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The certificates and revision list related this products can be downloaded at our website.

https://www.yokogawa.com/library/

1.  Safety Instrumented Systems Installation

AWARNING

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.

Installation and configuration of this transmitter must be performed by personnel who are fully
knowledgeable about the operation and maintenance of safety instrumentation systems. For detailed
operating instructions, please refer to the EJX S Series HART Communication Type, FieldMate
Versatile Device Management Wizard, and other related documents listed in Table 3.1.

Use a power supply that complies with Safety Extra Low Voltate (SELV).
I S — ——

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.
Applicable models are EJX110S, EJX310S, EJX430S, EJX510S and EJX530S with HART communication.
However, optional code /SLN is not included.
For details on the safety related module revision, see Table 1.1.
Items that will be addressed are proof testing, repair and replacement of the transmitter, reliability data, lifetime,
environmental and application limits, and parameter settings.
In order to be used in safety instrumentation systems and to meet reliability requirements, within the scope
of IEC 61511 -1, the measures against deterministic cause failures will be SC3 so that up to SIL 2 can be
addressed in a single channel configuration (HFT = 0) and up to SIL 3 can be addressed when multiple units
are used in a redundant configuration (HFT = 1).
Route 1 S compliant development. Compliance with the requirements of this standard for the avoidance and
control of systematic faults in software.

Table 1.1  Safety Related Module Revision

Type Designation Main Module Revision (*2) | Sensor Module Revision (*2) | Terminal Module Revision

EJX110S F8000DA-00 F8000MA-00 F8000KA-00

Output signal: -J F8000KB-00(for Option /A)
(*1)

EJX310S F8000DA-00 F8000MA-00 F8000KA-00

Output signal: -J F8000KB-00(for Option /A)
1)

EJX430S F8000DA-00 F8000MA-00 F8000KA-00

Output signal: -J F8000KB-00(for Option /A)
(*1)

EJX510S F8000DA-00 F8000MA-00 F8000KA-00

Output signal: -J F8000KB-00(for Option /A)
1)

EJX530S F8000DA-00 F8000MA-00 F8000KA-00

Output signal: -J F8000KB-00(for Option /A)

(*1)
*1:  Optional code /SLN are outside of scope of this functional safety certification.
*2:  Revision can be confirmed using the communication parameters Main Module Parts No, DPharp Sensor Module Parts No.
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1.2 Using the Transmitter for an SIS Application

1.2.1 Safety Accuracy

The transmitter has a specified safety accuracy of 2% of the sensor’s Max Span. This means that the internal
component failures are listed in the device failure rate if they will cause an error of 2% or greater.
The safety accuracy for the span settings (4-20mA output) is calculated using the following formula.

Sensor Maximum Span
Span Settings

Safety Accuracy (Span Settings) = x Safety Accuracy (Sensor Maximum Span)

Use a range setting that ensures that the span setting is greater than 2% of the sensor’s maximum span.

1.2.2 Safe State

If a fault is detected, this transmitter transitions to a safe state (see Table 2.2).

Regardless of the Auto Recover setting of this transmitter, there are failure modes that result in recovery to a
normal state. For instruments where recovery is not desirable, take measures to maintain the safe state of this
transmitter in the safety instrumentation system.

1.2.3 Diagnostic Response Time

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

1.2.4 Configuration Tool

The configuration tool used is FieldMate.

1.2.5 Configuration Verification

When changing settings or installing this transmitter, please ensure that the settings are correctly applied by
following the procedures below, while the transmitter is bypassed from the safety instrumentation system.
When making changes to the settings, use the configuration tool and follow the procedures in Table 1.2 to set
and verify the configuration.

When installing this transmitter and no changes to the settings are required, use the configuration tool and
follow the procedures in Table 1.3 to only verify the current settings.

Table 1.2 When Changing Settings

Item Name of Parameter
1 | Turn off Functional Safety Mode. (It is set to OFF at the time of shipment.) Functional Safety Mode
2 | Change the settings.

3 | Please ensure that no error messages were displayed during the setup process. If any
error messages occurred, please resolve the issue causing the error and try again.

4 | After making the settings changes, please wait for at least 10 seconds, then restart the
device by powering it on again.

5 | Please read the parameter settings and verify that they are correctly applied.

If the settings are incorrect, please resolve the issue causing the error and try again.

6 | Turn on Functional Safety Mode. Functional Safety Mode
7 | Apply reference pressure equivalent to 0, 50, and 100% of the measurement range to
the transmitter. Calculate the error (difference between the reference pressure and the
digital voltmeter reading) and confirm that it is within the required accuracy.

Table 1.3 When Installing this Transmitter and no Changes to the Settings

Item Name of Parameter

1 | Please read the parameter settings and verify that they are correctly applied.

