Technical Functional Safety Manual Dp,,a,p[.%”
i for /ISLT -
Information oPharp EJBF
Tl 01C25A05-21EN
Contents
L= 4 e = 1
< English >
1. Safety Instrumented Systems Installation
1.1 SCOPE ANA PUIMPOSE ...ttt et e e eae e eeseeen e eseese e aeeneeeesaeeneessenseenseaneensenseaneensesneenen
1.2 Using the transmitter for an SIS APPlICAtioN ..........coeoviiiiiii e 4
1.21 Safety Accuracy 4
1.2.2 Diagnostic Response Time 4
123 Setup 4
124 Required Parameter Settings 5
1.2.5 Proof Testing 5
126 Repair and Replacement 6
127 Startup Time 6
1.2.8 Firmware Update 6
1.29 Reliability Data 6
1.2.10 Lifetime Limits 6
1211 Environmental Limits 6
1.2.12 Application Limits 6
1.3 Definitions and @abbreviationS ............coiiiiiiiie s 7
1.3.1 Definitions 7
132 Abbreviations 7
2, Functional Safety Data Sheet ..........cccccvoereernirncrecr e 8
< B#EERR > 10
1. REHE VAT LOFREIICHT->T 10
1.1 b} elEi Rl =] 10
12 TEFHEY R T LERICHT 5 EIX/EIA DT 10
12,1 REWE 10
122 SRS B IR 10
123 RIE 10
124 WEIZINT A =R DRE 1
125 TI—TF7 R 11
1.26 1B - 4 12
127 HCENEERE 12
128 T7—LD T T DFEH 12
129 ZeMT—4 12
12,10 it FREEER DR 12
1211 RIROHIR 12
1212 FRDHBR 12
13 FAEE L B&SE 13
1.3.1 FB5E 13
132 B&E5 13
2. HmReF—s2y—t 14

YOKOGAWA ¢

TI 01C25A05-21EN
©Copyright Nov. 2019 (YK)
1st Edition Nov. 2019 (YK)



This document is the Functional Safety Manual of EJX ***A/J, EJA*™* E/ J.
Certificate

UD

T

Product Service

CERTIFICATE

No. 210 105352 0001 Rev. 00

Holder of Certificate: Yokogawa Electric Corporation
2-9-32, Nakacho
Musashino-shi, Tokyo
180-8750 JAPAN

SUDETOV SHD Y SUBT TV SUDE

T:E= ¢ CEPTUOUKAT & CERTIFICADO ¢ CERTIFICAT

Certification Mark:

¥\

8
{

=

&

1)

(7!

= Functional g7

o Safety

-

& Product: Pressure Meters

i

;."f The product was tested on a voluntary basis and complies with the essential requirements. The
- certification mark shown above can be affixed on the product. It is not permitted to alter the

% certification mark in any way. In addition the certification holder must not transfer the certificate to
75! third parties. See also notes overleaf.

=

=

e

43
i

i
ic'n Test report no.: YM94108T
=
hol . .
= o Valid until: 2024-08-01
(1%
g Al
g R
3
= &
(=
=
)|
0] :
=
:E o
oS
E — Date, 2019-08-02 ( Matthias Ramold )
=)
N
Q ¢
=
=t —
= <T
Ia E
g =
T
= oo
5 g w Page 10f 3
E( 7 N TUV SUD Product Service GmbH « Certification Body « Ridlerstrale 65 + 80339 Munich « Germany Tt‘N®
>
=

All Rights Reserved. Copyright © 2019, Yokogawa Electric Corporation TI01C25A05-21EN Nov. 20, 2019-00



UVISUDSTUV SH

Parameters:

FSiD! THUSHD TUVSES T

Tested
according to:

JRE Ty SUDTFIRESUD

Factory(ies):

TUVs

Model(s):

L7 L

cip

o

E:EE ¢ CEPTUOUKAT & CERTIFICADO & CERTIFICAT

nll‘)ﬁ 2 R

=7]

with:

CERTIFICATE

No. Z10 105352 0001 Rev. 00

Product Service

Rated input 10.5 to 42.0Vdc
Rated output 4 to 20mA

Operating temperature -55°C to +85°C
Humidity 0 ~ 100 % RH

Safety function
(HFT=0) SIL2
(HFT=1) SIL3

Safety analog output of 4 to 20 mA DC
signal corresponding to the measured
differential and static pressure.

