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Abstract

This Project objective is to design and Implement a Programmable Logic Controller
based automatic bottle filling using a Siemens SIMATIC S7-200 (CPU 226) PLC which acts
as a field controller that runs the designed prototype by sensing the presence of bottle in a
conveyor belt and then filling it accordingly up to a fixed level. In order to keep track of the
overall process in real time, a four layers distributed Supervisory Control And Data Acquisition
system was built to monitor and remotely control the bottle filling station over a local area
network through an Human Machin Interface designed specifically for the proposed system
that indicates the status of different process variables, displays alarms and log events. The
SCADA system was deployed using LabVIEW software which makes the system cost efficient,
flexible with an open environment and reliable solution for automation of small scale

industries.
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Introduction

General Introduction

Nowadays automation and control process play a major role in the development of the

different industries around the globe for many reasons such as:

Requirement of less human operators, decrease human errors, increase human safety in the
field of work, cost efficient, increase production rate, good quality of the products, flexibility
and convertibility in manufacturing processes, etc. All these advantages made more and more

companies switch to automation.

The development of Supervisory Control and Data Acquisition (SCADA) systems made
the automation process more reliable and efficient because it does not only control the process
but also monitor with a user friendly HMI screen and make history of the process which is used

to analyze its performance.

Unfortunately, in our country many industries are still not automated and even for those
who are automated they do not have SCADA system implemented in their manufactures due

to their high cost and lack of local providers for this technology.

One of the important applications of automation which is used in the Food and beverage
as well as pharmaceutical industries is the automatic bottle filling system, where a particular

liquid has to be filled continuously.

Therefore our objective is to design and implement a PLC based automatic bottle filling
system and to implement a low cost SCADA technology for this system in order to cover and
investigate the procedures used to make a fully automated process and the main components
of SCADA technology through the understanding of the bottle filling application.




Introduction

This project report is organized as follows:

Chapter one: in this first chapter we cover the major elements that compromise a

SCADA system and its different architectures used in automated industries.

Chapter two: gives an overview of the bottle filing system and discusses the working

principle and the main components needed to make this system work.

Chapter three: throughout this chapter we explain the phases of building the SCADA

software and merging it to hardware

Chapter four: In this chapter a description of all the hardware construction including
the mechanical and electrical design and the software used to implement and test the system is

presented.




Automation Using

SCADA



CHAPTER 1 Automation using SCADA

1.1 Introduction

Industrial Automation is the use of control systems to control industrial machinery and
processes, reducing the need for human intervention and increasing efficiency. Control systems
are used by many infrastructures and industries to monitor and control sensitive processes and
physical functions.

A primary type of modern Industrial Control Systems (ICS) is supervisory control and
data acquisition (SCADA) systems, this chapter considers the main components of SCADA,
its architecture, communication infrastructure and different modules, in order to best select a

SCADA technologies for the proposed automatic bottle filling system.

1.2 Definition and Working Concept

A SCADA at it most basic is an automation control system that is used for controlling,
monitoring and analyzing a large variety of industrial processes, some examples include
energy, oil and gas, water , transportation, manufacturing , food and beverage and many more.
SCADA system starts by communicating in real time via channels with field controllers that
are either PLCs or RTUs which are running the actual process to collect information, once the
real time data acquisition is complete, this data is presented using HMI to the operators who
are running the process, this allows the operators to monitor in real time what the process is
doing, react to alarms, control the process remotely and change settings.

The SCADA system will often include a historian product, so these real time process
information can be stored and tracked over the long term, which allows predictions of future
events based on past events and efficient diagnosis of the process faults.

1.3 SCADA Major Components

While these systems simplify a given infrastructure, their components are quite complex.
Not all SCADA systems are the same, but they can be broken down as shown in Figurel.l
(next page), into the following 4 layers that are present in every system in one form or another

[1], which are data acquisition, conversion, communication and data presentation and control .
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Figure 1.1. Basic SCADA System components [2]

Each component has a well-defined function or purpose. Furthermore, each component
has a specific relationship with the components that it communicates with. SCADA systems
can be broken down into following major layers, which form a chain. Each component

communicates with the component before and after itself.

1.3.1 Data Acquisition

The first component in the chain is data acquisition. It is not preceded by another

component, but it connects to the data conversion component. Data acquisition consists of:

= Sensors detect and transmit readings of important physical parameters to the PLCs,
such as photo sensors, pressure sensors, level sensors and flow sensors.

= End devices or Actuators which include equipment from valves, motors to large
machinery like pumps and turbines that are controlled by the PLCs to start, stop and

function as required.

Depending on the type of SCADA system these devices could be physically located
hundreds of miles away from each other or could be inside the same plant. Data acquisition is

also known as input output or 1/0.
1.3.2 Data Conversion

Data conversion receives and collect data generated by the acquisition component from

the field process. Devices that fall under this category are:
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1.3.2.1 Intelligent Electronic Devices

An IED, as it relates to the protection and power system automation industry, is a device
that performs electrical protection functions, advanced local control intelligence, has the ability
to monitor processes and can communicate directly to a SCADA system [3]. IEDs receive data
from sensors and power equipment, and can issue control commands, such as tripping circuit
breakers if they sense voltage, current, or frequency anomalies, or raise/lower voltage levels in
order to maintain the desired level. A typical IED can contain around 5-12 protection functions,
5-8 control functions controlling separate devices, an auto reclose function, self-monitoring
function, communication functions etc. Hence, they are aptly named as Intelligent Electronic

Devices, an example of an IED is shown on Figure 1.2

Figure 1.2. Protective relay is an example of an Intelligent Electronic Device [8]

1.3.2.2 Remote Terminal Unit

An RTU (sometimes referred to as a remote telemetry unit) as the title implies, is a
standalone data acquisition and control unit, generally microprocessor based, which monitors
and controls equipment at some remote location from the central station. Its primary task is to
control and acquire data from process equipment at the remote location and to transfer this data
back to a central station [4]. It generally also has the facility for having its configuration and
control programs dynamically downloaded from some central station. There is also a facility

to be configured locally by some RTU programming unit.



https://en.wikipedia.org/wiki/Sensors
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Although traditionally the RTU communicates back to some central station, it is also
possible to communicate on a peer-to-peer basis with other RTUs. The RTU can also act as a
relay station (sometimes referred to as a store and forward station) to another RTU, which may

not be accessible from the central station.

Small sized RTUs generally have less than 10 to 20 analog and digital signals, medium
sized RTUs have 100 digital and 30 to 40 analog inputs. RTUs, having a capacity greater than
this can be classified as large. A typical RTU configuration is shown in Figure 1.3 bellow.

RTU are often equipped with wireless radio interfaces to support remote situations where wire-

based communications are unavailable.

| — Antenna

Radio
Transmitter/
Receiver

AAREREEREE]
seofeesess

Main RTU
v i
1
1 Central Bus 1
I 1
1
| T . = = > i
I - . - - - - 1
! Power Central ‘\olatile MNon Analog Analog Digital Digital !
! Supply Processing Memaory | | Volatile Input Output Input Output !
. : Unit Memory Module Module | |Module Moduls :
240V AC : i H H '
Source ! H s '
1 - - 1
1 : : '
H £ '
: H : |
L S S S S
1
1 1
1

Optional

(R5-232 / R5-422 | R5-485) Optional

bl e Serial Comms Ports
|
0
' '
' '
0 0
' '

Cperator Station/

/ Programmable Logic Controller
Frogramming Terminal

Spare RS-232 Port

Figure 1.3. Typical RTU hardware structure [4]

1.3.2.3 Programmable Logic Controller

An introduction to programmable logic controller, its general function, hardware form
and the programming languages used to program it are presented in details in the subsequent
bulleted list.

= Definition

(PLC) is a special form of microprocessor-based controller that uses programmable

memory to store instructions and to implement functions such as on/off control, sequencing,

timing, counting, and arithmetic in order to control machines and processes [5].
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= Hardware of PLC system
Typically a PLC system has the basic functional components, as shown in

Figure 1.4 below. They compromise of:

Programming

device A |Program & data Communications
memory interface k—
’ Input | 4— Output >
—» : —
inter- Processor inter-
I face —» >
— ace |
L Power supply 7T

Figure 1.4. The functional components of a PLC [5]

I. The processor unit or central processing unit (CPU) is the unit containing the
microprocessor and this interprets the input signals and carries out the control actions,
according to the program stored in its memory, communicating the decisions as action signals
to the outputs [5].

ii. The power supply unit is needed to convert the mains A.C voltage to the low D.C
voltage (5 V) necessary for the processor and the circuits in the input and output interface
modules [5].

iii. The programming device is used to enter the required program into the memory of the
processor. The program is developed in the device and then transferred to the memory unit of
the PLC [5].

iv. The memory unit is where the program is stored that is to be used for the control actions
to be exercised by the microprocessor and data stored from the input for processing and for the
output for outputting [5].

v. The input and output (1/O) sections are where the processor receives information from
external devices and communicates information to external devices. The inputs might thus be
from switches, sensors such as photo-electric cells, temperature sensors, or level sensors, etc.
The outputs might be to motor starter coils, solenoid valves, etc. [5]

vi. The communications interface is used to receive and transmit data on communication
networks from or to other remote PLCs. It is concerned with such actions as device verification,

data acquisition, synchronization between user applications and connection management [5].
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=  Programming PLCs

Programs for use with PLCs can be written in a number of formats. Most PLC
manufacturers adopted ladder-logic for writing programs. However, each tended to develop its own
versions and so an international standard has been adopted for ladder programming and indeed all the
methods used for programming PLCs. The standard, published in 1993, is International Electrotechnical

Commission IEC 61131-3 include 5 programming languages as shown in Figure 1.5 below:

