MEASUREMENT AND ANALYTICS

Leading the field
Where connectivity meets the innovation

Ethernet Advanced Physical Layer (Ethernet-APL) widens Ethernet

use from commercial environments to the more challenging process in-
dustries. With Ethernet-APL's connectivity, field devices can access edge-
and cloud-computing features and profit from new opportunities in da-
ta-driven applications.

The measurement of parameters such as tempera- Traditionally, these constellations of field devices
ture, pressure, flow, density, concentration and level have individually communicated with controllers

is essential for monitoring and controlling industrial ~ and engineering tools located in a central control
processes. Moreover, increased energy and raw room via 4 to 20mA analog current loops, commonly
material costs, greater environmental awareness using HART protocol to transfer data. The introduc-
and higher quality standards drive operators to tion of fieldbuses - such as PROFIBUS, Foundation
monitor these processes more closely than ever. Fieldbus and Modbus — ushered in an era of digital
Such scrutiny is not trivial when even a midscale communication for field devices, but HART retains
plant can have as many as 10,000 field devices its hold: the majority of field devices currently in-

that measure and report process parameters. stalled still use this champion of the industry.
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Ethernet-APL brings
the benefits of Ethernet
networks to the
process industry.
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Comparison of com-
munication technol-
ogies, focusing on
the physical layer.

A 4 to 20mA HART loop typically consumes less
than 40 mWw, which is sufficient for commu-
nication with temperature, pressure, or level
sensors and with some types of flow measure-
ment, such as vortex and swirl flow meters.
While they also fulfill requirements for cable
length, intrinsic safety, robustness and simplic-
ity, current loops have three major limitations:

The transmission speed of 1,200 Baud falls far be-
low modern expectations.

The communication protocol is tightly linked to
the physical layer and does not tolerate any other
protocol in the same network, even assuming that
modern protocols such as OPC UA would run over
1,200 baud on a 4 to 20mA loop.

HART telegrams are not routable through the IP-
based networks found on upper layers of the auto-
mation pyramid and do not have any semantic,
functional safety and security capabilities.

Further, modern flow, level, pressure and tem-
perature devices, for instance, can supply diag-
nostic and ancillary data along with the primary
measurement. Such data is not deliverable when
4 to 20mA loops are not properly laid out and
commissioned to support HART communication.

Allin all, HART communication comes from an earlier
time. The way forward for communications in the
process industries is a new standard: Ethernet-APL.

For example, for a vortex flow meter, Ethernet-APL
can be used to communicate the device’s volume
flow, mass flow, process temperature, totalizer
values, vortex frequency and diagnostic informa-
tion. Here, the traditional 4 to 20 mA output would
only deliver the basic flow reading, assuming HART
communication is not commissioned - which is
the case in most installations in the process in-
dustry (See Exhibit 01). The advantages of Eth-
ernet-APL, however, extend much further — for
instance, the protocol facilitates the automation
of process plant design and operation and sim-
plifies the tricky task of bringing greater intelli-
gence into potentially explosive environments.

Ethernet-APL

Ethernet-APL represents the culmination of a de-
cade-long journey in standardization to bring Eth-
ernet to the field level of the process industries.
Ethernet-APL is fully compatible with the IEEE
802.3 standard while satisfying specific criteria for
the process industries, including intrinsic safety.
Development of the protocol was backed by the
leading industry standard development organiza-
tions (SDOs): FieldComm Group, ODVA, the OPC
Foundation and PROFIBUS and PROFINET Inter-
national. Exhibit 02 summarizes how the physical
layer specifications of Ethernet-APL fulfill, and in
most cases exceed, HART and other technologies.

4-20 mA/HART Fieldbus Industrial Ethernet Ethernet-APL

(IOOBASE-TX) (1OBASE-T1L)

Single-pair cable ° . - °
Communication 1.2 kbit/s 31.25 kbit/s 100 Mbit/s 100 Mbit/s
half-duplex half-duplex full-duplex full-duplex

Reference cable n/a Type A CAT 5+ Type A
Maximum cable length 1,200 m 700..1,900 m 100 m 200 m (spur)
1,000 m (trunk)

NE21 . . - °
Screw/cage clamp connector ° . - °
Polarity Independence - . - °
Intrinsic safety option ° ° - °
Vertical integration - - . °
Measurement (values) 1 n n n
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Internationally standard-
ized zones define require-
ments for equipment.

Forinstance, Zone O has
an explosive atmosphere
continuously, for long
periods or frequently;
Zone1lhas suchan
atmosphere occasionally
in normal operation;

in Zone 2, an explosive
atmosphere is unlikely in
normal operation but, if
it does occur, will persist
for a short period only.
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Ethernet-APL's low-
power attributes are
particulary suited to
difficult environments.

