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Abstract

This paper reports the performance of the calibration results obtained by 21 laboratories using digital
pressure calibrator as an artifact in the pressure range 7-70 MPa. National Physical Laboratory
(NPLI), New Delhi has coordinated this programme and also acted as a reference laboratory. The
program started in May, 2006 and completed during May, 2008. The comparison was carried out
at 10 equally spaced pressure points i.e. 7, 14, 21, 28, 35, 42, 49, 56, 63 and 70 MPa throughout the
entire pressure range of 7 — 70 MPa. The calibration results thus obtained were analyzed as per ISO/
IEC GUM document. The 92.7 % measurement results are found in agreement with the results of
NPLI. The relative deviations between laboratories values and reference values are well within the 0.05
% for 123 measurement points, 0.1% for 162 measurement points and 0.25% for 177 measurement
points. The difference of the laboratories values with reference values are found almost well within
the uncertainty band of the reference values at 68.0 % measurement results, within their reported
expanded uncertainty band at 81.5% measurement results and within the combined expanded
measurement uncertainty band at 92.7 % measurement results. Overall, the results are considered
to be reasonably good being the first proficiency testing for most of the participating laboratories.

In order to establish the international / national

The last few decades have witnessed the
growing need of the industrial utilization of pressure
metrology day by day. The control, monitor and
measurement of pressure are not only important to
increase the productivity but also play a vital role
from the safety point of view. As we move in to the
new millennium, the globalization and international
competitiveness, the international trade and
commerce will continue to significantly impact our
economy. As trade barriers are lifted, our economy,
in particular manufacturers must be prepared to
comply with international standards, including the
assessment of competency in measurements.
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compatibility, uniformity and affirmation of
measurement results, considerable efforts are
being made globally so that the measurements
made in one location in the world are equivalent /
compatible in other locations on the same or related
products. Such tasks are achieved by organizing
international comparisons and proficiency testing
by inter-laboratory comparisons of the measurement
results carried out on the same artifact. The
National Measurement Institutes (NMIs) provide
traceability to industries and other users in terms of
calibration.

The Mutual Recognition Arrangement (MRA)
also stipulates the requirement for measurement
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laboratory to participate in the proficiency testing
and establish the technical competence. To meet
the requirements of MRA [4], ISO 17025 [5] and
APLAC MROO01 [6], the National Accreditation
Board for Testing & Calibration Laboratories
(NABL) has conducted several Proficiency Testing
(PT) experiments in pressure metrology in the
pressure range 5-70 MPa amongst the NABL
accredited Indian pressure calibration laboratories
in conformity with ISO/IEC Guide 43 [7] through
the National Metrology Institute (NMI) of India i.e.
National Physical Laboratory (NPLI), New Delhi
which acts as a Reference laboratory.

In a series of 7 PTs organized, the 1st and 4th
PTs, designated as NABL-Pressure-PT001 and
NABL-Pressure-PT004 were organised / being
organised for 7 and 10 laboratories, respectively
having measurement capabilities better than 0.05%
of full scale pressure using dead weight tester as an
artifact [8-9]. The 2" PT i.e. NABL-Pressure-PT002
was conducted for another 7 laboratories, having
measurement capabilities coarse than 0.05% and
better than 0.25 % of full scale pressure using digital
pressure calibrator [10-11]. The 3¢ and 6" PTs i.e.
NABL-Pressure-PT003 and NABL-Pressure-PT006,
included 11 and 17 laboratories, respectively having
measurement capabilities 0.25% or coarse than 0.25%
of full scale pressure using pressure dial gauge as
an artifact [12-13]. Similarly, another PT experiment
i.e. NABL-Pressure-PT007 was carried out for 14
laboratories having measurement capabilities 0.25%
or coarse than 0.25% of full scale pressure using
pressure dial gauge as an artifact in the pressure
range 6 - 60 MPa [14].