Function Block Diagram (FBD) graphical languages Sequential Flow Chart (SFC)
CALCH
P PUME START STEP
AUTO IN1 ouT

N| ACTION D1 | D1_READY

| =1
MAN_ON—]
ACT IN2

D| ACTION D2 | D2_READY

N| ACTION D3 | D3_READY

Ladder Diagram (LD)
D| ACTION D4 | D4_READY
CALCA
AUTO CALC PUMP
— N1 OUT[————
ACT textual languages  Structured Text (ST)
J— N2
e VAR CONSTANT X : REAL := 53.8 :
I~ Z : REAL; END VAR
VAR aFB, bFB : FB type: END VAR
| = =

bFB(A:=1, B:='0K'):

Instruction List (IL) Z := X - INT TO REAL (bFB.OUT1);

A: LD %IX1 (* PUSH BUTTON *) IF Z>57.0 THEN aFB(A:=0, B:="ERR");
ANDN #MX5 (* NOT INHIBITED *) ELSE aFB({A:=1, B:="% is OK"):
ST FOX2 (* FAN ON *) END IF

Figure 1.5. The five IEC 61131-3 Programming languages [10]

I. Instruction List IL is a convenient assembler-like programming language. IL is
universally usable and is often employed as a common intermediate language to which the
other textual and graphical languages are translated [6].

ii. Structured Text ST is a textual language of IEC 61131-3. ST is called a High-Level
Language, because it does not use low level, machine-oriented operators but offers a large
range of abstract statements describing complex functionality in a very compressed way [6].

iii. Function Block Diagram (FBD) is a graphical language similar to Structured

Analysis. Controllers are modeled as signal and data flows through processing elements
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(function blocks). FBD transforms textual programming (ST) into connecting (already defined)
building blocks, thus improving modularity and software reuse [6].

iv. Ladder Diagrams (LD) is an evolution of electrical wiring diagrams. LDs supply a
programming style borrowed from electronic and electrical circuits. This programming
language is primarily designed for processing Boolean signals (1 = TRUE or 0 = FALSE).

v. Sequential Function Chart (SFC) is primarily a graphical language, although a textual
description is also defined. SFC was defined to break down a complex program into smaller
manageable units and to describe the control flow between these units. Using SFC, it is possible

to design sequential and parallel processes.

=  The programming software

PLC manufacturers have programming software for their PLCs. For example, Mitsubishi
has MELSOFT. The company’s GX Developer supports all MELSEC controllers, from the
compact PLCs of the MELSEC FX series to the modular PLCs, including the MELSEC System

Q, and uses a Windows-based environment [5].

As another illustration, Siemens have SIMATIC STEP 7. This fully complies with the
international standard IEC 61131-3 for PLC programming languages. Likewise, Rockwell
Automation has RSLogix for the Allen-Bradley PLC-5 family of PLCs, OMRON has CX-One

and Telemecanique have ProWorx 32 for its Modicon range of PLCs [5].

Modern PLCs can even be compared to desktop PCs in regards to their power and
functionality. Data conversion has a two way communication with data presentation and

control via the data communication component.

1.3.3 Data Communication

Data communication consists of some communication medium that transfers data back
and forth between data conversion and data control. The communication medium could be
wired, wireless, radio, satellite or others. The communication takes place using one of the many
SCADA protocols [1] , a protocol controls the message format common to all devices on a
network. Common Protocols are designed to be very compact. Many are designed to send
information only when the master station polls the PLC or RTU. Typical legacy SCADA
protocols include Modbus, Foundation Fieldbus and Profibus. These communication protocols
are all SCADA-vendor specific but are widely adopted and used. Standard protocols are IEC
60870-5-101 or 104, IEC 61850 and DNP3 [7].
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These communication protocols are standardized and recognized by all major SCADA
vendors. Many of these protocols now contain extensions to operate over TCP/IP. Recently,
OLE for process control (OPC) has become a widely accepted solution for intercommunicating
different hardware and software, allowing communication even between devices originally not

intended to be part of an industrial network.

1.3.4 Data Presentation and Control

As the name suggests data presentation and control consists of devices used to monitor

and control data received from various data communication channels. It may include:

1.3.4.1 Human Machine Interface

HMI also referred to as User Interface, Operator Panel or Terminal is the input-output
device through which the human operator controls, monitors the process, which is presented
graphically, in the form of a mimic diagram. An example is an operator panel which allows an
industrial machine operator to interact with a machine in a graphical, visual way. With controls
and read-outs graphically displayed on the screen, the operator can use either external buttons
or the touch screen to control the machinery. Ranging from simple segmented displays to high-
resolution LCD panels, HMIs can be located on the machine, in battery-operated, portable
handheld devices, and also in centralized control rooms.

HMI is usually linked to the SCADA system's databases and software programs, to

provide trending, diagnostic data and visual alarms.
1.3.4.2 An 1/O Server

An input output data acquisition server is a software service which uses industrial
protocols to connect software services, via telemetry, with field devices such as RTUs and

PLCs. It allows clients to access data from these field devices using standard protocols.

1.3.4.3 A Historian

A historian is a database service which accumulates time-stamped data, boolean events,
and boolean alarms in a database which can be queried or used to populate graphic trends in

the HMI. The historian is a client that requests data from a data acquisition server [4].



https://en.wikipedia.org/wiki/Database
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1.3.4.4 Supervisory station

The term supervisory station refers to the servers and software responsible for
communicating with the field equipment (RTUs, PLCs, SENSORS etc.), and then to the HMI
software running on workstations in the control room, or elsewhere. In smaller SCADA
systems, the master station may be composed of a single PC. In larger SCADA systems, the
master station may include multiple servers, distributed software applications, and disaster

recovery sites [8].

1.4 SCADA architectures

SCADA systems have grown in parallel with the development and sophistication of
modern computing technology. In following section a description of the three generations of
SCADA systems would be covered.

1.4.1 Monolithic SCADA Systems

When SCADA systems were first developed, the concept of computing in general
centered on “mainframe” systems. Networks were generally non-existent, and each centralized
system stood alone. As a result, SCADA systems were standalone systems with virtually no
connectivity to other systems [9]. Connectivity to the SCADA master station itself was very
limited by the system vendor. Connections to the master typically were done at the bus level
via a proprietary adapter or controller plugged into the CPU backplane. Figure 1.6 (next page)

shows a typical first generation SCADA architecture.
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Figure 1.6. First Generation SCADA Architecture [9]

The standby system’s primary function was to monitor the primary and take over in the
event of a detected failure. This type of standby operation meant that little or no processing

was done on the standby system [9].

1.4.2 Distributed SCADA Systems

The next generation of SCADA systems took advantage of developments and
improvement in system miniaturization and Local Area Networking (LAN) technology to
distribute the processing across multiple systems. Multiple stations, each with a specific
function, were connected to a LAN and shared information with each other in real-time.

These stations were typically of the mini-computer class, smaller and less expensive than
their first generation processors [10].

The distribution of individual SCADA system functions across multiple systems
provided more processing power for the system as a whole than would have been available in
a single processor. The networks that connected these individual systems were generally based
on LAN protocols as shown in Figure 1.7 (next page) and were not capable of reaching beyond

the local environment and these networks were still provided or at least selected by the vendor.
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1.4.3 Networked SCADA Systems

The current generation of SCADA master station architecture is closely related to that of
the second generation, with the primary difference being that of an open system architecture

rather than a vendor controlled, proprietary environment.
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Figure 1.8. Third Generation SCADA System [9]
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Another advantage brought about by the distribution of SCADA functionality over a
WAN as show in Figure 1.8 (previous page) is that of disaster survivability and improvement

of the overall reliability of the system.

In this project the design and implementation of an automatic filling system using
Siemens S7-200 PLC as a field controller, SIMATIC STEP 7 Micro/WIN as a software
development tool and National Instrument LabVIEW software to simulate and deploy a four

layer distributed SCADA system over local area network.

1.5 Conclusion

This chapter introduced an overview of SCADA as part of modern ICS and described the
core elements of SCADA systems and its different architectures with considerations of their

features and limitations.
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2.1 Introduction

Bottle filling system is an automatic process used in many food and beverage industries
where empty bottles are first placed on the conveyor belt. The conveyor moves these bottles to
the filling station then it stops to let the bottle fill-up with a fixed amount of liquid. The liquid
is kept at an overhead tank near the filling station. After the bottle is filled-up, the belt starts

again to move away the filled-up bottle and to bring another empty bottle to the filling station.

Overhead tank L
Liquid flow pipe Solenoid valve
Nozzle
l Sensor

Filled bottle

eeeef® ) ()
O O

Roller

Liquid flow pipe

Bottle

DC motor
Pump

Mhain
Reservoir

Figure 2.1. Block diagram of automatic liquid filling system

2.2 Working principle

The design of the system can be divided into several parts:

2.2.1 Conveyor Belt Mechanism

It presents a continually moving surface that is designed to move objects from one
location to another. Different types of conveying machine are available regarding principle of
operation, means and direction of conveyance, like vibrating screw conveyors, pneumatic
conveyors and the moving floor system. The one we used is roller conveyor system. It consists
of a belt and rollers with DC gear motor. It is coupled with rollers and runs continuously with
the support of a DC gear motor when the system is started the conveyor belt carries the bottle
along the prouduction line to be filled up with liquid up to a particular level and then the

conveyor belt runs again to take the filled up bottle to the other end to be collected.
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2.2.2 Bottle Detection Mechanism

The task of bottle detection is performed using a photoelectric sensor. A photoelectric
sensor is placed on the side of the conveyor belt at the filling station to detect the presence of
a bottle. The sensor has an infrared light transmitter which transmit light. This light is reflected
back to the receiver by a reflector which is placed on the other side of the conveyor, when a
bottle is brought in front of the sensor by the conveyor belt, the infrared light emitted from the
emitter does not get reflected back hence the receiver does not receive any signal. Based on

these two conditions the PLC will give command to the conveyor motor to run or to stop.

