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Analog process instrumentation required a dedicated wire pair running from the
instrument in the field directly to the termination junctions on the controller. The
pair can consist of several cable runs, including the instrument to a junction box,
junction box to marshalling cabinet, marshalling cabinet to other marshalling
cabinets, and the control room marshalling cabinet to the correct termination
wiring on the multifunction or dedicated loop controller. Power for the analog
instrument is typically supplied at the field marshalling cabinet. All of this is
carefully designed to assure that there is electrical continuity between the
instrument in the field and the controller terminations. Each termination should be
field tested to assure this continuity. This checkout usually entails a technician at
each end to "ring-out" the connection. In effect, the address of the field
instrument is determined by the termination on the controller,

Fieldbuses were created to eliminate much of this wiring complexity by sharing
wires among several field instruments, and by addressing the field devices using
software. By doing this, it became possible to also reduce the cost of wiring and
termination design and engineering, since a continuous wire pair was no longer
required for each instrument since addressing no longer depended upon
controlier termination location, but was handled using software. Further,
installation labor could be reduced since verification of the connections of one
(long) wire pair for each device was no longer necessary.

The term "fieldbus” has become generic and is frequently applied, especially in
Europe, to any network used in industrial automation: process control, factory
automation, materials handling, or motion control. In North America, the term
“fieldbus” is usually associated with the versions used exclusively for process
control, especially FOUNDATION™ Fieldbus and PROFIBUS-PA. Adding to the
confusion, the Fieldbus Foundation uses the term "FOUNDATION™ Fieldbus" to
name the particular set of specifications representing their particular version of
the process control-oriented fieldbus.
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HART was an interim development in the late 1980's stemming from the original
SP50 work on Fieldbus for suppliers to retain the 4-20mA analog transmission
and conduct a digital data exchange in the same two-wire loop. Technology at the
time restricted the data rate to 1200 bps when the analog signal was present.

During the ANSIISA SP50 and IEC SC65C/\WGE standards committee
deliberations, there were many candidates in favor of an all-digital fieldbus
technology. It was agreed to adopt a totally new technology at the protocol layer
in order to meet all of the requirements with a single set of rules. The protocol
developed by the committee became the basis for FOUNDATION™ Fieldbus.
Another group of suppliers, dissatisfied with this decision, proceeded to use a
then existing protocol to develop the PROFIBUS specifications.

The final |IEC standard (IEC 61138) includes both PROFIBUS in both PROFIBUS-
DP and PROFIBUS-PA forms, FOUNDATION™ Fieldbus H1, FOUNDATION™
Fieldbus HSE, as well as ControlNet, Interbus, WorldFIP, P-Net, and SwiftNet.
Since most of these are not used in commercial process control networks, only
PROFIBUS and FOUNDATION™ Fieldbus forms are discussed in this report.
HART is also used in process control, but is not part of this standard.

In this reponrt, fieldbuses used for process control --- HART, PROFIBUS-PA, and
FOUNDATION™ Fieldbus --- are discussed in order of increasing complexity and
capability. Each fieldbus has its advantages and disadvantages, so the reader
should evaluate the desired network capabilties and implementation issues given
the requirements of each installation. In some applications, some plants use more
than one fieldbus type to meet their needs.
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HART began as an 1S4 SPE0 proposal to enable baclwards compatibility with
analog field instrumentation. HART transmits its digital data superimposed on a 4-
20 m& signal allowing the field instrument to continue to supply its primary data
value in analog formwith secondary data in digital format. However, due to the
limtations of the analog current lzop, the digital data rate at the time of design
was limited to 1200 bps. The consensus has generally beento keep HART inits
present formandto use FRCOFIBUS-FA or FOUNDATISN™ Fieldbus if more
digtal capability is required. However, faster communication can be achieved by
implementing the HART CEF3K specification that can operate at 9600 bps
simultaneausty with existing 1200 bps HART field instruments. 45 of this writing
(mid-2007}, awireless version of HART is being developed but there have heen
no public information releases about it

HART isthe most widely used fieldbus and is anticipated to maintain this market
position in the immediate future. The installed kase of HART instruments is large
since many suppliers of field instrumentation have discontinued producing pure
analog instruments and supply only HART devices. In many cases, HART
instruments have a lower overall production cost as compared to analog
instruments, since one model can cover many common ranges of analog
instruments. This enahles suppliers and users to stock fewer devices in inv entory.

