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thermodynamic temperature and the other for introducing calibration solutions to all
organizations in Egypt such as contact, non-contact thermometry, hygrometry,
thermal analysis and viscosity. In this study, a newly developed automated firmware
was used for controlling and regulating the temperature of stirred liquid baths and
thermometry bridge system (SLBTBS) simultaneously and determined precisely the
starting time of the measurements according to smart algorisms using compatible
parameters of (LabVIEW®) tools. The protocol of measurements was dependent on
an automatic investigation of the best stability period whereby the setting point lied
in the specific temperature ranges related to hysteresis limits. Characterization tests

Keywords: and assessment for optimum conditions of the SLBTBS were done. The newly
Temperature; control; LabVIEW; liquid bath; designed controller gave temperature stability better than 0.02K in the low-
ITS-90 temperature range with better-linked uncertainty.

1. Introduction

The main mission of Thermal Metrology Laboratory (ThML) as a leading laboratory of the
National Institute of Standards (NIS) in Egypt in the fields of thermometry, humidity and viscosity is
conscientious of the development, improvement and maintenance of the national standards.
Furthermore, ThML introduces services of testing and calibration to various organizations, factories,
companies and scientific divisions such as medical, industrial agriculture, pharmaceutical and others
that reflect the vital role of NIS in the quality infrastructure in Egypt.

The word "Metrology" is the measurement science. Measurements of any physical property like
temperature should be in a good stabilization system. Measurements of mediums have great
interest from the researcher, scientists, equipment developers and manufacturers. In the
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metrology field at National Metrology Institute, the main target accuracy and precision must not
exceed a few mK.

The contribution of results of accuracy and precision in temperature measurements meant
there were hard work done by the calibrators and temperature calibration facilities at ThML. The
sensors and probes which measure the temperature need regular calibration. The calibration of
temperature sensors is important for ensuring their good operation within the required accuracy
limitation.

2. Methodology

A state of the art software was developed for a new controller and data acquisition firmware for
all ThML stirred liquid baths to calibrate automatically all kinds of contact thermometers such as
thermocouples, digital thermometers, bimetal and liquid in glass thermometers.

The firmware control, regulate, operate and measure the temperature of SLBTBS precisely using
the strong coding, protocol and subsequence string under Laboratory Virtual Instrument for
Engineering Workbench (LabVIEW®) software with similar mechanisms to those reported in Figure
11[4,5,7].

&R
—
+

[B

Fig. 1. SLBTBS

The novelty of this study is that for the first time there is a built-in unified system at NIS for
calibrating all kinds of contact thermometers without any overlapped from the observer only when
mounting and dismounting the unit under test equipment. The operator or technician adjusts the
calibrating setting point and the limits of stability (SP + a) where a is the error gain due to the
response time at different setpoints, the firmware will follow up the algorithm instructions to
control and monitor the setting point, stability, homogeneity, type A uncertainty and finally acquire
the data after a ringing alarm that the bath under stability within the limits of stability values.
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2.1 Equipment

ThML contains mainly five different liquid baths which are different in temperature ranges as
shown in Table 1. Each one is connected to class A Fluke Pt100 from model 5626, with stability
+0.003 °C and accuracy + 0.006 °C from —80 °Cto 0 °C, £ 0.012 °C from 0 °C to 420 °C and + 0.015 °C
to £ 0.022 °C from 420 °C to 660°C respectively.

Table 1

Set of equipment used in this system

Equipment Manufacture Model Temperature Range
Thermometry Bride Isotech TTI -200 up to 700 °C
Alcohol Bath Fluke 7381 -80 up to 25 °C
Alcohol Bath aHetrofrig 2100 -20up to 25°C
Water bath Petrotest TV4000 25 up to 95 °C

QOil bath Hart Scientific 6054 100 up to 220 °C
Salt bath Hart Scientific 6055 200 up to 420 °C

6 Class A Pt-100 Fluke 5626 -200 up to 660 °C

Thermometer bridge model TTI has two channels A and B. Pt-100’s is connected to a selector
switch that has mainly four ports for four baths connected to channel A and the fifth bath
connected directly to channel B of the bridge.