2.2.3 Liquid Flow Control Mechanism from Overhead Tank to the Bottle

When the bottle is detected by the photoelectric sensor, the task of filling the bottle with
liquid starts. An electrovalve is used to control the flow of liquid from overhead tank to the
bottle. The electrovalve is positioned at the filling station. When a bottle stops underneath the
valve, it gets a command from the PLC to open the valve and liquid flows from the overhead

tank to the bottle up to a particular level.
2.2.4 Liquid Level Maintaining Mechanism at the Overhead Tank
It is crucial to maintain a minimum level of liquid at the overhead tank to continue the
smooth operation of the bottle filling task. On the other hand, while refilling the overhead tank

with liquid, care should be taken so that it does not overflow. Therefore, the option for sensing

the minimum and maximum liquid levels should be provided.

2.3 Hardware components of the system
The hardware components used in this project are listed below:
2.3.1 PLC Module (Siemens S7-200)

The PLC S7-200(Figure 2.2) is used to implement the control logic required to monitor
and control the input and output devices of the system, The S7-200 CPU combines a
microprocessor, an integrated power supply, input circuits, and output circuits in a compact

housing to create a powerful Micro PLC.
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Siemens provides different S7-200 CPU models with a diversity of features and
capabilities that help us create effective solutions for our varied applications. The CPU 226 is

the one used in this project. The features of the CPU used are introduced in Appendix A.[5]

Output terminals Power supply

CPU 226

RS485 connector

Input terminals

Figure 2.2. Siemens S7-200 (CPU 226) [5].

2.3.2 Motors

A motor is an electrical machine that can transform an electrical energy into a mechanical
one (motor mode) or transform a mechanical energy into an electrical one [20] (generator
mode).Two types of motors are used in this project.

The equivalent circuit (Field and armature circuit) and component of DC motor are

shown in Figures 2.3 and 2.4 respectively

Li Frame_‘ J__,Statur
> End Bracket_
R _Commutator
*" Brush
_Assembly
.I.
og T Shaft__‘l_\
Eb | @
() — earir'l/s : " Armature
Armature (rotor) circuit Clh
Fig 2.3. Equivalent circuit of DC motor [20] Fig 2.4. DC motor components [18]
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2.3.2.1 DC gear motor

A DC gear motor is a type of DC motor that has a gear assembly attached to the motor.
As a result, the motor can run at high torque and carry heavy loads.
The DC gear motor used in this project is produced by motion king company holding the
reference number 37ZYJ-36ZY (Figure 2.5) which has the following specification:
e Reduction ratio is 1/30
e 200rpmatl2V
e 25Kkg/cm
e No load current <=350 m
e Loaded current <=1300mA
Since this motor cannot operate at 24 V supplied by the PLC an external power circuit

is required.

Figure 2.5. DC gear motor [14]

2.3.2.2 DC motor pump

It is DC motor which has pump assembly attached to it to pump liquids as shown in

Figure 2.6 (next page)

It is used to pump the liquid from the main reservoir to the overhead tank. The motor
used in this pump is rated 12V DC and draws up to 3 A current this amount of current can not

be supplied by the PLC therefore an external power circuit is required.
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Liquid outlet

Power cable

Liquid inlet

Figure 2.6. DC motor pump

2.3.3 Electrovalve

A valve is a device that controls the flow of liquid. It can be opened and closed to control
the flow of fluid. Valves can be hydraulic or electrical. In a hydraulic valve, the valve opens or
closes depending on the liquid or air pressure. In electrical valves, an electric signal is used to
open or close the valve. The electrovalve shown in Figure 2.7 is used in this project.

When it receives an electrical signal, the valve is opened, otherwise it is left closed.

It operates at 220V AC as for the motor and the pump an external power circuit is

required.
220 AC

coil
Liauid Outlet Liquid Inlet

Figure 2.7. Electrovalve
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2.3.4 Reservoirs
2.3.4.1 Overhead tank

A bottle is used to simulate overhead tank. It can hold up to 1.25 Liters of water.it
supplies the liquid to the electrovalve which is connected to it. The electrical liquid level
sensing system is incorporated in the overhead tank. The system allows maintaining the level

of liquid in the overhead tank which is very important to continue bottle filling operation.

2.3.4.2 Main reservoir

A ten liter plastic pail is used as a main reservoir in our project. It is situated at the ground.
It has a DC motor pump attached to it. The DC motor pump extracts liquid from main reservoir

to overhead tank through pipelining system.

2.3.5 Sensors
2.3.5.1 Photoelectric sensor

Figure 2.8 shows the photoelectric sensor and its reflector used in our project.

Reflector

Photoelectric sensor

Figure 2.8. Photoelectric sensor and its reflector

A photoelectric sensor is a device used to detect the absence or presence of an object
using infrared transmitter and photoelectric receiver. They are largely used in industrial

manufacturing.

There are three different types: opposed (through beam), retro-reflective, and proximity

sensor (diffused).Our sensor is of type retro-reflective.
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A retro-reflective arrangement places the transmitter and receiver at the same location
and uses a reflector to bounce the light beam back from the transmitter to the receiver. An

object is sensed when the beam is interrupted and fails to reach the receiver.

2.3.5.2 Liquid level sensor

For sensing the level of liquid in the overhead tank, we made a sensor ourselves. It uses
the electricity conducting property of liquids. We used a nap to make four nodes to sense the
level of liquid, (a) the upper level node, (b) the middle level node, (c) the lower level node (d)
the common node. The common node is connected to one end of a 24 VV DC supply. These
sensor are wired in such a way that, when the liquid in the tank is in contact with the common
node and any other (upper/middle/lower level) sensors, an electrical circuit is completed. This
condition is detected by the PLC to understand whether the overhead tank is low in liquid, or

has sufficient liquid.

2.3.6 S7-200 RS-485/PPI1 Multi-Master Cable

The S7-200 RS-232/PP1 Multi-Master Cable shown in Figure 2.9 is programming device
cable which is used to transfer the program from a computer to the S7-200 PLC. It comes
factory set for optimal performance with the STEP 7--Micro/WIN 3.2 programming package.
The factory setting for this cable is different than for the PC/PPI cables.

We can configure the S7-200 RS-485/PPI Multi-Master Cable to operate the same as the
PC/PPI cable and to be compatible with any version of a STEP 7--Micro/WIN programming
package by setting Switch 5 to the PPI/Freeport setting and then selecting our required baud
rate. [16]

Figure 2.9. S7-200 RS485/PPI Multi Cable
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2.3.7 Relay

The operating voltages and currents of our actuators (electrovalve, pump, and DC gear
motor) are different than the outputs of the PLC so Relays are used to make the output of the
PLC drive the actuators through external power circuit.

A relay is an electromagnetic switch operated by a relatively small electric current that
can turn ON or OFF a much larger electric current. The heart of a relay is an electromagnet
(a coil of wire that becomes a temporary magnet when electricity flows through it). Relays are
used where it is necessary to control a circuit by a different signal with complete electrical
isolation between control and controlled circuits.

G2R-1-E Omron relays (Figure 2.10.) are used in this project which has the following
specifications:

e Description: General purpose power relay.
e Rated coil voltage: 24vDC / 110VAC.
e Rated switching current: 16A at 250VAC / 16A at 30VDC.[19]

Figure 2.10. OmronG2R-1-E Relay [19]

2.4 Conclusion

In this chapter the working principle of an automatic bottle filling system is described

and all the hardware components are discussed.
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3.1 Introduction

As mentioned in the previous chapters the design and implementation of the proposed
control process requires both hardware and software. This chapter discusses the role of

SCADA software’s used in this project and how they interact on different levels.

3.2 SIMATIC STEP 7 Micro/WIN

Step 7 Micro/WIN is an automation software provided by Siemens Industry for

automation solutions (www.industry.siemens.com). This software package can be handled like

a standard Windows application and includes all necessary tools for programming of the
SIMATIC S7-200, from the high-performance SIMATIC instruction set to IEC 611131-3

compliant programming and all the way to trend charts and wizards.
3.2.1 Merging Hardware and Software

Using the STEP 7 software, the program can be created within a project, then download
it to the PLC and setting it in run mode to control the process with the S7 program. The 1/0
modules are addressed in the S7 program via the addresses.

Programming device

Programming device

Transferring a program

Machine to be
Output controlled

S7-200 CPU Inout module

Figure 3.1. PLC connected with programing device and controlled machine
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3.3 NI LabVIEW

NI LabVIEW stands for Laboratory Virtual Instrumentation Engineering Workbench
provided by National Instruments (www.ni.com) is a development environment designed
specifically to accelerate the productivity of engineers and scientists in a wide area of industries
with a graphical programming syntax that makes it simple to visualize, create, and code

engineering systems.

One great benefit of graphical programming (called G) in LABVIEW is that application
development for prototyping takes much less time and because the easy and intuitive design
that executes by ‘Data Flow’, rather than the more traditional procedural approach, which gives
an advantage to programmers with different background in engineering than IT to debug their
programs using a full suite of debugging tools. The built in compiler of LabVIEW as well as a
linker and the fact that the flow of data between nodes regulates program execution rather than
a prioritized list, that makes this style of programming different, and extremely powerful for
the purposes that it is used for.

Basic LabVIEW program or as they are called virtual instruments (VIs).consists of two

windows, the front panel and the block diagram.

3.3.1 LabVIEW Front Panel

In LabVIEW, you build a user interface by using a set of tools and objects. The user

interface is known as the front panel. As shown in the Figure.3.2 bellow.
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Figure 3.2.Example of a Front Panel [21]
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Users interact with the Front Panel when the program is running. Users can control the
program, change inputs, and see data updated in real time. Controls are used for inputs such as,

adjusting a slide control to set an alarm value, turning a switch on or off, or to stop a program.