The present PT experiment, designated as NABL-
Pressure-PT005, is recently completed during May
2008. This PT programme is designed and organized
in the hydraulic pressure region covering pressure
range 7-70 MPa (70 to 700 bar) using the digital
pressure calibrator as an artifact. The 21 NABL
accredited pressure calibration laboratories, having
measurement capabilities coarser than 0.05% and
better than 0.25 % of full scale pressure have been
covered in this PT. The report summarizes the
results of measurement of pressure at equally spaced
pressure points. The circulation of the artifact started
in July 2006 and completed in April 2008 in a record
time.
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2. Methodology

The PT programme is designed as per guidelines
stipulated in ISO/IEC 17025 [5], ISO/IEC Guide
43 [7] and NABL-162 [15]. The artifact used for
the measurements is a high precision Digital
Pressure Calibrator, Serial No. H540/101, make-DH-
Budenberg, UK. Selection of the measurement points
is an important aspect of the proficiency testing
programme. The entire pressure range of 7 to 70 MPa
was divided into 10 equally spaced measurement
points of 7, 14, 21, 28, 35, 42, 49, 56, 63 and 70 MPa.
The programme was running smoothly and almost
all the participants performed their measurements
well in time. Generally, all the participants were
advised to complete the measurements in two weeks
time and dispatch the artifact to next participant
within next one week. However, one week time
for measurements and one week time for dispatch
was given for the participants when artifact was
moved within the same city. The whole circulation
programme was completed in two loops. The
movement of the artifact was smoothly monitored.
After smooth completion of the programme of the
first loop, the artifact reached NPLI, New Delhi
during April, 2007. It was recalibrated at NPLI. New
Delhi and then dispatched for the circulation of the
second loop. There was no technical problem, fault,
snag or difficulty reported by any of the participants.
Schematic diagram of the movement of the artifact
is depicted in Fig. 1.

3. Characterization of the Artifact and Assigning
Reference Values

The characterization of the artifact was performed
by direct comparison method [1-4] against the
national hydraulic secondary pressure standard,
designated as NPL200MPA, first at the start of the
programme during June, 2006, second in the middle
during March-April, 2007 and finally at the end of
programme during April, 2008. The traceability of
the NPL200MPA is established by cross-floating
it against national secondary pressure standards
[16-19] and its measurement uncertainty is estimated
as 68 x 10 x p ata coverage factor k =1. NPL200MPA
has also been used as NPL standard to calibrate
the transfer standards for the international key
comparison i.e. APMP-SIM. M.P. K-7 [20]. In this
comparison, our results agreed well within 7.7 x 10
with NIST, USA and were also found well within
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Fig. 1. Circulation and movement of the artifact during comparison

our claimed measurement standard uncertainty
of 40 x 10°. Measurement were performed at 10
pressure pointsi.e. 7,14, 21, 28, 35, 42, 49, 56, 63 and
70 MPa and observations were repeated six times,
thrice in increasing order and thrice in decreasing
order, for each pressure point and the values of
measured pressure, their repeatability and expanded
uncertainty were computed using method described

and computer software developed for this purpose
[21-23].

The values of measured pressures p, p, and
p, for three successive calibrations, during June,
2006, March-April, 2007 and April, 2008 are shown
in Table 1 along with the details of the uncertainty
computation. The arithmetic mean of these pressure
values (p,, p, and p,) are the reference values of the
pressure measured (p) for individual measurement
point throughout the entire pressure scale. In order
to study the behaviour and stability of the artifact,
the calibration factor (! C/) is determined as follows;
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" ps 1)
where, p is the reading of the artifact and p, is
corresponding pressure measured by the standard
during calibration. The behavior of the artifact was
found identical in all the three calibrations. It is
clearly evident from Fig. 2(a) that during all the
three calibrations, the artifact behaved almost in
a similar fashion. Although, the behaviour of the
artifact was slightly different during March 2007
but the values of calibration factor were found much
closer to the unity which indicates a close agreement
between gauge reading and the standard pressure.
The relative deviations of the measured pressures
p, P, and p, from the reference values, p are found
well within + 0.033 % of the reading [Fig. 2(b)] and
£ 0.01 % of full scale [Fig. 2(c)]. The deviations are
well within the manufacturer specifications of 0.05%
of span (full scale), the maximum deviation of 0.033
% of reading is taken into consideration to estimate
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Fig. 2(a). The Calibration factor (C) and its average values plotted as a function of
applied pressure p for all the three successive calibrations of the artifact
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Fig. 3. Sequence of measurements taken

the expanded uncertainty U(p) = (0.011 + 0.00015 p)
MPa. This concludes that the artifact remained stable
during the whole PT programme within its estimated
measurement uncertainty.

