














Connection to non-FISCO fieldbus devices

Some intrinsically safe fieldbus devices may only carry certification to the original FF-816
‘Entity” model parameters. Where there is a requirement to connect such devices to a FISCO
network, a type 9321-SC spur connector may be used in the spur connection between the
Megablock and each device. The 9321-FB is a compact, low-cost DIN-rail mounted unit. It
would be typically mounted inside the Megablock field enclosure.

Spur Connectors
Redundant FISCO
MTL’s 912x-IS FISCO power supplies cannot be operated in a redundant configuration. Future implementations
supporting redundant power modules will increase the overall system availability by eliminating single points of failure.

To Fieldbus Control
System

Redundant FISCO
Power Supply Modules

- Intrinsically Safe
Trunk and Spurs

® FISCO Fieldbus
devices connected to
IS Megablock

&

Redundant FISCO architecture

Fieldbus Barriers

An alternative approach to FISCO is the Fieldbus Barrier. This is a field-mounted unit that
receives power and fieldbus communications via a non-intrinsically safe trunk and
converts this to a number of intrinsically safe spur connections. The trunk terminals are
implemented as increased safety (Ex €) and the spur terminals as intrinsically safe (Ex ia)
for connection to IS fieldbus instruments in 11B or 1IC, Zone 0 hazardous areas. The unit
itself is protected by encapsulation, so that the overall certification code is Ex me [ia] IIC
T4. The spur connections of MTL Fieldbus Barriers are compatible with both FISCO and
Entity-certified field instruments, and can each deliver a maximum current of 40mA. Each
spur is short circuit protected, so that other devices continue to operate in the presence of
field wiring faults. Outgoing non-IS trunk terminals are also provided for connection to Fieldbus Barrier
further Fieldbus Barrier modules.

For IEC applications, the Fieldbus Barrier may be installed in a Zone 1 hazardous area if fitted inside a suitably
approved (Ex e) field enclosure, but in areas classified as Divisions the module must remain in Division 2 with only the
spur connections entering Division 1. Typical architectures for Fieldbus Barrier segments are shown in Figure 3.
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Figure 3: Fieldbus segment using Fieldbus barriers in ‘Custom’ enclosure



Multiple Fieldbus Barriers may be connected on the same fieldbus trunk, to increase the total number of spurs on the
segment. Fieldbus Barriers are bus-powered and require no additional power in the field. When used with a host control
system, power for the trunk may be provided by MTL-Relcom FPS or F800 Series power supplies, including integrated
power systems for all major fieldbus control system vendors.

MTL Fieldbus Barriers are available in the following types:

e  4-spur module, type 9311-FB
e  8-spur module, type 9312-FB

Because the trunk wiring is not intrinsically safe, and may contain incendive levels of voltage and current, the trunk
connections in the hazardous area to the Fieldbus Barrier may not be interrupted while they are energised unless
accompanied by ‘gas-clearance’ procedures. IEC standard 60079-19, for the maintenance explosion-protected
apparatus, therefore requires that the any terminals that will be exposed by the opening of an Ex e field enclosure should
be protected by a cover having a rating of at least IP30. The intrinsically safe spur terminals (identified by their blue
colour) do not need to be so protected, but maintenance personnel must be able to differentiate one type from the other.

Can | open the box?

Despite the concessions granted by the IEC maintenance standard, the fact that the Fieldbus Barrier enclosure contains
increased safety (Ex e) circuits for the trunk wiring can result in difficulties for end-users whose maintenance practice
forbids the opening of such enclosures while energised. The practice of removing power from Ex e circuits before
opening the field enclosure stems from the predominant use of increased safety in heavy-current applications for
lighting and rotating machinery. The maintenance team in some organisations may therefore be reluctant to relax this
for instrumentation circuits. It can be argued that the need for maintenance of the fieldbus trunk will be unlikely, but
maintenance personnel nevertheless need to be able to distinguish these terminals.

‘Custom’ enclosure capability

For heavily loaded segments requiring multiple barrier modules, MTL is able to provide a range of custom field
enclosures to suit end-user requirements. Optional features include Ex-protected isolating switches to allow individual
barrier modules to be removed and replaced without interrupting the operation of other devices on the segment,
additional DIN-rail field-wiring terminals and fixed or switchable terminators. Surge protection may also be specified
for the trunk and spurs, using high-performance arrestors that are specifically designed for operation in fieldbus
networks. A variety of environmental conditions can be satisfied by selecting glass-reinforced plastic or stainless steel
housings, together with a choice of cable glands and blanking plugs in a range of materials. Enclosures accommodating
between four and sixteen intrinsically safe spur can be designed and assembled to meet the requirements of today’s
fieldbus projects. A typical ‘custom’ Fieldbus Barrier enclosure is shown in Figure 4.
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Figure 4: Custom Fieldbus Barrier Enclosure



Fieldbus Barrier benefits
When compared against FISCO, the key advantages of the Fieldbus Barrier approach are perceived as follows:

1. High Energy Trunk
Since the voltage and current levels in the fieldbus trunk are not limited by intrinsic safety constraints, more
field devices can be supported per segment, and at longer overall segment lengths. This is particularly
attractive if the fieldbus architecture and method of protection must be selected before the segment loading
and cable lengths are known.

