MEASUREMENT AND CONTROL

SOR 1310 Magnetostrictive Level Transmitter
SIL Safety Manual

The SOR 1310 Magnetostrictive Transmitter Safety
Manual provides information necessary to design, install,
verify, and maintain a Safety Instrumented Function (SIF)

Safety Intﬁgrity Level

utilizing this transmitter. This manual provides necessary

requirements for meeting the IEC 61508 functional

safety standards. This manual is intended to be

used with our general instructions for operation, 1100 Series
transmitter datasheets, Examination certifications, Magnetic Level

. . . Indicator with
declaration of conformity, as well as any videos that Magnetostrictive
all may be downloaded from www.sorinc.com. Level Transmitter
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1.0 Introduction

1.1 General

The SOR 1310 Magnetostrictive Transmitter Safety
Manual provides information necessary to design, install,
verify, and maintain a Safety Instrumented Function (SIF)
utilizing this transmitter. This manual provides necessary
requirements for meeting the IEC 61508 functional
safety standards. This manual is intended to be used
with our general instructions for operation, transmitter
datasheets, Examination certifications, declaration

of conformity, as well as any videos that all may be
downloaded from

WWW.sorinc.com.

The general instructions for the SOR 1310
Magnetostrictive Transmitter should be reviewed prior

to installation. Mounting, installation, commissioning,
operation, maintenance, and disassembly of any SOR
1310 Magnetostrictive Transmitter may only be executed
by trained, qualified personnel.

In the event of a device fault, a firm understanding of
the safety system architecture should be understood

to prevent potential unknown, unsafe system

response. Bypassing safety functions can cause
personnel harm as well as harm to property and the
surrounding environment. Any repairs to the SOR 1310
Magnetostrictive Transmitter may be carried out only by
designated SOR representatives.

This device has been designed and manufactured

to very high-quality standards. SOR has developed,
manufactured, and tested the 1310 Magnetostrictive
Transmitter to applicable industry recognized safety
standards. This device may only be used for its intended
purpose and to operate under the conditions specified in
the catalog and general instructions.

1.2 Intended Use

The device is intended to measure the level in

tanks or vessels. The device can measure up to 2
different levels (interface, product) depending on the
selection of proper floats. The device operates by the
property of magnetostriction. This is a property that
causes magnetic materials to change shape during
magnetization. The adaptation of magnetization from a
changing magnetic field causes magnetostrictive strain
until saturation is achieved. To realize this property in
our level instrument, a very low-energy electromagnetic
pulse is generated from the head electronics. This goes

through a wave guide and travels the length of the probe.

When it interacts with the magnetic field from the float,
magnetostriction occurs. This results in a mechanical
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twisting of the probe wire that moves in equal directions
(up and down). This mechanical wave is then detected in
the head electronics. When the pulse was first generated,
a timer starts, when the mechanical wave is detected, the
timer is stopped. The time difference then is proportional
to the level. If a second float exists the first float will be
measured, but the electrical pulse continues down the probe
and a second mechanical wave will be generated. Then the
signal returns a second timer captures this time difference
which will capture the interface level in this specific
situation.

Based upon the level generated, a 4-20mA signal is
produced that can be used to indicate or control the level
in the storage vessel. All safety functions refer only to this
analog output (AO) signal.

During normal operations, the magnetostrictive transmitter
output is between 3.8mA and 20.6mA. Faults are

indicated at or less than 3.6mA or at or greater than 22mA
depending on the configuration of the alarm. 3.6mA will

be recommended when the transmitter is used in a Safety
Instrumented System. The transmitter will enter the alarm
state during boot-up for a short duration. If there is a loss of
power, the output will indicate less than 3.6mA regardless of
the alarm configuration.

1.3 Product Support

Any specific change requests to the product must go
through SOR Engineering for either hardware or software
changes.

SOR Inc.

14685 W. 105th Street
Lenexa KS, 66215
913-888-2630
Http:www.sorinc.com

1.4  Related Literature

SOR 1310 Magnetostrictive Transmitter General Instructions
SOR 1310 Magnetostrictive Transmitter General Instructions
Agency Annex

1.5  Applicable Standards

IEC 61508, 2010 Functional Safety of Electrical/Electronic/
Programmable Electronic Safety-related Systems
Functional Safety IEC 61511, 2010

EN 55011:2009/A1:2010, class A

IEC 61000-4-2

IEC 61000-4-3

IEC 61000-4-4

IEC 61000-4-5

IEC 61000-4-6

IEC 61000-4-8
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2.0 Definitions

ADD - Dangerous failure that detected and forced to
alarm state.

