same as for the tradi-

tional unsafe calibration/adjustment in classic mode. Except that there are some safe screens
in between.

During the 2 point calibration in SIL mode the current outputs show the measured values of
the calibration. Only after the calibration is finished or cancelled the error current is set on
both current outputs, because you have entered the active safe state.

Important!

Use only the "safe screens" to document or check values. Safe screens are characterized by
small, very basic font, the black status bar is not shown. Example: screen “SIL measurement
mode reached”. All other screens are not safe and are just for controlling the sequence of the
calibration/adjustment.

If any of the given screenshots here are not displayed or the sequence is not the same as
given here, you have to stop the calibration/adjustment and start over again. If the "error"
persists, you have to change the transmitter or the two modules and contact the E+H ser-
vice.

See the following screenshots for the sequence of screens:

ge o br 16 mv ([N sen e my

CAL 2-point cal.
2=paint cal. Buffer 1 7.00 pH
Temp. ad justmant -4

I [Action
Set point buffer 1 7.00 pH

Put electrode into buffar 1

Start calibration
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£.94 pH

£.94 pH

EE.0 *C 16 mY a3 lL EE.0 *C 16 my SL
CaL 2-paint cal. CaL 2-paint cal.
Buffar 1 7.00 pH Buffar 1 7.00 pH =16 my
Buffer 2 4,00 pH
I [Action
| |Please wait Set point buffer 2 4.00 pH

Put electrode into buffer 2

start calibration

Calib.=buffer 1 Running

dooet g3 mv I ro0e 53 mv
Chl 2-point cal. CAL 2-point cal,
Buffer 1 7.00 pH =16 mYy Buffer 1 7.00 pH =16 mh
Buffar 2 4.00pH Buffer 2 4.00 pH 163 mV
6.63 pH 55.04 m¥/pH
I |Pleaza wait I (Calibration finizhad

Continue

Calib.-buffer 2 Running

Now carefully check the next screen, if all values are the same and if the value displayed
makes sense for you. Only if everything is OK, push the "yes" soft key, and otherwise push
"nO".

*Sangor Slope’ in [my/pH] *Sensor Zeropoint’ in [pH]
56.267 B.632
56267 B.E3Z2
BE.2E7 B.B3Z
Cantinua? Continua?
no | yez | no no yaz | no | no no
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You can check if a safe calibration was done by entering the calibration logbook (DIAG —
Logbooks — Calibration logbook):

DIAG ‘ Calibration-Logbook

Event Timestamp

2 |ADJSILpH 07.02.2011 13:13:00
‘ﬂ.f | pH ‘II_-’II,"'I'I'] 13:04:00

A safe calibration is marked with “SIL”.

sate state: JUUUOULS

This picture above shows the result of the temperature calibration: the active safe state has
been entered and the reason is 00000003, which means a safe calibration has taken place.

4.7.2 1-point temperature calibration

First enter the menu using the CAL menu in SIL measuring mode and follow the instructions
given on the display carefully.

Again: Only the safe screens must be used to document values. See the remarks given with
the 2-point pH calibration in chapter 4.7.1.
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seo 't 163 mv (]

il ChL 1-paint cal.
2-point cal,
r S Waiting for stable temperature...
Temp. ad justment
Mode 1-paint
Offzet 0.0°C

Start justage

The next screen shows the raw temperature measured. Compare this to your reference
measurement and document both measured temperatures.

‘Sensor Raw Temperature’ in [deq C] SIL safe temperature calibration finished,
EED .......................................
55.0
55.0
ot
no | ues | no no

Chl 1-paint cal. CAL 1-point cal.

Temperature 65.0°C Temperature 55.0°C

I |hction I |Action

Enter ref. tamperatura 1
2k
Abort calibration

Enter ref. temparature 1: 54.0 °C
Ol
dbort calibration s
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*Sensor Temperature &djustment’ in [K]

CaL L O
-1.0
Temperature G5.0°C
Maw of fzat -1.0*C 10
I |Action 140

Store data for ad justmen | e PR E L
Abaort calibration

Are these values equal?
no | no | ues | no

SIL safe temperature adjustment activated, SIL
CaL 1-point cal.

fdjugtmant finishad
Put alectrode into measuring madium

QK

sate state: LOLUUCLS
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The last picture above shows the result of the temperature calibration: the active safe state
has been entered and the reason is 00000003, which means a safe calibration has taken
place.

