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Abstract

Everyday in the world of pressure measurement ngayges and transducers are calibrated
using varying specification levels of Piston GaufgBgadweight Testers as standards. These
standard devices need a skilled operator and canitpéersome to use. Many of the gauges
being calibrated do not warrant the accuracy o$ehsalibration devices and could easily be
calibrated using a simpler device such as a trarstésdard, likewise there are low grade
Deadweight Testers that can easily be replacedtvatisfer standards to increase efficiency.

1. Introduction

1.1 This paper discusses one technology of tramsgisensors used in modern pressure
controllers/calibrators as well as their advantaayes disadvantages. The selection process to
grade their accuracy and provide infinite rangiagabilities as well as the long term stability
of these devices in the field is also discussed.

1.2 In the highly technical world that we live ihis common place to enter a pressure
calibration laboratory and find gauges, transdueeid transmitters being calibrated using a
deadweight tester. Technically there is nothing ngravith this, deadweight testers derive
their pressure from first principles, Pressure #cEfArea, and have been used for more than
100 years, however, they are cumbersome to usecielig to a new operator, inefficient and
require many components to be recalibrated. Theg e be level and as Force equates to
Mass x Gravity in our pressure formula we needrtovk the value for gravity where we are
using the device, something often overlooked. Qaoiten the measurement uncertainty they
provide can be provided by instruments that argpnmand easier to use.

1.3 Despite these many drawbacks and others detuss[1], the industrial deadweight

tester remains popular probably due to it havirgingle component for generation, control
and measurement of pressure. Of course at thentbpfethe traceability chain we need these
types of devices. For high level measurements Welese more precise and more complex
instruments Piston Gauges and they can provide itls 20 ppm or less measurement
uncertainty. These devices are used when we retjuiresmallest uncertainties, but these
measurements are in the minority, it is the majoniorkload that | will concentrate on here

where the industrial deadweight tester is still pienary choice of instrument for analogue
gauge calibration.
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Figure 1. A conventional industrial deadweighteéesfenerates,
controls and measures pressure.

2. Transfer Standards
2.1 Stability

As in all fields of measurement a transfer standardsed to disseminate measurements
defined by a higher standard. A key quality of ansfer standard is that ideally it does not
change due to age or use. In reality everythingsgdrsomething that is detected between
calibrations, but as long as the drift is small anedictable the transfer standard can be used
with confidence and any drift can be compensatedTiois drift and predictability is known

as ‘Long Term Stability’ a key requirement for adgvice that will be used as a transfer
standard.

2.2 Linearity

Another key requirement of a transfer standaréhisakity over its range. We ideally need to
see a straight line from 0% to 100% of range. Agagnwill never get a perfectly straight line
but this can usually be compensated for either @r@chlly, electronically or within
associated firmware. Some transfer standards amaderised at ‘spot points’. Only using
them at the ‘spot point’ ensures traceability

2.3 Hysteresis

We need to be aware of hysteresis. This is a latglay within the device and is easily seen
when calibrating pressure gauges. e.g. a pressaugegwill read slightly different at a
cardinal point when we are performing an increagirgssure cycle than when we are on a
decreasing pressure cycle.

2.4 Repeatability
We also need a device that is precise or repeatdliien we repeat the same measurement in
short succession we need to get the same outpigsalt within a know tolerance. This is

commonly called repeatability or precision. Premisis a key characteristic of any type of
standard used for calibration purposes, withowkitcan never have accuracy.
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3. Thetransducer

3.1 As we are looking for a pressure transfer stechave will focus on the transducer as this
is the measuring device and the heart of any predsansfer standard. There are various
types of transducer available from capacitive typiegar variable differential transformers
(LVDTSs) that are inductive position sensors andistgauge types amongst many others. All
sensors are sensitive to over pressure so safdggnaed to be built into any instrument that
will use them. The type of sensor discussed herg¢hés direct resonant pressure type
commonly referred to as a quartz reference presgsansducer (Q-RPT). In this design a
pressure is applied directly to the vibrating paEfrthe sensor. Using resonant structures for
pressure produces a very stable device.