ADU - Dangerous failure not being detected.
Dangerous failure - Failure that prevents the safety
function from operating as expected.

DCS - Distributed Control System.

Failure rate - Number of failures per unit time assuming
to be a constant value declared as FIT ADD — detected
dangerous failures ADU — undetected dangerous failures
ASD — detected safe failures ASU - safe failures.

FIT - Failure in Time (1x10-9 failures per hour) named A

FMEDA - Failure Modes, Effects and Diagnostics
Analysis.

Functional safety - Part of the overall safety relating

to the controlled system that depends on the correct
functioning of the safety system and other risk reduction
measures.

Hardware fault tolerance (HFT) - Ability to continue
to perform a required function in the presence of n
hardware faults or errors.

High Demand mode - The safety function is assumed
to be continuous mode of operation where the demand
rate for the loop is higher than once per year.

Low demand mode - The safety function is only
performed on demand with a demand interval no greater
than one per year and greater than twice the proof-test
interval.

LRV - Lower range value (Measuring range lower limit).

MTBF - Mean Time Between Failure MTBF = (1 /
(Motal + NAU + Ano effect + Ano part)) + MTTR
MTTF - Mean Time to Failure.

MTTR - Mean Time to Repair.

NAMUR NE43 - Standardization of the signal level
for the breakdown information of digital 4 to 20 mA
transmitters.

PFDava - Average probability of dangerous failure

on demand Safe failure fraction SFF Fraction of the
overall failure rate that results to a safe failure SFF =
(ASD+ASU+ADD) / WSD+ASU+ADD+ADU).

Proof test - Periodic test performed to detect dangerous
hidden failures and weaknesses in the mechanical
integrity within the final application environment.
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Proof test interval - Execution interval of the period
proof-test.

Safety Assessment - Investigation based on evidence
on the achieved safety integrity.

Safety function - Function to be implemented by a
safety system or other risk reduction measures, that
is intended to achieve or maintain a safe state for the
controlled system, in respect of a specific hazardous
event.

Safety Integrity Level (SIL) - Discrete safety integrity
level corresponding to a range of safety integrity values,
where level 4 is the highest and level 1 is the lowest.

Safety deviation - Change in the output due to
(internal) component failures which was not rated as
failure within the failure analysis.

SFF - Safe Failure Fraction.
SIS - Safety Instrumented System

Systematic failure - Failure, related in a deterministic
way to a certain cause, which can only be eliminated
by design, manufacturing, operational procedures,
documentation, or other relevant factors.

System lifetime - Beyond the useful lifetime the
probability of failure increases with time and the
probabilistic failure rate estimation is invalid.

URV - Upper range value (Measuring range upper limit)

3.0 Device Description

The device is intended to measure the level in

tanks or vessels. The device can measure up to 2
different levels (interface, product) depending on the
selection of proper floats. The device operates by the
property of magnetostriction. This is a property that
causes magnetic materials to change shape during
magnetization. The adaptation of magnetization from a
changing magnetic field causes magnetostrictive strain
until saturation is achieved. To realize this property in
our level instrument, a very low-energy electromagnetic
pulse is generated from the head electronics. This
goes through a wave guide and travels the length of
the probe. When it interacts with the magnetic field
from the float, magnetostriction occurs. This results

in a mechanical twisting of the probe wire that moves
in equal directions (up and down). This mechanical
wave is then detected in the head electronics. When
the pulse was first generated, a timer starts, when the
mechanical wave is detected, the timer is stopped.

The time difference then is proportional to the level. If

SORInc.com | 913-888-2630 | Registered Quality System to ISO 9001 3/6


http://www.sorinc.com/

a second float exists the first float will be measured,
but the electrical pulse continues down the probe and
a second mechanical wave will be generated. Then
the signal returns, a second timer captures this time
difference which will discriminate the interface level in
this specific situation.

Based upon the level generated, a 4-20mA signal is
produced that can be used to indicate or control level in
the storage vessel. All safety functions refer only to this
analog output (AO) signal.