IEC 61508-1:2010

IEC 61508-2:2010

IEC 61508-3:2010

IEC 61511-1:2016

IEC 61511-1:2016/AMD1:2017
IEC 61326-3-2:2017

IEC 61010-1:2010

IEC 61010-1:2010/AMD1:2016
EN 61010-1:2010/A1:2019

103932

Pressure Transmitter EJX and EJA Series

EJX aaaa-bcdef-ghijk-Imnopgrs-tuvw/xx
EJX aaaa-bcdef-ghijk-Imno-pgrs/xx for only EJX117J

EJX aaaa-bcdef-ghijk-Imno-p/xx for only EJX213J

laaaa [Transmitter

110A,110J

Differential pressure transmitter

115A,115J

Differential pressure transmitter

117J

[Sanitary Type Differential Pressure Transmitter

118A,118J

Diaphragm sealed differential pressure transmitter

120A,120J

Differential pressure transmitter

130A,130J

Differential pressure transmitter

R10A,210J

Flange mounted differential pressure transmitter

R13J

[Sanitary Type Liquid Level Transmitter

B10A,310J

Absolute pressure transmitter

430A,430J

iGauge pressure transmitter

“38A,438J

Diaphragm sealed gauge pressure transmitter

#40A,440J

Gauge pressure transmitter

510A,510J

IAbsolute pressure transmitter

630A,530J

Gauge pressure transmitter

533J

[Sanitary Type Gauge Pressure Transmitter

610A

IAbsolute pressure transmitter

B630A

iGauge pressure transmitter
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b Output signal
D 4 to 20 mA DC with digital communication (BRAIN protocol)
E ¥4 to 20 mA DC with digital communication (HART 5 protocol)
V] ¥ to 20 mA DC with digital communication (HART 5/HART 7 protocol)

c to xx |[Non-safety related codes (any code)

I (=L) to w are not applicable depending on the model.

EJA aaaa-bcdef-ghijk-Imnopqgrs-tuvw/xx

EJA aaaa-bcdef-ghijk-Imno-pqrs/xx for only EJA117J

EJA aaaa-bcdef-ghijk-Imno-p/xx for only EJA213J

with:

laaaa [rransmitter

110E,110J

Differential pressure transmitter

115E,115J

Differential pressure transmitter

117J

[Sanitary Type Differential Pressure Transmitter

118E,118J

Diaphragm sealed differential pressure transmitter

120E,120J

Differential pressure transmitter

130E,130J

Differential pressure transmitter

R10E,210J

Flange mounted differential pressure transmitter

R13J

iSanitary Type Liquid Level Transmitter

B10E,310J

Absolute pressure transmitter

#30E,430J

Gauge pressure transmitter

“38E,438J

Diaphragm sealed gauge pressure transmitter

A40E 440J

Gauge pressure transmitter

b10E,510J

Absolute pressure transmitter

B30E,530J

Gauge pressure transmitter

533J

Sanitary Type Gauge Pressure Transmitter

610E

Absolute pressure transmitter

B30E

Gauge pressure transmitter

b Output signal

D

4 to 20 mA DC with digital communication (BRAIN protocol)

E

4 to 20 mA DC with digital communication (HART 5 protocol)

Y

¥ to 20 mA DC with digital communication (HART 5/HART 7 protocol)

ic to xx [Non-safety related codes (any code)

| (=L) to w are not applicable depending on the model.
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1.  Safety Instrumented Systems Installation

/\ WARNING

When using the transmitter for Safety Instrumented Systems (SIS) application, the instructions and
procedures in this section must be strictly followed in order to preserve the transmitter for that safety
level.

11 Scope and Purpose

This section provides an overview of the user responsibilities for installation and operation of the transmitter
in order to maintain the designed safety level for Safety Instrumented Systems (SIS) applications. Items
that will be addressed are proof testing, repair and replacement of the transmitter, reliability data, lifetime,
environmental and application limits, and parameter settings.

1.2 Using the transmitter for an SIS Application

1.21 Safety Accuracy

The transmitter has a specified safety accuracy of 2%. This means that the internal component failures are
listed in the device failure rate if they will cause an error of 2% or greater.

1.2.2 Diagnostic Response Time

The transmitter will report an internal failure within 5 seconds of the fault occurrence.

1.2.3 Setup

During installation the transmitter must be setup with engineering units parameters. This is typically done
with a handheld terminal. These parameters must be verified during the installation to insure that the correct
parameters are in the transmitter. Engineering range parameters can be verified by reading these parameters
from the optional local display or by checking actual calibration of the transmitter.
For details, refer to Clause Setting Parameters for setting range.

BRAIN: IM 01C25T03-01E

HART: IM 01C25T01-06EN Appendix 3
The calibration of the transmitter must be performed after parameters are set.

