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Summary: This work shows the automation of a calibration process using the program LabView®, looking for
the improvement of the current procedure of calibration of the Onneken pressure standard.

Using the program helps to increase the productivity and efficiency of the laboratories of DIMEL, where some
steps of the current process have been reduced or eliminated.
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1. INTRODUCTION

With the growing demand for high quality services
and tests of and at reduced costs, the laboratories
have reached a very important point of change: how
to find solutions that can assure the costs reduction
and the process reliability.

Actually the organizations are just living this context
and they surely affirm that one of the paths that
might help to significantly reduce costs and the
accuracy of measurement of a instrument is the
automation of the processes, by removing mistakes,
wastes, reducing time of the calibration, issuing
automatically reports or certificates and minimizing
costs in general.

This work has as objective to discuss the automation
of the calibration process of the Onneken pressure
standard: possible sources of errors and
uncertainties, automation levels among others.

2. SYMBOLOGY

Ip = uncertainty of Huber standard;

AH,, = hysteresis of Onneken standard;
AlL,, = resolution of Onneken standard;

Rop = reproducibility of Onneken standard;
AT,, = temperature on Onneken standard;
Sob = sensibility of Onneken standard;

E.p = error from the Onneken standard;

2 2 . . .
O seq1c» O seqra - Variance of the 1st sequence in the
increasing pressure (c) and decreasing (d); and

2 2 . . .
O 5eq2c> O seg2a - Variance of the 2nd sequence in the
increasing pressure (c) and decreasing (d).

3. METHODOLOGY
3.1. Current procedure of calibration [11]

The reference standard can be a quantity with a
well-known value or a measurement system with an
accuracy much better than that one of the
measurement system to be calibrated.

The current procedure is based on the indirect
method, whose Huber reference standard attends to
the requirements of maximum permissible error and
the measurement uncertainty. Figure 1 shows a
calibration example represented by the indirect
method.

The value of the pressure to be applied to the
measurement system in each calibration point is
adjusted in Onneken standard and read in the Hiber
reference standard. The main advantage is that you
do not need to evaluate the subdivisions of the scale
of Onneken standard and, consequently, reduce or
eliminate the contribution of the uncertainty from the
operator. Table 1 shows the technical characteristics
of both standards.

According to the reference [6], for class 0.1
manometers, it should be made the calibration in, at
least, 10 calibration points in each scale.

Manufacturer Onneken Huaber Instrument
Model OM 631.000 S | PRF 3220-2405
Range — of| ,300mmHg | 0 a400mmHg'
indication

Scale division 0,2mmHg 0,01mmHg
Resolution 0,03% VFE? 0,01% VFE

Tab. 1 Characteristics of the standards.
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Fig. 1 Calibration example for the indirect method.

In the practice [10], it has been adopted 13 points of
calibration from OmmHg, with increments of
25mmHg. Two measurement cycles are realized, in
each cycle is made a load sequence and, after 5
minutes, one of unload sequence, resulting in 52
points of calibration.

Taking into account those data already registered, a
Certificate of Calibration is issued with the following
parameters informed:

+ Hysteresis;

+ Systematic error maximum;

* Medium dispersion; and

* Uncertainty of measurement.

In the procedure previously described, the following

difficulties or problems were observed:

+ The time spent in the calibration, using only one
operator can surely affect the results of some
parameters;

+ The initial registration of the data written down in
paper, could generate some annotation
mistakes;

+ The typing of the data for emission of the
certificate or the difficulty of recognition of the

operator's  calligraphy that realized the
calibration, could generate some typing
mistakes;

« The operator's experience in handling the
Onneken standard determines the agility of the
same;

* Using two operators can reduce the time of
calibration, even it is expensive; and

* The physical construction of Onneken standard
which it does not offer analogical output.