During normal operations, the magnetostrictive
transmitter output is between 3.8mA and 20.5mA.
Faults are indicated at or less than 3.6mA or at or
greater than 22mA depending on the configuration
of the alarm. 3.6mA will be recommended when the
transmitter is used in a Safety Instrumented System.
The transmitter will enter the alarm state during boot-
up for a short duration. If there is a loss of power, the
output will indicate less than 3.6mA regardless of the
alarm configuration. The device operates under loop
power. Input voltage: 14-28VDC output signal: 4 — 20
mA.

4.0 Designing a SIF Using the SOR
1310 Magnetostrictive Transmitter

4.1  Safety Function

The safety function of the 1310 transmitter is limited to
the analog output only. No other functions are declared
and qualified as safety function. The safety function refers
strictly to the analog output signal, and the fact that the

analog signal is also used to indicate fault/alarm conditions.

Fault/Alarm conditions

When a fault condition occurs and is detected, an alarm
state will be generated which will need to be evaluated
and processed by the logic solver.

During normal operations, the magnetostrictive
transmitter output is between 3.8mA and 20.5mA. Faults
are indicated at or less than 3.6mA or at or greater than
22mA depending on the configuration of the alarm. The
alarm signal for safety applications for the SOR 1310
magnetostrictive transmitter will be 3.6 mA or less. If
there is a loss of power, the output will indicate less than
3.6mA regardless of the alarm configuration.

The transmitter will enter the alarm state during
boot-up. The transmitter is defined to be part of a
safety instrumented system as a transducer
subsystem that works with a logic solver and final
element as defined per IEC 61508 and the achieved
SIL level of the designed function must be verified by
the designer.
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4.2  Environmental Limits

The designer of a SIF must check that the product

is rated for use within the expected environmental
limits. Refer to the 1310 Magnetostrictive Catalog for
environmental limits.

4.3  Application Limits

The materials of construction of the 1310
Magnetostrictive Transmitter are specified in the product
catalog. Itis especially important that the designer
checks for material compatibility considering on-site
chemical contaminants and process media. If the 1310
Magnetostrictive Transmitter is used outside of the
application limits or with incompatible materials, the
reliability data provided becomes invalid.

4.4  Design Verification

A detailed Failure Mode, Effects, and Diagnostics
Analysis (FMEDA) report is available from SOR. This
report details all failure rates and failure modes as well
as the expected lifetime.

The achieved Safety Integrity Level (SIL) of an entire
Safety Instrumented Function (SIF) design must be
verified by the designer via a calculation of PFDavg
considering architecture, proof test interval, proof test
effectiveness, any automatic diagnostics, average
repair time and the specific failure rates of all products
included in the SIF. Each subsystem must be checked
to ensure compliance with minimum hardware fault
tolerance (HFT) requirements.

When using the 1310 transmitter in a redundant
configuration, a common cause factor of a least 5%
should be included in safety integrity calculations.

The failure rate data listed in the FMEDA report is only
valid for the useful lifetime of the 1310 transmitter.
The failure rates will increase sometime after this
period. Reliability calculations based on the data listed
in the FMEDA report for mission times beyond the
lifetime may yield results that are too optimistic, i.e. the
calculated Safety Integrity Level will not be achieved.

4.5  SIL Capability

4.5.1 Systematic Integrity

The product has met manufacturer design process
requirements of Safety Integrity Level (SIL) 2. These
are intended to achieve sufficient integrity against
systematic errors of design by the manufacturer. A
Safety Instrumented Function (SIF) designed with this
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product must not be used at a SIL level higher than the
statement without “prior use” justification by end user or
diverse technology redundancy in the design.

4.5.2 Random Integrity

The product 1310 Magnetostrictive Transmitter is a Type
B Device. Therefore, based on the SFF between 90%
and 99%, when the 1310 transmitter is used as the only
component in the transducer subassembly, a design can
meet SIL 2 @ HFT=0. This device achieves a SFF of
91.8713% as defined in the FEMA report.

When the transducer assembly consists of many
components, the SIL must be verified for the entire
assembly using failure rates from all components. This
analysis must account for any hardware fault tolerance
and architecture constraints.

4.5.3 Safety Parameters

For detailed failure rate information refer to the Failure
Modes, Effects and Diagnostics Analysis Report for the
SOR 1310 Magnetostrictive Transmitter.

4.6  Connection of the 1310 Magnetostrictive
Transmitter to the SIS Logic-solver

The 1310 transmitter is connected to the safety related
logic solver which is actively performing the safety
function as well as automatic diagnostics designed to
diagnose potentially dangerous failures within the 1310
transmitter (i.e. overfill condition).