5 Maintenance, recalibration

If necessary (depending on the application), it is recommended to clean the device acc. to
the operation manual occasionally.

6 Proof test

6.1 Proof test

Safety functions must be tested at appropriate intervals to ensure that they are working
correctly.

The time intervals must be defined by the operator (refer to chapter 2.3).
Proof testing must be carried out in accordance with the procedure given below.

If several devices are used in MooN ("M out of N") configurations, the proof test described
here must be performed separately for each device.

In addition, checks must be carried out to ensure that all restrictions for the operation are
still obeyed (see chapter 2.3).

6.2 Testing to ensure its safe functioning

Note!

Please see also the section "Maintenance, recalibration" in chapter 5.
Note!

If one of the described proof criteria is not satisfied, you are not allowed to use the device as
a part of a safety related system anymore.

Note!

The proof test is used to detect random failures. The influence of systematic errors on the
safety function is not covered by this test and has to be considered separately. Systematic
errors can for example be forced by medium properties, environmental conditions, corrosion,
etc.
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6.2.1 Proof test of the Liquiline M CM42 transmitter

You need a transmitter, a Memosens cable and a Memosens sensor. All components must be
certified according to IEC 61508. You need an already calibrated sensor. You also need two
buffer solutions, one with pH 7.0 and the other with pH 9.0 or 9.2.

You need a reliable ampere meter to measure the current at both current outputs. The preci-
sion must be at least +1mA.

Note!
The proof test can be done in the laboratory or "in process".

The procedure of the proof test is as follows:

(This is the procedure used, if you can use buffers. If you need to do this procedure "in pro-
cess", you need a way of changing the pH value of at least 2.0 pH —e.g. pH 5.0 and pH 7.0.
You must adapt the corresponding settings in the procedure below and document that.)

e Switch off the transmitter Liquiline M CM42. Now all connected devices (sensor, cable
and transmitter) are switched off.

e Put the sensor into the buffer with pH 9.0 or pH 9.2.
e Wait for at least two minutes (to discharge almost all capacities of the electronic).

e Switch on the transmitter and wait until the system shows the pH value in the main
screen of the transmitter display. Now (almost) all self tests of the device have been run
successfully.

e Now run the “cable proof test in the menu” "SETUP — Functional safety". It must finish
successfully.

e Set the safety function to SAF1 and set the current output spreading for the pH-value
(SETUP — Current outputs — Current output 1/2) to 8.0 (minimum) und 10.0 (maxi-
mum). If you reference to process solutions, the pH values of the current output spread
have to be 1 pH below the lowest and 1 pH above the highest reference value. All other
settings should have reasonable values.

e Then switch to SIL mode and then to SIL measuring mode. The system must run in SIL
measuring mode without any errors. Now start to measure both current outputs.

o Wait for at least two minutes. The current outputs must show a constant value between 4
and 20 mA. The value itself is not important, just that it stays constant and it is not an er-
ror current.

Both values of the current outputs are each allowed to spread at a maximum of +£0.05mA
at constant temperature.
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e Now change the buffer and put the sensor into the pH 7.0 buffer or rather the process
solution with the lower pH value. This pH value is outside the allowed pH interval for
SAFI1 and therefore the safety function must execute.

The current outputs must change (because of the pH change) and as soon as the pH value
is below pH 8.0 / below the lower value of the current output spread, the current outputs
must show a high or low error current for at least four seconds.

The (active) safe state has been reached.

e Reconfigure the system for your application, especially reset the current output spreading
to the values you need.

e Done.

The proof test has to be documented with date, tester and the result (see example of proto-
col in chapter 9).