2. Independent of Area Classification
Fieldbus Barrier spurs are compatible with field devices that are certified under either the FISCO or Entity
models. Therefore, the actual certification of the field devices does not need to be known during the early
design phases, provided they carry some form of intrinsic safety approval. The spur wiring may also enter any
hazard (Zone 0 or 1, IIC or IIB gas group), so it is not necessary to select particular variants of Fieldbus
Barrier module according to the definition of the hazardous area.

3. Power supply Redundancy
Redundancy of the fieldbus power supply is specified by some end-users and engineering companies, and the
Fieldbus Barrier technique is able to comply with this owing to the use of general purpose supplies that are
available in redundant configurations. This subject is developed in more detail in the section entitled
‘Reliability Considerations’.

Fieldbus Barrier spurs

As already stated, the intrinsic safety parameters for the spurs of MTL Fieldbus Barriers are compatible with FISCO and
Entity-certified fieldbus devices. When connected to FISCO devices, the spur cables must comply with the specification
stated in the FISCO standard and given in Appendix |. Note that the maximum spur length for Fieldbus Barriers is
120m, even for FISCO spurs; this is explained in detail in Appendix II.
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Comparison of typical Field Enclosure complexity for FISCO and Fieldbus Barrier

Reliability considerations

Comparisons of the overall reliability of FISCO and Fieldbus Barrier networks commonly point to the fact that the
power to the fieldbus trunk can be made redundant for Fieldbus Barriers whereas it cannot for existing FISCO
implementations in which there is a single power supply. An initial observation therefore favours the Fieldbus Barrier
where ‘redundant fieldbus power’ is mandated in the technical requirements specification. However, this simple
analysis overlooks the more complex issues, due to the existence of single points of failure in both techniques. With
‘simplex’ FISCO, the absence of redundancy exists in the power supply itself, such that some failure modes could cause
loss of power or communication to the whole segment. The Megablock wiring hub is also a potential single point of
failure, but its simple design and long ‘Mean Time to Failure’ is commonly accepted as being an insignificant factor.

The Fieldbus Barrier also has possible failure modes that are not currently protected by redundancy; so an analysis that
considers only the fieldbus power supply does not give a true indication of the overall reliability of the segment. Failure
of a single barrier module could result in the loss of communication with one or more of the fieldbus devices connected
to that module. Theoretically, a catastrophic failure (such as a short-circuit across the fieldbus trunk) could cause the
complete segment to fail, but intelligent circuit design reduces this risk to an acceptable level.

A qualitative comparison between simplex FISCO and Fieldbus Barrier with redundant power therefore highlights the
existence of system components not protected by redundancy in both cases. If the fieldbus devices in the FISCO system
are spread across more than one hazardous area segment using multi-dropped power supplies, then the scope of loss is
not dissimilar to that for a failed Fieldbus Barrier module.

The complexity of a FISCO power supply is similar to that of a Fieldbus Barrier module, and this is reflected in the fact
that their MTTF figures are of a similar order. But in favour of the FISCO arrangement is the fact that the non-
redundant part — the power supply — is usually located in a benign control-room environment where it is not subject to
extremes of temperature or to other severe conditions such as shock and vibration and chemical attack. This is of



immediate benefit because MTTF calculations are heavily influenced by operating temperature. Replacement is also
straightforward because of ease of access. The Fieldbus Barrier module is however in a remote, inaccessible location by
definition, where elevated temperatures and the harsh environment will conspire to reduce the time to failure, and

replacement may be difficult.

Summary Comparison

The table below summarises the main differences between the FISCO and Fieldbus Barrier approaches:

Parameter 931x-FB Fieldbus Barrier 912x-1S FISCO
Live-workable, intrinsically safe network Spurs only Yes
Complies with IEC 60079-27 FISCO Spurs only Yes

standard

Complexity of field enclosure

Complex (multiple Fieldbus
Barrier modules and ancillaries)

Simple (Megablock wiring hub)

Typical number of Devices per trunk N¢!

11IC/Group A, B Gas Groups 16 6, but can be increased with multi-
drop
11B/Group C, D Gas Groups 16 14
Available Current (11IC/11B) 500 mA Noe? 120 mA / 265 mA
Power supply output voltage (11C/11B) 28\ Note2 124V /131V
Allowable trunk voltage drop 12V 34V /41V
Compatible with FISCO field devices? Yes Yes
Compatible with Entity field devices Yes Yes with spur connector

Cable specification

Spur cables must comply with
IEC 60079-27 if connected to
FISCO field devices

Must comply with IEC60079-27
throughout

Power to fieldbus trunk may be redundant? Yes No Nete3

Repeater function supported? No Yes

Absolute maximum segment length 1,900m 1,000min lIC
1,900m in 11B

Maximum spur cable length 120m 60m

Field enclosure certification requirements

Increased safety (Ex e)

Not specified, but typically
Increased safety (Ex €)

Larger cable cross-section can deliver longer | Yes Yes
segment lengths
Field enclosure contains increased safety (Ex | Yes No

e) connections that must not be live-worked?

