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ABSTRACT

This master thesis deals with the Vacuum Technology used in industrial handling
technology to analyze and measure the data by performing experiments on
vacuum technology with Festo equipment kit (TP 230). The main aim of this thesis
is to perform experiments to understand the principle of vacuum in handling
technology, designing control by PLC SIMATIC S7 -200 for reducing the compressed
air consumption and for controlled release of work pieces retained by a vacuum air.

And to design visualization for the both process in the SACDA software.

This involves communication between the field level elements and upper levels of
automation. The automation process is monitored by the Reliance 4 Design
software. Evaluation of the data from the PLC is processed in Reliance 4 Design

software.



Scope of thesis work

e Study and understand the concept of Vacuum Technology.

e Perform experiments with the kit TP-230 and design solutions of basic

electro-pneumatic circuit using FluidSIM® V 5.0 software.

e Design control by PLC using STEP 7-Micro/WIN software for the PLC SIMATIC

S7 -200 for the two experiments.

e Design visualization of the two experiments using SCADA Reliance 4

software.

e FEvaluate the measurements and results.
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CHAPTER 1 INTRODUCTION

1.1 Vacuum Technology

Vacuum technology is used in enormous field in industries around the world.
Even the tungsten filament needs vacuum to operate. Vacuum is environment
friendly and it can be used as major source for all the chemical, food industries and

medical industries.

Vacuum handling applications are used in a wide range of industries. The
increase in growth of industrial automation, vacuum plays a key role in
transportation work pieces from one place to another. The vacuum is used to lift all

kinds of materials ranging from few grams to even tons in weight.

Though vacuum technology has enormous applications this project concerns
about the handling technology used in industries. The vacuum lifting is useful in

following fields:
1. Plastic Manufacturing
2. Packaging
3. Transportation
4. Medical Fields
5. Electronics
6. Metal Manufacturing
7. Glass Manufacturing

8. Automotive and Aero space engineering.
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Figure 1: Vacuum handling technology "

1.2 Basic terminology

1.21 Pressure

According to ISO 80000, pressure p is defined as the quotient of normal force
on a surface and the area of that surface (surface-related force). The official unit of

measure for pressure is the Pascal (Pa) ']
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1.22 Vacuum

Definition according to ISO 3529, part 1:

“Wacuum is the state of a gas with a density of molecules thatis less than that
of the atmosphere at the surface of the earth. The state of a gas can be designated

a vacuum if its pressure is less than atmospheric pressure.” ['"]

1.23 Ideal vacuum

Ideal vacuum in the sense of vacuum technology is the condition within a
given space, within which a gas's number density of molecules is equal to zero. This

state was previously designated “absolute vacuum”. 'l

1.24 Units of vacuum in handling technology

The unit of measure usually used in vacuum technology is millibar (mbar).
However, the Pascal (Pa) is used in scientific circles. In handling technology, in which
low vacuum predominates, the unit of measure bar is used with a preceding minus
sign for the degree of partial vacuum achieved, or it's expressed as % vacuum
(where 0% vacuum is defined as ambient atmospheric pressure). Vacuum range

for handling technology is low vacuum ranging from 10° — 10%2p (Pa).

1.3 Programmable logic controller

1.3.1 Motivation

PLC's or programmable logic controllers are one of the most widely used
industrial control systems applied today to enhance the functionality of a
production line or machine functions. Their flexibility in controlling a wide range of
inputs and outputs and changing their operation based onrequirements have made

them a favorite control system in recent times. 4
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The typical PLC system is like any other computer system that consists of
various hardware components such as the CPU, Input/Outputs (I/0) and power
supply. The CPU system is microprocessor based that allows all arithmetic
operations as well as logic operations, blocks memory moves, handles the
computer interface etc. Typical systems have 4 buses: a data bus to share
information between different elements, address bus for the respective addresses,
control bus for internal actions that need to be monitored and lastly a system bus
which allows the communication between the various ports and Input/output unit.
Inputs are usually sensors or switches are used for controlling outputs such as

motors and valves etc.

Thus, like other computerized devices, the PLC unit has a memory storage as
well as power supply thus making it a very small integrated unit that can be used in

various industries for a wide variety of applications.

Communications

High
Voltage A

Isolation
Barrier

High
Voltage

| Isolation
Barrier

AC Power Supply

External
355'(2)6,640\{“‘2(:' or DC Power Supply ——

Figure 2: Typical PLC system interface between inputs and outputs ¥
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The criteria for selection of an appropriate PLC varies from system
requirements and application requirements to physical environments. For any
application, it is extremely crucial to determine that the PLC can handle the
application in the appropriate way. After the goals of the application are
determined, the inputs and outputs need to be identified that are required by the
system. Once these factors are considered, the electrical requirements come into
play and the input power, device voltage and currents need to be calculated. This is
followed by the communication protocol that will be used by the PLC which can be
of several types. In an automation and control systems, theoretical information
along with constraints and specifications play a key role in solving diverse types of
control problems. It is critical that none of these factors are ignored and the most

efficient process is developed.

