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Calibrating Pressure Instrumentation

=l
=

LS 1 i 1 N :
f | | N
g |
=y =l [ o F E If A P i ]
= E L e (T 5T N :
X o -3 ur | o b
[ yiim 1 W il
-1_} L Locth Y. J”_" ,}; - * . Bl
. I =L - - )
: .. sl ey ,
si U ;.
A L Seor ) } !
\[ [T V4 et
| A
7]
| i
r

!r“\l '

| ] -}

cmm ¥ EE R
.' “

l I/..

Sponsored by

FLUKE -

www.controlglobal.com
-1-



CONTROL: SPECIAL REPORT

CONTENTS
Take the pain out of pressure calibration 2
Faster, easier pressure calibrator 9

www.controlglobal.com
-



CONTROL: SPECIAL REPORT

Take the pain out of

pressure calibration.

From calibration interval, accuracy and documentation requirements

through automating calibration pressures at the plant floor, today’s tools

offer multiple ways to streamline maintenance and ensure performance

of pressure instrumentation.

O Pressure transmitters are general-
ly durable and reliable instruments,
but require periodic calibration to
ensure accuracy and repeatability.
Calibration frequency depends on
factors including process condi-
tions, ambient environment,
construction of the transmitter and
details of the installation. Concerns
about safety, quality or regulatory
requirements may call for shorter

intervals.

Modern pressure transmitters

are generally stable and factory-
calibrated under highly controlled
conditions. To ensure both regula-
tory compliance and process per-
formance, field calibrations should
be done using only instruments
rated for the required accuracy and
traceable to National Institute of
Standards and Technology (NIST)
standards (Figure 1). Calibration
procedures and techniques must

be followed carefully to be sure the
transmitter’s “as left” condition sup-
ports the minimum required process

measurement accuracy.

A calibration is only as useful as its
documentation. From a regulatory
standpoint, documentation is the ul-
timate proof that calibration was per-
formed and the instrument is within
specifications. Documentation is also
the only rational basis for determining
the calibration intervals that allow the
process to run most efficiently with the

least calibration labor and disturbance.

Requirements for accuracy, repeat-
ability, craftsmanship and docu-
mentation have resulted in a set of
well-defined problems in pressure
calibration. These pain points have
been mitigated by recent advances
in calibration instrumentation and

documenting systems.

FREQUENCY PRESENTS
OPPORTUNITY

The need for calibration depends on
instrument quality, the configura-
tion of the installation, the rigors
imposed by the process and environ-
ment, and the consequences of al-
lowing an instrument to drift out of
specification. Given the high quality
of today’s transmitters, the factors to
consider include process conditions:

a transmitter measuring a consistent

True
value

International
National standard

Authorized laboratories

Instrument department, house
and working standards

Field calibration equipment

Process instrumentation

ACCURACY STARTS AT THE TOP

Figure 1: To ensure both regulatory compliance and process perform ance, field calibrations
should be done using only instruments rated for the required accuracy and with current certifica-
tions traceable to National Institute of Standards and Technology (NIST) standards.
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process fluid over a small range of
temperatures and pressures will
require less frequent calibration than
the same transmitter under fluc-
tuating process conditions, subject
to buildup, corrosion, abrasion or

severe vibration.

Similarly, a pressure transmitter in
a well-controlled environment with
low humidity, stable temperature,
and lictle dust or dirt is likely to
hold its calibration longer than an
outdoor instrument in severe and
varying weather conditions or high

humidity.

The best way to determine cali-
bration frequency is to base it on
performance history, but to obtain a
history, plants must start with a fixed
interval. Where no significant his-
tory or regulatory requirements exist
for guidance, transmitter manufac-
turer Endress+Hauser suggests the
following general guidelines (www.
us.endress.com/en/Endress-Hauser-
group/Case-studies-application-
notes/basics-calibrating-pressure-

transmitters):

* Direct-mounted pressure transmit-
ters installed inside in a controlled
environment on a process with stable
conditions should be calibrated every
Sfour to six years.

* Direct mounted pressure transmit-
ters installed outside on a process
with stable conditions should be

calibrated every one to four years,

Pressure

MPE = Maximum permissible error

MPE

MPE

Calibration and adjustment

FREQUENCY DEPENDS ON EXPERIENCE

Time

Figure 2: The correct calibration interval depends on the permissible error, which depends on the ap-
plication and the purpose of the calibration. Safety, quality or regulatory requirements may shorten the
calibration interval, while documented evidence of stability may allow intervals to be extended.

depending upon ambient condi-

tions.

