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1.  Safety Instrumented Systems Installation

AWARNING

The contents of this section are cited from exida.com safety manual on the transmitters specifically
observed for the safety transmitter purpose. 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.

1.1 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.

For EJX910A/EJX930A, refer to Appendix1 of IM 01C25R02-01E. For EJXC40A, refer to Appendix 1 of

IM 01C25W05-01EN.

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 the clause of “Setting Parameters” for setting range in the following manual.

BRAIN communication type: IM 01C25T03-01E

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

124 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.
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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 =52%, 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 (110%) and correct signal.
verify that current has reached this
level.

However, in case of option code C2 or
C3, send value to 103.1%.

3. Execute HART/BRAIN command to
send value to low alarm (-2.5%) and
verify that current has reached this
level.

However, in case of option code C2 or
C3, send value to -1.2%.
4. Restore logic solvers operation and

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

source

The proof test procedure corresponds to the following revisions.

Hardware revision | Software revision IM No. (HART) IM No. (BRAIN)
1.1 3.01 IM 01C25T01-06EN Ed.6 or later IM 01C25T03-01E Ed.6 or later
1.2 3.01 IM 01C25T01-06EN Ed.6 or later IM 01C25T03-01E Ed.6 or later
5.01 IM 01C25T01-06EN Ed.8 or later IM 01C25T03-01E Ed.8 or later
5.02 IM 01C25T01-06EN Ed.8 or later IM 01C25T03-01E Ed.8 or later
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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 2 seconds of power-on startup for software revision 5.01 or
later. The previous revision is within 1 second.

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.

1.2.9 Reliability Data

Refer to section 2 of “Functional Safety Data Sheet” 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.

FMEDA report No.: YEC11/10-046 R001 V3R1

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.
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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
SC Systematic Capability

SFF Safe Failure Fraction

PFDavg Average Probability of dangerous Failure on Demand
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2. Functional Safety Data Sheet

Table 2.1 Functional Safety data

Product Category

Differential Pressure and Pressure Transmitter

Type Designation

EJX A and J Series (Except for EJX910A/930A and EJXC40A),
EJAE and J Series (Except for EJACG0E/J)

Codes and Standards

IEC 61508 :2010 Parts 1-7

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.

Electronics 4-20 mA DC with digital communication BRAIN/HART protocol
Safety-related output signal 4-20mADC
Safety Manual Section 1 on this document
SC 3
SIL 2(3)
Type B
HFT 0(1)
Mode of operation Low demand mode
ASD OFIT (*1)
ASU 55FIT (*1)
ADD 354 FIT (*1)
ADU 30 FIT (*1)
SFF 93.2%
Valid hardware version 1.1 (*2)
1.2
Valid software version 3.01
5.01
5.02

*1:  This number is representative of EJX-A, EJX-J, EJA-E, EJA-J series.
This number and the number for products with Diaphragm Seal (Remote Seal) are described on FMEDA report from Yokogawa.
Report No.: YEC11/10-046 R001 V3R1

*2: This is combined with only 3.01 of software version.
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In order to judge the failure behavior of the EJX/EJA transmitter, define the failure of the device.

Table 2.2 Failure categories description

Fail-Safe State

Failure that deviates the process signal or the actual output by more than 2% of
span, drifts toward the user defined threshold (Trip Point) and that leaves the output
within active scale.

Fail Safe

Failure that causes the device to go to the defined fail-safe state without a demand
from the process.

Fail Detected

Failure that causes the output signal to go to the predefined alarm state (< 3.6 or
>21.6 mA).

Fail Dangerous

Failure that deviates the process signal or the actual output by more than 2% of
span, drifts away from the user defined threshold (Trip Point) and that leaves the
output within active scale.

Fail Dangerous Undetected (*1)

Failure that is dangerous and that is not being diagnosed by automatic diagnostics.

Fail Dangerous Detected

Failure that is dangerous butt is detected by automatic diagnostics.

Fail High

Failure that causes the output signal to go to the over-range or high alarm output
current (> 21.6 mA).

Fail Low Failure that causes the output signal to go to the under-range or low alarm output
current (< 3.6 mA).
No Effect Failure of a component that is part of the safety function but that has no effect on the

safety function.

Annunciation Detected

Failure that does not directly impact safety but does impact the ability to detect a
future fault (such as a fault in a diagnostic circuit) and that is detected by internal
diagnostics. A Fail Annunciation Detected failure leads to a false diagnostic alarm.

Annunciation Undetected

Failure that does not directly impact safety but does impact the ability to detect a
future fault (such as a fault in a diagnostic circuit) and that is not detected by internal
diagnostics.

*1:  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, PFDaverage etc., the above fault is included as ADU.
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2. WERERET—Z2YV—Fb
Table2.1 Functional Safety data
Product Category Differential Pressure and Pressure Transmitter
Type Designation EJX A and J Series (Except for EJX910A/930A and EJXC40A),
EJAE and J Series (Except for EJACG0E/J)
Codes and Standards IEC61508:2010 Parts 1-7

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.