2.2 Interface Protocol

The steps for controlling and flowchart algorithm of the interface are presented in Figure 2. One
of the most popular, familiar, easier and strongest programs that provide a good graphical user
interface, equipment-PC communication, data acquisition and data analysis is LabVIEW [7-9]. Figure
3 and 4 show two main subVI (Virtual Instrument) governed under the main Graphical User
Interface (GUI). The first is responsible for moderate stabilization and regulation of the bath's
temperature as a mechanism protocol reported in [4-8]. The second is related to the
microcontroller processor of TTI Itself as shown in Figure 4. It initiates by sending a string code
defined by ASCII language to the processor of the TTl to demand a series of information.

The queued return back information from the processor responses is the immediate
temperature in ohm, resolution of the indicator, relaxation time between each iteration loop and
the working channel input that does the measurements. The encryption binary string transfer
between the processor and PC is converted to a known decimal value [9-12].

Table 2 shows the firmware protocol that is applied between the TTI processor and PC by ASCII
language [11]. The communication starts with RS232 configuration through VISA. For instrument
control using VISA, it should be applying termination characters string as a slave code and
separated by carriage return of line feed under the firmware that is considered as a master code.
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Table 2

Firmware protocol codes (TTI Configuration)

Code Slave string Meaning

INPUT A Carriage return  Select the input channel of TTl leads A or B (Figure 4)

INPUT B

Wait 100 ms - Waiting time for relaxing equals 10 milliseconds

HR Carriage return  Ask the bridge to measure high resolution (Figure 4)

Wait 100 ms - Waiting time for relaxing equals 10 milliseconds

MEASURE Carriage return  Ask the bridge to respond with a momently reading value of Pt-100 in Ohm

Waitforls = e Waiting time for relaxing equals 1000 milliseconds

Select Pt100 codes:  ---------------- The temperature in Ohm is going to be converted into °C through sub vi
012 built in the program (Figure 4)

013

015

022

Wait for 10s e Waiting time for relaxing equals 10 seconds due to the complexity of the

CVD inverse function

Control Bath

Set point (SP)

To next iteration ’

RS 232 Interface

Control TTI
Acquire TTI

P
—/

[SP*C[SSPSSP+£{

Is temp
fulfil

Yes

v

- [ Do Measurements ]

[ Calculate Std. ]4—[ Record ]

Fig. 2. Firmware flow chart protocol
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Fig. 3. A front interactive panel of the acquired data  Fig. 4. First and last codes in the Stacked Sequence
Structure

2.3 Callendar Van Dusen (CVD) Equation Conversion

Temperature measurement is an indirect operation because there is no method to measure it
directly. The measurement procedures measure certain physical property changes concerning the
temperature. For an example, the measurement of temperature in platinum resistance
thermometers based on the change in the resistance is referred as temperature changes.
Measuring temperature using a resistance thermometer is considered the best and most accurate
method. Platinum resistance thermometers are used for precise measurement of temperature by
taking advantage of the linear change in resistance which concerns a temperature between -200 °C
and 660 °C or higher with little higher uncertainty, and has a nominal value of 100 Q.

The resistance—temperature characteristics of Pt-100 are usually expressed using Callendar Van
Dusen (CVD) equation. Six Pt-100 were calibrated by comparison with the Standard Platinum
Resistance Thermometer that is calibrated according to the requirements of ITS-90 in fixed points.
In the CVD Eg. (1), the resistance ratio R(t)/R(t = 0°C) above 0°C is expressed as R = f (t).