If a remote diaphragm seal is
employed on a pressure transmit-

ter, the calibration interval should
be reduced by a factor of two; i.e., a
Sfour- to six-year interval is reduced
to two to three years. This is because
a remote diaphragm seal will employ
more fill fluid than a direct mounted
configuration. Consequently, it will
experience more mechanical stress
[from process or ambient temperature
Sfluctuations. Most remote diaphragms
are flush faced where the diaphragm/
membrane is susceptible to physi-

cal damage (dents or abrasions) that
can cause offset or linearity issues.

If the process regularly experiences
sz'gm'ﬁcant pressure swings or over-
pressurization events, reducing the
calibration interval by a factor of rwo

is a good rule of thumb.

These are only guidelines and
primarily refer to the need for

making adjustments to a transmit-
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ter. The correct interval depends on
the application and the purpose of
the calibration. Safety, quality or
regulatory requirements may dictate
shorter calibration intervals, while
documented evidence of stability
may allow intervals to be extended

(Figure 2).

REPEATABILITY DEPENDS

ON METHODOLOGY

The maximum permissible error
(MPE) for the application determines
the required accuracy of a calibra-
tion, which should be lower than the
instrument rated accuracy. Setting
MPE at the instrument reference
accuracy will result in a high rate of
non-conformance because that refer-
ence accuracy is determined on a new
instrument under tightly controlled
(laboratory) conditions. An aging
instrument under plant conditions
should be calibrated to a MPE that
reflects the process requirements,
ambient conditions, and precision
achievable with the test method and

equipment.



CONTROL: SPECIAL REPORT

Pressure calibration equipment
includes a pressure source and
means of accurately generating and
measuring electrical signals, typi-
cally milliamperes for a 4-20 mA
analog transmitter and/or digital
signals for protocols such as HART,
Foundation Fieldbus, Profibus, etc.
To ensure a given level of accuracy
in the instrument, the calibration
equipment uncertainty should be
no more than one-third the MPE,
and the calibrator accuracy must be
traceable to the National Institute of
Standards and Technology or other

intrinsic standards.

The test methodology is a critical
contributor to potential errors. For
example, Endress+Hauser recom-

mends:

1. Mount the transmitter in a stable
fixture free from vibration or move-
ment

2. Exercise the sensor/membrane before

performing the calibration. This

4.

means applying pressure and raising
the level to approximately 90% of
the maximum range. For a 150 psi
cell that would mean pressurizing it
to 130-135 psig. Hold this pressure
for 30 seconds, then vent. Your
overall results will be much better

than if you calibrate “cold.”

. Perform a Position Zero Adjust-

ment (zero the transmitter). This
is important because the fixture
used for calibration may be dif-
ferent than how the transmitter is
mounted in the process. Failing to
correct for this by skipping this step
can result in non-conformance.
Begin the calibration procedure.
Typically, this means three points up
(0%, 50%, 100%) and then three
points down. The 4-20 mA output
should be 4 mA, 12 mA and 20
mA at the three points (or the cor-
rect digital values for a smart trans-
mitter). Each test point should be
held and allowed to stabilize before
proceeding to the next. Normally
that should take no more than 30
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seconds. More points can be used if

you require a higher confidence in

the performance of the instrument.
5. Compare the results of your pressure

transmitter to your reference device.
6. Document the results for your

records.

This example is for bench calibra-
tion under controlled conditions.
Field calibration conditions are
typically not as well controlled but
should be kept as close to bench
conditions as possible. Obtaining
and maintaining constant, known
calibration pressures in the field,
where temperatures may fluctuate
and fictings may leak, is a signifi-
cant challenge to even the most
experienced calibration techni-
cians, and a major concern where
experienced technicians are in

short supply.

Endress+Hauser also cautions:

If the results of your calibration are
within the MPE, do not attempt

to improve the performance of the
transmitter. One mistake many end
users make is to regularly perform

a sensor trim adjustment of their
pressure transmitter—even on new
units from the manufacturer. A sen-
sor trim corrects the digital reading
[from the sensor after the A/D conver-
sion. Performz'ng a sensor trim on a
new transmitter is essentially a single
point calibration under current plant
environment conditions, as oppoxed

to sticking with the original factory
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calibration. Factory calibrations of
pressure transmitters are performed in
a tightly controlled environment and
incorporate up to as many as 100 test
points. Pe;farmz‘ng a sensor trim on a
new pressure transmitter under field
conditions might result in a unit that
operates at less than optimal capacity.
A sensor trim should only be performed
by a qualified technician under the

manufacturer’s guidance.