All Rights Reserved. Copyright © 2019, Yokogawa Electric Corporation TI01C25A05-21EN Nov. 20, 2019-00



1.24 Required Parameter Settings
The following parameters need to be set in order to maintain the designed safety integrity.

Table 1.1 Required Parameter Settings

Item Description

Burnout direction switch To specify if the output should go 21.6 mA or higher or 3.6 mA or lower upon
detection of an internal failure.

Write protection switch The write function should be disabled.

1.2.5 Proof Testing

The objective of proof testing is to detect failures within the transmitter that are not detected by the diagnostics
of the transmitter. Of main concern are undetected failures that prevent the safety instrumented function from
performing its intended function. See table 1.2 for proof testing method.

The frequency of the proof tests (or the proof test interval) is to be determined in the reliability calculations for
the safety instrumented functions for which the transmitter is applied. The actual proof tests must be performed
more frequently or as frequently as specified in the calculation in order to maintain required safety integrity of
the safety instrumented function.

The following tests need to be specifically executed when a proof test is performed. The results of the proof
test need to be documented and this documentation should be part of a plant safety management system.
Failures that are detected should be reported to Yokogawa.

The personnel performing the proof test of the transmitter should be trained in SIS operations including bypass
procedures, transmitter maintenance, and company management of change procedures.

Table 1.2 Proof Testing

Testing method Tools required Expected outcome Remarks
Functional test: + Handheld terminal Proof Test Coverage | The output needs to
1. Follow all Management of Change =529%, be monitored to assure
procedures to bypass logic solvers if .
necessary. that the transmitter
2.Execute HART/BRAIN command to communicates the
send value to high alarm (21.6 mA) correct signal.
and verify that current has reached
this level.

3. Execute HART/BRAIN command to
send value to low alarm (3.6 mA) and
verify that current has reached this

level.
4. Restore logic solvers operation and

verify.
Perform three point calibration along  Handheld terminal Proof Test Coverage
with the functional test listed above.  Calibrated pressure =99%

source

All Rights Reserved. Copyright © 2019, Yokogawa Electric Corporation TI01C25A05-21EN Nov. 20, 2019-00



1.2.6 Repair and Replacement

If repair is to be performed with the process online the transmitter will need to be bypassed during the repair.
The user should setup appropriate bypass procedures.

In the unlikely event that the transmitter has a failure, the failures that are detected should be reported to
Yokogawa.

When replacing the transmitter, the procedure in the installation manual should be followed.

The personnel performing the repair or replacement of the transmitter should have a sufficient skill level.

1.2.7 Startup Time

The transmitter generates a valid signal within 1 seconds of power-on startup.

1.2.8 Firmware Update

In case firmware updates are required, they will be performed at factory. The replacement responsibilities are
then in place. The user will not be required to perform any firmware updates.

1.29 Reliability Data

Refer to Table 2.1 Functional Safety data in this document for failure rates and failure modes.

The transmitter is certified up to SIL2 for use in a simplex (1001) configuration, depending on the PFDavg
calculation of the entire Safety Instrumented Function.

The development process of the transmitter is certified up to SIL3, allowing redundant use of the transmitter up
to this Safety Integrity Level, depending the PFDavg calculation of the entire Safety Instrumented Function.
When using the transmitter in a redundant configuration, the use of a common cause factor (3-factor) of 2% is
suggested. (However, if the redundant transmitters share an impulse line or if clogging of the separate impulse
lines is likely, a common cause factor of 10% is suggested.)

Note that the failure rates of the impulse lines need to be accounted for in the PFDavg calculation.

1.210 Lifetime Limits

The expected lifetime of the transmitter is 50 years. The reliability data listed the FMEDA report is only valid for
this period. The failure rates of the transmitter may increase sometime after this period. Reliability calculations
based on the data listed in the FMEDA report for transmitter lifetimes beyond 50 years may yield results that
are too optimistic, i.e. the calculated Safety Integrity Level will not be achieved.

1.2.11 Environmental Limits

The environmental limits of the transmitter are specified in the user’s manual IM 01C25.

1.212  Application Limits

The application limits of the transmitter are specified in the user’'s manual IM 01C25. If the transmitter is used
outside of the application limits, the reliability data listed in 1.2.9 becomes invalid.

