Product innovations

In this collection of short stories, ABB Review
presents three breakthroughs, each in one of
these areas. All of them are based on innovations
in signal processing.

Reliable instrumentation is a prerequisite to the
effective control of processes. Such devices must
not only provide accurate and reproducible data
around the clock, but must also do so with a mini-
mum of supervision, maintenance and down-time
- and of course they must be easy to install.
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Signal processing boosts instrumentation
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Signal processing is not always the
obvious starting point when devel-
oping a new instrumentation product:
It is often more straightforward to
seek breakthroughs in such fields

as the efficiency and robustness

of the packaging of sensors or elec-
tronics, refinements in the use of
materials and processes, and im-
proved usability.

However, as instrumentation products
become increasingly commoditized,

the one significant area of differentia-
tion between vendors is the additional
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value that can be obtained from the
sensing system itself.

The process of defining this added
value starts with knowledge. In creat-
ing a new product, it is vital to under-
stand customer needs — and to recog-
nize useful additional information that
can be derived or inferred from mea-
sured data, providing valuable insights
into the status or condition of the
product or process.

ABB has invested in novel ways of
using signal processing to boost the

customer value of its products. The
fruits of these efforts are illustrated in
the following by two case studies; the
first measuring flow and the second
measuring pressure.

The third case presented is a study
into wireless technology. It demon-
strates how this new technology can
increase the availability of instrument
features — meeting the needs of future
applications.
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Self-calibration for
an electromagnetic
flowmeter

ABB has introduced a new flowmeter
that attains unprecedented levels of
stability and performance thanks to
an innovative self-calibration concept.

n electromagnetic flowmeter is
made up of two key parts:

m The sensor, consisting of a flow
measurement tube containing an
insulated lining, energizing coils
and two or more measurement
electrodes H.

= A flow transmitter, such as the new
ABB WaterMaster E3 or ProcessMas-
ter B3, which drives the coils and
measures the very small AC signal
from the measurement electrodes.

In order to fulfill the constantly evolv-
ing metrological requirements of in-
struments, in this case driven by the
OIMLY International Recommendation
R49 [1], ABB has developed a self-cali-

Footnote
T OIML: International Organization of Legal Metrology
/ Organisation Internationale de Métrologie Légale

bration concept [2]. This has been im-
plemented in the company’s Water-
Master range of flow products.

By fulfilling this recommendation, the
product is able to conform to the
Measuring Instruments Directive
(which became a legal requirement in
November 2006). OIML R49 requires
that electromagnetic flowmeters have
“checking facilities” — this means a
simulated signal is applied to the in-
put of the flow transmitter and it is
verified that the output is within pre-
defined limits.

This technique was then developed

further by not only using this signal to
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check the amplitude but also
to perform automatic calibra-
tion. This not only meets and

Il Effect of a significant dynamic temperature deviation on different
system parameters, and their compensation

new system compensates
for temperature-dependent
parameter changes in its

exceeds the OIML R49 require- compensation components.
ments; it also means the in- 1.004 — an $‘
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Operation of this new concept
is illustrated in El. Since the
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often depends on the per-
formance of about ten or so
precision components, the
reduction to a single item
permits stability and perfor-
mance to be boosted to un-
paralleled levels. H shows

the degree of adjustment
the transmitter undergoes in
responding to temperature

(ADC). Using an arrangement
of multiplexers, the simulated signal is
generated with the digital-analog con-

Features of ABB’s new Watermaster
range of flowmeters

m Self-calibrating instrument
Factory calibration no longer necessary

Calibration adjustment is continuous
during normal running

Ultra-stable performance over time
Very low temperature coefficient
Low-cost audio codec

Design immune to any dc offsets

Lower cost with only one precision part

required

B Adjustment percentage displayed to user
for diagnostic use

m Alarm limits to trap hardware failures and

out of range adjustments

verter B3, This is directly applied to
the same front-end amplifier E3 that is
used to amplify and process the elec-
trode signals.

The novel aspect of this approach is
that it is not the actual absolute value
of the signal on which the measured
value is based, but its gain. By using
multiplexers (B3 and Ef) to route the
voltage reference directly into the
ADCs, the system performance is ren-
dered independent of the gains, off-
sets or stability of any of its compo-
nents — and the output does not de-
pend on the magnitude of the voltage
reference.

The product’s performance has been
proven to depend on only one com-
ponent: the resistor that is necessary
to convert the current through the
coils into a voltage for measuring the
coil current. H illustrates how well the

changes. @ shows the over-
all transmitter stability over a wide
temperature range. In the measure-
ments that produced these figures, the
temperature was reverted to 20°C after
each temperature change — illustrating
the excellent reproducibility of the
measurement.

Since the system auto-
matically adjusts itself,
NO precision parts are
required in the measure-
ment chain.

ABB’s implementation of the auto cali-
bration system in an electromagnetic
flowmeters is a world first, leading to
unparalled stability and performance.
The product was launched in Barcelo-
na on November 7, 2007.

E Internal auto-gain adjustments made by the transmitter to respond

to temperature changes

& Overall transmitter span shift versus temperature. Temperature

was always returned to 20°C between measurements, illustrating

the device’s high reproducibility
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Plugged impulse
ine detection on a
differential pressure
transmitter

A faulty measurement can have sig-
nificant negative implications for a
process, hence the importance of
being able to detect such errors as
soon as they occur. When it comes
to differential flow measurements,
blocked impulse lines are especially
tricky to discern as the results contin-
ue to look plausible. ABB has found a
way to identify these — using the
background noise of the process.

differential pressure transmitter is

a device used to sense the pres-
sure between two points of a process.
Its main application is the computa-
tion of the flow rate in a pipeline.
This is achieved by measuring the
pressure drop caused by a so-called
primary element. This element is in-
serted in the flow causing local pres-
sure changes. The pressure difference
between two points is measured and
the flow rate computed from this val-
ue using knowledge of the geometry
of the primary element. Differential
pressure transmitters are connected to
the process through two pipes called
impulse lines H.