1.3.5 S7-200 Operation & Execution

In this thesis work, SIMATIC S7-200 PLC is chosen to automate the process.

The basic operation of the S7-200 is very simple as shown in figure 3
e The S7-200 reads the status of the inputs.
e The program that is stored in the S7-200 uses these inputs to evaluate the
control logic. As the program runs, the S7-200 updates the data.
e The S7-200 writes the data to the outputs.
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Writes to the outputs > )

COINCUININ NN
7\

Perform the CPU Diagnostics

Process any
Communications Requests

A )
s T~
Execute the Program Scan Cycle

SINVINININE N
ril:lé?l ¥
‘ Reads the inputs @‘TL

i

Figure 3 : Scan Cycle ¥

The S7-200 executes a series of tasks repetitively. This cyclical execution of
tasks is called the scan cycle. As shown in Figure 3, the S7-200 performs most or all

the following tasks during a scan cycle.

1.3.6 Reading the inputs

The S7-200 copies the state of the physical inputs to the process image input
register. If the inputs are digital inputs, each scan cycle begins by reading the
current value of the digital inputs and then writing these values to the process-
image input register. If analog, the 57-200 does not update analog inputs from
expansion modules as part of the normal scan cycle unless filtering of analog inputs
is enabled. An analog filteris provided to have a more stable signal. You can enable
the analog filter for each analog input point. When analog input filtering is enabled

for an analog input, the S7-200 updates that analog input once per scan cycle,
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performs the filtering function, and stores the filtered value internally. The filtered
value is then supplied each time user program accesses the analog input. When
analog filtering is not enabled, the S7-200 reads the value of the analog input from

expansion modules each time user program accesses the analog input.

Executing the control logic in the program: The S7-200 executes the

instructions of the program and stores the values in the various memory areas.

During the execution phase of the scan cycle, the S7-200 executes program,
starting with the first instruction and proceeding to the end instruction. The
immediate 1/0 instructions give user immediate access to inputs and outputs

during the execution of either the program or an interrupt routine. ¥

1.3.7 Processing any communications requests

The S7-200 performs any tasks required for communications. During the
message-processing phase of the scan cycle, the S7-200 processes any messages

that were received from the communications port or intelligent 1/0 modules. ¥

1.3.8 Executing the CPU self-test diagnostics

The S7-200 ensures that the firmware, the program memory, and any
expansion modules are working properly. During this phase of the scan cycle, the
S7-200 checks for proper operation of the CPU and for the status of any expansion

modules.

1.3.9 Writing to the outputs

The values stored in the process-image output register are written to the
physical outputs. At the end of every scan cycle, the S7-200 writes the values stored
in the process-image output register to the digital outputs. (Analog outputs are

updated immediately, independently from the scan cycles). ¥
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The execution of the user program is dependent upon whether the S7-200 is
in STOP mode or in RUN mode. In RUN mode, user program is executed; in STOP

mode, user program is not executed. ¥

1.3.10 Operating mode

The S7-200 has two modes of operation:

1. STOP mode and

2. RUN mode.
The status LED's on the front of the CPU indicates the current mode of operation. In
STOP mode, the S7-200 is not executing the program, and user can download a
program or the CPU configuration from PC. In RUN mode, the S7-200 is running the

user program.

1.4 Supervisory Control and Data Acquisition (SCADA)

Using powerful technologies, based on experience of qualified personal,
SCADA (Supervisory Control and Data Acquisition) applications are created as a
main tool for performing management, required by technical reengineering of an
industrial company. In modern manufacturing and industrial processes, mining
industries, public and private utilities and security industries, control systems are
often needed to connect equipment and systems which are separated by large
distances. These systems are used to send commands, programs and receives
monitoring information from these remote locations. SCADA refers to the

combination of control systems and data acquisition.

Supervisory control and data acquisition (SCADA) is a system of software and

hardware elements that allows industrial organizations to:
e Control industrial processes locally or at remote locations

e Monitor, gather and process real-time data
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e Directly interact with devices such as sensors, valves, pumps, motors, and

more through human-machine interface (HMI) software
e Record eventsinto alog file

SCADA systems are essential for industrial organizations since they help to
maintain efficiency, process data for all smarter decisions, and communicate

system issues to helping in finding errors. ©

1.4.1 Basic architecture of SCADA

The basic SCADA architecture begins with programmable logic controllers
(PLCs) or remote terminal units (RTUs). PLCs and RTUs are microcomputers that
communicate with an array of objects such as factory machines, HMls, sensors, and
end devices, and then send the information from those objects to computers with
SCADA software. The SCADA software processes, distributes, and displays the data,
helping operators and other employees analyze the data and make important

decisions. ©

SCADA will have the communication between the PLC and the RTUs. For
example, consider a beer manufacturing company, all the process is automatic and
supervised by SCADA system, the SCADA will give the overview of the entire industry
through visual windows and it can transfer information between the PLC's and

RTU's.

