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DESIGN AND CONFIGURATION
OF THE PLUMBING CONTROL SCADA NODE
USING PROFICY HMI/SCADA-IFIX*5.5 EN SOFTWARE

Abstract: The paper presents the basic steps carried out wrieating the SCADA node for
plumbing control on the manufacturing shop flodneTruth table containing combinations of
the valves states and an example of Karnaugh nragirfiplifying defined expressions were
described at the beginning. Next, stages of harwanfiguration, creation and verification
of the program for PLC were depicted.

1. Introduction

Automation in technological processes becomes mammon and the need for rapid and
efficient information exchange between distributahtrol systems, analysis of events and
conditions, and supervision of the whole process ta be a key issues. For this purpose,
SCADA systems (Supervisory Control and Data Acdois) are used for machines and
equipment control in many industries. Data acquiredh PLCs, microprocessor controller
devices are stacked in "master" computer systenpegsgnted in graphical form showing the
state of the entire system (operations parametesms, failures) and allow remote
controlling of devices states and their parametars] decision making in emergency
situations. Presented work concerns water supplyraiosystem and is a part of the project of
manufacturing shop layout reconfiguration that ealized in the Institute of Automation
Processes Engineering and Integrated Manufactuipgfems of Silesian University of
Technology. The project includes:

* assumptions concerning the operation method ofrpateps and valves,

« truth tables containing all possible combinatiohthe valves states,

* minimization of logic functions using Karnaugh (Kap) method,

« hardware configuration using Simatic Step 7 sofewar

» control program for PLC controller using Simatie® software,

« verification of the PLC program in the WinCC softea

» connection of the PLC with iFIX environment via NEfk PRO PoE adapter,
» diagrams and descriptions of the electrical conaeaising Eplan software.



2. Basic assumptions

The manufacturing shop is equipped with an indiatiathat supplies cold and hot water
to the receivers (fig. 1\Water is supplied by four pumps driven by electriotors. Water
shut-off valves and temperature controllers aratied close to receivers. Pumps efficiency is
as follows: P1 — 0,14 ms/h, P2 — 0,07 m3/h, P3030n%h, P4 — 0,02 m3h. The maximum
water flow through the valves is as follows: Z4 88®ms3/h, Z5- 0,05 m3/h, Z6 — 0,02 m3/h,
Z7 — 0,01 m3/h. The control system should covertoited demand for water with optimal use
of electricity that powers electric motors of pumps
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Fig.1. The scheme of the water system in manufagtshop (iFIX visualization)

3. True table

Truth table (Tab. 1.) shows the zero-one combinatiof all possible states of the valves.
The combination of open valves Z4, Z5, Z6, Z7 cawgart of the one or more pumps. In the
column "value flow" values that can be obtainedftdly opened valves are presented. The
column "pump capacity” enables verifying the coioditof the total coverage of the demand
for water.

4. Simplifying expressions using Karnaugh method

Minimization of logic functions consists in redugirBoolean expression to it is the
simplest possible form and it is very important ¢ost reduction of electronics and providing
less reliable and higher speed of them. Minimizatias performed using Boolean algebra.

For each pump, based on truth table, a Karnaugh mapbeen prepared. In tab. 2 the
exemplary Karnaugh map for pump P4 shows fieldclwhiffer by the value of one variable.
Below the table the canonical function is presented
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Tab. 1. The true table of the valves states