This test detects approx. 90 % (proof test coverage) of all possible dangerous undetected
device failures.

6.2.2 Proof test of the Memosens cable CYK10

You need a transmitter, a Memosens cable and a Memosens sensor. All components must be
certified according to IEC 61508.

Note!
The proof test can be done in the laboratory or "in process".

The procedure of the proof test is as follows:

e Navigate to the menu Setup — Functional Safety and deactivate “SIL meas Mode” if
switched on.

e Enter the menu item "Cable Proof Test".

e Push the jog shuttle to start the proof test. Make sure that you have connected the cable
and the sensor correctly. The system is not able to distinguish between a disconnected
sensor and a broken communication link.

o Wait until the proof test has been finished (about 30 seconds).

e The result is displayed. In case of an error, you can restart the test, but beforehand you
should check the connections between cable and transmitter and cable and sensor.

The proof test has to be documented with date, tester and the result (see example of proto-
col in the safety manual of the cable).
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This test detects approx. 90 % (proof test coverage) of all possible dangerous undetected
device failures.

The following screenshots give an impression how it looks like on the display:

" Functional Safety

SIL Mode an
SIL MEAS mode off Start Cable Proof Test
Senzor Proof Test

Cable Proof Test

Cable Proof Test
completad successfully,

Taszt running, plaase wait

0K
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Possible error messages:

.
Cable Proof Test

SETUP

.
Cable Proof Test

SETUP
Cable Proof Test failed

Reazon:
Proof test inconclusive,
Rarun proof test,

QK

I S

SETUP Cable Proof Test
Cable Proof Test failed

Reazon:
Reconnect sensor, Repeat

proof test,

6.2.3

Cable Proof Test failed

Reazon:
Dangerous error detected during
proof test, Replaca cabla,

Proof test of the Memosens pH glass sensor

You need a transmitter, a Memosens cable and a Memosens sensor. All components must be
certified according to IEC 61508. You also need two buffer solutions, one with pH 7.0 and

the other with pH 4.0.
Note!

The proof test can be done in the laboratory or "in process".

The procedure of the proof test is as follows:

e Navigate to the menu Setup — Functional Safety and deactivate “SIL meas Mode” if

switched on.
e Enter the menu "Sensor Proof Test".

e Read carefully the instructions given on the display and push the jog shuttle button as

requested.
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o After the proof test has been done, the result is displayed. If an error has been
detected, you are not allowed to use this sensor for any safety related functions
anymore.

The proof test has to be documented with date, tester and the result (see example of proto-
col in the safety manual of the sensor).

This test detects approx. 90 % (proof test coverage) of all possible dangerous undetected
device failures.

Note!
The test forces the safety function of the sensor to execute.

ohne schriftliche Genehmigung der Endress+Hauser Conducta GmbH+Co. KG nicht erlaubt.

Very important!

Very carefully read the display during the proof test and only continue, if you have finished
exactly, what has been asked for on the display. If you for example put the sensor in pH 7.0
instead of pH 4.0, this will leave the sensor in an almost unusable configuration which can-
not be undone!

Alle Rechte vorbehalten. Das Kopieren dieses Dokuments und die Verwendung von Teilen aus diesem Dokument ist

The steps of the proof test are:

All of the steps below have to be done successfully. Only steps A) to C) are done by the proof
test sequence. Step D) has to be done manually by you.

A) Put electrode into pH 4.0
a. Adjust sensor with special slope/zero point 1
b.  Sensor into pH 7.0

B) Put electrode into pH 4.0
a. Put electrode into pH 7.0
b.  Adjust sensor with special slope/zero point 2
c. Sensor into pH 4.0

C) Put electrode into pH 7.0
a. Adjust sensor with a default slope/zero point
b.  Start measuring again.

D) Do a safe calibration and adjustment with this sensor now.

Note!