47  General Requirements

The system’s response time shall be less than process
safety time. The 1310 transmitter will produce an alarm
condition in less than 100milliseconds under specified
conditions.

All SIS components including the 1310 transmitter must
be operational before process start-up.

User shall verify that the 1310 magnetostrictive
transmitter is suitable for use in safety applications by
confirming the 1310 transmitter nameplates are properly
marked.

Personnel performing maintenance and testing on the
1310 transmitter shall be competent to do so.

Results from the proof tests shall be recorded and
reviewed periodically.

The useful life of the 1310 transmitter is discussed in

the Failure Modes, Effects and Diagnostics Analysis
Report for the product.
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5.0 Installation/commissioning

The transmitter shall be installed, commissioned and
maintained by skilled personnel trained specifically on
the SOR 1310 magnetostrictive transmitter, including
the general instruction (GI), SIL safety manual, and all
applicable local electrical codes as well as any other
SOR supporting documentation.

The environment must be checked to verify that
environmental conditions do not exceed the ratings. The
product must also be accessible for physical inspection.

Installation or repair could impact the safety function

of the system. Therefore, all aspects of the safety

loop must be considered. The safety function must be
tested again after installation or repair to ensure that the
expected outputs are maintained.

6.0 Safety-Relevant Parameters

The SOR 1310 magnetostrictive transmitter

has been subjected to rigorous reliability and functional
safety assessments which have resulted in the device
being certified to IEC 61508. It is assumed that the field
device will be installed in a Safety Instrumented System
(SIS) in a Low Demand environment per IEC 61508.

Table 1 provides the SIL parameters for the device.

Table 1 SOR 1310 magnetostrictive transmitter SIL parameters

Safety Integrity Level (SIL) SIL 2 Analog Output

Demand Mode Low Demand Mode (LDM)

AsD, Asu, ADD, ADu, Safe
Failure Fraction(SFF),
Probability of Failure on
Demand (PFD)

(see Table 2)

Hardware Fault Tolerance (HFT) | 0

Type Classification B

Mean Time to Restoration (MTTR) | SIL 2: 48 hours (SOR recommended)

Proof Test Interval (PTI) 1-year recommended

Table 2 SOR 1310 magnetostrictive transmitter with Analog Output

1310 AsD Asu ADD ADu SFF
Transmitter | pyr. FIT* FIT* FIT* %
Analog Output | 303.52 | 68.67 1.25 33.29 91.8161
*FIT=1x107
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70
7.1

Proof Test

Proof Test Procedure

According to IEC 61508 a recurring proof test shall be
undertaken to reveal potentially dangerous faults that
are undetected by diagnostic tests.

The end user is responsible for defining the type

and interval according to the overall safety system
requirements. The FMEDA along with the calculated
PFDavg (.000147) determined the interval to be 8760
hours (1 year). Itis assumed that the end user will carry
out this test and inspection at least once per year. It is
also assumed that the end user will record the results of
the proof test for future reference.

The following steps are prescribed for proof testing
the SOR 1310 Magnetostrictive Transmitter:

1.

w

10.

1.

12.
13.

14.

15.

16.
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Set the logic solver (PLC, DCS, SLC, etc.) into
manual mode for the specific loop planning to be
tested to prevent false loop failure.

Look for any error messages on the display. If
no errors exist proceed to step 3, otherwise
clear the error before proceeding.

Power down the transmitter.

Inspect the unit for physical damage or any
evidence of process leaks.

Inspect the housing for evidence of ingress as
well as any evidence of moisture on the interior.
If 3 or 4 has evidence of damage or leaks, the
unit should be replaced.

Power up the transmitter.

Validate that the transmitter entered alarm state
conditions (3.6mA) for three seconds.

Validate transmitter goes into normal operating
mode (between 3.8mA and 20.5mA)

From the display, select the Loop test menu
and set the current to the alarm state.

Verify with a multi-meter that the output is

in the alarm state. This should be verified in
the logic solver as well.

Remove alarm current state.

Test the zero of the transmitter matches the
actual zero level of the vessel as well as the
output is at 4mA.

Test the midway point (50%) level in the vessel
matches the midway point on the display and
that the output is at 12mA.

Test the upper limit is at full span (100%). The
vessel should be full, the display should also
indicate full, and the output should be 20mA.
Restore the loop to normal operations and
remove any manual operation in the logic solver.
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