When it comes to differ-
ential flow measurements,
blocked impulse lines are
especially tricky to discern
as the results continue to
look plausible.

During the operating life of the trans-
mitter, these connections can get
plugged (blocked) due to solid mate-
rial in the process, or to limestone or
freezing of the fluid. Significant main-
tenance efforts are required to prevent
this. Maintenance is made even more
challenging by the fact that, in con-
trast to most other malfunctions that
can occur in field devices, a plugged

impulse line has no impact on the
device hardware; if it happens unno-
ticed, the measurement value retains
a plausible value. This makes the
detection of such errors especially
elusive.

However, all is not lost: Experiments
have shown that the plugging condi-
tion can be diagnosed through analy-
sis of the sensed differential pressure
signal. Based on these results, a meth-
od for the automatic detection of the
plugged-impulse-lines condition was
developed and a corresponding algo-
rithm implemented in an ABB differ-
ential pressure transmitter of the
2600T series.

The major cost-saving
benefit of plugged impulse
line detection comes from
the reduction of preven-
tive maintenance.

The principle of Plugged Impulse Line
Detection (PILD) is based on empiri-
cally revealed characteristics of the
observed time-series of the pressure
detection. Flow processes are affected
by fluctuations of the pressure value

caused by other devices and machines
interacting with the process. An exam-
ple is a pump producing a differential
pressure signal noise. Under normal
operating conditions, without any
plugged impulse line problem, this
process noise is mostly canceled out,
because the device measures the pres-
sure difference between two relatively
close locations. The blocking of one
impulse line leads to the pressure
fluctuations not being canceled any-
more — the process noise therefore
appears in the differential pressure
signal. Finally, when both impulse
lines are plugged, the noise level of
the sensed differential pressure is
almost reduced to zero.

Ed Differential pressure transmitter connected
to an orifice plate

B Signal power E without plugging, M and I with individual lines plugged and El with both lines

plugged
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Bl Plugged Impulse Line Detection (PILD) output
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From these observations it can be

generalized that:

m The plugging of a single impulse
line 3 and B2 leads to a higher
noise level than for the no-plugging
case E.

m The plugging of both impulse lines
leads B to a lower noise level than
for the non-plugging case.

Wireless — the future
for instrumentation

Wireless technology has many advan-
tages: Costs of wiring (and the asso-
ciated risk of error) are saved and
changes are easier to implement.
ABB is supporting the introduction of
the technology and is cooperating
with other vendors to implement joint
standards.

Wireless technology has invaded
everyday life at many levels,

from mobile phones to door bells,
from TV remote controls to Internet
hot spots and WIFI. It may seem
stranger, therefore, that wireless has
taken so long to arrive in process
automation — and this despite the
benefits being clear and end-user
interest levels high e

The reason for the relatively slow
development of wireless for process
automation becomes more under-
standable when the special require-

The new algorithm is self-adapting to
the specific process conditions at the
time of installation. It is able to detect
the plugged-impulse-lines events with
a degree of robustness with respect to
variations of the process conditions.
The conclusions depicted above are
confirmed by the publications of the
University of Sussex [3,4, 5] and by
ABB laboratories [6].

ments are considered. These include:
reliability, security and simplicity.

The oil and gas sector
was among the first to
recognize the benefits
and requirements of a
wireless network at
instrument-level.

Resulting from trials with significant
vendors such as ABB, the oil and gas
sector was amongst the first to recog-
nize the benefits and requirements of
a wireless network at instrument-level.
These early stage trails used proprie-
tary networks, which often had the
drawback of restricting vendor choice,
while also failing to fulfill the three
requirements listed above. They did,
however demonstrate the technology’s
potential to reduce operational ex-
penses. The industry has now moved
on from the trial phase and is looking
for an open standard to satisfy these
requirements and provide a multi-ven-
dor wireless network.

The major cost-saving benefit of
plugged impulse line detection comes
from the reduction of preventive
maintenance. The output of the PILD
algorithm should be available from
the maintenance workplace and in
the control room. The condition of
all transmitters can be monitored
from one central access point via
Fieldbus and Asset Monitoring. This
enables a transition from a preventive
maintenance setup to one with reac-
tive maintenance based on reaction
times El.

There are two groups that are current-
ly working on a wireless standard for
process automation. While they both

—
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share the same radio technology
(802.15.4) they are otherwise incom-
patible. These two competing stan-
dard are HART 7 and ISA SP100.

Of the two, WirelessHART will be-
come available first as its standard has
already been written and passed a
ballot of member companies. A dem-

[EE# Benefits of a wireless network for process automation

Plant availability

m A low-cost option to add condition moni-
toring to critical assets (positioners — ana-
lyzers) to reduce unexpected down time

m Wireless access can either be built into
Instruments or added via a loop-powered
adaptor

Process variation

m A low-cost option to add process monitor-
ing points previously too expensive to con-
sider

m Adds short-term low-cost process moni-
toring points to help solve difficult process
problems

Comply to safety and environmental

m Low-cost option to monitor
m Gas detectors
m Water effluent
m Gas emissions
m Relief valve operation
m Steam traps

Process monitoring

m Access multivariable information (eg, mass
gas flow devices)

B Monitor remote or inaccessible points
(cable may need routing under roadways or
long distances)

m Compare analog to digital signals (read
back Valve position and compare to set-
point)

onstration of WirelessHART instru-
ments took place at the ISA show in
September 2006 including instruments
from ABB, Emerson and Siemens.
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