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WORKPLACE FOR MEASURING COMPRESSED AIR CONSUMPTION
IN LABORATORY CONDITIONS

Compressed air consumption in industry is increasing. It is necessary to be able to determine its value during operation. These
data can reveal malfunctions in the compressed air distribution. The article presents the implementation of the measuring station in
laboratory conditions, the aim of which was to create a functional solution that allows accurate measurement of compressed air
consumption during operation. The Aventics AF?2 flow meter operating on the thermal principle with the possibility of communication
using OPC UA was used. The system was integrated into the equipment of the pneumatic laboratory and the measured values were
processed in the MATLAB. This tool allows you to monitor the change in selected quantities in real time. It allows you to save them
as MS Excel files or as graphic outputs. Verification of the system's functionality was carried out by a series of measurements. The
results confirmed the suitability of the selected technical solution. The article is an overview and informational.
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Relevance of the research. At the time when the issue of energy savings and related en-
vironmental pollution with exhalates arising during energy production is becoming more and
more relevant, the issue of saving all energy, the production of which is linked to the consump-
tion of fossil fuels in particular, is coming to the fore [1]. These types of energy undoubtedly
include electricity, which consumption also significantly burdens the carbon footprint associ-
ated with the production of compressed air [1].

Companies using compressed air (practically all automated operations) today monitor com-
pressed air consumption very strictly.

Until recently, compressed air consumption in operations was considered a marginal prob-
lem and users paid almost no attention to it. This was not only due to the fact that existing
compressed air leaks were overlooked, but also to the absence of existing technical means that
provide a picture of the economic use of compressed air energy.

Problem statement. Often, suspected compressed air leaks were detected only by a trivial
procedure, where the operator of the compressor stopped the operation of individual workplaces
in operation to monitor whether the compressor activity still occurred. Although this procedure
confirms the losses, it does not provide information about their size and therefore does not allow
a decision on their elimination method.

The aim of the project we implemented was to find a suitable methodology for collecting
editable data on the level of compressed air consumption in laboratory conditions using available
technical means [2].

Analysis of recent research and publications. Companies producing a range of pneumatic
components are coming up with ever newer and more advanced elements that serve to monitor
and collect data related to total or current compressed air consumption [3-6]. Using comparative
virtual models of operation, it is possible to effectively and accurately eliminate the detected
losses. This is done by special audits offered by these companies, which are designed to deter-
mine the real value of the required volume of compressed air per unit of time based on the
detection of actual information about the customer's operation and, by examining other param-
eters of operation, to determine areas in which there are reserves [7; 8].

However, in these audits it is imperative that the customer provides the auditor with truthful
data, which in many cases is not entirely self-evident.
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The problems associated with this lie mainly in inaccurately interpreted documentation of
the realized first-run system or the use of components that do not exist in the project. Most
often, these are the values of the lengths of the hoses used (sometimes also their cross-sections).

Isolation of previously unexplored parts of the general problem. In the implemented
project, we did not deal with the simulation of the evaluated process, despite the fact that the
system processes data in an environment that allows it. For our purposes, it was sufficient in
this step of the solution to create a functioning system that would allow the collection of editable
data, with which, after completing the measurement workplace and only after creating a virtual
environment for modeling the course of the measured process, these two systems could be con-
nected. Simulation already represented an issue beyond the scope of the assignment of the di-
ploma thesis project. However, it is not excluded that in the given project this deficiency was
eliminated, e.g. by announcing a new diploma thesis assignment focused on this problem.

Research objectives. When solving the task of collecting defined data while monitoring
the ongoing operation of a pneumatic system, the goal was to achieve a usable system that
would allow for the recording and display of measured data at a certain speed according to the
operator's specifications. The output was to be tabulated measured values of selected parame-
ters, with which it would be possible to work and analyze them further.

Based on the successfully implemented data transfer architecture, it was necessary to per-
form verification measurements. For these purposes, laboratory-used circuits with compressed
air were used [2].

In the future, it is expected to use this system in the design of new drive units for the
International EMERSON Aventics Pneumobile Competition project [9].

Measuring system for determining compressed air consumption. The project was cre-
ated based on the need to verify some parameters related to the real consumption of compressed
air for the needs of the educational process at the department as well as for the needs of finding
relevant data for the aforementioned project of constructing an economical pop-up unit for the
EMERSON Aventics Pneumobile Competition project [9].

In the form of a diploma project, a methodological procedure was proposed for determining
the actual value of the volume of flowing compressed air as either an instantaneous value, an
average value or its graphic course by using a suitable flow meter.

An industrial compressed air flow meter AF2 from EMERSON (Aventics) [3] was used for
the project, Fig. 1, a).

Y
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Fig. 1. Flow rate sensor AVENTICS AF2 (R412026837)

Source: [3].