If some of the batch in industry is continuously showing error values in the
SCADA system, the operator can pause the operation and view the SCADA system
data via an HMI to determine the cause of the issue. The operator reviews the data
and discovers the error in the industry. The SCADA system’s ability to notify the

operator of an issue helps him to resolve it and prevent further loss of product.
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The SCADA can generally viewed in two ways:

/ Supervisory control
\. Data acquisition

Figure 4: SCADA

SCADA

Basic SCADA Architecture

Figure 5: Basic architecture of SCADA ™

10
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1.4.2 Applications of SCADA

SCADA systems are used by industrial organizations and companies in the public
and private sectors to control and maintain efficiency, distribute data for smarter
decisions, and communicate system issues. SCADA systems are the backbone of

many modern industries, including:

e Power

e Recycling

e Transportation
e Manufacturing ¢ And many more

e Energy

e Food and beverage

1.5 Communication in control systems
There are lot ways to communicate between the devices within a network in
an industry. The communication used for transferring the data from PLC to SCADA is

OPC sever.

1.5.1 OPC server

OPC is a published industrial standard for system inter-connectivity. Its
purpose is to provide a standards-based infrastructure for the exchange of process
control data. It uses Microsoft 's COM and DCOM technology to enable applications

to exchange data on one or more computers using a client/server architecture

11
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OPC-Client

i

OPC-Client
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OPC-Client
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-

“—
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g
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900104

i o Mo
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dOL U0 SNGPOW

-—eeee e}
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‘ 9004044
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Mitsubishi

Figure 6: OPC Server?

The OPC serveris a software program specifically for windows operating

system and performs communication between the PLC and the SCADA software or

HMI. The OPC program converts the hardware communication protocol used by a

PLC into the OPC protocol. The OPCclient software is any program that needs to

connect to the hardware, such as an HMI. The OPC client uses the OPC server to get

data from or send commands to the hardware. ©

OPC means OLE for Process Control, OLE is a technology that serves for linking

(embedding) of the objects into some applications and their modifying (e.g.

inserting of the trend from MS Excel to MS Word with the possibility to modify it with

the help of the Excel tools). ©

12
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CHAPTER 2 COMPONENT DESCRIPTION

There are lot of components used in handling technology in industries, in this
thesis the following table contains the components that have been used to achieve

the required solution.

Table 1: Components of handling technology for Task 5 and Task 6 from the TP-230 set

Serial number Name of the component
1 Vacuum generator
2 3/2-way solenoid valve
3 5/2-way solenoid valve
4 Pressure sensor
5 Air reservoir
6 Vacuum switch
7 Non-return valve
8 Flow control valve
9 Suction cup
10 Non-return valve, de-lockable
11 Air Service unit
12 PC& PLC

13
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2.1 Siemens SIMATIC S7-200 PLC

The S7-200 series of micro-programmable logic controllers (Micro PLCs) can
control a wide variety of devices to support automation needs. It monitors inputs
and changes outputs as controlled by the user program, which can include Boolean
logic, counting, timing, complex math operations, and communications with other
intelligent devices. The compact design, flexible configuration, and powerful
instruction set combine to make the S7-200 a perfect solution for controlling a wide

variety of applications. ¥

2.1.2 $7-200 CPU module

The S7-200 CPU module combines a microprocessor, an integrated power
supply, input circuits, and output circuits in a compact housing to create a powerful
Micro PLC.

Figure 7: PLC 57-200
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The PLC consists of two modules, CPU module and communication module.
The CPU communication module is used to transfer the files ladder program from

PC to PLC.

2.2 Vacuum generator

The vacuum generator is used to create the vacuum in the handling
technology. The industries are also using vacuum pumps for generating vacuum.
The goal of both processes is to reduce ambient pressure in a suction gripper to a

lower level.

o hd° —
| T

Figure 9: Ejector symbol [
Figure 8: Ejector — cutaway View "

Figure 10: Ejector
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In the figure 8, T means supply port, 2 means jet nozzle, 3 means collector
nozzle, 4 means exhaust air, 5 means vacuum port.