Ethernet-APL and the automation of process con-
struction, commissioning and operation

The Industrial Internet of Things (I1oT) and Indus-
try 4.0 are already part of everyday operations in
manufacturing. Soon, these technologies will also
enter the field of process automation and instru-
mentation. Here, for example, they will play a critical
role in domain-specific concepts like the NAMUR
Open Architecture (NOA) or the Open Process Au-
tomation Standards (O-PAS™) created by the Open
Process Automation Forum (OPAF). These initia-
tives are attempting to simplify the construction,

commissioning and operation of process plants.
Broader use of wireless solutions, simplified field
device integration and more prolific Ethernet com-
munications are integral components of these con-
cepts [1]. One way to advance this transformation
is to agree on common communication protocols
across the industry. Here, Ethernet-APL is ideal as
a common communication backbone as it is - like
standard Ethernet — agnostic in terms of the com-
munication protocol and multiple protocols can, to
a certain extent, runin parallel in the same network.

Useful in potentially explosive environments

One area in which Ethernet-APL is of particular in-
terest is in potentially explosive environments. Field
devices are often installed in spaces in which an
explosive atmosphere may arise. Any equipment in-
stalled in these locations — and external equipment
connected via cable to it - must be designed accord-
ing to standards such as IEC 60079 and is subject

to government regulation (See Exhibit 03-04).

Intrinsically safe equipment is usually preferred over
placing equipment in an explosion-proof housing
due to the advantages of easier installation and

working procedures. A device or cable is then sim-
ply classed as “safe in itself.” The key to avoiding
hot surface temperatures that might initiate an
explosion in these environments is a strict power
limitation for any signal cable entering a relevant
zone, in combination with a low-power design for
the equipment itself. As itis standard practice for
field instruments to comply with intrinsic safety
regulations, it is also standard practice to limit
their required current and voltage levels. This re-
striction makes it impossible to use traditional
technologies, such as standard industrial Ethernet.
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ABB Flowmeters FSV450
(vortex) and FSS450
(swirl) combine the
robustness, accuracy
and stability of classic
instrumentation with the
simple communication
interfaces of the lloT.

06 Local and remote
device access viaa
smartphone app or
viaabrowserona
tablet or computer.

Ethernet APL
Profinet
Bluetooth
FDI

Ethernet-APL provides the solution because its
underlying 2-wire intrinsically safe Ethernet (2-WISE)
concept [2] limits voltage and current going to the
field device. There is also electronic circuitry at each
device input and output that prevents ignition levels
of electrical energy from reaching the connector.

These attributes allow the installation of Ethernet-
APL devices in even the very most hazardous
zones and facilitate remote service assistance in
the event of process or device issues. Moreover,
the power levels allowed in 2-WISE let devices
perform more complex computations than in
the past, enabling more precise and reliable
measurements and more diagnostics. Note,

too, that the two-wire implementation makes
field upgrades from the two-wire HART and
Fieldbus possible without expensive rewiring,
as would be the case with four-wire Ethernet.

Introducing Ethernet-APL into ABB vortex meters
ABB has implemented Ethernet-APL into its FSx430
and FSx450 vortex/swirl flowmeters. This exercise
was helped by the company’s long experience in
industrial communication and collaboration with
internal communication and security experts as
well as technology suppliers and customers.

The development is based on ABB’s successful
Common Top Works platform concepts for
instrumentation: 2-wire and 4-wire Common Top
Works (R2WCTW and 4WCTW). These platforms
bundle together measurement-independent
features, such as the communication interface,
software, power supply, explosion protection,
electromagnetic compatibility, human-

machine interface (HMI) and housing.
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Bluetooth meets process instrumentation
Besides Ethernet-APL, another modern
communication technology in the industrial
space was integrated into the FSX430 and
FSX450: Bluetooth (See Exhibit 05).

Although robustness, stability and EMC
considerations still impose limitations onit,

at one sweep, Bluetooth can eliminate many of
the complex tools, cable adapters and specific
communication drivers needed by classic field
instruments. Bluetooth makes local access easy
with a secure smartphone app (See Exhibit 06).
Using Bluetooth for local device access has many
advantages over wired access, for instance:

. Safety: There is no need to physically access the
device, which can be installed several meters
above ground or between hot pipes.

Electrostatic protection: No electrostatic
discharge is created as there is no contact when
using wireless communication.

Security: Bluetooth and a smartphone offer more
efficient user authentication password protection
than a locally integrated display on the device.

Casting a wider net

ABB’s roadmap includes applying Ethernet-APL
to other field measurements - for example,
temperature and pressure — as well as further
enhancements, such as using PROFIsafe to apply
Ethernet-APL and PROFINET to applications
requiring a functional safety integrity level (SIL)
(See Exhibit 07). ABB’s TopWorks platform paves
the way for upgrading ABB’s entire field device
portfolio with much less effort compared to
running individual projects. Resources can then
concentrate on enhancing customer value.



07 Roadmap for ABB’s

Ethernet-APL portfolio.
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Future converged
Ethernet networks in the
process industry, includ-
ing 4 to 20mA brownfield
devices and lloT-enabled
field devices based on
Ethernet-APL and multi-
protocol capabilities [3].
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APL will bring Ethernet to process automation
—even to its most critical areas. ABB is shaping

a future of a connected industrial world and is
fully committed to the vision of a network-centric
architecture in automation (See Exhibit 08).

Ethernet-APL will break down the barriers

between the layers of the automation pyramid
and turn it into a space containing just servers
holding data and functions, and clients

in possession of comprehensive control,
visualization and optimization capabilities.
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