The single most appealing factor in the popularity of HART instruments is the
capahility to change their range while in use, without being remaved fromthe
process. Further, the akilty to change the range remotely from anywhere that the
HART wiring is accessible, reduces the cost of instrument maintenance by
reducing the need to have physical access to an instrument to make changes.
VWireless HART extends thisidea by making access to any wireless HART-enabled
instrument accessikle via the wireless link without needing to access wiring at all.

HART transmitters and control val e positioners have the abilty to diagnose
prablems before they became sericus. The HARET processor can have direct
access tovarious parts of the field instrument and can detect excessive internal
temperatures, non-respansive components, and stickiness of contral valves,
before cperational problems ocour. However, this requires ether a diligent field
instrumentation team to check the HART digital data, or the akility torun
diagnostics in controllers equippe d to directly read HART data values and
diagnostic results. Mewer distributed control systems (DC3) often have this
capahility, but distributed control systems (DCS) without a direct HART interface
(only 4-20m4) do not. Reliance on the field instrument maintenance teamwith a
portakle handheld HART reader has generally proven impractical to take
advantage of the features offered by HART digital diagnostics.

HART devices are wired the same as 4-20 mé& analog instrumentation, including
the requirement for continuity of the wire pair fromthe field instrument to the
controller’s terminations. Most new controllers can accept the digital content of
HART onthe same terminations that are wsed for the 4-20 m& analog primary
variable measurement value.

HART field transmitters and control valve postioners are available frommost of
the same suppliers that sold analog equivalents. Typically, HART devices cost no
mare than the analog devices that they replaced.
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PROFIBUS-PA wa= built on the backbone of PROFIBUSDOFP which waz created to
provide the data transfer nesds for adorny automation ang materialz handiing in
dizcrete parts manufactunng. i wazdezigned to be the communications network
for linking programmatle logic contrallers (PLC ) to gether and with-host computer
zystemz and Human Machine Interface (HWI) u=ed in the factory. However, the
need to connect process control instrumentation has beesn a mizsion ofthe PHNO
(PROFIBUS Nut=rorganization), the development group e TPROFIBUS
International, In general, PROFIBU 5-PA vaz developed to mest the needs of the
processindustriez that did not want or need Fisgld Control.

PROFIBUS-PA waz originally de=igned to have a two-sevel bus higrarchy. Both
bus levelz run the =ame protocolz, but uze difierent phyzical meanz to enable
different bus 2peeds, PROFIBUS-PA uzes the identical phyeical layer az
FOUNDATION™ Figldbus H1 that iz specified in ANSWSASROZ Part2and IEC
61158 Part 2, Type 1. Thiz enables bus power and intrinzic gafaty for process
control applicationg. The upper level buzis PROFIBUS-IP using R5-425, az
apecified in EC 51158-2.

Mo direct controller interface for PROFIBUS-PA 2 required sincs it iz interfaced
viaz'a PROFIBUS-DP compatible RS-485 port. A PROFIBUS-DP/PA linking device
or zegment coupler iz uzed to conned each PA ssgmentto. a DP bus.
PROFIBUS-OP typically =upplies poverto each PA=egment through the bus
coupler or linking device.
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The bus masgter, typically a muliifunction controller, controle all data transmizzions
on PROFIBUS, Tranamizgzions on PROFIBUS are aswnchronous, =0 the controller
itzelf =ynchroniz=z all ofitz own control loops. However, fisld instrumeniz may
execute local funclions such a==ignal processing and alarm limit checking to ofi-
lpad these fundions from the shared controller.

The basic configuration ofeach field device iz contained ina GSD
[(Gerdteztammdaten: eguipment masterdata) record publizshed by the device
supplier, In-addition, each device may alzo process itz data usingan EOD

(E lectronic Device Description ) producsd and downloaded to the device. The
EDD containg the =pedfic databaze u=ed by the device to processthe raw
meazurement signalz and check for alarm limit vielations: The original form of
EDD waz propretary for each devics supplier; but they are nowstandardiz=d by
[EC 81884 Function Blocks for Procezs Control 20 that they will become uniform
across suppliers. EDD= will ke functionally similar te, but not exactly the =ame as,
the =signal proceszing Device Descriptions for FOUNDATION™ Fieldbu=zand
HART.



Devices and systems neeting all of the testing requirements, receive an official
registration mark that 1s affixed to the device or system

Suppliers are allowed to exend their products and systems in specific ways that
maintain interoperability. VWhile suppliers must implement the basic function blocks
specified in the standard as specified by the Foundation, additional function
blocks may be developed where the attribute s of the function blocks are defined
using a standardized Device Description. No interoperability testing is done on the
Device Description. but the behavior of the Device Description is specified by the

Foundation.
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Excerpted from The Consumer Guide to Fieldbus Network Eguipment for Process Control
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