There are two types of Ejectors in the TP 230 at disposal:
e Type — H (high performance ejector)

e Type - L(low performance ejector)

2.2.1 Vacuum generation

The main principle of vacuum generation is "Venturi principle”. Compressed
air flows through a cross-section contraction — the ejector's so-called jet nozzle. At
this point air flow velocity is increased to ultrasonic speeds. After the air exits the
jet nozzle, it expands and flows through the collector nozzle with downstream
silencer. During this process, a vacuum occurs in the chamber around the jet nozzle.

As a result, air is drawn in through the vacuum port.

VENTURI EFFECT

High Pressure

High
:)) Fluid Flow :))
S |

Low Speed

‘222

Low
Pressure

Constriction

Figure 11: Venturi Principle [
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By the figure it is clear that the pressure and speed are inversely proportional
to each other. On the constriction area of the speed is high due to small cross
section area and the pressure is low, here the vacuum will generate due to change
sudden change in speed. From the constructive point of view there are two types of
ejectors single stage ejector and multi stage ejectors. Ejectors reach negative
pressures of down to approximately -0.9 bar. In some cases, negative pressures of

down to - 0.99 bar can be generated with multi-stage ejectors.
2.2.2 Single-stage ejector with repulsion function

2.2.2.1 Function

The vacuum generator unit has the same function as the vacuum generator.
However, simultaneous to the suction process, an integrated reservoir is filled with
air. When the input line is deactivated, the stored compressed air is vented abruptly

as a pulse via the port (quick exhaust), and reliably repels the suction gripped work

piece from the suction cup.

e I
N
N - 1 = - 3

Figure 12: Symbol '

Figure 13: Single stage ejector with repulsive
function cut way '
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2.3 Valves

There are two types of valves can be used for all the experiments. They are 3/2

value and 5/2 valve. These valves have the following characteristics:
e Mono-stable valve
e Solenoidal valve

e Pivoted by air

12 |2 4 |2
= AN/
w L/ Tl WA 1l T v /1MNA
1| &3 HNE
1M1 $’$ 1M1 |$—$
Figure 14: 3/2 Mono-stable Solenoidal Figure 15:5/2 Mono-stable Solenoidal
Valve ' Value '

Figure 16: 5/2 Mono-stable solenoidal value

During implementation of the overall design of the process, it is important to
know the essential specifications of the components provided by the manufacturer

in the data sheets to reliability of the vacuum generation.
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2.4 Pressure switch
The pressure switch has been used to sense the pressure and indicate the
operator if the required level of partial vacuum has been achieved or not during the

current suction process.

_i 3 o

Figure 17: Symbol Vacuum Switch [V

Figure 18: Vacuum Switch [

2.4.1 Function
The pressure switch is used for indication purpose, it has memory to register
the value of the pressure. This can be done by setting a particular pressure in the

vacuum gauge and holding a small button present in the pressure switch to capture

the new value of vacuum.

N\
Y

1st Step 2nd Step 3rd Step

Figure 19: Steps to rest the pressure switch ['"
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In the Task 5,6 it is used to set the correct level of vacuum achieved when

catching a work piece and to monitor the degree of vacuum achieved.

2.5 Vacuum gauge

The vacuum gauge is used to indicate the partial vacuum pressure. It is
placed in between the vacuum generator and the suction cup. The gauge has the

range of measuring the vacuum from 0.00 — 1.00 bar.

©

Figure 20 : Vacuum gauge Symbol

Figure 21: Vacuum gauge photo

2.6 One-way flow control valve

The one-way flow control valve is a combination of a flow control valve and a
nonreturn valve. The cross-section of the restrictor can be set by means of a knurled

screw. It is used to adjust the flow of pressurized air. ¥

Figure 22: One way flow control value
symbol Figure 23: One way flow control valve
photo &/

, :l -
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2.7 Vacuum reservoir

Vacuum reservoirs are used for assorted reasons in the field of handling
technology. When installed downstream from a vacuum pump, they often function
as vacuum storage containers, thus reducing pump operating time with the help of
so-called on/off regulation. Another application area involves protection circuits.
For safety purpose, the suspended work piece must remain gripped during the
emergency situations even when the supply air is turned off during partial

transportation. 'V

A2
\ —
bR =>4

Figure 24: Vacuum reservoir symbol "

Figure 25: Vacuum reservoir photo '

2.8 Suction cups

Suction cups are used mainly in handling technology to hold the work piece
and to transport it from one place to another. Suction cups make it possible to
handle various work pieces with weights ranging from just a few grams, right up to
several hundred kilograms. They're available in a vast variety of types. Depending
on our requirements we can choose from various materials such as polyurethane

(PUR), nitrile rubber (NBR), fluor elastomer (FPM) and silicone (SI). '

21



J/ v

JI::I'.