All Rights Reserved. Copyright © 2019, Yokogawa Electric Corporation TI01C25A05-21EN Nov. 20, 2019-00



1.3 Definitions and abbreviations

1.31 Definitions

Safety
Freedom from unacceptable risk of harm

Functional Safety
The ability of a system to carry out the actions necessary to achieve or to maintain a defined safe state for
the equipment/machinery/plant/apparatus under control of the system

Basic Safety
The equipment must be designed and manufactured such that it protects against risk of damage to
persons by electrical shock and other hazards and against resulting fire and explosion. The protection
must be effective under all conditions of the nominal operation and under single fault condition

Verification
The demonstration for each phase of the life-cycle that the (output) deliverables of the phase meet the
objectives and requirements specified by the inputs to the phase. The verification is usually executed by
analysis and/or testing

Validation
The demonstration that the safety-related system(s) or the combination of safety- related system(s) and
external risk reduction facilities meet, in all respects, the Safety Requirements Specification. The validation
is usually executed by testing

Safety Assessment
The investigation to arrive at a judgment -based on evidence- of the safety achieved by safety-related
systems

Further definitions of terms used for safety techniques and measures and the description of safety related
systems are given in IEC 61508-4.

1.3.2 Abbreviations
FMEDA Failure Mode, Effects and Diagnostic Analysis

SIF Safety Instrumented Function

SIL Safety Integrity Level

SIS Safety Instrumented System

SLC Safety Lifecycle

HFT Hardware Fault Tolerance

SFF Safe Failure Fraction

PFDavg Average Probability of dangerous Failure on Demand
MTBF Mean Time Between Failures

All Rights Reserved. Copyright © 2019, Yokogawa Electric Corporation TI01C25A05-21EN Nov. 20, 2019-00



2. Functional Safety Data Sheet

Table 2.1 Functional Safety data

Certificate/Reg.-No.

Z10 105352 0001 Rev.00

Product Category Pressure Transmitter

Type Designation EJX A Series, EJX J Series, EJAE Series, EJA J Series
Codes and Standards IEC 61508:2010

Valid Until 2024-08-01

Scope and Result

Sensors for pressure measurement of liquids and gases.

The sensors of the EJX and EJA Series comply with the requirements of the
stated standards and can be used in a safety-related system with a hardware
fault tolerance HFT=0 up to SIL 2 and under consideration of the minimum
required hardware fault tolerance HFT=1 in a redundant structure up to SIL 3.
Output currents 21.6 mA have to be considered by the downstream safety
device as failure condition.

Safety-related output signal 4-20 mA
SIL 2(3)

Type B

HFT 0(1)
Mode of operation Low demand mode
ASD 103 FIT
ASU 123 FIT
ADD 171 FIT
ADU 31FIT
SFF 92.7%
PFDavg (*1) 1.37x10-4
MTBF 267 years
Recommended proof test interval 1 year

*1:  PFDavgis calculated by T = 8760 (H) = 1 year, Single channel architecture (HFT = 0).

All Rights Reserved. Copyright © 2019, Yokogawa Electric Corporation TI01C25A05-21EN Nov. 20, 2019-00




In order to judge the failure behavior of the EJX/EJA transmitter, define the failure of the device.

Table 2.2 Failure categories description

Safe state Safe state is indicated by outside of normal output range for output signal.
Normal output range is defined as 3.6 — 21.6 mA(Safety accuracy 2%).

Dangerous state Dangerous state is the output signal shows a measurement error exceeding 2%.

ASD Failure rate for safe detected failures (*1)

ASU Failure rate for safe undetected failures (*2)

ADD Failure rate for dangerous detected failures (*3)

ADU Failure rate for dangerous undetected failures (*4)

No effect Failure of a component that is part of the safety function but that has no effect on the
safety function. (*5)

*1:  Thereis a malfunction that transitions the output signal to Safe state due to a failure of the diagnostic circuit.
*2:  There is a breakdown in which the transmitter does not start up.
Failure diagnosis is impossible with the transmitter itself, but it can be diagnosed as a Safe state with a logic solver.
*3:  ltis afailure of the sensor circuit and the AMP circuit.
Itis a dangerous fault but a fault detected by automatic diagnosis.
The output signal becomes Safe State with diagnostic function.
*4:  There are faults that are not diagnosed by automatic diagnosis due to dangerous faults.
- Failure that takes 5 sec or more to transit to safe state in case of failure
- Failure within normal output range at failure
- Failure to output in the direction different from the direction set in the burnout direction at the time of failure
However, the above fault can be detected by proof test.
For the calculation of safety related parameters such as SFF, PFDavg etc., the above fault is included as ADU.
*5:  Itis indicator malfunction or failure of the protection circuit. It is not included in the failure rate calculation due to a failure that does
not affect the output signal.