In case you have escaped the proof test sequence or the proof test failed, because of a "cor-
rectable error", the sensor is in an unusable state.
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For safety reasons, to reset the sensor you have to do the complete proof test successfully.
Therefore try to start the proof test by putting the sensor as described above in pH 4.0. If that
does not work (you can stop the proof test by pushing the ESC soft key, if after 120 seconds
nothing happens on the display), you start with pH 7.0, although the display says pH 4.0. If
that worked, follow exactly the instructions given on the display. If it still does not work, you
have to change the sensor.

The following screenshots give an impression how it looks like on the display:

SETUP sensor Proof Test
aneral sattings  .d Stap b1
" Functional Safety
SIL Mode an Put alectrode into buffer 4.00 pH

SIL MEAS mode of f

sensor Proof Test
Cable Proof Tast

QK

SETUP sengor Proof Test SETUP sensor Proof Test

Stap 4.2 Step .3

Taegt running, please wait

store data for zpecial ad juztmeant 1

QK
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SETUP sensor Proof Test SETUP sensor Proof Test
Step A4 step &5
Put electrode into buffar 7.00 pH Test running, please wait

b =]

SETUP sengor Proof Test SETUP sengor Proof Test

Step B.1 Step B.2
Put electroda into buffar 4.00 pH Put electroda into buffar 7.00 pH

=tart Test store data for zpecial ad juztmeant 2

I El =]

SETUP sensor Proof Test SETUP sensor Proof Test
Step B.3 Step B.4
Test running, please wait Put electrode into buffar 4.00 pH

L
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SETUP sengar Proof Tast SETUP sengar Proof Tast
Stap C Sangor Proof Taest
Put electrode into buffar 7.00 pH Step & to C completed succesafully.

store data for detault adjuztment

ﬁﬁ#

In case the system detects a "correctable error", you get for example:

S =]
SETUP Senzor Proof Tast

Senzor Froof Test failed

Reazon:
Stability criteria missed.
Repaat proof tast,

QK

In case of an unrecoverable error, you get for example:

v.00 pH
5.0 *C
SETUP sensor Proof Tast SETUP sensor Proof Tast
Senzor Proof Test failed Senzor Proof Test failed
Reazon: Reazon:
Mot able toinject adjustment Sensar broken. Replace sensar!

values. Raplace gansor.
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7 Repair

In general Liquiline M CM42 SIL devices can be repaired like non SIL devices. But there are
two things to take into account:

1. If only one of the Liquiline M CM42 modules is replaced, the complete system is NOT in
an "almost new" state. Therefore you have to do a proof test of all not changed components
and compute the current PFD,,, value for your specific system. To avoid this effort, a service
kit containing both hardware modules (FMIH1, SIL and FSDG1, SIL) is offered, order
code 71123799. These modules are not available separately.

Regarding PFD,,, the exchange of both modules is comparable with a new device.

2. In case the voter detected an A4, error (error displayed by PCS, but Liquiline M CM42
status seems to be ok) please send the device back to E+H. It is the responsibility of all of
us to do everything possible to find out the reason which lead to this safety relevant Ag,
error.

Please fill in the form “Declaration of de-contamination” on www.endress.com/service -
support - returned material or copy the last but one side of this manual and send it together
with the clean device back to your local E+H service.

Are you interested in a training especially regarding the SIL Memosens pH analytical measur-
ing chain? Please send your request to

analysis-academy @ conducta.endress.com.

The following scheme gives an overview of what to do in case the SIL measurement is inter-
rupted:
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For a useful description of an error the following should be checked and described:

Which error occurred (error number and short text of the error message)?

Which entries are listed up in the logbook(s)?

In case of a system crash the parametrization of the data logbook is interesting,.
Please describe the error (behaviour of the device, display, current output values at
the transmitter display and at the PCS, ...)

5. In which situation did the error occur? (during a proof test, a standard check, a trial
or during operation?

What did the control room show in the relevant period of time?

Could you observe the behaviour of the current outputs at the display? If yes, what
did the current outputs and the voter show? Were there differences?

8. Which are the serial numbers of the transmitter, sensor and cable?
Regarding Liquiline M CM42, the versions of the hardware modules FMIH1 and
FSDG1 as well as the projecting versions (= Software version, please read via the
display and not at the type plate) are good to know, if modules had been changed
and/or a software update was done.