If the settings are incorrect, please follow the steps in Table 1.2 to adjust the settings.
2 | Turn on Functional Safety Mode. (It is set to OFF at the time of shipment.) Functional Safety Mode
3 | Apply reference pressure equivalent to 0, 50, and 100% of the measurement range to
the transmitter. Calculate the error (difference between the reference pressure and the
digital voltmeter reading) and confirm that it is within the required accuracy.
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Table 1.4 lists the equipment required to calibrate this device.

Please select and use equipment that can calibrate or adjust the transmitter within the required accuracy.
When using calibration equipment, be sure to use equipment whose performance is adequately maintained.

Table 1.4 Instruments Required for Calibration

Name Calibration instrument specifications

Remarks

Power supply Distributor

4 to 20 mA DC signal

Load resistor Standard resistor [250 Q £0.005%, 3 W]

Load adjustment resistor [100 Q +1%, 1 W]

Accuracy: £(0.015% of rdg + 0.0015 kPa) . . . . for 0 to 10 kPa
2) For 200 kPa class

Voltmeter Digital multimeter

Accuracy (10V DC range): £(0.002% of rdg + 1 dgt)
Digital Precision digital manometer Select a manometer having a
manometer 1) For 10 kPa class pressure range close to that

of the transmitter.

Accuracy: +0.05% of F.S.

Accuracy: £0.02% ofrdg. .. .......... ... .. for 25 to 200 kPa
+0.005kPa........... ... .. ..., for 0 to 25 kPa
3) For 1000 kPa class
Accuracy: +(0.02% of rdg + 3 digits). . . ... ... for 100 to 1000 kPa
+0.05kPa............ ... ..., for 0 to 100 kPa
4) For 3500 kPa class
Accuracy: +(0.02% ofrdg + 0.10kPa) ... .... for 0 to 3500 kPa
5) For 130 kPa abs class
Accuracy: +(0.03% of rdg + 0.006 kPa) . . . . .. for 0 to 130 kPa abs
Pressure Pneumatic pressure standard for 200 kPa {2 kgf/cmZ2}, Requires air pressure supply.
generator 25 kPa {2500 mmH20}

Dead weight gauge tester 25 kPa {2500 mmH20}
Accuracy: +0.03% of setting

Select the one having a
pressure range close to that
of the transmitter.

Pressure source | Pressure regulator (pressure pump)
Pressure range: 0 to 133 kPa {1000 mmHg}

Prepare the vacuum pump for
negative pressure ranges.

Note: The above table contains the instruments capable of performing calibration to the 0.2% level. Since special maintenance and
management procedures involving traceability of each instrument to higher-level standards are required for calibration to the 0.1%
or higher level, there may be difficulties in calibration to this level in the field. For calibration to the 0.1% level, contact Yokogawa

representatives from which the instrument was purchased or the nearest Yokogawa office.

1.2.6 Required Parameter Settings

The following parameters need to be set in order to maintain the designed safety integrity.

NOTE

Limit personnel authorized to enable and modify settings in the Functional Safety Mode to those

thoroughly familiar with the operation of the safety instrumented system.

Table 1.5 Required Parameter Settings

Item Description

Functional Safety Mode Functional Safety Mode must be ON.

1.2.7 Proof Testing

Proof testing is not required. The Functional Safety data value are guaranteed for the Mission Time period

without proof testing.
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1.2.8 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.

1.2.9 Startup Time

The transmitter generates a valid signal within 5 seconds of power-on startup. The unit will be in a safe state
during startup. Once startup is complete, output will be within the normal output range.
Depending on the usage environment and failure mode, startup time may be longer.

1.210 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.

1.2.11 Environmental Limits

The transmitter is designed to withstand severe environmental conditions. However, to ensure that it will
provide years of stable and accurate performance, take the following precautions when selecting the
installation location.

If this product is used for safety applications, it is limited to the scope of process industrial equipment in IEC
61326-3-2. IEC 61326-3-1 is not applicable as it is not intended for process industry equipment.

(a) Ambient Temperature
Avoid locations subject to wide temperature variations or a significant temperature gradient. If the location
is exposed to direct sunlight or radiant heat from plant equipment, provide adequate shade, thermal
insulation and/or ventilation.

(b) Ambient Atmosphere
Do not install the transmitter in a corrosive atmosphere. If this cannot be avoided, there must be adequate
ventilation as well as measures to prevent the leaking of rainwater and the presence of standing water in
the conduits.

(c) Shock, Vibration and Noisy environment
Although the transmitter is designed to be relatively resistant to shock and vibration, an installation site
should be selected where this is kept to a minimum.
Strong shocks, vibrations, or noise environments, response time may be up to 5 seconds.

