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Abstract : Theproposed system provides an analysis of the simulation and components required for the
implementation of an automated level control system by the help of Programmable Logic Controller
(PLC).Supervisory Control And Data Acquisition(SCADA) was established and the HMI was created. The
proposed model can effectively supervise level control in multiple tanks. Three level sensors were used to
provide the level data to the PLC. PLC used this data to take the required decisions and thereby turning ON and
OFF a pump. A manual switch was also provided to override the automatic system. The SIMATIC S7-300
universal controller was used as the main decision making module. The system was implemented in SCADA to
create the required Human Machine Interface (HMI). Modifications can be made by using float sensors model
which would effectively provide the correct level but cost would increase and vibration of the sensor might
disrupt the result, our model effectively counters those shortcomings.
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L Introduction

A Programmable Logic Controller, PLC or Programmable Controller is a digital computer used for
automation of electromechanical processes [1]-[2]. Unlike general-purpose computers, the PLC is designed for
multiple inputs and output arrangements, extended temperature ranges, immunity to electrical noise, and
resistance to vibration and impact. Programs to control machine operation are typically stored in battery-backed-
up or non-volatile memory. In our project we used SIEMENS S7- 300 PLC [3].S.Ghosh et, al has effectively
designeda bottle filling plant using PLC [4] and A.Saha et, al gives a proposed system that efficiently controls a
cement factory using PLC[5]. A Centralized PLC Automation Control in Painting Line of Steel Plant is shown
byHao, L. and Ruilin[6].0Our Proposed system can be divided into three main modules- sensing, decision
making and implementation. The PLC also communicates the status of the entire system through a Human
Machine Interface or virtual reality supervision. Four sensors are used to implement the system. These sensors
detect the presence of water. The readings of the sensors are used by the PLC to take the required decision.

Finally the decision is implemented by the PLC through a relay switch. The PLC communicates the
present status of the system through the IM port to the computer which is accessible by the HMI. The ladder
logic was implemented in SIMANTIC manager and the HMI was created by WINCC Explorer.
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Fig.1 Block Diagram of the System

The proposed system will control and monitor the liquid level of the tank continuously and will ensure
that a sufficient level of water is maintained. This system can be used ubiquitously in industrial application. It
can be used to prevent industrial accident by overfilling of any open container, to prevent overfilling of any
closed container thereby creating overpressure condition. The high number of the input output port of the PLC
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will enable this single system to control large number of tanks single handedly. Leakage can also be monitored.
Block diagram of the system is shown in Fig 1.

II. System Component Description
The system can be divided into four main parts:-
2.1 Level Sensor
2.2 PLC(Programmable Logic Controller)
2.3 Relay and Motor
2.4 HMI(Human Machine Interface)

These are the four main modules of the system. The level sensor communicates the present level of the
tank to the PLC. The PLC decides whether to turn the motor ON or OFF. The status of the system is
communicated to the computer by MPI and is viewed and remotely controlled by the user through the HMI.

2.1 Level Sensor

Inductive proximity sensors were used to detect the presence of water in the tank. These sensors detect
magnetic loss due to eddy currents that are generated on a conductive surface by an external magnetic field. An
AC magnetic field is generated on the detection coil, and changes in the impedance due to eddy currents
generated on an object are detected. When the object enters this electromagnetic field which appears at the
active face of the switch, the field gets reduced and the switch turns ON or OFF. The main advantage of this
sensor is that it can sense the object without touching it, so this sensor can be fixed outside the water. The
internal circuit diagram of the switch is shown in Fig.2.
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Fig. 2 Proximity Sensor internal diagram

2.2 PLC (Programmable Logic Controller)

This serves as the main control unit of the system. The ladder logic is prewritten on a non- volatile
memory. The ladder logic was implemented in Siemens SIMANTIC manager. On basis of this logic the PLC
takes its decisions. In our project Siemens S7-300 was used. The S7-300 enables space-saving and modular
configurations.In a single-tiered configuration, S7-300 can support 256 1/O, and in multi-tiered configurations
up to 1024 I/O. In distributed configurations with PROFIBUS DP,65536 I/O connections are possible (up to 125
stations, such as ET 200M via IM 153) [7]. The slots are freely addressable, that is, there are no slot rules. So a
single S7-300 if deployed in an industry can automate and monitor a large number of tanks. The PLC was
interfaced by to the computer via IM

2.3 Relay and Motor

A relay is an electrically operated switch. The relay considered in our system uses an electromagnet to
operate a switching mechanism mechanically. Any compatible relay can be used with our system. The motor on
the other hand was used to pump the water from the underground tank to the overhead tank. The relay converts
the DC output of the PLC into a signal compatible to effectively control the motor being used.