L_l|
= CTU IN PRAGUE, FACULTY OF MECAHNICAL ENGINEERING

Surya Rengarajan, 2017

Table 2: Types of suction cups

Name of the
suction cup

Symbol

Picture

Standard round

< J9B

Bellows, round
1.5convolutions

Bellows, round
3.5 convolutions

oval
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Selection cups play vital role in handling technology. The material and type
of suctions cup is selected to make sure that no leakage of vacuum is present and

holds the work piece.

2.8 Non-return valve
A non-return valve allows a medium to flow in only one direction. A non-
return valve is fitted to ensure that medium flows through a pipe in the right

direction, where pressure conditions may otherwise cause reversed flow.

N

; . _ [11]
Figure 26: Symbol Non-Return Valve Figure 27: Non-Return Valve photo

There are diverse types of non-return valves. These valves are used to

prevent backflow in Task 5 or Task 6.
Body Guide

iSJ)rinq_ [ [
|Disc |1 ’

l.i 7‘| 7 7 | I
1 L

Open Position Close Position
Forward Flow Reverse Flow

Figure 28: Working principle of non- return valve '?
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It is evident that the forward flow increases the pressure, the spring then
contracts and allows the air or liquid to flow from right to left. From the right to left

the spring retracts and does not allow flow of air or liquid.

2.9 Non-return valve, de-lockable

If a pilot signal is applied to the non-return valve, compressed air should flow
to valve is opened. When the pilot signal is cancelled, the non-return valve should
shut off the air, thereby stopping pressure air flow is closed. The valve should be

suitable for use for positioning and braking functions. [3]

2

§ ‘/f,’x ¥ 2"&0

1121

Figure 30: Non-Return Valve, de — lockable
Figure 29: Non-return valve symbol [
photo &
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CHAPTER 3 SOTWARE DESCRIPTION

3.1 FluidSIM®V 5.0

For more than 20 years FluidSIM® has been the world's leading circuit

diagram design and simulation program for pneumatics, hydraulics and now also

for electrical engineering. Being able to freely design control systems is motivating,

and promotes creativity and focus. Beyond that FluidSIM® provides teachers and

students with a wealth of text, images and videos for multimedia-based lesson

planning. i3

Table 3: FluidSIM® - features

Libraries for new technologies

GRAFCET in various modes

e Libraries for the pneumatics and
hydraulics training packages at all
levels including control technology

and proportional technology

e New: drives in pneumatics

e Vacuum technology

e Sensorsin pneumatics

e Safetyin pneumatic systems

e Electrical engineering, electronics

e Circuits with contacts?

GrafEdit: create GRAFCETs in compliance
with the standard

GrafView: visualize the control sequence

represented as a GRAFCET

GrafControl: control the process with the
GRAFCET, including error simulation and

process monitoring

GrafPLC ®¥
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OSE B& -~ sdR|EE §Mw
Fiﬁ. G

A

Fuerte do 3 .

Q

Fitro, perga.

Modo de edicién (Circuito medificado)

Figure 31 : FluidSIm® 5 - components library !

The FluidSIm® 5 environment has an improved component library than the
FluidSIm® 4. It is easy to design the Task 5 and Task 6 with FluidSIm® 5. Hence all
the tasks are done in the FluidSIm® 5.

3.2 STEP 7-Micro/WIN Programming Package

The STEP 7-Micro/WIN programming package is a computer software. It
provides a user-friendly environment to develop, edit, debug, download and upload
the logic program into the PLC. !

Form the figure 32, the Micro/Win program is based on three convenient working

spaces for crating the control program:

1) Navigation bar Presents groups of icons for accessing different programming
features of STEP7- Micro/Win.

2) Instruction tree displays all the project objects and the instructions for creating

the program.
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3) Program editor contains the program logic and a local variable table where you
can assign symbolic names for temporary local variables. Subroutines and

interrupt routines appear as tabs at the bottom of the program editor window.

E_E STEP fMicmoS&\IH 32 - Propecitl

Fi= Edt “iew FLC Debug Took ‘Windows Heb

[nFa|@m| s =2 [Fm ax (2 [D|r» BrE|aes o was |

1= [ PrcieetliCPU 221 REL 0100 | EE TR I ol =]
{2l Progeom Block - :
; 3 MAIN [DE1) 2 I N
: i SEA_0[SERO] Symbal | WaiType [ DebaTupe | Commerk
Frogram Blach, P S INT_DINTO) |TEMP

i [-[E Symbal Tebie ITEMP

b

= { m-[E) Stebos Chail TEHP

Lot i [@-igg DataBleck, EH

Symbol Table f LT Svatern Block a| =
o Crooz Aeteienoe -

; = Cammuricaliars [PADGFAK COMMENTS ‘ml
[ h-g® Sl POFCIneilaze Metwoik 1 Malwcr: Tilks

Stehaz Chal =@ | retctiore

] Frworites

7 E [-[a1) Bit Legis
[ Clock

Dizka Black: [ (3] Cammuricatiors

(-2 Campare

I.E'Iga Carmert

- (30 Coulere

[#-[z¥ Flostirg Pairt Math
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[&-[iim kel
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4[5 Mowe

|j;|-|'_1ﬁ Frogpam Cariral

-2 Shifl/Ralae

[Mezianmh, Carment

Program Editor

Navigation bar

Aeadp |Metwaark 1 Fare 1, Cel 1 INS

Figure 32: STEP 7-Micro/WIN Programming environment !