3.3.2 LabVIEW Block Diagram

The block diagram contains the graphical source code of a LabVIEW program. The
concept of the block diagram is to separate the graphical source code from the user interface in
a logical and simple manner. Front panel objects appear as terminals on the block diagram.
Terminals on the block diagram reflect the changes made to their corresponding front panel

objects and vice versa.An example is shown in Figure3.3 below.
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Figure 3.3.Example of a Block Diagram [21]

LABVIEW program also contains a three pallets which give the options that are need to

create and edit the front panel and block diagram, these pallets include:

=  Tools Palette

The Tools palette is available on the front panel and the block diagram. A tool is a special
operating mode of the mouse cursor. When a tool is selected the cursor icon changes to the tool

icon. The tools are used to operate and modify front panel and block diagram objects.
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= Controls Palette

The Controls palette is available only on the front panel. The Controls palette contains

the controls and indicators that are used to create the front panel.

= Functions Palette
The Functions palette is available only on the block diagram. The Functions palette
contains the VIs and functions that are used to build the block diagram. The Figure 3.4 below

shows the three types of pallets:

Functions [=] Controls @
| &, Search I 2, Customize™ I Tﬂﬂls @ | QSearch I %Customize' |
¥  Express = ¥ Silver
- 3 »
> >
% % EFE| . 3 » »m»
oot Sl |abc B[]
T
I & E) " B,
1
u-t o m
»  Favorites — -
}  User Libraries P Express
Select a VI... » Signal Processing
» Real-Time »  User Controls
P FPGA Interf
rrenace Select a Control...
P ARM b
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, } Vision

Statechart
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Figure 3.4. Function, Tools and Controls pallets. [21]

3.4 Developing HMI/SCADA System in LabVIEW

In the past, engineers developing industrial systems had to learn different software tools
to program embedded controllers and HMI/SCADA applications even when buying everything

from the same vendor.

With National Instruments LabVIEW graphical system design software, it is now
possible to program human machine interface (HMI) and logic in the same environment,
minimizing development cost, training time, and maximum skill re-use. Specifically, the use
of the LabVIEW data logging and supervisory control (DSC) module to develop a full-fledged
SCADA application.
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3.4.1 Overview of LabVIEW DSC Module

Applications today require open SCADA environments with OLE for process control
(OPC), Modbus connectivity, and the flexibility of a programming language, so that high-speed
measurements and analysis are added to existing systems. The LabVIEW DSC Module
provides configuration-based data logging, alarming, scaling, and security for developing the
Windows-based HMI/SCADA system. A read or write operations are easily made on OPC
connections, PLCs, or custom 1/O servers that are created by the use of DSC Module that

provides solutions for supervisory control of a wide variety of distributed systems.

3.4.2 Steps of Building a SCADA system

In order to increase efficiency and make troubleshooting easy if any problems occur a
break down structure approach to the deployment of the SCADA system into different phases

as show in Figure 3.5 below was taken.

Setting up

Communication

|

Configuring

The tags

Setting up Monitoring
Alarms and

Data logging Events

HMI and

Trending Programming for

additional
l functionality

Enabling

Security

Figure 3.5.Pahses of building a SCADA
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3.4.2.1 Setting up communication

The first step in the process of building a SCADA involve establishing the
communications and data framework for the system which is considered as the backbone of

the system as it plays a vital role in the operation of the system.

In order to assure communication with hardware an 1/O server was created, LabVIEW
DSC offers either OPC, Modbus or Custom 1/O servers. The choice was to use OPC because
of its flexible design and open environment that supports many PLC and other industrial
devices. An OPC communication consists of a server and a client as shown in Figure 3.6

below:

Windows

i
!
!
OPC Server h OPC Client :

Figure 3.6.Typical OPC communication [21]

= NI LabVIEW OPC Server

OPC stands for Object Linking and Embedding for Process Control. It is a ‘standard
defined” interface to link devices in industries, it is used for connecting with different
databases, laboratory equipment and test systems. Most of the industrial data acquisition

devices and control devices such as PLCs are compatible with the OPC standard [21].

The LabVIEW (DSC) Module provides OPC Client 1/0 servers for communicating with
any server implementing the OPC Foundation OPC-DA protocol, which is a Microsoft COM-
based standard. An OPC Client 1/O server lists all OPC servers installed on the computer and
makes accessible groups and items on the server. When an OPC Client 1/O server is created,
data items can be accessed on a local or remote OPC server. In Figure 3.7 (on next page) shows

the relationship of the components involved in communication between LABVIEW and a PLC.
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Figure 3.7. LABVIEW and the SVE Can Communicate with PLCs through OPC Network [22].

For the legacy PLC S7-200 in use, it was a tedious task to connect it to LabVIEW because
NI OPC server did not recognize it due to the proprietary PLC protocol drivers which is the
PC/USB PPI by Siemens. After trying many approaches to solve the problem, communication
through PC Access provided by SIMATIC Siemens was established, that acts as a separate

server software outside of LabVIEW whereas NI OPC as a client.

3.4.2.2 Tag Configuration

OPC Client I/O Servers allow for the Shared Variable Engine to bind the OPC tags from
an OPC Server to Shared Variables. These bound Shared Variables provide an easy to use way
for LabVIEW to read and write data to the OPC Tags. These tags was first created in PC Access
as shown in Figure 3.8 (on next page) by assigning each tag to a specific address of process

variable, these tags consists of memory tags and 1/O tags.
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Figure 3.8. Tag configuration in PC Access.
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After the creation and configuration of the project tags, they can be bind in LabVIEW
through OPC client and Shared Variable Engine.

3.4.2.3 Data Logging and Alarm Monitoring

A fundamental feature of the LabVIEW DSC Module is the ability to log data from
SCADA and high-channel-count systems. In the proposed project the Citadel database was
used, which is a historical database that enables the programmer to create, manage, and
visualize 1/0 data collected through the DSC Module and allows for integration with any

existing relational database infrastructures.

Using Distributed System Manager tool in labview it is possible to enable data logging,

set resolution and cofiguring alarms and events, as shown in Figure 3.9 below.
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Figure 3.9 .Creating and configuring alarms and data logging for different Variables

3.4.2.4 Human Machine interface

HMI plays a significant role in creating a friendly visual interface between the user and
the technology. In designing the HMI a fair consideration must be met, the use of simple design
principals. For example, keeping the layout of the interface clean, and making sure to call

attention to the important information.




CHAPTER 3 SCADA software for automatic bottle filling system

By using the large library of the DSC module and respecting the above steps, an HMI /
SCADA was developed for the automatic bottle filing process as shown on Figure 3.10
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Figure 3.10. HMI for automatic bottle filling process

The designed HMI can be accessed from anywhere from a client station within the local
area network after the deployment of the 1/0 server and publishing the created shared variable

that were bind by data socket in LabVIEW. This offers the operator to monitor and control the
filling process remotely and in real time.
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3.4.2.5 Enabling Security

In LabVIEW locking an HMI is easily done by setting protection password in LabVIEW

modifying the properties of front panels, as shown in Figure 3.11 below.

Category Protection w

Enter Password ot
) Unlocked (no password) ﬂ

Any user can view and edit the front panel and block dias Enter New Password:

() Locked (no password)
A user must unlock this VI (from this dialeg) to edit the fi Enter New Password Again to Verify:

(®) Password-protected
A user cannot edit this VI nor view the block diagram wit
VI password protection does not encrypt block diagrams
from your Vis. Refer to the "Removing Block Diagrams fn details.
Mote: Changing a V| password deletes
the undeo history so you cannot undo
the password change.

Cancel iagrams

oK Cancel Help

Figure 3.11.Setting Security options.

3.4.2.6 Programing for additional functionalities

Most SCADA systems extend by time, so it is important to keep in mind any future
enhancement of the process or extensions. When developing the SCADA system a fair
consideration to this aspect was taken by using an open environment for any further extension

of hardware or applications.

3.5 Conclusion

This chapter introduced the design and development phases of the SCADA system for

automatic bottle filling process.




CHAPTER 3 SCADA software for automatic bottle filling system

3.1 Introduction

As mentioned in the previous chapters the design and implementation of the proposed
control process requires both hardware and software. This chapter discusses the role of SCADA

software’s used in this project and how they interact on different levels.

3.2 SIMATIC STEP 7 Micro/WIN

Step 7 Micro/WIN is an automation software provided by Siemens Industry for

automation solutions (www.industry.siemens.com). This software package can be handled like

a standard Windows application and includes all necessary tools for programming of the
SIMATIC S7-200 ,from the high-performance SIMATIC instruction set to IEC 611131-3

compliant programming and all the way to trend charts and wizards.
3.2.1 Merging Hardware and Software

Using the STEP 7 software, the program can be created within a project, then download
it to the PLC and setting it in run mode to run and control the process with the S7 program.

The 1/0 modules are addressed in the S7 program via the addresses.

Programming device

Programming device cable

Transferring a brogram

Machine to be
controlled

Output

S7-200 CPU Input module

Figure 3.1. PLC connected with programing device and controlled machine
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3.3 NI LabVIEW

NI LabVIEW stands for Laboratory Virtual Instrumentation Engineering Workbench
provided by National Instruments (www.ni.com) is a development environment designed
specifically to accelerate the productivity of engineers and scientists in a wide area of industries
with a graphical programming syntax that makes it simple to visualize, create, and code

engineering systems.

