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1. Introduction

Air-electronic gauges (AER) are constantly
evolving, with manufacturers' efforts aimed at re-
ducing deficiencies and expanding their capabilities.

Permanent targets for improvement include
metrological features and calibration methods
for AER, measurement uncertainty reduction and
increased reliability.

Despite the existence of various influencing
factors on the accuracy of measurement with air
gauges, one of the main components of the error
is due to the change in supply pressure.

This error depends on the pressure regulators,
which are one of the most important elements of AER.

2. Exploration of the characteristics
of the IBR ae-1

To determine the influencing factors, it is
necessary to study the static characteristics of

the measuring system. In this case, a function of
transformation of the input magnitude is repre-
sented in graphical form - displacement and the
value reported by the device (Fig.1). It shows
the change of the instrument reading in relative
units vs. the linear displacement in pm. For this
purpose a characterization was performed with
3 of the most common measuring nozzles - 1.5;
2 and 2.5 mm. The graphical representation is
for a 2 mm nozzle.

In the middle part of the graph a relatively
large linear region is observed. This section ap-
proximates to linear as the error of non-linearity is
below 2%. The non-linearity is 7.14% across the
surveyed range.

Of particular importance is the hysteresis of the
regulator (Fig. 2). It varies between 0.15 and 0.85
relative reading units on the digital display of IBR
ae-1. Depending on the operation of the appliance,
this may lead to a result error within + 0,45 um.
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Fig.1 — Conversion function - relative unit to linear displacement in um
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Fig.2 — Change hysteresis of IBR ae-1
in the range 0-70 um.

3. Pressure regulators.

The correct choice of a pressure regulator is im-
portant in a metrological aspect when developing
an air gauge. The solution requires familiarization
with the operating conditions and principles of the
regulator's operation. [1]

3.1. Types of pressure regulators:

In Fig. 3 a diagram of the non-amplifying pres-
sure regulator is shown. The magnitude and stabil-
ity of the working pressure is a function of several
variables. The output of the analytical expression
for H is based on the equation equilibrium force
acting on the moving parts.

]
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Fig.3 — Principal circuit of non-amplifier regulator:
1. valve; 2.membrane; 3.camera; 4. Inlet chamber;
5. throttle 6. spring, 7.vint; 8. spring

Therefore, the ability of regulators without
amplification in terms of accuracy is too limited in
terms of principle and construction. In this respect,
regulators with an amplification are significantly
superior. [1]

Fig. 4 shows a schematic diagram of such a reg-
ulator. There are four chambers: 1 and 6 with high
pressure, 4 and 7 with working pressure. Even a
slight change in working pressure ensures a strong
increase (decrease) in air flow and hence great sen-
sitivity of the regulator. The errors of this type of
regulator caused by network pressure fluctuations
and air consumption are significantly lower than
those of the other type without an amplification,
and a shift of the working pressure is practically
not obtained. [1]

Fig.4 — Principal circuit of a regulator with
amplification: 1. Input chamber; 2. valve, 3.
membrane; 4. chamber with working pressure, 5.
throttle; 6. a high pressure chamber, 7. chamber
with working pressure; 8. Membrane,; 9. Nozzle; 10.
interception, 11. spring

3.2. Pressure regulators offered by leading
manufacturers:

One of the leading manufacturers of pressure
regulators is SMC (Japan). For the purpose of the
study we used two of their regulators:

- Simple (no amplification) - SMC AR20 FO2H

- Precision (with amplification) - SMC IR 1000

The manufacturer presents the characteristics as
graphs representing the relationship between inlet
and outlet pressure, consumption and hysteresis.

For the SMC AR20 FO2H pressure regulators,
according to the manufacturer's technical param-
eters, a change in the outlet pressure is observed
when the flow rate changes in a relatively small
range [2,3]

Standard AERs work with inlet pressure ranging
from 2-4 atm. Here, a group of curves with the clos-
est characteristics is observed. A major problem
in the application of AER in industrial conditions
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Fig.5 — Graph of change in output pressure as a function of airflow at regulator SMC AR20

where there are too many air consumers and there
is a large change in the pressure to the pressure
regulator. This leads to an additional stabilization
error caused by the change in the rise and pressure
reduction - hysteresis of the regulator. This error
is around 0.1 atm.