STEP 7-Micro/WIN provides three editors for creating user program:
1. Ladder Logic (LAD)
2. Statement List (STL)
3. Function Block Diagram (FBD)
The STL editor displays the program as a text-based language, where The LAD
editor displays the program as a graphical representation like electrical wiring
diagrams and the FBD editor displays the program as a graphical representation

that resembles common logic gate diagrams. [
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Open Step 7 Write a Simple Compile Your Download Your Run PLC to

Micro/WIN Code in'tadder Code CodetoPLC 4 Perform Code
Networks

Figure 33 : Steps to running the user code on PLC™¥

3.3 57-200 PC Access
PC Access is an OPC server dedicated to Microsoft which can be used as
source of connecting and creating communication between the one or more

devices with PC.

4= prj1 - S7-200 PC Access

File Edit Wiew Status Tools Help
DS 4 e |
=1~ pril Mame ¢ I Address I Data Type I Access I Comment I
o What's New S Qo1 BOOL R
=28, Microwing TCP/IF) [~ a0, BOOL Bt
= 8 TAsk_S_mam {1 0.1 BOOL R
3 USERL Bs1 .3 BOOL R
Bsz 0.0 BOOL RW
Bvay Q0.0 BOOL R
Test Client Status: On ||
Ikem IO ¢ Yalue Time Stamp iQualik:
S MicrowWin, TASK_5_MAIN.USERL.L2 i} 14:34:57:375 Good
2 Wicrowwin, TASK_S_MAIN.USERL.P o 14:34:57:718 Good
S Microwwin, TASK _5_MAIN.USERL.51 i} 1434150625 Good
B Microwin, TASK_S_MAIN.USERL,52 a 14:34:57:718 Good
S Microwin, TASK _5_MAIN.USER L. YAY i} 14:34:57:375 Good
2 Microwin, TASK_S_MAIN.USERL.L1 a 143453625 Good
Ready o o | T o |

Figure 34: PC Access
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This S7-200 PC Access is used to connect the PC and PLC. It gets the symbols
(inputs, outputs and flag etc.) from the STEP 7-Micro/WIN to PC Access and make
available for the OPC clients e.g. SCADA Reliance.

3.4 Reliance 4 design

The Reliance 4 Design environment is intended for creating and editing
visualization projects (applications). It is available in two versions, Desktop and
Enterprise. The Desktop version allows for creating local applications for one
computer. The Enterprise version is designed for creating network applications and
displaying a visualization application in a Web browser, on a smartphone, or on a

tablet.

@ Reliance 4 Design - Projectboiler — X
File Edit View Managers Project Tools Window Help [ standard | additional | Vectors | Control | Teco | Johnson Controls | Sauter | BACnet | IP Cameras | Elgas

DReEE N Y uBes s nd e ey et BOALAIBRRTISS =0 vaE

FSH2a0 Xpewd b

‘ I ® windo BaEE X e EEe
Propetties  Components bosnsnaems Name Ttle ==
Name Type Order 9 ] Win__. Boiler_Room_1
O Pipet Pipe 0 ] Window2  Boiler_Room_2
O gart Bar 1 =5 Windowd  Windowd
0O Bar2 Bar 2
O Bar3 Bar 3
[ Animation1  Animation 4
O Bevell Bevel 5
[ Button1 Button 6
O Pipe2 Pipe 7
O Pipe3 Pipe 8
[ Active Pictu... Active Pict.. 9
[ Button2 Button 10
[0 Gaugel Gauge 1
O Displayt Display 12
M1 Nientzu? Miankzy 12

@ [E|[Z)[&] view ~ Manager &
G RO w W& =
Tag Type  Addr [8]@ =1

 System Defauit ~
9 Vituall ﬂ;

9 Vitual2

Layer3

Layerd

Layer5

Layer6 v
Default

Figure 35: Reliance SCADA with an example

The Reliance 4 SCADA is a powerful tool using this software visualization of

the task related to monitoring of vacuum. It has design window to create design of
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the project, device manager to add the several types of devices, OPC etc. The run

time module is used as HMIl system.

In the reliance 4 design, we can design the technology process using the
design window and can monitor values from the PLCin the run time. The application

of boiler room project is shown in figure 35.