One great benefit of graphical programming (called G) in LABVIEW is that application
development for prototyping takes much less time and because the easy and intuitive design
that executes by ‘Data Flow’, rather than the more traditional procedural approach, which gives
an advantage to programmers with different background in engineering than IT to debug their
programs using a full suite of debugging tools. The built in compiler of LabVIEW as well as a
linker and the fact that the flow of data between nodes regulates program execution rather than
a prioritized list, that makes this style of programming different, and extremely powerful for

the purposes that it is used for.

Basic LabVIEW program or as they are called “virtual instruments’ (VIs).consists of two

windows, the Front Panel and the Block Diagram.

3.3.1 LabVIEW Front Panel

In LabVIEW, you build a user interface by using a set of tools and objects. The user

interface is known as the front panel. As shown in the Figure.3.2 bellow.

@—h: £3 thing Temperature wi Front Pane! - .2 &:ﬁ
Fle Edf Yew Project Cperato Took ‘Window Hel ] TEF] 3
@._._‘,ﬂﬁ ﬂ 13pt Appdcation Font . ‘ L5 B = =R _i-[l'j )
~ | | Controks
Hurnber of Messurements. Dalary {pe)

o | S—
B 20 40 60 80 100 ’ i ¥ o] R
@ \Frl B
Temgperatire Gragh Temp Pl [ ] L- — 'I%ﬂr:_!'iﬁi
Sial ieml| (3

Fatrerhel

BET B At
l'.'l.lﬂ L[;ﬂ 2.1]:.5 El!J'.l:l 40..[!' 511:1] ﬁl]I-I] J'I}I.l] m'.n 9?;.[! il}ll:i.ﬂ Addeng
s Select o Contral
L
i >
(1) Front Panel Window | (2) Toolbar | (3} Controls Palette

Figure 3.2.Example of a Front Panel [1]
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Users interact with the Front Panel when the program is running. Users can control the
program, change inputs, and see data updated in real time. Controls are used for inputs such as,

adjusting a slide control to set an alarm value, turning a switch on or off, or to stop a program.

3.3.2 LabVIEW Block Diagram

The block diagram contains the graphical source code of a LabVIEW program. The
concept of the block diagram is to separate the graphical source code from the user interface in
a logical and simple manner. Front panel objects appear as terminals on the block diagram.
Terminals on the block diagram reflect the changes made to their corresponding front panel

objects and vice versa.

rﬁ Using Temperature. vi Block [nagram g@ﬁ1
File Edit ‘iess Project Qpersbe Tools Window Help E%
[>[&] ©[n][?] 8] [bale|o [ 130 AcplcatinFont - ][0~ 5

i

Mumber of Measuremeris
s

E
= [ o Temperature araph |
in g R

Tenp L

Dieday (gec)

i =

o306}

—

F [ | [

Figure 3.3.Example of a Block Diagram [1]

LABVIEW program also contains a three pallets which give the options that are need to

create and edit the front panel and block diagram, these pallets include:
= Tools Palette

The Tools palette is available on the front panel and the block diagram. A tool is a special
operating mode of the mouse cursor. When a tool is selected the cursor icon changes to the tool

icon. The tools are used to operate and modify front panel and block diagram objects.
= Controls Palette

The Controls palette is available only on the front panel. The Controls palette contains

the controls and indicators that are used to create the front panel.




CHAPTER 3 SCADA software for automatic bottle filling system

= Functions Palette
The Functions palette is available only on the block diagram. The Functions palette
contains the VIs and functions that are used to build the block diagram. The Figure 3.4 below

shows the three types of pallets:

Functions @ Cantrals @
| 9 search | & Customizer | Tﬂﬂlls | £ | @, Search I 2, Customize~ |
~ [spre=s - > Silver
W, = » »
Yy -
% %‘ EFE | _ 3 ¥ 4 Eb
s 10 |ahc B [a)
. B‘-’E’
[ & E " 8.’
o -
}  Favorites —
P User Libraries b Express
Select a VL., » Signal Processing
b Real-Time b User Controls
b FPGA Interface
Select a Control...
> ARM b DSC Modul
»  DSC Module odue
b Statechart b Vision

=

k-

Figure 3.4. Function, Tools and Controls pallets. [1]

3.4 Developing HMI/SCADA System in LabVIEW

In the past, engineers developing industrial systems had to learn different software tools
to program embedded controllers and HMI/SCADA applications even when buying everything

from the same vendor.

With National Instruments LabVIEW graphical system design software, it is now
possible to program human machine interface (HMI) and logic in the same environment,
minimizing development cost, training time, and maximum skill re-use. Specifically, the use
of the LabVIEW data logging and supervisory control (DSC) module to develop a full-fledged
HMI/SCADA application.
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3.4.1 Overview of LabVIEW DSC Module

Applications today require open HMI/SCADA environments with OLE for process
control (OPC), Modbus connectivity, and the flexibility of a programming language, so that
high-speed measurements and analysis are added to existing systems. The LabVIEW DSC
Module provides configuration-based data logging, alarming, scaling, and security for
developing the Windows-based HMI/SCADA system. A read or write operations are easily
made on OPC connections, PLCs, or custom I/O servers that are created by the use of DSC

Module that provides solutions for supervisory control of a wide variety of distributed systems.

3.4.2 Steps of Building a SCADA system

In order to increase efficiency and make troubleshooting easy if any problems occur a
break down structure approach to the deployment of the SCADA system into different phases

as show in Figure 3.5 below was taken.

Setting up

Communicatio

l

Configuring

The tags

Setting up Monitoring
Alarms and
Data logging -

HMI and

Trending Programming for

additional
l functionality

Enabling

Security

Figure 3.5.Pahses of building a SCADA
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3.4.2.1 Setting up communication

The first step in the process of building a SCADA involve establishing the
communications and data framework for the system which is considered as the backbone of

the system as it plays a vital role in the operation of the system.

In order to assure communication with hardware an 1/O server was created, LabVIEW
DSC offers either OPC, Modbus or Custom 1/O servers. The choice was to use OPC because
of its flexible design and open environment that supports many PLC and other industrial

devices. An OPC communication consists of a server and a client as shown in Figure 3.6 below:

Windows

i
!
!
OPC Server h OPC Client :

Figure 3.6.Typical OPC communication [1]

= NI LabVIEW OPC Server
OPC stands for Object Linking and Embedding for Process Control. It is a “standard

defined” interface to link devices in industries, it is used for connecting with different
databases, laboratory equipment and test systems. Most of the industrial data acquisition

devices and control devices such as PLCs are compatible with the OPC standard [1].

The LabVIEW (DSC) Module provides OPC Client 1/O servers for communicating with
any server implementing the OPC Foundation OPC-DA protocol, which is a Microsoft COM-
based standard. An OPC Client 1/O server lists all OPC servers installed on the computer and
makes accessible groups and items on the server. When an OPC Client 1/O server is created,
data items can be accessed on a local or remote OPC server. In Figure 3.7 (on next page) shows

the relationship of the components involved in communication between LABVIEW and a PLC.
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Shared Variable Engine

OPC Server PLC
Bownd
ity N
B : /O Server vom
] OFC PL
Birie
EEEIEN [+ OFC Cliant DA ' Phigsical
LabWVIEW Boamnd —> 10 g2
Wariable
fird g2y

Figure 3.7. LABVIEW and the SVE Can Communicate with PLCs through OPC Network [2].

For the legacy PLC S7-200 in use, it was a tedious job to connect it to LabVIEW because
NI OPC server did not recognize it due to the proprietary PLC protocol drivers which is the
PC/USB PPI by Siemens. After trying many approaches to solve the problem, communication
through PC Access provided by SIMATIC Siemens was established, that acts as a separate

server software outside of LabVIEW whereas NI OPC as a client.

3.4.2.2 Tag Configuration

OPC Client I/O Servers allow for the Shared Variable Engine to bind the OPC tags from
an OPC Server to Shared Variables. These bound Shared Variables provide an easy to use way
for LabVIEW to read and write data to the OPC Tags. These tags was first created in PC Access
as shown in Figure 3.8 (on next page) by assigning each tag to a specific address of process

variable, these tags consists of memory tags and 1/O tags.
(@

File Edit View Status Tools Help

D& B @ X =E

=5 10 Server Name ¢ Address Data Type Access Comment
-12) What's New B High Level 0.3 BOOL R
£ B8 Microwin(UsB) B Low Level 10.1 BOOL R
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——>» & Controls B Photosensor 100 BOOL R
£3 Inputs B StartPB 10.4 BOOL R | ltem Propertics w
£ Outputs B StopPB 0.5 BOOL R
Symbolic Name:
= o]
| D Microwin. S7-200 FYP.Inputs. StopPEB
__>
Memory Location
Address [io5 Read =

7

\ Dats Type: BOOL -

I Engineering Units

High: 0.0000000
Item D T | Data Type [ value | Time stamp
& Microwin.57-200 FYP.Outputs.Vahve BOOL - 12:21:35:759 Low 0.0000000
B Microwin.57-200 FYP.Outputs.Pump BOOL - 12:21:35:759
B Microwin.57-200 FYP.Outputs.Mator BOOL - 12:21:35:759 Description
B Microwin.57-200 FYP.Inputs.StopPB BOOL - 12:21:35:750 P
B Microwin.57-200 FYP.Inputs.StartPE BOOL - 12:21:35:759
B Microwin. 57-200 FYP.Inputs.Photosensor BOOL - 12:21:35:759
B Microwin.57-200 FYP.Inputs.Mid Level BOOL - 12:21:35:759
B Microwin. 57-200 FYP.Inputs.Low Level BOOL - 12:21:35:759 —
B Microwin.57-200 FYP.Inputs.High Level BOOL - 12:21:35:759
Ready (=] HUM

(1) Project Process Variables | (2) Tag description | (3) Tag configuration

Figure 3.8. Tag configuration in PC Access.
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After the creation and configuration of the project tags, they can be bind in LabVIEW
through OPC client and Shared Variable Engine.