9. Boundary conditions:
e Voltage at the device
e Current output value or typical measuring range and expected pH value
o Are ESD influences possible? (Motors, frequency converter, ...near by)?

N

Ne
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(o)

Notes on the redundant use of the device for SIL 3

SIL3 can be reached either by homogenous redundancy or by inhomogeneous re-
dundancy.

9 Proof test protocol example

Application Specific Data

Company

Measuring point

Facility
Device type Liquiline M CM42, SIL

ohne schriftliche Genehmigung der Endress+Hauser Conducta GmbH+Co. KG nicht erlaubt.

Serial number

Checked again the restrictions for usage O yes Ono

Sensor calibration data used
slope [pH/mV]
zero point [pH]

Partial stroke test for current out used O yves Ono

Temperature range check values
minimum [°C/°F|
maximum [°C/°F]

PFDavg value before proof test

PFDavg value after proof test

Date of last proof test

Date of next proof test (estimated)

Name of tester

Date

Signature

To store the settings (all parameters) of the used transmitter, you can use a CopyDAT CY42-
C1 (see operating instructions).
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10 Overview of modes and current output

Mode of CM42

Current output 1

Current output 2

Classic mode

as configured,
see operating

as configured,
see operating

instructions instructions
SlL-Mode, 21.5mA 21.5 mA
active safe state mode
SIL-Mode, >21.5 mA >21.5 mA
passive safe state mode
SIL-Mode, Measured pH value Measured pH value
calibration running (computed by transmitter) (computed by sensor)
SIL-Mode, Measured pH value Measured pH value
SIL measurement mode (computed by transmitter) (computed by sensor)
System startup,
until classic mode >21.5 mA >21.5mA
reached

11  PFD,,, computation examples

In this chapter we provide some examples to compute the PFD,, values of a measuring
chain and the PFD,y, value after doing proof tests.

Remark: PFD,e(T) = 1/T fo" (Apy t) dt = Yadpy T (for aloo1D system, assuming constant
and small failure rate Apy). Usually PFD,y, is given without a parameter T, which means this
is the value of PFD,, at time T of the mandatory proof test.

11.1 Example to calculate PFD,,, after a proof test

The aim of a proof test is to show, that the system does not have any dangerous undetected
failures. The proof test coverage denotes the effectiveness of the proof test.

So after the proof test has been successfully finished, the systems PFD,y, value has been
"improved" and you can determine when the next proof test has to be carried out.

Here we use the Memosens cable CYK10 in a 1001D setting for the example.
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Assumptions for this example:

Proof test is done after two years of operation, because system is not allowed to have a high-
er PFD,, than 1.80 x 10 at all times.

Initial PFD,y, of new cable: PFD,yg (0) =0
PFD,y, of a two year old cable: PFD,yg (2 years) = 1.80 x 10

assuming Apy = 2.05 x 10° 1/h (= 20.5 FIT) and

where PFD,(t) = 1/2 x t x Apy, tin hrs.
Then you do the proof test (follow the CM42 menu guidance) successfully.
Proof test coverage is (see Memosens cable safety manual): 90%.

New values after the proof test has been successfully finished:
New PFD,,, value after two years and after a successful proof test

PFD,y, (2 years; proof test successful) = 1.80 x 107 x (1.00 - 0.90) = 0.18 x 10
PFD,y, value after two additional years (no additional proof test done yet):
PFD,y (4 years) = 0.18 x 10 + 1.80 x 10 =1.98 x 10

Further questions:

What is the time period t, after which the PFD,y,(t) value of this once "proof tested system"
reaches again 1.80 x 102

Find t, where PFD,,(t) = 1.80 x 10

=>1.80x 10%=0.18 x 107 + 0.50 x Apy x t
=> T in years: T = 0.9 x 2.0 years = 1.8 years = 21.6 months

And therefore the proof test interval T after the first "incomplete" proof test with a proof test
coverage of 90%, will be smaller than two years.