DOCUMENTATION PAYS OFF
Calibration details must be careful-
ly recorded to determine maximum
safe calibration intervals as well as
ensure product quality, maintain
plant safety and prove regula-

tory compliance. Documenting a
calibration has traditionally meant
using a log book to hand-write

the date and time, serial number,
unique tag, the pre-adjustment
readings (as-found), the post-ad-
justment readings (as-left), who did
what, and any other observations

the technicians made.

Many plants continue to document
calibration work by hand, but pa-
per documentation both produces
and perpetuates errors. Handwrit-
ten records are often illegible or
insuficient. Facilities that use a
computerized maintenance man-
agement system (CMMS) must
then account for the additional
time required to manually enter
handwritten data, with additional

possibilities for error.

Digital records and calibration soﬁ‘ware

allow easy analysis of worst-case deviation

of the milliamp signal over time: if it

is less than 50% of the test tolerance,
the maintenance interval can be extended

on the basis of hard data, not opinion.

Where records are not digitized,

it is almost impossible to examine
histories and do the trend analysis
necessary to optimize calibration
intervals and labor. Digital records
and calibration software allow easy
analysis of worst-case deviation of
the milliamp signal over time: if it is
repeatedly less than 50% of the test
tolerance, the maintenance interval
can be extended on the basis of hard

data, not opinion.

These issues can be resolved by using
multifunction, documenting calibra-
tors. These consolidate multiple
tools into one and perform functions
beyond basic test and measurement,
such as assisting with analysis and
documentation. Benefits include:
¢ Fewer tools that technicians need
to train on and carry into the field;
e Similar calibration processes and
data output across multiple devices
as opposed to different processes
to collect data from each tool and
device;
* Automated procedures replace

many manual calibration steps;
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* No second technician required
to record the as-found and as-left
state of the field device;

* Faster calibration time per device;
and

* Calculate the error of a single tool
rather than adding the errors of

several tools.

Unlike paper documentation,
documenting calibrator data is never
illegible, cryptic or partial. This
data can be directly downloaded
into a variety of different CMMS
systems with no transcription or
filing. Documenting calibrators also
can offer built-in route manage-
ment, so a single set of permits and
paperwork can cover an entire set
of calibrations. Calibrating multiple
instruments in the course of a route

reduces the cost per calibration.

RELIEVING THE PAINS

Pressure calibration is often critical
to process control systems, but as
described above, proper calibration
of this instrumentation can be a

challenge.
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ere are four common issues tha
Here are four common i that
process technicians encounter when

performing pressure calibrations:

L Performing a pressure calibra-

tion with a slow leak

Performing a proper pressure
calibration requires equipment and
connectors that are dependable.
With a leaking pressure source,
keeping pressure stable at a calibra-
tion point long enough to take a
reliable reading can be difficult.
Slow leaks can require technicians
to constantly fine tune and adjust
pressure applied from a pump,
which makes it difficult for the
system to settle. After the desired
pressure set point is reached, it’s
recommended that systems settle
for several seconds or even minutes
prior to testing so a more accurate
and repeatable test result can be
performed. While slow pressure
leaks caused by damaged hoses,
worn fittings, or improper connec-
tions are common, there are several
steps technicians can take to ensure

a better calibration experience.

1. Test and debug pressure test
systems before entering the field to
reduce unnecessary trips back to
the shop.

2. Try to decrease the number of
pressure connections by using the
correct hose length and removing

extra fittings.

3. Ensure that the test equipment is

propetly mounted.
4. Mitigate leaks by using special-

purpose test hoses.

Automatic pumps with built-in pres-
sure regulation can overcome small
leaks and provide constant pressure

despite their presence.

II. Documenting a pressure cali-

bration requires multiple tools

Documenting pressure calibration
results is important for the purpose
of maintaining accurate critical
instrument records, but the number
of steps associated with document-
ing the procedure, and the number
of tools required for the average
pressure calibration can make the
task difficult. For instance, a typical
pressure calibration could require a
pressure calibrator, pressure module
or gauge for measuring pressure, a
pump to generate pressure, and mul-
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tiple hoses and fittings between the
devices (including the connections

to the pressure transmitter itself).

Before going to the field, not only
do technicians need to prepare for
specific calibrations by testing their
setup and making sure the equip-
ment is properly calibrated, they
also need to carry all the appropri-
ate test components with them.
And before testing begins, techni-
cians need to either write out the
test procedure or fill in a method
sheet. During the procedure, they
must document the pressure being
applied and the resulting mA be-
ing measured, and then determine
whether the unit under test passes
or fails according to the determined
criteria. If the unit under test fails,
the technician will need to adjust
the system as necessary and begin

the testing procedure again.