3.4.2.3 Data Logging and Alarm Monitoring

A fundamental feature of the LabVIEW DSC Module is the ability to log data from
SCADA and high-channel-count systems. In the proposed project the Citadel database was
used, which is a historical database that enables the programmer to create, manage, and
visualize 1/0 data collected through the DSC Module and allows for integration with any

existing relational database infrastructures.

Using Distributed System Manager tool in labview it is possible to enable data logging,

set resolution and cofiguring alarms and events, as shown in Figure 3.9 below.

83 NI Distributed System Manager - X
File Actions View Help

HgH R 4
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Wocalhost\Start test Bl PC\Start test\OPCT 1770572016 18:26:18.425 OPC Connection lost: system going down

Figure 3.9 .Creating and configuring alarms and data logging for different Variables

3.4.2.4 Human Machine interface

HMI plays a significant role in creating a friendly visual environment between the user
and the technology. In designing the HMI a fair consideration must be met to the use of
simple design principals. For example, keeping the layout of the interface clean, and making

sure to call attention to the important information.




CHAPTER 3

SCADA software for automatic bottle filling system

By using the large library of the DSC module and respecting the above steps, an HMI /
SCADA was developed for the automatic bottle filing process as shown on Figure 3.10

Filling Process HMI.vi
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Figure 3.10. HMI for automatic bottle filling process
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3.4.2.5 Enabling Security

In LabVIEW locking an HMI is easily done by setting protection password in
LabVIEW modifying the properties of front panels, as shown in Figure 3.11 below.

Category Protection w

Enter Password ot
) Unlocked (no password) ﬂ

Any user can view and edit the front panel and block dias Enter New Password:

() Locked (no password)
A user must unlock this VI (from this dialeg) to edit the fi Enter New Password Again to Verify:

(®) Password-protected
A user cannot edit this VI nor view the block diagram wit
VI password protection does not encrypt block diagrams
from your Vis. Refer to the "Removing Block Diagrams fn details.
Mote: Changing a V| password deletes
the undeo history so you cannot undo
the password change.

Cancel iagrams

oK Cancel Help

Figure 3.10.Setting Security options.
3.4.2.6 Programing for additional functionalities

Most SCADA systems extend by time, so it is important to keep in mind any future
enhancement of the process or extensions. When developing the SCADA system a fair
Consideration to this aspect was taken by using an open environment for any further

extension of hardware or applications.

3.5 Conclusion

This chapter introduced the design and development phases of the SCADA system for

automatic bottle filling process.
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4.1 Introduction

In this chapter we will talk about the hardware construction of each individual part and

the software used to implement and test the system.

4.2 Hardware construction
4.2.1 Mechanical design and implementation
4.2.2  Construction of the conveyor belt

Figure 4.1 shows the frame of the conveyer which is 70 cm long and 20 cm wide. It has

one driving rollers which is connected to DC gear motor and 3 free rollers with bearings, the

distance between the rollers is 20 cm.

DC gear motor

Driving Roller

Steel pannel

Free rollers

Figure 4.1. Frame of the conveyor belt

Figure 4.2 shows the belt used for this project. It is made of plastic, its inner surface is
non slippery to provide enough friction with the rollers in order to make the driving roller drive

the free rollers, this movement of the rollers makes the conveyor run smoothly.

Figure 4.2. Belt
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4.2.2.1 Construction of the Filling Station

- We used a bottle to simulate the overhead tank as mentioned in chapter 2.

- The electrovalve is connected to the bottle and the level sensors are placed inside
this bottle.

- Two holes are made on top of this bottle: one for the pipe that comes from the
main tank and the other is for the nap used in making the level sensors.

- The photoelectric sensor and its reflector is placed in the sides of the conveyor
and it was calibrated in such way to detect the bottle when it is exactly beneath

the overhead tank.
Figure 4.3 shows the filling station
1: Electrovalve
2: Pipe
3: Reflector

4: Photoelectric sensor

Figure 4.3. The filling station

4.2.2.2 Construction of the main reservoir

Figure 4.4 shows the main reservoir with the DC motor pump used for this project. It is
placed at a distance from the conveyer belt.

The DC motor pump is screwed tightly into the reservoir to prevent the water loss.

A pipelining system is used to connect the main reservoir to the overhead tank.
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Figure 4.4. The main reservoir

4.2.3 Electrical design and implementation of the system

4.2.3.1 Input circuits

We have basically 6 inputs going to the PLC:

e Start push button
e Stop push button
e Low level sensor
e Middle level sensor
e High level sensor

e Photoelectric sensor

A. Start and stop push button circuit

START PUSH BUTTOMN
FLC InpAt teminais| .
(=1 I = =S
g— L : 20
o3 E==5
s STOFP PUSEH BUTTOM
1 &
= L=

-k

Figure 4.5. Start and stop PB circuit
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When one of the push buttons is pressed the corresponding PLC input terminal receive a
high signal.

B. Level sensor circuit

Figure 4.6 shows the level sensor circuit

R1
41 =
.
e e @i
T = o
o S
PLC INFUT TERMIMNALS] Rz
=T
RE a2
)
-l
| W I T S A
1 RZ
=2 —

High level node i

j

Overhead tank ——p Middle level node

< Low level node

A

Common node

Figure 4.6. Level sensor circuit

When the level of the liquid reaches one of the nominated levels the positive side of the
battery gets connected to the base of its corresponding transistor and a current will flow from
the collector to the emitter which makes the transistor in the ON state.

Remarks:
e The PLC and the level sensor circuit must have the same ground.
e The outputs is taken from the collectors to the input terminals of the PLC’s.
e If the water goes below the lower level the corresponding PLC input
terminals receive a high signal and when it reaches the high level the
corresponding PLC input terminal receive a low signal.

e The resistors are used to limit the maximum base and collector current.

C. Photoelectric sensor connection

Figure 4.7 (next page) shows the terminals connection of the photoelectric sensor
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NO contact (unconnected)
NC contact (connected to PLC input terminal)

VCC
Common (connected to 24 V)

GND

Figure 4.7. Photoelectric sensor terminals connection

When a bottle is detected the PLC input terminal receive high signal.
4.2.3.2 Output circuit
Three actuators are used in this project so we have three outputs:

e Conveyor motor
e Motor pump

e Electrovalve

Figure 4.8 shows the output circuit

COMVEYOR MOTOR
e

DC MOTOR PUMP
12

PLC outpet terminals

: RRRN:

|?000 |

ELECTROWVALVE
TIOUAC

GROUND ‘€

Figure 4.8. Output circuit
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When the PLC send a high signal to one of the relays the removable contact switch from

the NC to NO contact making the external power circuit drive its corresponding actuator.

4.2.3.3 Overall circuit

Figure 4.9 shows the overall circuit

CONVEYDOR MOTOR

]
RL1
;H GIR-1E-DC24 &'
.l I
0.0 |
photoelectric sensor @
10_1 J:T B2
Low level [a) |t
102 H
Middle level @ FI.E oh 1 1 e DG MOTOR PUMP
B 103 T 1 GeR-E-DCE4 v
High level @ = 3 L
104 o |
Start PB @) [preient +
0.5
Stop PB =)

G2R-1E-DC24

GROUND © t J./! TT ? ELECTROVALVE

Figure 4.9. Overall circuit

4.3 Software
4.3.1 SIMATIC STEP 7 Professional

STEP 7 PROFESSIONAL (STEP 7 in short) is an automation software from Siemens
Software Industry. It is used for configuring and programming SIMATIC PLC stations. There
are different versions of STEP7 standard package the one used in this project is STEP 7
MicroWin.
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4.3.2 Basic procedures in using step 7

Designing the solution to the automation task

8-

Creating a project ‘
E‘v < L

Configuring the hardware OR | Creating a program

¥ ¥

Creating a program Configuring the hardware

. 4 . 4

Transferring the program to the CPU

Figure 4.10. Basic procedures to create a program in step 7

4.3.3 SIMATIC Manager

The SIMATIC Manager manages all the data that belong to an automation project. It is
used to allow the user to build his control system and simulate it and even download it to the
PLC. The tools needed to edit the selected data are started automatically by the SIMATIC

Manager.

4.3.4 Creating a program

To control a process using PLCs, it is required to program the PLC according to the
desired control logic flow so before attempting to program the PLC the flow of the control

logic must be well defined.

4.3.4.1 Flow Chart for Bottle Sensing and Filling System

Figure 4.11 shows the flow chart of the bottle sensing and filling system. When the
system is powered on, the conveyor belt starts running. The conveyor belt keeps running if the
photoelectric sensor does not detect the presence of any bottle in front of it. If the sensor detects
any bottle then the conveyor belt stops, Electrovalve opens and bottle filling starts, the amount

of liquid filling is controlled using a weighting sensor. Depending on the weight of the bottle
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the opening of the valve is decided. The Electrovalve then closes and after some time delay
conveyor belt starts again with the filled bottle and carries the bottle to the other end where the

bottle is collected.

START

Z

Conveyor belt start running with empty bottle

Sensor detect
bottle ?

Conveyor belt stop

Conveyor belt continue running

V4

Electrovalve opens

A4

Bottle filling start

Amount of
liquid reached ?

Electrovalve remains open Electrovalve stops

s

Delay
Conveyor belt start running with filled bottle

J

Filled bottle collected at the other end

Figure 4.11. Flow Chart for Bottle Sensing and Filling System
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System Implementation and test

4.3.4.2 Flow Chart for Maintaining Liquid Level at the Overhead Tank

Figure 4.12 shows the flow chart of liquid level control at the overhead tank. As we need

to control the liquid level at the overhead tank, leveling sensors are used. When the liquid goes

below low level, the DC motor starts pumping liquid from the main reservoir to the overhead

tank. When the liquid touches upper level, DC motor pump stops to prevent overflow of liquid

at the overhead tank. If the liquid does not touch the upper level, the DC motor pump remains

on.