3.2 DH Instruments use the Digiquartz® range ofseesn DH Instruments are not the only
manufacturer to use these sensors but what makse #ensors unique in a DH Instruments
product is the proprietary characterisation prodhas they are put through that sorts them
into various performance classes. The ‘raw’ sehsgra specification of 0.01% of Full Scale.
DH Instruments twenty plus years of history witkegh sensors has shown us that some of
these sensors are far better than the ‘deliveaetication.

3.3 From [2] it can be seen that with a populatidrover one hundred sensors there is no
influence on stability caused by the frequencyrensity of use of a sensor, it is purely a
function of time. It is seen that the stabilityascombination of the offset and a change in
slope over the full range of the Q-RPT and thatdbminant change in stability is the offset
and not the slope drift error. A single point cadifion is required at zero or atmospheric
pressure to recalibrate any offset. The offset @nfor is proportional to the span of the Q-
RPT so the lower the range, the lower the drift,terms of pressure. Gauge Q-RPTs
automatically correct for changes in offset whesting at zero, whilst absolute Q-RPTs
correct at atmospheric pressure using an Auto Herction. With the data recorded we are
able to provide a 1-year stability uncertainty dd@% of reading if the Auto Zero function
is turned off.

3.4 Each sensor goes through the proprietary ctegisation process and is selected as a
‘Premium’, ‘Standard’ or ‘Full Scale Standard’ dafor gas sensors 10 MPa or less. The
process allows us to provide a 0.008% of readin§0% of AutoRanged span, 0.01% of
reading to 30% of sensor span and a 0.015% of AarigBd span specification, respectively
for 1-year. For sensors higher than 10 MPa, wharaller uncertainties are not generally
required only ‘Standard’ class sensors are provid#ti 0.013% or 0.018% of reading
depending on pressure range. We have also intrddu©e02% of reading class for hydraulic
pressures greater than 7 MPa for lower accuraqyinegents. The same class sensor also
comes with a 0.025% of reading specification fore2rs.
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Figure 2. Characterisation limits for an Absolu@® kPa Q-RPT

3.5 Premium and Full Scale Standard sensors prouslewith a % of AutoRange
specification. This means that when using one ege¢rsensors in our controller or readout the
sensor can be AutoRanged so we can optimize thsoisém the maximum pressure of the
device under test while at the same time improtegspecification of the measurement.

4. Incorporating a Q-RPT into an Instrument

4.1 Once the Q-RPT has been selected and chasactétris mounted into a Q-RPT module.
This is a rigid standardised assembly that protdasQ-RPT from unwanted connection
stresses and mechanical stresses being appliée teethsor during transportation. Over the
last 20 years it has been found that mounting tHeRJ in this module also helps reduce
long term drift of the sensor. The module also @mently houses valves to support
AutoRanging, Measurement mode and switching ofatteve Q-RPT in dual controllers /
calibrators and readouts. It is this module théttisd into the final product.
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Figure 2. DHI Q-RPT modules
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5. Q-RPT based Transfer Standards

5.1. Using Q-RPTs in transfer standards providesynalvantages in modern instruments.
Manufactures are able to produce instruments that provide a percentage of reading
specification not just based on the full range lid Q-RPT but on the ‘autorange’ value
selected by an operator.

5.2. Our gas pressure calibrator has a contrdilrdan ‘turn down’, lower its control error.
There is no advantage in having a good measurenmeettainty if our control uncertainty is
so large it swaps the uncertainty contributionhef @-RPT. The controller contribution to the
overall uncertainty can be significant. Up to f@+RPTs can be combined into one system
providing uncertainties down to 80 ppm of readthen we want to generate low pressure
the instruments controller is able to lower the tomnerror to enable us to get the best
specification. This provides a calibrator with adeipressure range providing really low
measurement uncertainty across 98% of the contsolole range.