Precision (with amplification) regulators have
significantly improved performance. Again, the
main influential factors here are related to the
variable inlet pressure and the variable flow in
industrial conditions. Here the errors that are ob-
served are one order smaller than the non-amplified
regulators.

4. Influence of SMC AR20 F02H
and SMC IR 1000 on the accuracy
of pneumatic-electron measuring
instrument IBR-ael.

From the research done, the influence of the
pressure regulator on the pneumatic system IBR
ae-1 is observed. The main parameters of the study
are related to changes in the supply pressure and
the influence it exerts on the outlet pressure of the
regulators.
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From graphically obtained results, for the SMC
AR20 regulator, it can be concluded that when the
supply pressure changes by 1 atm.in a normal range
for industrial conditions of 3 to 6 atm, a change of
the outlet pressure was observed by 0.02 atm. This
change caused a ~ 1um error in the investigated
IBR ae-1 (Fig.5).

For the precision pressure regulator SMC IR
1000, the error of the input pressure fluctuation of
0.3 MPa causes an error in the IPR to be tested ~
0.9 =+ 1,3 um (Fig.6)

Under real conditions, the oscillating pressure in
the feed system rarely exceeds 1 atm, which may
result in an error of ~ 0.3 um

The main source of error in the pressure regu-
lators is the hysteresis error at the supply pressure
fluctuations (Fig. 7). With simple regulators, this
error results in ~0.02 atm., and with the precision
regulators of 0.004 to 0.008 atm. The reported
result in a change in IBR ae-1 score of 1 pm in
simple regulators (SMC AR20) and up to 0.5 pm
in precision (SMC IR 1000)
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Fig.7 — Hysteresis when changing the supply pressure of pressure regulators SMC AR20 and SMC IR1000

5. Opportunities to improve
metrological and operational
performance of AERs

In order to determine the dependence of the
influence factors on the AER transformation
function, a regression analysis is required. The
conversion function is nonlinear, but there is a lin-
ear dependence between the change in the supply
pressure and the change in the output parameter.

When changing the inlet pressure of the sys-
tem, a family of curves and a relatively large
linear region can be observed in the middle of the
measuring range (Fig. 8). Based on these curves,
a regression model can be calculated.

5.1. Reducing the non-linearity of the AER
conversion function

The use of a regression model to calculate the
conversion function introduces an error relative to
the real transformation characteristic, but signifi-
cantly reduces the error of the change in the input
pressure. For the determination of the regression
model we use an average value obtained after
experimental dropping of the characteristic for
different input value (linear displacement) in dif-
ferent tooling (output nozzle) and different supply
pressure values.

In the regression model a coefficient of cover-
age between the real characteristic and the calcu-
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Fig.8. Family curves as a function of the relative
value of IBR ae-1 to linear displacement
at change of inlet pressure

lated Sm ~ 4% for the different curves is obtained.
After correction of each value, a maximum error
shall not exceed 0,5%

Because of the nonlinear nature of the conver-
sion function, we have a fault of nonlinearity that
can be compensated by importing a "fault map"
in which correction values for different cases to
construct approximation rights to be entered.

These actions help to directly increase the
measuring range as the system can operate close
to both ends of the transformation characteristic.

5.2. Compensation of supply pressure
oscillation by introdction of ,,Error map*

The AER characteristics of the pressure reg-
ulator used are pre-recorded. With the data thus
obtained a database is created - "error map". For
correction, it is necessary to monitor the inlet
pressure change in operating mode. The resulting
current value "subtracts" from the result correction
database. Thus, the error of the AER indication is
reduced by up to 5% depending on the working
pressure and the used tooling.
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6. Conclusions

The influence of input pressure on the accuracy
of AER was studied. It is proposed to introduce
into the measuring system a converter for input
pressure reading and direct correction on the result
by means of software compensation.

This improves the metrological characteristics
of AER and simplifies the setup methodology.

The study is funded by NIS at the TU-Sofia
under contract Ne 162I110034-06.
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