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Nowadays accuracy of measuring units is one of the most important industrial goals.
In this case a proper testing and calibration plays a vital role. Pressure transmitters of
different types are commonly used in production as well as treatment, transportation,
storage, processing and distribution of oil and gas. These instruments convert the pres-
sure sensed into proportional electrical signals like DC current, DC voltage etc. To faci-
litate and bring uniformity among wide-ranging industrial applications, currently such
electrical outputs are standardized to certain fixed values like (4 to 20) mA, (0 to 10) V
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etc. which can be configured to the required upper and lower limits of pressure within
the transmitter’s specified operating range.

Calibration of transmitter is done by applying known pressure using a pressure stan-
dard and the output electrical parameter is measured using a precision multimeter.

In this paper an application of a datalogger to a pressure calibration process is pre-
sented. The advantages facilitates faster and efficient recording of calibration data is
presented.

Experiment

An experiment was conducted at Fluid Control Research Institute, Kerala, India dur-
ing a course of flow measurement and calibration for international studentsunder ITEC
program.

The purpose of this experiment was to define a difference in testing results in case of
using data logger comparing to regular testing. The unit under testing was an absolute
pressure transmitter with a range of measured pressure prom 800 to 1200 mbar and range
of output from 4 to 20 mA. All the process was carried out according to the standard
DKD-R 6-1.

For the first experiment, following instruments were used:

— Multifunction Pressure Indicator;

— Digital Multimeter.

Instruments were connected as shown in figure 1.

Multifunctional
pressure
indicator
* - \
/ Figure 1. Connection of instruments
+ - + -
Pressure Dlg_ltal
transmitter multimeter

In this assembly, a multifunctional pressure indicator not only indicates pressure, but
also provides power to pressure transmitter and digital multimeter, while digital multi-
meter takes an output reading from a pressure transmitter, which is in units of current. A
pressure was produced by a hand pump.

According to the standard, measurements were conducted using a step of 50 mbar.
Each value was measured 3 times, among which 2 direct and 1 reverse process (figure 2).
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Output curent, mA

Figure 2. First experiment. 3 cycles of readings

For the second experiment, digital multimeter was replaced by data logger, so that
list of instruments looked as following:

— Multifunction Pressure Indicator;

— Data logger.
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For the experiment HYDRA Series III Data Acquisition Unit by Fluke was used as a
data logger. It has a 67 analog channel, and able to measures and records dc volts, ac
volts, dc current, ac current, resistance, frequency, and temperature. It is with a digital 8-
bit transistor-transistor logic (TTL) port that can sense and output.

With regard to measuring DC current it has following specifications:

Input Protection. — 0.15 A/ 600 V resettable PTC

Table 1
DC current input characteristics
Resolution Reference Burden
Range Resolution Fast Medium Slow Resistance Voltage
4% Digits | 5% Digits | 6 % Digits (Ohms) g
100 pA 100.0000 pA 10 nA 1 nA 0.1 nA 1k Q <1mV
1 mA 1.000000 mA 100 nA 10 nA 1 nA 1k Q <1mV
10 mA 10.00000 mA 1 pA 100 nA 10 nA 10Q <1mV
100 mA 100.0000 mA 10 pA 1 pA 100 nA 10Q <lmV
Table 2
DC current accuracy
Ranee 24 Hour 90 Days 1 Year T.C./ °C Outside
g (23 1 °C) (23 45 °C) (23 45 °C) 18 °C to 28 °C
100 pA 0.005 % + 0.003 % 0.015 % + 0.0035 % 0.015 % + 0.0035 % 0.002 % + 0.001 %
1 mA 0.005 % + 0.001 % 0.015 % + 0.0011 % 0.015 % + 0.0011 % 0.002 % + 0.001 %
10 mA 0.005 % + 0.003 % 0.015 % +0.0035 % 0.015 % +0.0035 % 0.002 % + 0.001 %
100 mA 0.005 % + 0.001 % 0.015 % +0.0035 % 0.015 % + 0.0035 % 0.002 % + 0.001 %

The sequence of testing was the same, but for each value of pressure not only one
output was measured, but 10 readings (figure 3).

Output curent, mAm

Figure 3. Second experiment. 1 cycle of readings

You can thoroughly see fluctuations among one reading on figure 4.
These fluctuations are caused by small pressure changes. After fine adjustment pres-
sure can not remain constant, that’s why manual taking of an output reading is under risk
of containing some error.
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Figure 4. Second experiment. Fluctuations of current among one reading

By this particular reason using a data logger becomes necessary. It gives an opportu-
nity to set a number of points to log among one reading. After that, according to re-
quirements, mean value, minimum value, maximum value are taken. In our case, a mean
value is considered as the most accurate. Moreover, with this instrument, there is no
need to handwrite results, all results are saved as excel file.

Results

Based on measurements, mean values of output were calculated for every pressure
step for both experiments (figure 5).
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As you can see on the graph, there is almost no difference between measurements
conducted with or without using data logger. However, if we proceed calculations and
calculate full scale error (one of the most important parameters for calibration) according
to the formula (1), we can see a completely different situation (figure 6).
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Figure 6. Full scale error
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According to the first test, FS error continuously increases, while second test shows
the same parameter as a constant range between 0.08 and 0.12 %. Although minimal
value of FS error doesn’t matter so much, a maximum value can cause a rejection of a
testing unit of a customer, if it exceeds required level.

Conclusion

In terms of increasing requirements in different scopes of industry, the accuracy of
calibration becomes more and more important procedure. Although not all of up-to-date
technologies are prescribed by calibration standards, it is definitely necessary to improve
a process for fulfilling customers’ requirements. Using a data logger is one of a variety
of modern facilities, which can increase a quality of calibration and simplify the process.
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HccnenoBanus TeMiepaTypHbIX MOJIEH aKTyabHBI U IIMPOKO IPUMEHSIOTCS Ha Hed-
tenpomsiciax [1, 2]. Panee B pabore [3] ycraHoBneHo, 4ro mMetox M3erepa Moxker WH-
BepTHUPOBaTh NpeoOpa3oBanus Jlamraca GyHKIHH ¢ HEOTHOPOTHOCTAMH M OCOOCHHO-
CTSIMH, M PE3YJIBTATHl YHCICHHOTO OOpaIleHHs UMEIOT 0oJiee BHICOKYIO TOYHOCTH, YEM
IIPU MCHOJIB30BAaHUH JPYTHX METOAOB MHBEpCHHU. [IprMeHEHHE METO[a YHCICHHOW WH-
BEPCHH K 3a[aue 0 TeMIIepaTypHOM TI0JIe B CKBaxXHHE [4, 5] MeeT 0coOyr0 3HAYUMOCTb,
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