R(t)
R(t=10) (1)
R(t)=R,(1+ At, + Bt;), t=0

W{tcw:n] =

Where, t is the temperature expressed in °C, A and B are the polynomial coefficient and vary from
one thermometer to another. The CVD equation is expressed by 2" order polynomial as a function
in t. The inverse function is t = f1(R) as in Eq. (2);

JRo(RoA>—4BRo+4BRt)+ARo
2 BRo

B, = (2)
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In the CVD Eq. (3), the resistance of the thermometer below 0 °C is expressed as

R(t) =

R,(1+ At, + Bt)¢ + ct,3 (¢, — 100)), £, <0

Temperature can be determined using the following Eq. (4),

T = £~ lim_R(T))

(4)

Where, Ty is the measuring temperature after the process variable (PV) temperature becomes
close as possible to the set point temperature (SP). The inversion function within 1.8 m °C is as
shown in Eq. (5) — (13).
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3. Results and Discussion

(5)

(6)

(8)

(10)

(11)

(12)

(13)

For seven months, more than 120 runs for around 800 working hours in testing, improving
techniques, trying different mechanisms and updating the calibration methods were done. Many
data were recorded and acquired to find the values of prime situations and optimum conditions
after a series of measurements and statistical analysis. Several assessment parameters were used
to test the performance, quality and reliability of firmware, whether the examined parameters
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were temperature-stabled, whether the fast response to any set point changed and improved
related uncertainty to build a complete image if that study make difference or not.

The stability of the temperature is the difference between the maximum and minimum during
100 cycles after controlling for the biggest 25 % of reading variations. The stability is expressed as
plus or minus one-half of the recorded value and is determined by measuring the temperature in
the bath's working volume in the middle. The greatest difference between the mean temperatures
at any of these sites is the homogeneity, which is measured by taking temperature readings at the
bath's center and corners.

Table 3 describes the measurements that were carried out at specific set points covering the
whole range of study with a special basic statistics function that tests the validity of the system
measurements. Figure 5 shows the overlapped temperature ranges covered by each medium.
There are different liquid bathes as a thermostatic medium for hosting the thermometers with
different ranges.

The normalized parameter E,, was implemented to assess the performance of the process. It
normalized the error in the result of two mediums in the overlapping range to expand uncertainty
estimated using a coverage factor, k = 2. Hence |E,,|= 1 is interpreted as the result of 95 %
confidence level (JCGM-100, 2008) as in Eqg. (14) and (15) which is considered an unaccepted
performance. Homogeneity of the liquid baths was determined using a set of pt-100 that are
distributed in a uniform geometrical structure [13-15]. The stability and uniformity are summarized
in Table 4.

_ YMedimwm 1~ YMedium 2 (14)
EE 1 )i' -

T ~ =1
V¥ UE':IME:J‘Ei:m 1a'+u2':-'rl'-fedii:m 2

<1, Successful Performance (15)
|E, — number| = .
Otherwise, Unsuccesseful Performance

Table 3
Average selected values of measurements that were carried out

Setting®C  No.ofruns Operating-overlapped mediums Median/°C  Pt100 code E, value |E,i |

-80.00 7 Fluke-7381 -80.002 013 -

-50.00 6 Fluke-7381 -49.962 013 -
6 . -19.996 013

-20.00 6 Fluke-7381& aHetrofrig-2100 -19.982 012 0.023
6 . 0.0008 013

0.00 3 Fluke-7381& aHetrofrig-2100 0.0025 012 0.028
6 aHetrofrig-2100 19.9909 012

20.00 6 Petrotest- TV4000 20.0008 022 0.03
8 Petrotest- TV4000 79.9961 022

80.00 6 Hart scientific-6054 79.9397 015 0.094
7 Petrotest- TV4000 94.9998 022

95.00 6 Hart scientific-6054 94.9443 015 0.165

150.00 6 Hart scientific-6054 149.9324 (0} T
7 Hart scientific-6054 200.0279 015

200.00 7 Hart scientific-6055 200.0301 013 0.264

Hart scientific-6054 220.0246 015

220.00 6 Hart scientific-6055 220.0303 0.13 0.368

300.00 6 Hart scientific-6055 300.0581 013 -

420.00 6 Hart scientific-6055 420.0299 013 -
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Fig. 5. Overlapped temperature ranges for the applied mediums

Figures 6 - 10 show the stability of temperature in minimum, maximum and overlapped checked
temperatures for each bath. The stability for temperature was better than 0.04 °C, those values
contributed to the uncertainty budget which shows some improvement and limitation for sources.
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Fig. 10. Temperature stability at selected and
overlapped set point of medium 6055
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Tables 4 and 5 shows the uncertainty budget for sources that contribute to the measurements
after characterization and the new firmware. Table 6 shows the published CMC scope in Egypt
Accreditation Council (EGAC) [10], which is the official accreditation body in Egypt that shows the
uncertainty for each calibration range.