4. Calibration Procedure

A total of 21 laboratories participated in
the program. Each participating laboratory was
assigned a random code number while the reference
laboratory, NPLI, was assigned “1.” The calibration
procedure was identical to method used in NABL-
Pressure - PT004 [10-11]. A layout diagram showing
the sequence of measurements performed by each
participant is shown in Fig. 3. After performing leak
testing, zero setting, selection of datum level and
generating pressure up to full scale, the participants
were advised to wait for at least 10 minutes, before
repeating the observations in the decreasing order
of pressure till the pressure reaches to zero and then
record the total 22 observations, 11 each in increasing
and decreasing order of pressures for one cycle.
The measurements were then repeated for at least
3 pressure cycles to make the total number of 66
observations.
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They were requested to correct the values of the
measured pressure for 23 °C using thermal expansion
coefficient of the piston - cylinder assembly (if dead
weight tester is used as standard) or elastic element
(if pressure dial gauge or digital calibrator is used
as standard) using standard equations. They were
also requested to evaluate the uncertainty associated
with pressure measurements as per ISO Guide to
the Expression of Uncertainty in Measurement/
NABL Document 141 on uncertainty following Type
A and Type B methods of evaluation [24-26]. Each
participating laboratory was requested to prepare
an uncertainty budget at maximum pressure,
considering all Type A and Type B uncertainty
components.

5. Reporting of Results and Data Analysis

The values of measured pressure, acceleration
of local gravity and reference temperature and the
measurement uncertainty estimated at maximum
pressure, reported by the participants are shown
in Table 2. Measurement performance of the
participants has been assessed on the basis of Error
Normalized (E) calculated for each measurement

@ Springer
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where p’ is the participant’s measured pressure
value, p is the calculated reference value, U(p’) is
the participant’s claimed expanded uncertainty at
a coverage factor k = 2 and U(p) is the expanded
measurement uncertainty of the reference value
at a coverage factor k = 2. An E_ value of less
than 1 indicates agreement within the combined
uncertainties for the results to be internationally
acceptable. An E number between-1 and +1
indicates an acceptable degree of compatibility
between the laboratory’s result and the reference
value when the quoted uncertainties are taken into
account. E number > +1 is unacceptable and requires
immediate investigation and corrective action by the
laboratory concerned.

6. Results and Discussions

The relative deviations of measured pressure,
p’, of each participant from reference value, p,
are shown in Table 3. The summaries of the
normalized error values, E , estimated expanded
measurement uncertainties, and the combined
expanded measurement uncertainties are shown in
Tables 4 to 6, respectively, for entire pressure scale
of 7 to 70 MPa. The graphs plotted for the results
for individual laboratories, are depicted as Figs.
5-6. In general, the performance of the laboratory is
considered satisfactory if normalized error E is <#1.
The plots shown in Figs. 4-5 reveal that there are total
178 measurement results. Measurement results of 15
laboratories (Code No. 2, 5, 7-9, 12 and 14-22) out of
total 21 laboratories are well within acceptable limits
of normalized error over the entire pressure range
of 7 - 70 MPa. However, the measurement results
of another 3 laboratories with Code No. 4,10 and 11
are also quite good having E values > +1 only at one
pressure point each. E values of 165 measurement
results out of total 178 are < +1, which is 92.7 %.
These results are acceptable. En values of remaining
3 laboratories referred by Code No. 3, 6 and 13 are
>11] for 2 or more than 2 pressure points. The larger
the absolute value of the E number, the bigger the
problem. An E_ value greater than unity means
that there is a significant bias in the laboratory’s
results and that the quoted value of its associated
uncertainty does not adequately accommodate that
bias, therefore further investigations are needed at
the part of the laboratory.

The summary of the normalized error values (E )