All rights reserved. Passing on and copying of this document, use and communication of its contents not
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Proof Test Example - Memosens Cable CYK10
—&— PFDavg(t) Target/Allowed PFD = A = PFDavg(t)
3,00E-04
2,00E-04
>
s
a)
LL
o
1,00E-04
0,00E+00 ‘
0 1 2 3 4 5
t [years]

The dotted line is the PFD,,(t) value, if the proof test is done after 2 years and 21.6 months.
The solid line, if the proof test is done after 2 years and 4 years. And the straight horizontal
line denotes the limit of the PFD,,, value given by the customer.
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11.2 PFD,,, computation example for a pH measuring point

Note!

The following example can be used as the result for the safety parameters of the complete
Endress+Hauser pH SIL measuring chain (see table at end of chapter).

Assume we have a measuring point consisting of the following components from
Endress+Hauser:

1. Memosens pH glass sensor, SIL
2. Memosens cable CYK10, SIL
3.  Memosens transmitter Liquiline M CM42, SIL

—

‘I"H‘.m‘

= "43 ‘l-:
. Bany ®
.

Liquiline CM42 Memosens cable CYK10 Head of || pH sensor CPSx1D

TOV - . Influenced by
| O Components are TUV certified separately the process

The measuring chain is connected to a PCS (e.g. a PLC), which is itself connected to some
kind of actor to activate the safe state.

You can calculate the PFD value of the complete chain (PFD,y, mc; mc means measuring
chain) by summing up the individual PFD values of all components in the chain, including
the communication protocol (here the Memosens protocol):

PFDg, mc = PFD,, sensor

+ PFDyy, cable

+ PFD,y, transmitter

+ PFD,y,, Memosens protocol
Then for a complete safety instrumented system (SIS) you get:
PFDgygsis =  PFDgy, mc

+ PFDgyq PCS

+ PFDyy, actor
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As an example, the value of the complete (non-redundant) Endress+Hauser pH measuring
chain, described at the beginning of this section, we get (The
Memosens protocol has been taken into account with 1% of the PFD SIL-2 value = 1.0 E-4):

PFD,,mc = 83E-4+09E4+103E4+1.0E4=20.5E4
(Proof test intervals are chosen to be 1 year for all devices)

According to IEC 61508 a maximum PFD,,, of 1E-2 is allowed to realize a SIL-2 SIS. So the
just calculated value accords to about 21% of the SIL-2 PFD,,, value. That means the PCS
and actors can use the remaining 79% of the SIL-2 PFD,,, value.

Of course, you also have to calculate and use the SFF given in the [EC 61508 to fulfil all
requirements of the standard.

For the SFF of this specific chain you get:

SFF,,. = 93.8% with
PRy = 92.3%,
SFFcable = 90.4% and

SFFtransmitter = 94.8%.

The following table shows the specific functional safety parameters for a single-channel
device operation:

All rights reserved. Passing on and copying of this document, use and communication of its contents not

permitted without written authorization from Endress+Hauser Conducta GmbH+Co. KG.

Version: Page:

2.3 63 of 68




All rights reserved. Passing on and copying of this document, use and communication of its contents not Alle Rechte vorbehalten. Das Kopieren dieses Dokuments und die Verwendung von Teilen aus diesem Dokument ist

permitted without written authorization from Endress+Hauser Conducta GmbH+Co. KG.

ohne schriftliche Genehmigung der Endress+Hauser Conducta GmbH+Co. KG nicht erlaubt.