Table 4
Uncertainty contributed values for each medium
Bath Stability / °C Uniformity / °C
7318 0.02 0.003
2100 0.015 0.005
TV-4000 0.03 0.05
6054 0.02 0.03
6055 0.02 0.005
Table 5
Uncertainty budget for temperature
Value Sensitivity coefficient, Uncertainty contribution,
Symbol  Uncertainty source . Divisor . .
Xi (x°C) Ci Ui (£°C)
Ust Standard uncertainity 0.005 1 1 0.005
Udri Drift of Standard 0.01 V3 1 0.006
Ust Brige uncertainity 2.65E-03 1 1 2.65E-03
Uice ice point UUT (Pt-100) 0 V3 1 0
Ures Resolution 0.005 V3 1 0.029
Uuni Uniformity 0.003 V3 1 0.0017
Usta Stability 0.01 V3 1 0.058
Urep Repeatability(typeA) 0.003 1 1 0.003
Combined Un. 0.0106
Expanded Un. 0.02
Table 6
CMC scope
Measured quantity Range (°C) Calibration and N Brief description of measurement and
measurement capabilities* equipment used
Calibration of liquid in -80to <20 +0.03°C SOP NO NIS-32-0OP-7.2.1.1-03
glass thermometers, >20to <90 +0.07°C Platinum resistance thermometer
digital thermometers, >90to <200 *0.05°C code 015
In stirred liquid baths >200to 450 +0.03°C code 013
(Permanent) code 012

code 022

Figure 11 shows the comparison between uncertainty values published before and those
obtained from this study. Figure 12 shows the growth and increment of baths' stability
against the temperature. We can determine the stability and uniformity of the medium at
any set point in between the studied one using the third-order polynomial fitting, especially
if the thermometer and mediums are fixed and non-interchangeable.
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4. Conclusions

Performance examination, assessment and metrological characterization of the SLBTBS have

been done. The statistical analysis of the acquired data and results show decreasing in the
calibration time, operation cost and improvements in the combined uncertainty that is linked to the
measurements. The modified system was introduced to routine calibration in the laboratory and
fulfills the requirement of technical assessment from the Egyptian Accreditation Council (EGAC) as
an official accreditation body in Egypt. The improvement of the linked uncertainty values will be
published to replace the reported unified NIS scope.

References

(1]
(2]

(3]

Preston-Thomas, Hugh. "The International Temperature Scale of 1990(ITS-90)." metrologia 27, no. 1 (1990): 3-10.
El Matarawy, A. "Comparison of the realization of water triple point metallic cell through its preparation
techniques in new modified adiabatic calorimeter at NIS-Egypt." Journal of Thermal Analysis and
Calorimetry 136, no. 5 (2019): 2131-2138. https://doi.org/10.1007/s10973-018-7804-8

El Matarawy, A. A., and M. G. Ahmed. "New temperature reference cells for calibrating CSPRTs under adiabatic
conditions." International Journal of Metrology and Quality Engineering5, no. 4 (2014): 401.
https://doi.org/10.1051/ijmge/2014014

43


https://doi.org/10.1007/s10973-018-7804-8

Journal of Advanced Research Design
Volume 123, Issue 1 (2024) 34-44

(4]

(5]

(6]

(7]

(8]

(9]

(10]
(11]
(12]

(13]

(14]

(15]

El-Matarawey, A., Doaa M. Abd-ElGalil, and Eman M. El-Dien. "Testing the reliability of new developed firmware
for controlling NIS climatic chamber." Measurement 199 (2022): 111366.
https://doi.org/10.1016/j.measurement.2022.111366