! Assumes 17 mA per device based on the maximum current consumption of typical field instruments.
The number of devices per segment may be further limited by factors such as host capabilities and

macrocycle timing requirements.
2 For F802 fieldbus power supply

® For 912x-1S FISCO power supply. Future implementations will support redundancy.




Summing up

The FISCO and Fieldbus Barrier techniques have their own unique strengths, and both should be considered for projects
requiring a connection to intrinsically safe fieldbus devices in hazardous areas. The ultimate choice will be influenced
not only by the segment loading and trunk cable lengths, but also by factors such as the preferred maintenance regime,
simplicity of the hardware (in particular of the field enclosure) and full or partial compliance with the IEC 60079-27
standard.

The Fieldbus Barrier is capable of satisfying most requirements for long cable lengths and heavily loaded segments, but
often at the expense of complex field-mounted hardware. It can also accommodate field devices with a variety of
hazardous area approvals and in different gas groups.

FISCO enjoys the advantage of its context within the universally adopted rules for the design and maintenance of
intrinsically safe systems. It can be the simplest and lowest cost solution, particularly for the most commonly occurring
11B/A, B Gas Group.

Although the Fieldbus Barrier can claim redundancy for the fieldbus power supply, there is no overall clear-cut
reliability case in favour of this technique, since the field-mounted barrier module remains a point of failure.

Both techniques can claim an installed base within the community of Foundation fieldbus users, and both are available
from MTL.

Future directions

The products and solutions described in this document are based on the established 'Ex' explosion protection methods
for electrical equipment in hazardous areas. Future implementations will take advantage of advanced, high-speed
electronic techniques to eliminate incendive arcs in fieldbus systems, allowing higher levels of power to be delivered to
the field. MTL will make use of such methods, already covered by international patents, to exploit the full potential of
fieldbus systems in hazardous areas.



Appendix I: FISCO Cable Parameters
IEC 70079-27:2004 states that field cables for use in FISCO networks must conform to the following specification:

e  Loop resistance must be between 15 and 150ohms/km
e  Loop inductance must be between 0.4 and 1mH/km
e Loop capacitance must be between 45 and 200nF/km

Typical Fieldbus cable has parameters of 50ohms/km, 0.8mH/km and 120nF/km, so these limits are not restrictive.

Appendix I1: Maximum Fieldbus Barrier Spur Length
Why can FISCO spurs on a Fieldbus Barrier be 120m long?

IEC standard 60079-27:2004 for Fieldbus Intrinsically Safe Concept (FISCO) networks places a limitation of 60m on
the spur length, a reduction from the 120m maximum that is permitted by the Foundation Fieldbus ‘physical layer’
specification. However, MTL permits the spur connections on its 9311-FB and 9312-FB Fieldbus Barrier to be 120m
long, even when connected to FISCO-certified field instruments; why is this?

The answer lies in the fact that Fieldbus Barriers are only a partial implementation of FISCO as intended by the IEC
60079-27 standard. The standard defines the rules for a fieldbus system in which the entire field network - including
trunk and all spurs - is intrinsically safe, and it is in this context that the 60m limit applies. The intrinsic safety barrier is
assumed to be in the fieldbus trunk, at the point at which the segment enters the hazardous area. Empirical testing in a
laboratory environment had demonstrated that various combinations of trunk and spur lengths were incapable of
igniting a flammable atmosphere, and the standard permits such networks to be reproduced in practice, provided the
trunk and spur lengths are kept within the boundaries used for the test. These limits include a maximum overall
segment length of 1,000m in the hydrogen gas group, 5,000m in the ethylene group, and a maximum length of 60m for
any spur. (The original specification in fact stated 30m, but this was relaxed in subsequent revisions.) So the proper
definition of a FISCO spur is one which is connected to an intrinsically safe FISCO trunk.

In a Fieldbus Barrier, the IS barrier function is however located in each spur connection, and the trunk itself is
implemented using a non-1S technique, typically ‘increased safety’ for installations in IEC Zone 1. So as far as FISCO
is concerned, each spur is a new FISCO network that starts at the Fieldbus Barrier and ends at the field instrument. The
rules governing its length are therefore not those for a FISCO spur, but for an entire FISCO segment. However, seen
from the perspective of a conventional Foundation fieldbus installation, the spurs on a Fieldbus Barrier are spurs and
must comply with the 120m limit in order to minimise reflections back onto the trunk. The limit on the length of a
Fieldbus Barrier spur is therefore 120m, even if it is implemented according to FISCO rules and connected to a FISCO
field instrument.
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