5.3. There are choices of accuracy class of Q-RRT¥H Instruments products and as the
modules are standard it is possible to mix the @myutypes of Q-RPTs allowing a controller

or readout to cover many applications in one imsgmt. e.g. We could have a Low pressure
350kPa Q-RPT with 80 ppm of reading and a highessure 7MPa Q-RPT with a 150 ppm

of ‘Autorange’ Span allowing for very flexible ggsn configuration with the best accuracy
where it is required. We have Q-RPTs that covekR& to 280 MPa in gas or liquid again

allowing high flexibility.

5.4. With modern instruments we can often cover \lmle range of a test instrument
without changing test ports, piston cylinders anasssets, and we are able to capture the
measurement results using built-in ‘Autotest’ pdwes. We can also capture this test data
over the conveniently provided remote interfacesis aves the time of writing down the
data and of course allows us to semi or fully auttenthe calibration process using software.

5.5 Many of today’s instruments are relatively pbté allowing us to easily transport them
and due to their relatively small size can be uskdre space is limited, many can also be
powered by battery enabling them to be used intilmes where connection to the electrical
power supply is difficult or even non-existent.

6. Advantagesover traditional methods

6.1 When we compare the modern transfer standa&cifgglly to the industrial deadweight
tester there are many advantages. Firstly we caerge higher pressures in one instrument,
most traditional deadweight testers have a maxspresof 100 MPa (15,000 psi), we offer up
to 200 MPa. It is easy to select different pressuniés so we are able to cover any calibration
without having to calculate different units of pgeee of change piston cylinder and mass set.
High resolution of down to 1 ppm is easily achidea#nd fine adjustment of pressure that
allows us to make ‘cardinal point calibrations’t{sey a specific pressure value so that the
pointer of the gauge is pointing to a scale grédicua real advantage when calibrating
analogue gauges. We do not need to be concerrtbd tfansfer standard is not level, Q-
RPTs are not susceptible to positioning, and wenabhave to worry about local gravity
when we head out into the field. The displayed guesis the correct one.
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6.2 There is less to calibrate. A traditional deamt tester requires calibration of the Piston
Cylinder and the mass sets. A transducer basedalean be easily verified against a high-
end Piston Gauge system if the owner has one greasily shipped back to a calibration

provider at a much lower cost than having to inwest mass calibration system or the cost of
shipping heavy masses, bases and piston cylindeksacalibration provider.

6.3 Finally modern transducer based instrumentghwigiss making them easier to transport
into the field for on-site calibrations. Many hawamaller footprint than traditional industrial

deadweight testers making it easier to use thermvépace is at a premium. Transducer
based instruments enable users to program tesinesuto semi automate calibration

processes, something that is not possible with ralustrial deadweight tester which is

inherently mechanical.

7.0 Conclusion

This paper has discussed the benefits of modemsdueer technology and how with careful
characterisation techniques these transducers ednuili into modern instrumentation that
meets or exceeds the specifications of traditiandlstrial deadweight testers. Modern
instrumentation using this technology enables usatee lighter and more efficient products.
There is less expertise and skill required in ojregahese products and for on-site work they
can be taken out of their shipping case and beopeifg calibrations within minutes. We
can readily switch between pressure units and usftgvare we can semi or fully automate a
calibration routine recording not only the referemressure but also, with an appropriate
instrument, the pressure of a test device.

8.0 References

1. E-DWT-H Electronic Deadweight Tester — A modernlaepment for the conventional
deadweight tester. DH Instruments. A Fluke Compauaiy 20009.

2. Michael Bair, Evaluating the Contribution of Statlyiin the Measurement Uncertainty

of Resonant Quartz Pressure Transfer StandardsL N@&national, Washington DC,
USA, August, 2005.

2009 Test and Measurement Conference