El-Galil, Doaa Mohamed Abd, and A. El-Matarawey. "Uncertainty Evaluation of NIS Low Stirred Liquid Bath
Blackbody Radiation Source (LSBB)." MAPAN 38, no. 1 (2023): 49-54. https://doi.org/10.1007/s12647-022-
00554-5

El Matarawy, A. "New temperature controlling mechanism for thermal metrology regulation at NIS-
Egypt." Journal  of  Thermal  Analysis and  Calorimetry 129, no. 3 (2017): 1799-1805.
https://doi.org/10.1007/s10973-017-6340-2

El Matarawy, A., and Eman Mohy El-Dien. "Precise temperature controlling algorithm for metrological adiabatic
calorimeters based on proportional-integration (a) thermal energy." Journal of Thermal Analysis and
Calorimetry 147, no. 5 (2022): 3721-3730. https://doi.org/10.1007/s10973-021-10806-2

Huang, Haocai, Shuging Zhang, Zhao Yang, Yonggiang Tian, Xiang Zhao, Zhuoli Yuan, Shuai Hao, Jianxing Leng,
and Yan Wei. "Modified Smith fuzzy PID temperature control in an oil-replenishing device for deep-sea hydraulic
system." Ocean Engineering 149 (2018): 14-22. https://doi.org/10.1016/j.oceaneng.2017.11.052

PID Control Toolset User Manual. (2009). Retrieved from http:// www.ni.com/pdf/manuals/372192d.pdf. 15.
https://egac.gov.eg/en/entity-details/?tc=0a8NMWIJSBLVMpHNN2x81b78XORCGQwxLGnnrvdZr

Rosenkranz, P. "Uncertainty propagation for platinum resistance thermometers calibrated according to ITS-
90." International Journal of Thermophysics 32 (2011): 106-119.

Alper, Fatma Melda Patan. "The Effect of the Conversion Coefficients of Platinum-Based Resistance
Thermometers on the Uncertainty Estimation." International Journal of Thermodynamics 26, no. 2 (2023): 73-76.
doi: 10.5541/ijot.1220322

Yohana, Eflita, Mohamad Said Kartono Tony Suryo, Ahmad Musawwir Azhim, Muhammad Salman Al Farisi, Indah
Hartati, Mohammad Farkhan Hekmatyar Dwinanda, and Kwang-Hwan Choi. "Computational Fluid Dynamic (CFD)
Simulation Thermal Performance and Hydrodynamic Erosion in Circulation Fluidized Bed (CFB) Boiler at PLTU
West Kalimantan." Journal of Advanced Research in Numerical Heat Transfer21, no. 1 (2024): 53-71.
https://doi.org/10.37934/arnht.21.1.5371

Abd El-Galil, Doaa Mohamed, and Essam Mahmoud. "Testing the reliability of humidity generator through
measurements traceable to calibration standards." Measurement 124 (2018): 159-162.
https://doi.org/10.1016/j.measurement.2018.04.028

Abd El-Galil, Doaa, and M. G. Ahmed. "Consistency of the national realization of dew-point temperature using
NIS standard humidity generators." International Journal of Metrology and Quality Engineering 8 (2017): 1.
https://doi.org/10.1051/ijmge/2016028

44


https://doi.org/10.1016/j.measurement.2022.111366
https://doi.org/10.1007/s12647-022-00554-5
https://doi.org/10.1007/s12647-022-00554-5
https://doi.org/10.1007/s10973-017-6340-2
https://doi.org/10.1007/s10973-021-10806-2
https://doi.org/10.1016/j.oceaneng.2017.11.052
https://egac.gov.eg/en/entity-details/?tc=0a8NmWJSBLVMpHnN2x81b78XORCGQwxLGnnrvdZr
https://doi.org/10.37934/arnht.21.1.5371
https://doi.org/10.1016/j.measurement.2018.04.028
https://doi.org/10.1051/ijmqe/2016028