This device provides the ability to measure the value of the normal flow rate Qn in the range
from 5 I/min to 1590 I/min.
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It 1s installed at one of the workplaces in the Laboratory of Pneumatic Systems, which
serves to train our students in the compressed air use. On the pneumatic diagram of the part of
the workplace with the internal designation STO1, Fig. 2, it is marked as 02.

As can be seen from its schematic symbol, Fig. 1b), it is a combination of a measuring
device and an air treatment unit consisting of a filter and a condensate separator.

The most important parameters are listed in Table 1.

Table 1 — Parameters of flow rate sensor AVENTICS AF2 (R412026837)

Flow measuring principle calorimetric

Minimal flow 5 /min

Nominal flow 1060 I/min

Maximal flow 1590 I/min

Min. working pressure 0 MPa

Max. working pressure 1.6 MPa

Min. ambient temperature -20 °C

Max. ambient temperature 60 °C

Min. medium temperature -20°C

Max. medium temperature 60 °C

Medium Compressed air
Argon
Nitrogen
Carbon dioxide

Output signal OPCUA
MQTT
Integrated WEB server

Source [3].

TRAINING .
TABLE |

Fig. 2. Part of a pneumatic circuit with an integrated flow meter
Source: compiled by the author.
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Since this is a device that can communicate via the RJ-45 interface within the Ethernet
network connection of the workplaces in the laboratory, it was necessary to solve the value of
the voltage level that the device requires.

While the high-frequency signal does not exceed 3V during Ethernet transmission, our de-
vice needs a supply voltage of 36 V DC transmitted via the RJ-45 interface. Therefore, it was
necessary to include a PoE Injector in the network, which mediates the required voltage.

The architecture of the arrangement is shown in Fig. 3.

The implementation of the connection according to Fig. 3 already allows data transfer via
the WEB server application, Fig. 4, however, the data provided by this application are not suf-
ficiently interperable (they can only be preserved by the PrtScr - printscreen service of the
computer operating system), and the data transfer has a significant delay.
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Fig. 3. Flowmeter connection architecture
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Fig. 4. Environment provided by WEB server service [2]
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Since our intention was to obtain a set of editable data with which it is possible to work
further and perform the necessary analyses, we decided to use the OPC UA (Open Platform
Communications — Unified Architecture) service provided by the device, i.e. an open, inde-
pendent communication standard for industrial automation. It enables secure and reliable data
exchange between machines, systems and the cloud within Industry 4.0.

This protocol is platform-independent and service-oriented. At the same time, it has robust
security features. The protocol serves as a “universal translator” for various devices, thus en-
suring interoperability and effective communication.

The OPC UA implementation provides access to the operational data of the device — the
flow meter. In this case, the server is the data source and manages the data model, while the
client connects to this server to read or write live data, browse the data structure.

By setting the IP address and port on the PC, Fig. 5, a, the client has access to all necessary
data, arranged in a clear tree structure, Fig. 5, b.

* Connection Settings X

Forward -

Server Information =t Session( | Root

=~ iy@ Objects

+ np Server

9 + ¢ ActiveEvents

+ g AdditionalInformations
Https * ap AppCounter

* np AppStatistics

Endpoint Url |opc.tcp://192.168.10.10/>:4840 ~| | Discover

Security Mode Security Policy - ¥ ProcessData

® None Home - & Energy

o - &P Mass

- ¥ Volume

7 FlowVelocity

* MassFlowRate

Pressure

TYXY

Temperature

""" ¢ VolumetricFlowRate
+ iygl SignalQuality

- @ Types
Apply Cancel i .’ Views

a b

Fig. 5. Setting the IP address and port (a) and displaying the flowmeter variables (b)
Source [2].

For data flow processing, a monitoring system was developed using the MATLAB compu-
ting environment.

This created a real tool for real-time data visualization. This created a prerequisite for the
possibility of implementing a real model of expected consumption (theoretical consumption)
and comparing it with data measured in real time.

The model and the entire system were tested in conjunction with existing workplace equip-
ment, while monitoring the plausibility of measured data with mathematically calculated values.
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The pneumatic cylinder DSNU-25-160-PPV-A (manufacturer FESTO) operating in a cy-
cle, on the pneumatic diagram, Fig. 2, marked as 19-A-1, controlled by an air-operated valve
marked 19.1 (monostable air-operated 5/2 valve), for which the control air signal is generated
from the PLC via a 3/2 N.C. valve marked 18.2 (part of a double valve 2x3/2 N. C., manufac-
turer AVENTICS/EMERSON).

The values of the measured selected parameters as displayed by the system are shown in
Fig. 6.
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Fig. 6. Graphical outputs provided by the measurement system
Source [2].

The data shown in the graphs is also stored as numerical data in MS Excel.

The model is primarily intended for educational purposes, such as demonstrating the im-
portance of measuring compressed air consumption data when operating automated devices
powered by compressed air. However, it can also be used to take measurements at the custom-
er's premises.