1.212  Application Limits

The application limits of the transmitter are specified in this manual. If the transmitter is used outside of the
application limits, the reliability data listed in 1.2.10 becomes invalid.
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1.3 Definitions and Abbreviations

Definitions of terms used for safety techniques and measures and the description of safety related systems are

givenin IEC 61508-4.

2. Functional Safety Data Sheet

Table 2.1  Functional Safety Data Ambient temperature 30°C

Safety-related output signal | 4-20 mA

SIL 2 (HFT=0), 3 (HFT=1)

Type B

Mode of operation Low demand mode/ High demand mode

ASD 271 FIT

ASU 85 FIT

ADD 468 FIT

ADU 27 FIT

SFF 96.8%

PFDavg (*1) 1.76x10-3 (Mission Time 15 years)
3.41x10-3 (Mission Time 29 years)

PFH 2.69x10-8 1/h

MTBF 134 years

*1:  Single channel architecture (HFT = 0)

In order to judge the failure behavior of the EJX S series transmitter, define the failure of the device.

Table 2.2 Failure Categories Description

Safe State

The output value in the safe state at shipment is less than 3.2 mA or greater than 22.4 mA.
The normal output range is 3.6 to 21.6 mA (safety accuracy 2%).

When changing the output range setting, configure it so that the output value in the safe
state does not overlap with the values in the normal output range.

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.
If the transmitter does not start, it remains in a safe state and can be diagnosed as a safe state with a logic solver.
*3:  There are dangerous failures caused by sensor or circuit failures that can be detected through diagnostics.
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 longer than the diagnostic response time to transit to safe state
- Failure that results in an output that exceeds safety accuracy and response time
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.

3. Related Documents

Table 3.1 Related Documents

Document Name Number Version

EJX S Series HART Communication Type

IM 01C33A10-01EN

1st edition and later

FieldMate Versatile Device Management Wizard

IM 01R01A01-01E

21st edition and later
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ED
1.3 HFELRE

ZEFESIONRTRVONDBEDEERS LUREMEY X T LOFRBICDOWVTIE JISC0508-4 (IEC61508-4)
#TERIEEL,
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2. HWEERET—Z2Y—Fh

#£2.1 Functional Safety Data

Ambient temperature 30°C

Safety-related output signal | 4-20 mA

SIL 2 (HFT=0), 3 (HFT=1)

Type B

Mode of operation Low demand mode/High demand mode

ASD 271 FIT

ASU 85FIT

ADD 468 FIT

ADU 27FIT

SFF 96.8%

PFDavg (*1) 1.76 X 1073 (Mission Time 15 years)
341 X 1073 (Mission Time 29 years)

PFH 269 X 1081/h

MTBF 134 years

*1:  Single channel architecture (HFT=0) T&H

RETBRDOBIEENMFE LT T BTedblc. T/ ADHPEICEET 2E&FRE L TVET,

#£ 2.2 Failure Categories Description

Safe State

HEROZEREDHEIE 3.2 mA K, Ffcld 224mA LY REMEEZDET,
BEOENEFEIS 36 ~21.6mA (REFHEE 2%) LGV ET,
HAOBHEDREZEET 2HEIE. REREDHNEL. BEOENEFRDENES
S5EWEDITEREZ LTLIEEL,

Dangerous State

fERRITIREIE. HIMESD 2% &R D REREL NI IKETT,

ASD BHENCREGMEORESE (*1)

ASU BHENGED D R LEHPE I T S HFESR (*2)

ADD R E N T fEBREFEDHESE (*3)

ADU B ENGED D T BRRIEHIEICT T SRS (*4)

No effect LTEWBED—ERCH AN LEMAEICHEA RIFTEGWI Y R—2 > FOHE (*5)

¥ BEIEREDRIE CH /MES % Safe State NIRAEER T AMEL D F T,
*2 1 RIXEDEF LEVKED DY T,
T8 LEWERIFZSREZHER L TV AT, A2 v U YV)L/IN—TC Safe State TH 2 & ZHIRIRET T,
*3 U —PERHEIC L DERGHIE T HRBRIIC L o TRIEENDHED DY £75
SOMTHEREIC L W HFEB D Safe State |7z W T,
¥4 BRIEEE COMICKVBRETEGVRES D) T,
- BB ZRIREBICBIE T 5 E CRMICEREMU DD
- HERS ZeRRE. INEREEBASLENLEGLHHE
SFF. PFDavg H0D%22fE/ 5 A —2DEHICIF EEEHEZ DU £ L TBATEY &Y,
*5 1 RaOEENRERROEIECT., HOESNTELGVREDH, BERHRICTATEY £,

3. BBHEFFaXVFH

®3.1 BEEFFaAVH

R+ 42 bR F¥a AV IES RES
EJXS > 1) —X HART &5 IMO1C33A10-01JA IR LR
FieldMate #2558% - SR - BB U7 IMOTROTAO1-01 20 iR LABE
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