NO

Liquid level reach
low level?

DC motor Pump remains stop

@ YES

DC motor Pump start

NO

Liquid level reach
high level?

YES

DC motor Pump continue running

DC motor Pump stop

Figure 4.12. Flow chart for maintaining liquid level at the overhead tank
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4.3.4.3 Assigning inputs and outputs

Before creating the ladder diagram we must assign each input and output of the system
to a specific input and output addresses of the PLC . The input and output assignment are shown

in the flowing tables.

Inputs Addresses
Photoelectric sensor | 10.0
Low level sensor 10.1
Middle level sensor 10.2
High level sensor 10.3
Star push button 10.4
Stop push button 10.5

Table 4.1. Input assignment

Outputs Addresses

Conveyor motor Q0.0

DC motor pump Q0.1
Electrovalve Q0.2

Table 4.2. Output assignment

4344 The Ladder Diagram

Different languages are used to program the PLC some of them are FBD (Function Block
Diagram), LD (Ladder Diagram), and SCL (Statement List). In this project the Ladder Diagram

is used to create the program.

4.4 Overview of the implemented prototype

Figure.4.13 (next page) show the General view of the realization of the prototype
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Figure 4.13. Overview of the implemented prototype

4.5 Conclusion

After implementing the system many tests have been conducted all of which showed that

the system worked properly and according to the desired control logic.

Also we have tested the HMI and it answered to the user request correctly.

Comment:
Since weighting sensor was not available to control the amount of liquid to be filled while
implementing the system. The amount is controlled using a timer instead, which results in
different amount of liquid for different bottles.




Conclusion

General Conclusion

In this project the design and implementation of PLC-based automatic bottle filling
system with SCADA capabilities was carried. The aim of this project was to build a prototype
for an automatic bottle filling station, control the process by use of a PLC and keep track of the

overall system by monitoring and controlling the bottle filling process remotely in real-time.

First, the mechanical design of the prototype was build using metallic frame conveyor
and an overhead filling tank system according to the CAD concept. Secondly, the program that
controls the process was written in Step 7 and thirdly for remote monitoring and control a
distributed SCADA system was deployed using LabVIEW over a LAN network that connected
a master station and a client station with near real time responses (150 ms). The objectives
were met, however the project is still at its early stages and can transfer data on a local area

network only.

A four layers architecture was adopted to SCADA system, which are the field instrument,
the process control, communication infrastructure, and supervisory control layer, make the
system modular and flexible and the use of LabVIEW make it an open system, this approach
revealed one major advantage which is the possibility to treat any process automation system

in same manner as the bottle filling process.

All the advantages we mentioned make this project a reference that helps electrical
engineers to apply in an easier and more flexible way a SCADA system to many applications

such as food packing, fertilizer bags and different production industries.




There are many features that could be added to the implemented system, due to limited
resources and time we couldn.t implement them. These features can be used to improve the

performance or to complete the cycle of liquid filling system such as:

e Inline filling system
In our project the conveyor has to stop when the bottle reaches the filling station and wait
for the bottle till it is filled with the liquid to start moving again. In inline liquid filling system
the bottles are filled while moving on the conveyor which will increase the productivity.
e Filling more than one bottle at the same time
It could be done by creating a system of filling that has many nozzles at the filling station.
This also will increase the production rate.
e Bottle feeding system
A system that feeds the bottles to the conveyor could well be added.
e Bottle capping system

e Packaging system
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Appendix A: S7-200 CPU specifications
A-1 SIMATIC S7-200 CPU 226 DC/DC/DC and CPU 226 AC/DC/Relay:

The features of CPU 226 DC/DC/DC and CPU 226 AC/DC/Relay are summarized
below:

Description CPU 226 DC/DC/DC CPU 226 AC/DCIRelay
Order Number 6EST 216-2AD21-0XB0 6EST 216—2BD21-0XB0

| Physical Size

Dimensions (W x Hx D) | 196 mm x 80 mm x 62 mm [ 196 mm x 80 mm x 62 mm

Weight 550 g G609

Power loss (dissipation) W 17TW
| CPU Features

On-board digital inputs 24 inputs: 24 inputs

On-board digital outputs 16 outputs 16 outputs

High speed counters (32 bit value)

Total 6 High-speed counters & High-speed counters

Single phase counters
Two phase counters

Pulse outputs

Analog adjustments

Timed interrupts

Edge interrupts

Selectable input filter times

Pulse Catch

Time of Day Clock (clock accuracy)

Program size (stored permanently)

Data block size (stored permanently):
Stored permanently
Backed by super capacitor or battery

Mumber of expansion I/ modules
Maximum digital I'O
Maximum analog 1O

Intemal memory bits
Stored permanently on power down
Backed by super capacitor or battery

Timers total

Backed by super capacitor or battery
1ms

10ms

100 ms

Counters total
Backed by super capacitor or battery

Boolean execution speed

Move Word execution speed
Timer/Counter execution speed

Single precision math execution speed
Real math execution speed

Super capacitor data retention time

6, each at 20 kHz clock rate
4, each at 20 kHz clock rate

2 at 20 kHz pulse rate

2 with & bit resolution

2 with 1 ms resolution

4 edge up and/or 4 edge down

7 ranges from 0.2 msto 12.8 ms
14 pulse caich inputs

2 minutes per month at 25° C
7 minutes per month 0° C fo 55° C

4096 words

2560 words
2560 words
2560 words

7 modules
256 points
32 inputs and 32 outputs

256 bits
112 bits
256 bits

256 timers

64 timears
4 timers
16 timers
236 timers

256 counters
256 counters

0.37 ps per instruction

34 us per instruction

50 ps to 64 ps per instruction
46 ps per instruction

100 ps to 400 ps per instruction
190 hours, typical,

120 hours minimum at 40° C

6, each at 20 kHz clock rate
4, each at 20 kHz clock rate

2 at 20 kHz pulse rate

2 with 8 bit resolution

2 with 1 ms resolution

4 edge up and/or 4 edge down
7 ranges from 0.2 ms to 12.8 ms
14 pulse catch inputs

2 minutes per month at 25° C
7 minutes per month at 0° C to 55° C

4096 words

2560 words
2560 words
2560 words

7 modules
256 points
32 inputs and 32 outputs

256 bits
112 bits
254 bits

256 timers

64 timers
4timers
16 timers
236 timers

256 counters
256 counters

0.37 ps per instruction

34 ps per instruction

50 ps to 64 per ps instruction
46 s per instruction

100 ps to 400 ps per instruction
190 hours, typical,

120 hours minimum at 407 C
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Description
Order Number

CPU 226 DC/DCIDC
GEST 216-2AD21-0XB0

CPU 226 AC/DC/Relay
GEST 216—2BD21-0XE0

On-board Communication
Murnber of ports

Electrical interface

Isolation (external signal o bogic circuit)
PPUMPI| baud rates

Freepaort baud rates

Maximum cahble length per segment
up to 33.4 kbaud
187.5 kbaud
Maximum number of stations
Per z=gment
Per network

Maximum nurmber of masters

PPI master mode (METR/MNETW]

MPI connections

Cartridge Options

Memaory cartridge (permansnt storage)
Battery cartridge (dats retention time)
Power Supply

Lins woltage—pemmissible rangs

Input current CPU onlyimax load

In rush current {maximum)
Isclation (input power to logic)
Hold up time {from loss of input power)
Internal fuse, not user-replaceable
+3 Power for Expansion W0 (mazx)
| 24 VDC Sensor Power Output

2 ports

RS-485

Motisolated

8.8, 18.2, and 187.5 kbaud

02,08, 1224 48,086,192 and
38.4 kbaud

1200 m
1000 m

32 stations.

126 stations

32 masters

Yes

4 total, 2 reserved: 1 for PG and 1 OF

Program, Data, and Configuration
200 days, typical

[ 204w 233vDC

1601050 mA

10 A at 28 8 WDC
Matisolated

10 ms at 24 VDT

3 A, 250V, Slow Blow

1000 ma

2 ports

RE5-435

Mot isolated

8.8, 10.2, and 187.5 kbaud

0206 12,2448, 968.19.2 and
38.4 kbaud

1200 m
1000 m

31 stations

128 stations

32 masters

Yes

4 total, 2 reserved: 1 for PG and 1 OF

Program, Data, and Configuration
200 days, typical

| 85 to 264 WAC

47 10 63 Hz

40180 mdA at 240 VAC
B0/320 méA at 120 WAC

20 A at 264 WAC

1500 WAC

80 ms st 240 WAC, 20 ms at 120 VAT
2.4, 250V, Slow Blow

1000 mA

Woltage rangs 15.4 to 28.3VDC 204 to 2BBVDC
Maximum current 400 mA 400 ma&
Ripple noise Same as input line Less than 1V peak-io-peak (madmum)
Current limit 1.5 4 Approx. 1.5 A Appras.
Isolation {sensor power to logic cincuit) Maotisolated Mot isolated
[ Description CPU 226 DC/DC/DC CPU 226 AC/DC/Relay
Order Number BEST 216-2AD21-0XB0 BEST 216-2BD21-0XB0
Input Features
[ Mumber of integrated inputs | 24 inputs. 24 inpuis
Input type SinkfSource (IEC Type 1) SinkiSource (IEC Type 1)
Input Voltage
Maximum continuous pemissible VDo VDo
Surge 2BVDC for0Es AEWVDC for06s
Rated valua 24VDC at 4 mA, nominal 24VDC at 4 mA, nominal