Conclusions. Teaching our students to properly connect a pneumatic circuit or draw a wir-
ing diagram is certainly a necessary thing, since the use of compressed air in automated opera-
tions is not slowing down, but the added value should be information about the behavior of a
particular pneumatic component with regard to its financial burden (acquisition costs) but also
the burden associated with its use (operating costs). And, this is exactly the area where it is very
easy to save. Someone wise said that you can only save on what you do not have to produce.
This is doubly true when it comes to compressed air consumption.
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POBOYA CTAHIIA AJ1s1 BUMIPIOBAHHSA BUTPATU CTUCHEHOTI'O ITIOBITPA
B IABOPATOPHHUX YMOBAX

Cnosicusants CmucHeH020 NOGImps 8 NPOMUCI0B0CMI, 0CODNUBO 8 ABMOMAMUZ0BAHUX ONEPAYIAX, MAE NOCMIUHO 3POC-
maiouy mendenyiro. 1106’ a3ani 3 yum excnayamayivini 6umpamu RO2IpuLyions KOHKypeHmoCnpomModichicms eupobnuxa. Tomy
07151 KOPUCMYBAYA CIMUCHEHO20 NOBIMPSL 8AANCTIUBO MATNU MOJCIUBICING BUSHAYATNU 3HAYEHHSL KITbKOCI NOGIMPSL, CHONCUBAHOLO
nio uac pobomu, abo 1020 niKosi sHauenua. Y 6azamvox Unaokax ye Modce ceiOUUmu npo HeCNpasHicmsv y cucmemi po3nooiny
CMUCHEH020 NOGIMpPsL (PO3puUs mpyobonpo8oody po3nooiny CMUCHEHO20 NOBIMps).

Y emammi npeocmaeneno ycniwny peanisayiio eumiproeanvnoi cmanyii, npusHauenoi 0y GU3HAYEHHA KibKOCmi cno-
JIcumo2o nogimps y 1abopamopuux ymoeax. Memoio pobomu 6y10 cmeopenis GyHKYionanbHo2o piuienns, ske 003601U10 6
MOYHO BUMIPIOBAMU CHONCUBAHHS CIUCHEHO20 NOBIMPSL NIO Yac poOOMU NHEEMAMUYHUX KOHMYPIG 13 MOJICIUGICMIO 30epicanis
BUMIPAHUX NOKA3HUKIE umpamu nosimps. Jlabopamophe 001a0nants maxodc 003605€ Yitl cucmemi MoOeno8amu Hecnpas-
HOCMI NHEBMAMUYHUX KOMNOHEHMIB, CHPUYUHEHT 3HOCOM AO0 NOUIKOOICEHHSM.

YV piwenni suxopucmosysasca sumpamonmip Aventics AF2, wo npayioe na mennogomy npunyuni ma 3abesneyye 36 30K
3a cmanoapmom OPC UA. L]e, y noconanmi 3 mepegceio Ethernet, cmeopenoto 6 nabopamopii, € 0ysce nomys#cHuM iHcmpyme-
HMOM 0J1 HA84ANLHOI JisnbHOCMI 8 1abopamopii.

Bumiprosanvna cucmema inmezpogana 6 icHyOuULl NHEBMAMUYHUL CIMEHO, AKULL CTYHCUMb OISl HABUALHUX Yineu Y aa-
bopamopii. Ilepegipka ii ¢ynxyionanernocmi 6yna nposedena wiisnxom cepii UMIPIOBAHb KOHKPEMHUX NHEGMAMUYHUX NPU-
cmpoig. [leaxi epagiuni pe3ynbmamu maxoxic npeocmaesieHi 8 yiti cmammi.

Pesynomamu niomeepounu npudamuicms 00paH020 MexHiyHo20 piuieHHs. Buxioni 0ani umiproeanux 3HaueHb 32000m
oynu 0bpobneni 6 cepedosuwyi MATLAB. [Ipoecpamuuii incmpymenm, noOyO008aHuUll MaxKum YUHOM, 00360A€ GIOCMENCY8AMU
3MIHY 6UOPAHUX BUMIPIOBAHUX BETUYUH Y PeXCUMI peanbHo20 Yacy. [lomim ein 0o360is€ 30epicamu ix y euensioi ¢aiinie enexm-
ponnux mabnuys MS Excel, 3 axux makodic mModicna cmeopiogamu 2paghiymi peynomamu.

Cmammsi € 02151006010 ma Micmums iHghopmayiinuii mamepiaJ.

Kniouogi cnosa: cmucnene nogimps,; CnodjiCu8aHHs; UMIPIOGANLHUL NPUCMPIN, apXimeKmypa UMIplo8anbHO20 JaH-
Y102a; NPOMOKON 36 SI3KY.

Puc.: 6. Tabn.: 1. bién.: 10.
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