Functional Safety Manual

Endress+Hauser L7

People for Process Automation

for the Memosens transmitter Liquiline M CM42 SIL

Parameters according to
IEC 61508

E+H Memosens pH SIL
Measuring chain

Safety Function

1: pH limit monitoring
2: pH value measurement

3+4: safe calibration and adjustment

Hardware: 2, Software: 3

SIL in homogenous redundancy: 3
HFT 0

Device Type B

Mode of Operation Low demand mode

SFF 03.8 %

MTTR (used for PFD calculation) 8 h

Ty (Proof test interval)

Recommended: 1 /1 /1 year,
(sensor / cable / transmitter)

Asp 688 FIT
Asu 1623 FIT
AbD 4473 FIT
Abu 447 FIT
Motal | 7238 FIT
PFDy (for Ty=1/1/1year) ™ | 19.6 x 10
PFH 4.5 % 107
MTBF h 15 years
Diagnostic-Test-Interval 2 < 60 min

Error Reaction Time 3

< 10 seconds

DCp (Diagnostic Coverage Dangerous)

01 %

Version:

2.3

Page:
64

of 68




Alle Rechte vorbehalten. Das Kopieren dieses Dokuments und die Verwendung von Teilen aus diesem Dokument ist

All rights reserved. Passing on and copying of this document, use and communication of its contents not

permitted without written authorization from Endress+Hauser Conducta GmbH+Co. KG.

Endress+Hauser L7

Functional SafEtY Manual People for Process Automation
for the Memosens transmitter Liquiline M CM42 SIL

"1 According to Siemens SN29500 at 60°/100° Celsius — 140°F/212°F. MTBF
calculated as reciprocal of PFH/ At

2 During this time all diagnostic functions are completed at least once.
" Time between failure detection and failure reaction.

“of course, you can choose different (e.g. longer) proof test intervals. Choose the
one suited for your application.

Note!

These values do NOT include the PFD,,,/SFF values of the used voter and the sensor ele-
ment in contact with the medium. Nor does it take into account any medium interactions
with the sensor element.
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History

Version

Changed by

Date of change

Change

2.0

2.1

2.2

2.3

Nentwich

Nentwich

Nentwich

Nentwich

21.02.2011

18.06.2011

Not officially
published

30.01.2012

24.10.2012

- Update of the graphics in chapters 2.3
+7

- New: Graphic in chapter 4.4

- Text in chapter 7

- New: Declaration of Decontamination
- LED deactivated in SIL device

- SAP version number of FMIH1 added
- Addition of TUV certificate
- Elinimnation of ,,Orbisint CPS11D*

- SIL3 for software, homogenous re-
dundancy

- Questions to describe an error

- 1.3: valid device types updated
-2.2: “+/-0,04” pH explained

- 2.3: Reason for use of weather protec-
tion roof added

-1.3: new: Projection of FMIH1 module
Updated FBIH1 version
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Declaration of Hazardous Material and De-Contamination

maf Me RA# dearly an Ge oukide of the bo®. 17 1hi procedune & nol followed, it may et in he peual of he

| | | | | | | | Pleme fedefencs Lhe Betirn Aulhoraion Numbe (RAY |, oblined Fom Endfes+ Hamiset, on Al gaperwork and
el a1 our Br_ihl'-'

RA No.

Becaise of legal repulations and for the safety of our employess and operating equipment, we need the " Declaration of Hazard ous Material
and De-Contamination®, with your sgnature, before your order can be handled. Please make absolutely sure to attach it o the oulside of the
paclaging.

Type of instrument / sensor Serial mmber

D Used as 5IL device in a safety Instrumented System

Process data Tempematumre —FH ] Pressume | — 1
Conductivity e e Viscosity o krl  |mm's
Medium and warnings i a E E i o
) . . . harmiuls
Meadium # concentration | ldemtification | flammaHe ooTToE Ve e i harmiless
LAS Mo,

Priscess

medfum

Medium for

prrees e Cleardng

Retumed part

cleaned with

* explosive; oxidising dangerous for the envimonment; bidogcal rik; mdioac tive
Flease tick shoul one of the above be apdicable, indude safety datasheet and, if necessany, spedal handling instroctions

Description of failore
Company data

cCompary  __ Fhone mumber of contact pemson

Addres Fax / B-Mail

“We herely cortify that this declaration & fled out thuthfully and completely to the best of our knowledpe. Ye further certify that the returned
parts have been carefully deanad. To the best of our knowledge they are fee of any residues in dangemous quantites.”

|place, dats] Mame, depl. jplese pom) Smahre
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