@ Springer

as a function of applied pressure (p’) is depicted in
Fig. 4. The relative deviations of measured pressure
(p") from reference values (p) are shown in Fig. 5. The
deviations lying within the uncertainty band of the
reference laboratory is an indication of satisfactory
results without any bias in the measurements. It is
clearly evident from Fig. 5 that the relative deviations
between laboratories values and reference values
are well within the 0.05 % for 123 measurement
points, 0.1% for 162 measurement points and 0.25%
for 177 measurement points. As reported earlier,
this PT was organized for the laboratories having
measurement uncertainty within <0.05 % to >0.25 %
of full scale pressure, the relative deviations between
laboratories values and reference values are well
within 0.25 % for all the pressure point except one
pressure point of 7 MPa for laboratory with Code
No. 6. Further, the difference between the pressure
values reported by the participating laboratories and
the reference laboratory fall within the uncertainty
band of reference laboratory at 121 measurement
results i.e. 68.0 %, within their reported estimated
expanded uncertainty band at 145 measurements
resultsi.e. 81.5 % and within the combined estimated
expanded uncertainty band of this PT experiment
at 165 measurement results (92.7 %) (Fig. 4). Some
of the laboratories, specially with Code No. 7, 11
and 21 have under estimated their measurement
uncertainty at almost all the pressure points as
shown in Table 5. Although, these laboratories
have reported better measurement uncertainty
than the reference laboratory, their E values are
found within acceptable limits except one pressure
point of 35 MPa for laboratory with Code No. 11.
The main reasons for bias in the measurements
may be due to errors in measuring instruments or
in estimation / measurement of local acceleration
of gravity, the error in applying the temperature
and head corrections and the under estimation of
measurement uncertainty. Laboratories would be
able to rectify the problems by a review of their
uncertainty calculations and other systematic affects
as mentioned above.

All the participating laboratories were asked to
submit the copy of the formal calibration certificate
issued to the customer and traceability certificate of
their standard. Almost all the laboratories submitted
the copies of the formal calibration certificates of the
digital pressure calibrator (artifact, in the present
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case) except 2 laboratories with Code Nos. 11 and 12.
The traceability certificates were also received from
18 laboratories. Laboratories with code numbers 2,
11 and 14 did not submit such formal certificates.
Certificates thus received were examined and found
adequate except that there is little uniformity in the
calibration certificates issued by the participants,
specially in reporting the measurement results.
There are few typo errors in some of the certificates,
for example, capital ‘K’ for coverage factor ‘k’
(laboratories with Code numbers 5, 15 and 16; also
traceability certificate of Code No. 17), in pressure
unit as ‘kg/cm’” in place of ‘kg/cm? (laboratory with
Code No. 3), used “fro” in place of “from” (laboratory
with Code No. 4), in pressure unit as ‘KPa” in place
of ‘kPa’(laboratory with Code No. 6) and wrong
reporting of unit of ‘g" as '9.7865244 cm/s* in place
of “9.7865244 m/s¥ (traceability certificate of the
laboratory with Code No. 16). Although, these are
minor errors but should have been avoided.

As mentioned earlier, E numbers greater than
unity require investigations and corrective action
by the participating laboratory. The laboratory’s
management needs to ensure that the problem is
rectified and procedures are put in place to prevent
arecurrence. Laboratories with Code No. 3, 6 and 13
were asked to review the results and take appropriate
corrective actions. All these laboratories were asked
to improve their calibration facilities and to modify
the measurement method and to estimate the
measurement uncertainties properly. Laboratories
with Code No. 4,10 and 11 may also be requested to
review their results at their respective unacceptable
measurement points (one each). During the follow-
up process, these three laboratories have addressed
the reasons for their results being outside the range,
and they were advised to take part in at least one
interlaboratory comparison with another laboratory
having better measurement capabilities.

7. Conclusion

This interlaboratory comparison programme
(proficiency testing) is carried out in the pressure
range 7 - 70 MPa using pressure digital pressure
calibrator as an artifact. Total number of 21laboratories
participated in this programme. The comparison was
performed at 10 equally spaced pressure points
selected throughout the entire pressure range. The
proficiency testing concludes that out of the total 178
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measurement results reported here in this report,
165 (92.7 %) are in agreement with the reference
laboratory. The E values of 15 laboratories are within
acceptable limits through out the entire pressure
scale. However, the E values of 3 other laboratories
are also quite acceptable except only at one pressure
point each. The E  values of the remaining 3
laboratories are found beyond the acceptable limit
for 2 or more than 2 pressure points. The difference
between laboratories values and reference values
of 121 measurement points (68.0 %) are well within
the uncertainty bands of the reference values. Total
145 measurements results i.e. 81.5 % fall within their
reported expanded uncertainty band. However,
92.7 % measurement results are found well within
combined estimated expanded measurement
uncertainty band. Since some of the laboratories have
under estimated their measurement uncertainties,
7.3 % measurement results are found out of the
combined uncertainty band during this comparison.
The measurement process used for the present PT is
quite good and may be used by other PT organizers
for the assessment of measurement capabilities
of their participating laboratories. The whole PT
experiment was completed without any problem and
technical issue. Since this is the first proficiency test
experience for most of the participating laboratories,
the results are considered to be very good.
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