2.4 HMI (Human Machine Interface)
The Human Machine Interface is the interface through which the user interacts with the system. The
current status of the system is communicated to the user by means of a GUI.
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The user can also turn ON or OFF various functions from the interface. The HMI was created by

Siemens WINCC VS5.5. Tags were used to enable communication between the WINCC and the SIMANTIC
Manger.

1. Design And Implementation

The overhead Tank is to be filled by a Pump. The pump will automatically start when the water level of
Over Head Tank reaches below Low Level and stop when the level reaches High Level. Dry run is checked by
the Low Level sensor of the Under Ground Tank. In that case Pump will not run. Run time monitoring of the
pump in Second and minute is recorded and Reset Switch is also provided. Provision of Manual Start/Stop
switch is incorporated which will totally override the automatic system. Provisions are also made for various
alarms, such as “Underground Tank Empty Alarm”and ‘“Pump run time exceeded 10 Minutes” (If pump runs
continuously for 10 Minutes).

The implementation is divided into four parts:-
3.1 Sensor Positioning
3.2 Circuit Design
3.3 Ladder Programing
3.4 HMI Creation

3.1. Sensor Positioning
Four inductive Proximity sensors were used to sense presence of water at required levels. The sensors
are UG_LL — Low Level Sensor Underground tank (I 0.2), OH_LL — Low Level Sensor Overhead tank (I 0.0),
OH_HL - High Level Sensor Overhead tank (I 0.1) are placed as shown below in Fig 3.
(Theses sensors give open contact when they are inside water and they give close contact when they are outside
water.)
Fig. 3 The Schematic Design of the System
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3.2Circuit Design

DI or Digital Input provides a volt-free contact to the controller from the sensors. While DO or Digital
Output provides the controller volt-free relay contact to control various equipment. One 16 bit DI and DO was
sufficient for the successful completion of the project. D1 16x DC 24V (order no.-6ES7-321-1BH01-0AA0Q) was
used along with DO 16x DC 24V/0.5A (order no.-6ES7-322-1BH01-0AAO0).PS 307 (order no.- 6ES7-307-
1BA00-0AAO0) was used to power the PLC. The wiring diagrams of DI and DO are shown in Fig 4 and Fig 5
respectively.
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Fig.4 Wiring Diagram of 16 bit DI

3.3Ladder Programming
The Ladder programming for the Siemens S7-300 was done in Siemens Simantic manager [8]. The
symbol used in the ladder logic is shown in the symbol table in Fig 7.
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Fig. SWiring Diagram of 16bit DO
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Fig. 6 The ladder logic
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The ladder logic shown in Fig 6 shows tank level control simulated for 1000 litre tank with a constant
flow rate of 125 litres per min. The flow rate of the drainage is also taken as 125 litres per minute. The Symbol
Table for the written ladder logic is shown above in Fig 6

'@ Symbol Editor - S7-Program{1)(Symbuols)-ZEn01_01_STEP7__STL_1-9\SIMATIC 30001 \C... [H[=] B3
Symbol Table Edit  |nset Yiew Options Window Help

BE |8 B | o o [asmbe 1% | K2
a1 57-Program(1)(Symbols)--ZEn01_01_STEP7__STL_1-9\SIMATIC 300(1)\CPU314(1) M= E3
Status | Symbol / Address Data type | Comment
1 MW 112 WORD
2 DRAIN VALVE I 10 BOOL
3 MANUAL 1 0.4 BOOL
4 MINUTE MW 54 IWORD
g OH_HL 1 0.1 BOOL
<] OH_LL 1 0.0 ‘BOOL
7 PUMP Q 40 BOOL
g UG_LL 1 0.2 BOOL
i

Fig. 7 Symbol Table for the ladder logic

3.4 HMI Designing

The Human Machine Interface was created in WinCCExplorer[9]-[10]. Tags were used for the
communication of the PLC Ladder logic operation in the Simantic manger with the HMI. The created HMI is
shown in Fig 8 below. The whole project is shown along with the sensor positions.