3.2, Automated procedure

This procedure tries to follow the current one, except
that some difficulties have been reduced or
eliminated by using technology of programs,
increasing the productivity of the laboratory. It can
be stated that the automation of the calibration of the
Onneken pressure standard is partial, because due
to its physical construction it still makes necessary
the operator’s presence.1

3.2.1. LabView® Program

The LabView® program of National Instruments
[3, 4] is a programming language, oriented to
graphic  objects, devoted to the virtual
instrumentation of laboratories, allowing the aid in
projects, generating reports in Word® and Excel®
formats, as well as the improvement, development
and management of great and complex systems.1

The LabView® Platform is of easy visualization,
through graphic resources; it possesses several
built-in functions. Besides innovator, it substitutes
the traditional environment conceived in lines code
by icons (subroutines), interlinked for threads, in
which each color represents the flow of several
types of data (strings, integers, vectors, matrix etc.).
In the Figure 2 a routine is presented in LabView®
and one in the traditional environment.

N
/it [ms] Esta corresponde aforma
o0 tradicional:

fori=0to 9

display i;

I urneic] pause 1 second;
== end;
I

Fig. 2 Comparison between both ambient

The control panel of the program shows an interface
for Windows®, being built easily with graphic tools
previously developed as tables, graphs, indicators,
controls, leds, etc. The Figure 3 exhibits the
interfaces of data input of the two patterns.

Before starting the calibration it should be selected
the configuration of Hiber standard by means of the
controls exhibited in the front panel: time of
integration; stability and transmission type. The

' This is a special range. The nominal range is from
0 to 1,250mmHg.
? VFE = Final Value of the Scale
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other controls possess defined values or the
program searches to adapt itself.

To execute the automation, the full duplex RS232
communication interface has been used with
connectors DB25 or DB9. The program
accomplishes an automatic search in the ports of
communication COM1 and COM2, identifying in
which of them the Hulber reference standard is
actually connected.

In this automated procedure, some improvements
have been observed such as the obtaining of a
larger number of measurements for a certain
calibration point, the automatic fulfilment of the
worksheet that it can be visualized by the operator,
the automatic generation of the calibration
certificate, the exclusion of unstable data, the
counting of time with sound warning, the calculation
of the measurement uncertainty, besides the other
parameters mentioned previously. In the Figure 4, it
shows the interfaces of the worksheet and the data
output.

Configuagties Hiiber | Calbrador Dnneken | Regisio Medigties | Incerteza da Medipso m
Diados da Hiiber H I I B E

Modelo INSTRUMENT=
[PRF3z0205 |
He de Série

gz

2 Patriménio INMETRO

\EEE] T Uncede
Incerteza da Medigo [% VFE]

0,05 p

Cestiicada e Calibiagn NeAno
0052/2003

Data da Calibragdn

I11dUN-2DD3

o ConisesLatvien, || =]

the stop parameter that is the string correspondent's
format, that represents a stable reading supplied by
the Huber reference standard. This string has a
format in which the read quantity provided, followed
by the unit mmHg. If during the data acquisition
there is any instability in the pneumatic circuit, in a
calibration point, the routine neglects the current
datum.

3.2.2. Determination of the measurement
uncertainty

The estimate of the measurement uncertainty of the
Onneken  pressure standard followed the
methodology from the Guide for the Expression of
the Uncertainty of Measurement [7]. The
measurement uncertainty is the combination of the
uncertainties of the type A and type B, what can be
expressed by the mathematical relationship:

_ 42,52
1, =3 (1)

Configuiacies Hiiber | Calibrador Onneken | Registia MedicBes | Inceteza da Mediglio

Muguadurm Tempo Total

10 I— il || |

Ref | Ciesc  D.Pad |Decres DPad  Cresc | D.Pad Decies D.Pad | Tempo=5min

] 004 | 00z | ogs | 003 | i3 | 0o | 022 002 |

25 2472 | 006 | 2488 005 2506 | 000 | 2510 002
50 4994 0,01 49.57 0,05 5012 002 50,13 0,05
75 75818 0,01 7514 002 7535 00z 75,33 0,02
100 | 10000 | 002 | 10005 004 | 10033 | 001 10028 005
125 | 12483 | 003 | 12470 002 | 12502 | 000 12480 002
150 150,07 0,01 14396 001 150,30 0m 150.24 002
175 175,08 0,00 175,00 o002 175,31 oo 17513 0,00

Leituras

Legenda

Rief = Fisfergncia

200 | 20025 001 | 20014 | 002 | 20045 | 002 | 2003 002 | Crosc~ Cresserte

225 | 22531 | 001 | 22522 | 001 | 22548 | 003 | 22545 001 | Decres=Decrescente

250 | 2505 | 000 | 25028 | OO | 25049 | 002 | 2a0d2 | nge | P-Ped-DeevioPadde
nc.Med = Incerteza da

275 275,14 0,02 27519 003 275,38 003 275,38 001 . Medigdo

300 | 30013 | 003 | 30028 | 001 30036 | 002 30044 001 WFE =Valor Final de
Escala

Confiquiaciies Hilber | Calibrador Orneken iHeglsthedlcEes Incarteza da Medicta _:.