The Reliance 4 Design have managers like Device manager, Data table
manger, Trend manager, Picture manager, String manager and Project structure
manager. These managers are used to create the tags, data tables, data in graphical

form, pictures etc. The detailed working procedure is explained in the chapter 6.

This software can control the process of by scripts. The data can be viewed in
terms graphics and reports. We can evaluate the data by calculations using this

software. Alarms and events are the one of the best features of this software.

We can add Siemens, Modbus , OPC, Teco etc. to the user project and we can
import the OPC tags to the project .Using the Reliance 4 SCADA many industrial
applications are automated. It is helpful in creating a HMI which shows the overall

working of the industry by visual design.
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CHAPTER 4 EXPERIMENTAL TASK

4.1 Necessary condition for all the tasks

All the tasks are prepared as classical electro pneumatics circuits.
1. Design the circuit in FIuidSIM® 5 and understand the working process.

2. Allthe tasks have one pneumatic circuit and controlled electrically by electro-

pneumatic circuit.
3. Implementation of the real-time hardware of the required task
4. The pressure unit needs to be maintained at 6 bar.
5. All the required measurements need to be tabulated.

6. Make conclusion.

4.2 Task 1 — Generating Vacuum
This task involves creation of partial vacuum using the components in the kit
TP — 230. A handling unit for different work pieces needs to be developed. This task

will include learning of various components used in vacuum generation.

4.21 Operation
The Vacuum can be generated by two vacuum generators type H and type L
with different performance. The operation is simple, all the tasks have one

pneumatic circuit and controlled electrically by electro- pneumatic circuit.

When S1 switch is pressed the K1 relay will activate which in turn activates
its contacts K1. The first contact K1 activates coil valve 1M1 thus the 3/2 Mono-
stable solenoidal valve changes its position. Now the pressure will flow to vacuum

ejector as the position of the valve has changed. This will generate the partial
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vacuum. From the figure: 37, it is evident that the partial vacuum has been

generated and it can be measured by the vacuum gauge.

Figure 36: Implementation of Task 1

4.21 Work done

1. The design circuit for vacuum generation has been implemented in the
FluidSIM® 5.

2. The practical implementation has been done with the TP-230 kit in the lab
1009.
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4.2.2 Problems faced

e Tubbing is the main problem because there are several types of tubbing and
the diameter of tubbing varies from one component to another. One should

consider the tubbing diameter to connect all the components.

e During the process, we did not have the 3/2 Mono-stable normally opened

valve so it is replaced the 3/2 valve with 5/2 mono stable valve with port 2

®
2 4, F2
t:LrT\l I"_"T\mr /Thm

19¢3 5% ¢ W3

terminated.

Figure 37: Equivalent Diagram
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Figure 38: Pneumatic and electro Pneumatic circuit for Task 1
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4.3 Task 2 - Selecting suction cups for various work pieces

This task involves selection of suctions cups for different work pieces.
Different work pieces will have variant surface, structure, finishes, size and shape.
These parameters have to be taken into consideration when designing a handling

unit. The main aim of this experiment is to check the suction cups and pick the right

one for particular material.

The circuit for this task is similar to the previous one, only the suction cups is
added to vacuum port of the ejector. There are several types of the suction cups

available which can be seen from the table — 2.

The various suction cups can be compared related to shape and type.

Figure 39: Suction cups

The electro-pneumatic circuit is similar as the figure 38. Here each suction

cups needs to be tested with various work pieces and both generators have to be

used.
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Figure 40: Pneumatic circuit of Task 2

4.3.1 Work done

e Designed circuit in the FluidSIM® software and implemented the real-time

application with electro-pneumatics.
e Tested various suction cups with different work pieces.
e The results are tabulated and compared.

The vacuum generation relays on work piece’s surface finish and shape, suction
cup diameter and flexibility of the suction cup material. In this experiment, the
values are compared with the standard value, but there is more deviation from the
standard values due to leakage. The suction cup has to be chosen in a manner that

the degree of the partial fraction must be higher.
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Table 4: Measurement results for type H vacuum generator
Suction Suction cup Suction Suction Bellows 20 Suction
cup/work 30mm cup30mm | cup 20mm mm cup oval
piece transparency black black
Sand paper, - - 0.001 -
120 grit
Sand paper, 0.19 0.01 0.58 -
100 grit
Plastic can 0.84 0.8 0.8 0.8 0.8
Ball (Golf) - - - 0.82 -
Pen - - - 0.8
Table 5: Measurement results for type L vacuum generator
Suction Suction cup | Suction cup | Suction cup | Bellows 20 | Suction cup
cup/work 30mm 30 mm 20mm mm oval
piece transparency black black
Sand paper, - - R
120 grit
Sand paper, 0.23 0.01 - 0.14
100 grit
Plastic can 0.32 0.3 0.32 0.32 0.32
Ball (Golf) - - - 0.32 -
Pen - - 032
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The table 4 and 5 gives the readings of the vacuum level achieved when using
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type H and type L vacuum generators respectively. This will give the idea to choose

the suitable suction cup.