Beyond having all the right com-
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All-in-one test equipment that incorporates

pressure and signal sources and measure-

ments can minimize the number of tools,

tubes and fittings while accommodating a
wide range of field applications.

ponents, the technician needs to
ensure that the pressure measure-
ment tool used is accurate enough
to calibrate the transmitter or
other device being tested. The tools
required and accuracies needed
vary from one device to another,
further compounding the dif-
ficulty. Special-purpose test hoses
and connectors can make pressure
connections easier and reduce the
likelihood of leaks, eliminating one

source of testing difficulty.

All-in-one test equipment that incor-
porates pressure and signal sources
and measurements can minimize the
number of tools, tubes and fittings
while accommodating a wide range

of field applications.

II1. Manually generating and
controlling the pressure for each

test point

Pressure calibrations in process
manufacturing environments rarely
require testing to occur at a single

test point. In fact, a typical pressure

calibration can require anywhere
from three to eleven pressure test
points. Trying to adjust and fine
tune system pressure for these spe-
cific points can be difficult and time
consuming. Each individual point
requires technicians to increase or
decrease pressure by either pumping
the system up or releasing pressure,
and then to fine tune the pressure
using the fine adjust vernier of the

test pump.

This process can be simplified by
carefully matching the selected
hand pump to the pressure range
of the transmitter being tested. For
instance, some portable pneumatic
pumps have pressure ranges that go
up to 600 psi (40 bar), but it can be
difficult to accurately increase pres-
sure beyond 400 psi (28 bar). There
are, however, newer portable pumps
that can be easily pumped and
adjusted to over 1,000 psi (69) bar if
the primary calibration need is over

400 psi (28 bar).

Better yet, some new hand-held

instrumentation includes a built-in
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programmable pump that automati-
cally and precisely sets and holds
the pressures needed for calibra-
tion, eliminating much of the need
for patience, experience and talent

required by manual pumps.

1V. Achieving repeatability when

calibrating a pressure switch

Calibrating a pressure switch can
be a time-consuming task and
repeatability is key to success.
Achieving repeatability requires
you to apply slow changes in pres-
sure to the switch as it approaches
its defined set or reset point. Not
only do you need to determine
where the switch sets, you need

to make sure that the vernier or
fine adjustment mechanism of
your test pump has the capability
of varying pressure up to the set
point and back to the switch reset
point. When these adjustments are
manual, achieving repeatable mea-
surements of the set/reset points
can be difficult. With practice,
technicians can get the fine adjust-
ment of the pump within range

of the set and reset point pressure
with more regularity. This pro-
cess can be further simplified by
selecting a pump with a wide fine
adjustment range, allowing you to
more accurately make adjustments
to meet your measurement needs.
The problem is largely eliminated
by using a programmable, self-

regulating pressure source. O
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Faster, easier
PI’ €essurce
calibrator

All-in-one tool lets less-experienced

technicians calibrate like a pro.

O Not just anybody can perform
effective pressure calibrations.
And especially with today’s high-
ly stable, precise instrumentation,
any drift in the applied calibra-
tion pressure due to small leaks or
pump idiosyncrasies can result in
doing more harm than good.

With enough time, an expe-
rienced technician can perform
excellent calibrations with a hand
pump, but newer technicians and
old hands in a hurry will appreciate
the main feature of the new Fluke
729 Automatic Pressure Calibra-
tor: an internal electric pump that
provides automatic pressure genera-
tion and regulation.

“The 729 makes pressure calibra-
tion easier, with less tribal knowl-
edge,” says Jim Shields, product
manager, process calibration tools,
at Fluke Corp. “You just enter the
pressure, press a button, and it goes
there and holds it. There’s no need
to squeeze or pUSh a pump, or turn
a knob to regulate pressure.”

The instrument can automati-

cally test multiple pressures and
document the results. “Calibration
is as easy as typing in the starting
and ending pressure, the number
of test points and tolerance level,”
Shields adds. “The 729 automati-
cally regulates pressure and com-
pensates small leaks using stored
compressed air and miniature
proportional air valves. These same
valves control pressure for descend-
ing step tests by releasing air from
the test port.”

Air pressure is generated and
controlled as high as 300 psi (20
bar, 2 MPa). “Its 14-V lithium
battery stores enough capacity to
pump up to 300 psi something
like 50 times,” Shields says. “It’s
good for a typical week’s worth of
testing.”