valves flow value purnps pumps capacity

Z4 | 75| 76| 77 P1| P2| P3 P4

0] 0] 0| O 0 [m3/h] 0l 0 0 O 0 [m3/h]
0] 0] O 1]001m¥] O O] O] 1 0,02 [m3/h]
0] 0] 1| 1]003[mhn]0O| 0] 1|0 0,03 [m3/h]
0] 0] 1| 0]J]o02m¥hnj O] 0] O] 1 0,02 [m3/h]
0] 1] 1| 0] 007m¥hn] 0| 1] 0| O 0,07 [m3/h]
0] 1] 1| 1]008m¥n] 0| 1] 0] 1 0,09 [m3/h]
0] 1] 0| 1] 006m¥n] 0| 1] 0| O 0,07 [m3/h]
0| 1] 0| 0] 005[m¥nj O} O] 1| 1 0,05 [m3/h]
111/ 0] 0]J]0121m¥hjJ O | 1| 1] 1 0,12 [m3/h]
111 0] 1]012m¥hj O | 1| 1] 1 0,12 [m3/h]
111 1] 1]1]014m¥h] 1| 0| 0] O 0,14 [m3/h]
1]1]1]1] 0]013[m¥hJ 2 | 0| O] O 0,14 [m3/h]
110 1] 0J]007m/Hh]JO| 1] 0] O 0,07 [m3/h]
110 1] 1]1009m¥hj 0| 1| 0] 1 0,09 [m3/h]
1]10] 0] 1]007m/Hh]JO| 1] 0] O 0,07 [m3/h]
1]1]0] 0] 0JO06[m/hJO| 1] 0] O 0,07 [m3/h]

Tab.2. Therkaugh map for pump P4

Z4 75 (a,b)
00| o1] 11] 10
00 1] 1 1
76 77 (c,d)| 01| 1 1
11 1 1] ]
0] 1 J
—/

+bxcxd+axb+cxd+a bxcxd+ax*bxcxd+axb*c*d
=bxcx(a+d)+cxdx(axb+a*b)+a+bx(Cxd+c*d)

F(abcd) =

5. The PLC program

After the hardware configuration and creation ofi¢al program with Simatic Step7
Manager Version V5.4 + SP1 environment the progm@the PLC has been developed. PLC
controller operates the actuators according toddwa acquired from the Karnaugh maps.
The part of the report from Simatic Manager sofeyahowing the organization block in
which is located the main program and exemplarwoet (pump P4), is shown in fig. 2.
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Fig.2. A part of the Simatic Manager report - orggation block OB1
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The combination of individual normally closed andrmally open contacts, results
directly from Karnaugh map. In order to verify tleentrol algorithm an application in
SIMATIC WInCC Flexible Runtime was developed. Tligplication can also be used for
remote control, e.g. by HMI - SIMATIC TOUCH PANELhe fig. 3 shows the test panel.
Control lamps P1, P2, P3, and P4 indicate the stftthe pumps (a green light - the pump is
running). Green color indicates also the “opentustaf the valve.
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Fig.3. The test control panel (SIMATIC WIinCC flégiRuntime)

Connection of the PLC controller with the iFIX eronment is realized via Helmholz
NETLink PRO PoE adapter using the Ethernet carthenPC with the SCADA application
and MPI port. Applied hardware components are showfig. 4. Communication can be
realized with using Siemens S7A for iFIX driver S (Industrial Gateway Server) GE
Intelligent Platforms driver.

6. Summary

Creating and configuring a SCADA node is a multetided multi-stage process. In the
presented example, covering the demand of watgurmfuction workshop, with optimal use
of supply pumps electricity, was carried out usthg logical functions minimization by
Karnaugh method. The results of calculations hasenbused for creating the valves and
pumps control application in the Siemens Step drenment. In the next step the hardware
connection and drivers installation in an iFIX wagen. It was necessary for enabling the
data exchange between SCADA node and actuatorg thenPLC controller. Program blocks
migration from the controller to the iFIX speedsthp process of integration and validation
of the system.
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Fig.4. Hardware components: PLC controller and NEIK.PRO PoE adapter

At the final step the electrical wiring diagramsrevgoerformed for all connections between
PC, PLC controller and actuators. In addition, so&® include possibility of connecting a
HMI panel and creating another access point for imedntrol in the shop floor. The
verification simulator made in STEP 7 can be insthin the touch panel and used for direct
correction of the parameters. In this configurationorder to avoid the simultaneous sending
conflicting signals, the PLC program should be ed#zl for enabling the master functionality
to the SCADA node and slave functionality to theqla
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