Logic 1 signal (minimuwm)
Logic I signal {maximum])
Isolation (Field Side to Logic Circuit)
Optical isolation {galvanic)
Isolation groups of
Input Delay Times
Filtered inputs and interrupt inputs.
HEC clock input rate
Single Phase
Logic 1 level = 15 fo 30 VDC
Logic 1 level = 15 fo0 26 WVDC
Quadrature
Logic 1 level= 15 fo 30 VDC
Logic 1 level = 15 fo 26 WVDC
Connection of 2 Wire Proximity Sensor (Bero)
Fermissible leakage current
Cable Length
Unshielded {not HSC)
Shielded
HEC inputs, shielded
Humber of Inputs ON Simultaneously
40°C
55°C

15 WDC at 2.5 mA, minimum
SWDC at 1 mA, maxdmum

500 VAC for 1 minute
12 points and 11 points

0.2 fo 12.8 ms, user-seleciable

20 kHz
30 kHz

10 kHz
20 kHz

1 mé&, maximum

300 m

500 m

50 m

24

24

15VDC at 2.5 mA, minimum
SWDC at 1 mA, maximum

500 VAC for 1 minute
13 points and 11 points

0.2 to 12.5 ms. user-selectable

20 kHz

30 kHz

10 kHz
20 kHz

1 mA, maxinmum
300 m
S0m

S0m

24

24

X



Description CPU 226 DC/DC/DC CPU 226 AC/DC/Relay
Order Number BEST 216-2AD21-0XB0 6EST 216-2BD21-0XB0
Output Features
Number of integrated outputs 16 outputs 16 outputs

Output type

QOutput Voltage

Permissible range

Rated value

Logic 1 signal at maximum current

Logic D signal with 10 K O load

Output Current

Logic 1 signal

Wumber of output groups

Number of outputs ON (maximum)

Per group — horizontal mounting (maximum)
Per group — vertical mounting (maximum)
Maximum current per commaon/group
Lamp load

ON state resistance (contact resistance)
Leakage current per point

Surge current

COverload protection

Isolation (Field Side to Logic)

Optical izolation (galvanic)

Isolation resistance

Isolation coil to contact

Isolation between open contacts

In groups of

Inductive Load Clamping

Repefitive Energy dissipation
< (1.5 LI x switching rate

Clamp voltage limits

Qutput Delay

Off to On (Q0.0 and Q0.1)

On to OF (Q0.0 and Q0.1)

Off to On (Q0.2 through Q1.7)
On to OF (Q0.2 through Q1.7)

Switching Frequency (Pulse Train Qutputs)

Q0.0 and Q0.1

Relay

Switching delay

Lifetime mechanical {no load)
Lifetime contacts at rated load
Cable Length

Unshielded

Shielded

Table A-1: Specification for CPU 226 DC/DC/DC and CPU 226 AC/DC/Relay.

Solid state-MOSFET

204t023.8VDC
24vVDC

20VDC, minimum
0.1 VDC, maximum

0.75A

2

16

8

8

6 A

5W

030

10 YA, maximum

8 A for 100 ms, maximum

No

500 VAC for 1 minute

8 points

1W, all channels

L+ minus 43V

2 Hs, maximum
10 Ys, maximum
15 Js, maximum

100 Ys, maximum

20 kHz, maximum

150 m

500 m

Relay, dry contact

510 30 VDC or 5to 250 VAC

200A

3

16

457

457

10 A

30'W DCR200W AC

0.20, maximum when new

T Awith contacts closed

No

100 M Q, minimum when new
1500 VAC for 1 minute
750 VAC for 1 minute

4 points/5 points/7 points

1 Hz, maximum
10 ms, maximum
10,000,000 openiclose cycles

100,000 open/close cycles

150m

500m

XV



24VDC Power, Ground and Output Terminals 24VDC Power
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Note:
1. Actual component values may vary.
2. Either polarity accepted.
3. Optional ground. FLT_j—‘ﬁ
-
24VDC Common and 24 VDC Input Terminals BEKD Sensor Power Output
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Figure A-1: Connector Terminal Identification for CPU 226 DC/DC/DC

Commons and Relay Output Terminals
120/240VAC
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1. Actual component values may vary.
I_O_‘ 2. Connect AC line to the L terminal.
3. Either polarity accepted.
4. Optional ground.
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Figure A-2: Connector Terminal Identification for CPU 226 AC/DC/Relay




Appendix B: OMRON Relays data sheet

Model configuration:

Number of poles 1-pole 2-pole Minimurm
i Classitication ackin
femnd fdeste 0% om0 | SOTHY | OPSTHOQ | DROTEH) gy
Shape rafing form
PCB terminals | Hi J | 0
terminals | High-capacity | Flux profection m G2R-1A-E G2R-1-E - - pesay
Shape, dimension and connection diagram:
PCE Mounting Holes Tetminal Arrangement/
(BOTTOM VIEW) Internal Connectlons
13 may. Tolerance: £0.1 mm (BOTTOM VIEW)
29 ma. (127 o
i_[QBB]‘_. — +25 E|gh}1.3d|a.holes
25 /
T T @ w mmm
25.5 may.
(252) = ™ 75 1 T_.I._T
03 L O
W o o 8 mﬂ5
(No coil polarity)
I 05 05 et
03 24) heher-(21)
015 *Average value 20
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Appendix C: SIMATIC S7-200 RS-485&232/PPI Multi-Master Cable and
S7-200 USB/PPI Multi-Master Cable specification

Table 1

Description
Order Number

General Characteristics

Specifications

Slpply voltage
Supply current at 24 V nominal supply

Direction change delay: RS-232 stop bit edge
received to RS-485 transmission disabled

Isolation

RS-485 Side Electrical Characteristics
Commaon mode voliage range

Receiver input impedance
Termination/bias

Receiver threshold/sensifivity
Transmitter differential output voltage

RS-232 Side Electrical Characteristics
Receiver input impedance
Receiver threshold/sensitiviy

Transmitter output voltage
\USB Side Electrical Characteristics

§7-200 RS-232/PP Multi-Master Cable
BEST 901-3CB30-0XAD

14410 28.8V0C
60 mA RMS may.

R5-483 o RS-232: 500 VDC

-1 V1o +12V 1second, 3V RMS confinuous
5.4 K min. including termination

10K 2to+5V on B, PROFIBUS pin 3
10K €2to GND on A, PROFIBUS pin &

#-0.2V 60 mV typical hysteresis

2Vmin. &R =100,
15Vmin. atR =542

3K 2 min,

0.8V min. low 2.4V max. high
0.5 Vtypical hysterasis

#-5Vmin. at R =3KQ

Full speed (12 MB/s), Human Interface Device (HID)

Supply current at 5
Fower down current

Table.C.1. Specification

S7-200 USBIPP! Multi-Master Cable
BEST-901-3DB30-0XAD

1441028 8VDC
50 mA RMS may.

R5-485 to USE: 500VDC

-TVto+12V, 1second, 3 RMS continuous
54K min. including termination

10K 210 +5V on B, PROFIBUS pin 3
10K 22to GND on A, PROFIBUS pin &

+/-0.2V 60 mV typical hysteresis

2Vmin. atR 1009
15Vmin. atR =542

50 mA ma.
400 uA may.
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Table 2

57-200 RS-232/PPI Multi-Master Cable - Pin-outs for RS-485 to RS-232 Local Mode Connector

RS-485 Connector Pin-out RS-232 Local Connector Pin-out

Fin Number Signal Description Fin Number Signal Description
1 Mo connect 1 Data Carrier Detect (DCD) (not used)
2 24V Retumn (RS-485 logic ground) 2 Receive Data (RD) (output from PC/PPI cable)
3 Signal B (RxDiT=D+) 3 Transmit Data (TD) {input to PC/PFPI cable)
4 RTS (TTL level) 4 Data Terminal Ready (DTR)1
5 Mo connect 5 Ground (RS-232 logic ground)
[ Mo connect & Data Set Ready (DSR)1
T 24V Supply T Request To Send (RTS) (not used)
3 Signal A (RxDiT=D-) | 8 Clear To Send (CTS) (not used)
9 Protocol select | 9 Ring Indicator (Rl) {not used)

Table C.2. Pin out for RS-485 to RS 232 Local Mode Connector
Table 3 S7-200 RS-232/PPI Multi-Master Cable - Pin-outs for RS-485 to RS-232 Remote Mode Connector
R5-485 Connector Pin-out RS-232 Remote Connector Fin-out1

Pin Number Signal Description Pin Mumber Signal Description
1 Mo connect 1 Diata Carrier Detect (DCD) {not used)
2 24V Return (RS-485 logic ground) 2 Receive Data (RD) (input to PC/PFI cable)
3 Signal B (RxDITxD+) 3 Transmit Data (TD) {output from PC/PPI cable)
4 RTS (TTL level) 4 Data Terminal Ready (DTR)2
5 Mo connect 5 Ground (RS-232 logic ground)
6 Mo connect i Data Set Ready (DSR)<
7 24V Supply 7 Request To Send (RTS)

(output from PC/PPI cable)

g Signal A (RxDiTxD-) 3 Clear To Send (CTS) (not used)
9 Protocol select 9 Ring Indicator (RI) (not used)

1 & conversion from female to male, and a conversion from G-pin to 25-pin is required for modems.

< Fins 4 and & are connected intemnally.

Table C.3. Pin out for RS-485 to RS 232 Remote Mode Connector

Figure .C.1shows the S7-200 USB/PPI Multi-Master Cable dimensions and LEDs.

0.8m ~— 4T m
§ g 831 Hdilfics
qu s /%Il_é ii { 51 ntm gi |I B = HJ_E
it T
usB COMM \tb‘ £ = el RS-485 COMM

LED Color Description

Tx Green USB transmit indicator
Rx Green USB receive indicator
PPI Green RS-485 transmit indicator

Figure .C.1. S7-200 USB/PPI Multi-Master Cable dimensions and LEDs.
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