Table 2.3 Safety Related Parameter (Ambient temperature 40°C)
Device: EJX/EJA series

ASD ASU ADD ADU SFF
(FIT) (FIT) (FIT) (FIT) (%)

4-20 mA output 1.2 3.01 103 123 171 31 92.7 1.37x10-4 267

Signal Output | HW Rev. | SW Rev. PFDavg MTBF

PFDavg is calculated by T = 8760 (H) = 1 year, Single channel architecture (HFT = 0).

All Rights Reserved. Copyright © 2019, Yokogawa Electric Corporation TI01C25A05-21EN Nov. 20, 2019-00
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FMEDA (Failure Mode, Effects and Diagnostic Analysis) #FEE— K, &S LU
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SIS (Safety Instrumented Systems) ZZe5HEY A7 A

SLC (Safety Lifecycle) Z&Z4 79147

HFT (Hardware Fault Tolerance) N—Fo 7 74— LTV R

SFF (Safe Failure Fraction) Z2AKESR]S
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MTBF (Mean Time Between Failures) P38 pErsR
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Table2.1 Functional Safety data

Certificate/Reg.-No.

/10105352 0001 Rev.00

Product Category Pressure Transmitter

Type Designation EJX A Series, EJX J Series, EJA E Series, EJA J Series
Codes and Standards IEC61508:2010

Valid Until 2024-08-01

Scope and Result

Sensors for pressure measurement of liquids and gases.

The sensors of the EJX and EJA Series comply with the requirements of the
stated standards and can be used in a safety-related system with a hardware
fault tolerance HFT=0 up to SIL 2 and under consideration of the minimum
required hardware fault tolerance HFT=1 in a redundant structure up to SIL 3.
Output currents 21.6 mA have to be considered by the downstream safety

device as failure condition.

Safety-related output signal 4-20mA
SIL 2(3)

Type B

HFT 0(1)

Mode of operation Low demand mode
ASD 103 FIT
ASU 123 FIT
ADD 171FIT
ADU 31FIT

SFF 92.7%
PFDavg (*1) 137 X 104
MTBF 267 years
Recommended proof test interval 1 year

*1 . PFDavg & T=8760(H)=1year, Single channelarchitecture(HFT=0) T&HH L T %,
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EIX/EJA B8O EEMEA KT T BTeoIC, T/ A ADHEICRET 2 E&EZ LTWE T,

Table 2.2 Failure categories description

Safe state RZEIRREE, HNESHBRDOHAIEEN CRENET,
BEOHIEERIE 3.6 ~ 21.6 MA(LEHE 2%) EEELTVET,
Dangerous state BERRTIREENL, HIMESH 2% EBA HAITEREATTIRETT,
ASD B ENEREGHEDHESE (1)
ASU BHEENGED D e REGHEICT T HHES (*2)
ADD B E N ERGHEDHEESR (*3)
ADU B ENED D e ERRGHIEIT I SRS (*4)
No effect REWEED—E CH AN REMWEEICHE R RIF T LWV R—2 > b DIEEE (*5)

*1 1 BRI OME CH/MES% Safe state NRAEER T HMELDH ) F T,
¥ RIXBRDEF LEVKED S Y T,

REBES THEDNAR CIH, 05V )ILA—T Safe state T LDUTERETT,
3 —EED AMP BIREOBIE T, BRVGHE T HEBIBIICE > TRIEEN S8 TT,

SRIERE CHESES D Safe State (TEW £,
¥ ERRGBETEERZIICK Y BZITN TUOGWLEENS U E T,
- BBy, REIRREICGBIE Y DX T 5sec LU EAD BERE
- BIPEES, [EEHDEEAN G HHE
- BB, \—>7 0 MABTHRE LIEABEEREZSABNET HHE
fefeL, bR T IV —T T AN TRET 5 EHFRETT,
SFF, PFDavg EDZRER8E/ D A —2 DEHICIZ EEEHMER ADU & LTEATHYE T,

*5 1 RTaOBEPRERBOEECT ., BHESNEELLEVEEDIS, HERARICTATEY A,

Table 2.3 Safety Related Parameter (JAE;ERE 40°C)
Device : EJX/EJA series

. ASD ASU ADD ADU SFF
Signal Output | HW Rev. | SWRev. (FIT) (FIT) (FIT) (FIT) (%) PFDavg MTBF
4-20 mA output 1.2 3.01 103 123 171 31 92.7 137 X 10 267

PFDavg & T=8760(H)=1year, Single channelarchitecture(HFT=0) T&H L T\ %,
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