Fig. 8SCADA Interface for the Tank Level Control

IV. Results

The results were taken in four situations, and were represented in Variable Table (VAT). The situations
are

4.1 Empty tank
4.2 Filling tank
4.3 Full tank
4.4 Draining.

The variable description along with its status is shown. The manual override is turned OFF to enable
automatic operation.
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4.1 Empty Tank

VAT1 -- @project based traning\SIMATIC 300(1)\CPU 314\S7 Program(1) ONLINE ]

2] Address| symbol | Display format | status value | Modity value |
1 DEC El
2 | DEC 2
BNE FLOATING_POINT | 0,01271248
[a [ oo oW i BOOL W e
5] |1 o1 Tor AL BOOL W e
6| |1 04 NANUAL BoOL ] false
[7 8 02 e BOOL W rakse ————
8| || 10 ‘DRamvave  BoOL Mt
5| [a "+ Punr BOOL W e
Mol o 4 BOOL W eiee
(1o 42 BOOL W rakse
B BOOL W fakee
B e BOOL 1 falee
e[ o 52 BOOL W eiee
B FEE BOOL W rakse
B e BOOL W fakse
7|l 55 BOOL 1 falee
8] o =6 BOOL W aiee
e| o 57 ‘Bool W faise
20

Fig. 9 Status of parameters when tank is empty
The Figure 9 shows the status of the various parameters when the tank is empty. The status of the level
indicators from Q5.0 to Q5.7 is all FALSE denoting absence of water. The drain valve is true showing that the
tank is being emptied. As drain valve is ON pump is switched OFF.

4.2 Filling Tank

@VAT‘] -- @project based traning\SIMATIC 300(1)\CPU 314157 Program(1) OMLINE

] Adoress| Symbol | Display format | status value| Modify value |

i DEC 30
| 4 "MINUTE OEC 42
B FLOATING POINT | 1312587
s | OH_LL" BOOL BT
= | OH_HL" BOOL e
6 | 4 HANUAL BOOL I rase
) [EEREOTCR R | e—
= | DRANVALVE"  |BOOL B raise
o | PUNP BOOL Pltrue
o] BOOL 1 false
1] BOOL B rasse
12| BOOL e
13| BOOL B ralee
14 BOOL 1] false
15| BOOL B rase
15| BOOL B alee
17| BOOL B fatsc
1z BOOL I raise
B BOOL 0 faks
20]

Fig. 10 Status of parameters when tank is filling

The Figure 10 shows the status of the various parameters when the tank is being filled. Pump is ON
and Drain valve is OFF. The level of the increasing liquid is denoted by the indicators from Q5.0 to Q5.7.

4.3 Full Tank

roject based traning\SIMATIC 300(1)\CPU 314157 Program(1) ONLINE

Display format | Status value] Hodify valus
[ DEC 51

2 | TDEC 19
BEL FLOATING_POINT - 1000.001
m CRE 'BOOL W e
5 |1 01 oHAC BOOL W faise
6 | |1 0s “WANUAL TBOOL B foise
7 [ 02 tle BOOL M roise |:|
[8 | | 10 DRamWVALVE  |BOOL M roise
o | o <0 "Piwp BOOL 0 false
I TBOOL B foise
[ c 42 BOOL M roise
B "BOOL Mine
B BOOL Pl true
14 a =2 BOOL Pl true
B E BOOL Bl true
B BOOL il true
7] o ss BOOL Il true
B BOOL Pl true
8| o =7 BOOL Pl true
20|

Fig. 11 Status of parameters when tank is Full

The Figure 11 Shows TRUE value for all the level indicators denoting that liquid is present in every
level and tank is full. The pump is automatically turned OFF. The manual switch is kept OFF.
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4.4 Draining
I@] VAT1 — @project based traningiSIWATIC 300(1)\CPU 314157 Program(1) ONLINE
~B Symbol Display format | Status vaue| Modity vakie

1 5 DEZ 57

= | 5¢ "MNUTE DEC 2

B FLOATING_PONT | 8479183

(2 | Q4 LL" BOOL I fake

B @4_HL BOOL B faise

6 | MAKUAL BOOL [ fase

a IO | —
g DRAIN VALVE BOOL ntnla

B PUNP BOOL 0 faise

B BOOL B reise

11| BOOL B raise

1z BOOL [

i3] BOOL Eltrue

0B BOOL Pl

13 BOOL Pltrue

15| BOOL Plirue

7| BOOL i

B BOOL Plitrue

113 BOOL B faise

2

S

ig. 12 Status of parameters when tank is Draining

During draining the drain valve shows TRUE value. The pump and the manual switch is kept OFF. The
level indicators (Q5.0-Q5.7) show decreasing level.
UG_LL — Low Level Sensor Underground tank (I 0.2), OH_LL — Low Level Sensor Overhead tank (I 0.0),
OH_HL - High Level Sensor Overhead tank (I 0.1) status is denoted in each of the figures. They give FALSE
status when inside water.

V. Conclusion
Our project readily achieved its aim of automating the level control process. No human supervision
was necessary. The system did not use float sensors yet denoted the accurate level. Hence the short coming of
the float sensors that is unwanted vibrations and high cost was easily overcome. The PLC Siemens SIMANTIC
S7-300 also offers many Input Output ports. Hence this single system can singlehandedly control as many as 50
tanks making it efficient and cost effective.
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