Electronics

4-20 mA DC with digital communication BRAIN/HART protocol

Safety-related output signal

4-20mA DC

Safety Manual Section 1 on this document
SC 3
SIL 2(3)
Type B
HFT 0(1)
Mode of operation Low demand mode
ASD OFIT (*1)
ASU S55FIT (*1)
ADD 354 FIT (*1)
ADU 30FIT (*1)
SFF 93.2%
Valid hardware version 1.1 (*2)
1.2
Valid software version 3.01
5.01
5.02

*1 0t

C OB EIX-A, EIX-J, EJA-E, EJA-) series DIRRIETY ., COMUE, BLU, ZA 777 L=V (VE— =)L) MBS

NBHRPOHIEIE, HHHRET S FMEDA LAR— MIEHINTVET,

L7R— FES :YEC11/10-046 RO0OT V3R1

20 TON=DIaVRBYITRTTTN=Y 3y

301 DI EMEHEDEITHIET,
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Table 2.2 Failure categories description

Fail-Safe State

TOCAGEEEEEROHIDNR/N D 2% EBA CEFL, 1—F—HEXx
LIcRME (FU v TR) ICAD>TRUT NS 28ETHY, HAOMNEEEN
DEFFERNICE EF DL OGHE,

Fail Safe

TOvAHSDEKE LICT/N\A AEEEBHD T T 1 )bt—TIREICBITE

B 5,

Fail Detected

HBAHESHEFITER SN Z—LIKE BomA LIREIE 21.6 mA L E)

LR BHE,

Fail Dangerous

TOCREESEIEFEBOHADR/NNV D 2% = BA CGRFL, 1—F—DHE

LicRfE (F) v TR) Do TOWEETHY, HAObhE %Hj?j@%’*lﬁ\]
ITINE B £ D GHRE,

Fail Dangerous Undetected (*1) | faf&7%GH=ECTH Y, BEBZETCREIENTLGEOHIE,

Fail Dangerous Detected ERIEHIECH DD, BERZE CIRHINHHE,

Fail High

HIMESH LREEN K olI/N\A T Z—LEIER Q16mALLE) (TEBR
R & 75 AHHPE,

Fail Low HMESHTREFENE IEO—7 5 —LHAER GO6mALUT) IKG2FERA
EIX DR,
No Effect ZEWAED—E CH AN LR EMABICHEL RITE RNV R—R Y FOE,

Annunciation Detected

ZERICERRFEEEZZDTIEELS, MROEE EHIRIBROBESE L)
%*ﬁﬁ@“%&%ﬁu HEEHZ, TNOWNEBZHIC J:D'C@Hj*ﬂ%ﬁﬁﬁﬁo
HIEREBHDRNESIEER T2t 5 — LIC DR &9,

Annunciation Undetected

ZERICERREEEZZDTIEELS, MROEE EHRIBROEESSE L)
ERHET DHREICREZ SR, NEZ Lﬁ’(ti@ﬁ*ﬂ@b\ﬁﬂ:@o

¥ EREEECEFZIICK

UEIENTWEWEELD ) E T,

- ERS, REREITES T 2 E T Ssec LLELD D&
- WEEy, [ERHNEEANE G LHHE
- HPERS, N2 70 N BRATHRE LIcARERES5FMNE Y HHE
fefel, EEEEIETIV—7 7 A M TRIET 5T EHPIRET T,
SFF, PFDaverage ZENR2EHE/ S A —Z DEHICIZ L5E2HEZ ADU & L TEATEY T,

All Rights Reserved. Copyright © 2020, Yokogawa Electric Corporation

TI01C25A05-11EN  May 20, 2020-00



13

Revision Information

Title : Functional Safety Manual
Manual number : Tl 01C25A05-11EN

May 2020/1st Edition
* New publication

September 2020/2nd Edition
» Add software revision

July 2023/3rd Edition
» Update proof testing
» Update functional safety data

All Rights Reserved. Copyright © 2020, Yokogawa Electric Corporation TI01C25A05-11EN July 7,2023-00
Subject to change without notice.



	1.	Safety Instrumented Systems Installation 
	1.1	Scope and Purpose
	1.2	Using the transmitter for an SIS Application
	1.2.1	Safety Accuracy
	1.2.2	Diagnostic Response Time
	1.2.3	Setup
	1.2.4	Required Parameter Settings
	1.2.5	Proof Testing
	1.2.6	Repair and Replacement
	1.2.7	Startup Time
	1.2.8	Firmware Update
	1.2.9	Reliability Data
	1.2.10	Lifetime Limits
	1.2.11	Environmental Limits
	1.2.12	Application Limits

	1.3	Definitions and Abbreviations
	1.3.1	Definitions
	1.3.2	Abbreviations


	2.	Functional Safety Data Sheet
	< 日本語版 >
	1. 	安全計装システムの設置にあたって
	1.1	適用範囲と目的
	1.2	安全計装システム用途におけるEJX/EJAのご使用
	1.2.1	安全確度
	1.2.2	診断応答時間
	1.2.3	設定
	1.2.4	必要なパラメータの設定
	1.2.5	プルーフテスト
	1.2.6	修理・交換
	1.2.7	起動時間
	1.2.8	ファームウェアの更新
	1.2.9	安全性データ
	1.2.10	耐用年数の制限
	1.2.11	環境の制限
	1.2.12	用途の制限

	1.3	用語と略語
	1.3.1	用語
	1.3.2	略語


	2.	機能安全データシート