Calibrations can be documented

using defined templates for trans-

PRECISION COMPRESSION

mitters and switches. The 729
documents the applied pressure,
measured mA and % error for
each test point. The bright color
graphical display will flag out-of-
tolerance test results in red.

“Using a documenting calibra-
tor is not difficult, but as soon as
a technician is confused by a tool,
they will not use that functional-
ity—they will do it manually,”
Shields says. “We want to break that
paradigm. We made it simple, so it
takes less time, makes it easier to do
routes, and improves the integrity
of less experienced operators.”

HART communication enables
mA output trim, trim to applied
values, and pressure zero trimming
of HART pressure transmitters. Us-
ers can also do light configuration
tasks, such as changing a transmit

ter tag, measurement units and

Fluke’s new 729 Automatic Pressure Calibrator has an internal electric pump, programmable
pressure control and automatic digital documentation to improve speed and accuracy.
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ranging. Other supported HART
commands include setting fixed mA
outputs for troubleshooting, read
device configuration and variables,
and read device diagnostics.

“Using HART, you can access
the instrument to identify the
range and select ad-hoc tasks. The
calibrator matches the test require-
ment and can run it and document
it automatically,” Shields says.

Along with measuring mA
signals on transmitter outputs, the
729 can source and simulate mA
signals for testing I/Ps and other
mA loop devices. It includes a
24-V loop power supply for test-
ing and powering transmitters in
standalone tests disconnected from
the control system.

An optional 720RTD tempera-
ture probe for can be used to per-
form custody transfer calibrations,
and the instrument is compatible
with legacy 700 Series and new
750 Series pressure modules if dif-
ferent pressure measurement ranges
or resolution is desired.

Fluke Connect compatibility

enables users to perform remote

monitoring using the Fluke Con-

nect mobile app, as well as manage
and store pressure measurements
and logging events. They can share
measurements using ShareLive
video calls and emails.

“The available Fluke Connect
can log time-series measurements
to a smart phone,” Shields says,
“And as a Bluetooth master, you
can use a milliamp probe at a

distance and see it on the 729. In
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the future, it will connect to Fluke
Cloud for additional functionality.
“Where you used to have to
bring a bucket of stuff—a calibra-
tor, a pump, tee fittings, paper—
you now have one device with
one pressure connection. There
are fewer leak points, and fewer
pain points. You set it, start it and
watch it. It makes the job a lot
easier, and performs the tasks with

incredible integrity.” O
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Additiona]. RCSOUI' CCS for more information click on the links below

ADDITIONAL INFORMATION ON THE FLUKE 729
AUTOMATIC PRESSURE CALIBRATOR

Learn more about the key features of the Fluke 729, includ-
ing the automatic internal electric pump and built-in HART
communication, and download a free copy of the 4 Common

Pressure Calibration Pain Points guide.

i LEARN MORE

WATCH THE VIDEO
Watch this short video by the Fluke in-house process calibration
expert, Jim Shields.

i LEARN MORE

FLUKE 729 AUTOMATIC PRESSURE CALIBRATOR PROD-
UCT SPECS

Get your technical data for the Fluke 729 including pressure/
electrical/general specifications, key functions, and what’s in-

cluded in the box.

i LEARN MORE

CONNECT WITH FLUKE

Have additional questions about the Fluke 729 Automatic Pres-
sure Calibrator? Want a demo of the tool in your facility? Want
a quote? Fluke is ready to help. Request to be contacted by Fluke
through the button below.

i LEARN MORE
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http://a.fluke.com/IG-GL-PTOOLS-2017-729-USEN-LP-1-A?lcid=72db5bfc-c826-e711-80c6-00155d0265b6&lrpf=PTOOLS&plt=200000001&cra=100000004&scl=4910&redir=http://en-us.fluke.com/products/contests-and-promotions/729-Thank-You.html&utm_source=CONTROL&utm_medium=SPECREPORT&utm_campaign=729
https://youtu.be/KyBN1zcgie0
http://support.fluke.com/find-sales/Download/Asset/6008874_0000_ENG_C_W.PDF
http://a.fluke.com/IG-GLOBAL-MULTI-2015-DemoContactRequest-USEN-LP-Generic?lcid=72db5bfc-c826-e711-80c6-00155d0265b6&lrpf=PTOOLS&plt=200000000&cra=100000000&scl=4910&redir=http://en-us.fluke.com/products/contests-and-promotions/multi-thankyou-demo-contact.html&utm_source=CONTROL&utm_medium=SPECREPORT&utm_campaign=729