ONNE,IéN

Modelo
OM £31.000 5

Mome Divis3o / Laboratdria
DISMA / LAB. DE PRESSAD

Pat. INMETRO N® W® Certificado/éng
018862 014/2004

Resolugdo (% VFE)
03

Temperatura (°C) Data de Calibragdo

216 14-08-2004
Walar de uma divisio
0.2 mmHg

Técnicols) Responsavel (sis) T

M Sal
aicos Salving R

Fig. 3 Interfaces of data input of the Hiiber and
Onneken standards

One of the main structures elaborated in the
program, shown in the Figure 5, is the routine of
validation of data. This while loop structure happens
so many times as they are necessary until obtaining

Configuragties Hilber | Calibiador Ormeken | Flegishio Mediofes | Incaiteza da Medicda m

Media das Mediclies
Ref | Ciesc  Decies ' D.Pad v
0 003 015 | Oom4 Llisiges
% | uE uw | 0E | 012
50 | 5003 | 5005 | 008
75 | %27 | 23 | o8 *Ero Sistemético Masima
100 | 10022 | 10006 | 008 023
125 | 12492 12480 | 008
150 | 15018 | 15010 | 008 L
175 | 17519 | 17509 | 008 10 Qs ae
200 | 20035 20024 | 008 ] 016
225 | 2533 2533 | 008
250 | 037 | 2603 | 008
275 | 27526 27528 | 008 l
300 | 30025 3036 | 008

Resultados da Callbragdio do Gnneken

004

it | *vEE

0,08

mmHg ou % VFE

mottgou | 05 xvee

Incerieza da Medicdo
0,47

BAHE ] 016 ZVFE

Fig. 4 Interfaces of the worksheet and the data
output
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0, Default ~pF

Fig. 5 Routine of validation of data.

The contribution of the uncertainty of the type A is
determined by the standard deviation of the
measurements and it is expressed as follows:

1 A = 5 mediciones (2)

From the technical data supplied in the manuals and
certificates of Onneken [8] and Huber [9] standards,
it has been identified the sources that contribute to
the uncertainty of the type B, expressed by the
following equation [5, 10, 11]:

I =1 AH AL R AT S E
B p+ ob+ obﬁL ob+ ob+ ob+ ob (3)

From the Equation (3) [5], it has been verified that
the sources above can be neglected without causing
significant change in the final result. Once identified,
the Equation (3) could be rewritten in the following
way:

IB =1p +Eob (4)

The value of Ij it is obtained considering the
largest value of the column D.Pad, in the Média das
Medigées, shown in the Figure 4-B, it is determined
as follows:

2 _ (.2 2 2 2
IA - (SSeqlc +sSeq]d +SSquc +SSeq2d) (5)

And it is intended that the measurement uncertainty,
for the automated process, of the calibration of
Onneken standard is given as:

I 2 2
IM B \/O-Seqlc * O-Seqld * o-SquC * O-Squd * IB (6)

4, RESULTS

The presentation of the obtained results can be seen
in Figure 4 in both interfaces of data output. In both
of them the measurement averages, the standard
deviation are evaluated and the other parameters
already mentioned.

It has also been verified that the time of the
automated calibration process till the emission of the
certificate experienced a significant reduction of the
order from 40 to 50%. In this case, the time factor
depends on the operator's experience in handling of
Onneken standard.

Besides the reduction of the calibration time, one of
the advantages is the decrease of mistakes in the
emission of the certificate discussed previously or
the operator's interference in the same.

5. CONCLUSIONS

Thus, it can be stated that the automation of the
Onneken pressure standard could improve the
productivity, the execution time and the quality of the
services offered by the Laboratory of Pressure of the
Management of Legal Metrology. The development
of projects with automated systems has contributed
to the operator’s improvement.
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