4.3.2 Calculation and comparison

Table 6: Selection criteria

Suction cup/work Selection suction cup

piece

Sand paper:120 grit | Suction cup, transparent, 20 mm. Together with the type L
vacuum generator, this suction cup reaches maximum

possible vacuum with this work piece.

Sandpaper :180 grit | All the suction cups can be used and all will acquire partial

fraction

Plastic can Maximum possible vacuum is achieved with all suction

cups and all vacuum generators

Golf Ball Only below had achieved higher level of partial vacuum

Ball point Pen Only oval suction cups reached higher degree of vacuum

4.4 Task 3 Maintaining vacuum when using more than one suction cup
A work piece will be gripped using two suction cups. It is possible that only

one of the two suction cups grips the work piece and the other doesn't, for example

because it isn't placed squarely onto the surface. As a result, no partial vacuum is

generated at the first suction cup either.
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The circuit for this task is shown in the figure: 42 and the interesting point
here is to notice the suction grippers have security valves so that if there are number

of suctions cups holds work piece the degree of pressure will be maintained high.

4.4.1 Function security valve

)
Eamd

T

N

Figure 41: Function of security valve [

Vacuum security valves are installed between the vacuum generator and the
suction cup. If, during vacuum generation, a suction cup is uncovered, or only partly
covered, the vacuum security valve automatically stops the influx of air almost
entirely. As soon as the suction cup is once again fitted tightly against the surface,

vacuum is regenerated.

Removal of the work piece from the suction cup also causes the vacuum
security valve to immediately close almost entirely. If the suction cup is open to the
environment, a float in the vacuum security valve is pressed up against the housing.
In this position, flow is only possible through a small hole in the float. When a work
piece is in contact with the suction cup, air flow is reduced and the spring forces the
float forward. The vacuum security valve is thus opened and full vacuum is

generated within the suction cup. '
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Figure 42: Implementation of Task3

This experimentis repeated, with and without security valve for both vacuum

generators. Calculations are done and compared.

Table 7: Vacuum generation on, none of the suction cups grips the workpiece

Vacuum generator (type)

Partial vacuum achieved

without vacuum security valve

Partial vacuum achieved

with vacuum security valve

Type H

0]

0.1

Type L

0]

0.1

Table 8: Vacuum generation on, one of the suction cups grips the workpiece

Vacuum generator (type)

Partial vacuum achieved

without vacuum security valve

Partial vacuum achieved

with vacuum security valve

Type H

0]

0.26

Type L

0]

0.1
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Table 9: Vacuum generation on, both suction cups grips the workpiece

Vacuum generator (type) Partial vacuum achieved Partial vacuum achieved

without vacuum security valve with vacuum security valve

Type H 0.78 0.82

Type L 0.4 0.44

4.5 Task 4 Monitoring partial vacuum

This task will monitor the vacuum generated and tell the operator that the
required degree of partial vacuum is reached, for example, a handling unit needs to
move work pieces from a conveyor belt to a roller container. It must be ensured that
none of the work pieces is dropped during transport due to inadequate partial
vacuum. The handling unit should not be started until enough partial vacuum has
been built up. The vacuum level therefore has to be checked to determine whether
or not the required level has been reached. This should be done automatically.
When the required degree of partial vacuum has been reached, a signal lamp

indicates that he is handling device can be started manually. ['"

4..5.1 Function

To adjust the vacuum switch, the required degree of partial vacuum must
first of all be generated. This is done by setting system pressure such that the

required degree of partial vacuum is reached.

Once the required degree of partial vacuum has been reached, the EDIT key
on the vacuum switch is pressed and held until the integrated LED blinks. When the
key is released, the vacuum switch saves the momentary partial vacuum value to
memory as a switching pressure. The vacuum switch has three wires (positive,
negative and output) needs to be connected correctly by using the following
table:10. 0"
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[Task number 4 Monitoring Partial Vacuum |

i
'
1
t
'
1

A

“Tectric Diagram

Figure 43: Task 4

Pressure sensot - 1B1

Switching pressure

| Q0853 (WP v (01.2)

—

| 01

Figure 44: Changing the value of pressure

sensor

Table 10: Vacuum Switch wire connection "

Sensors with 3 connecting cables

BN represents red colour, BU represents blue and BK represents black.

Connection Colour abbreviation
_—--

Operating voltage, positive terminal BN (RD)

Operating voltage, negative terminal BU

Switching output BK
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4.6 Task 5 Reducing compressed air consumption in a vacuum system
This task is the main task of the thesis. Energy savings is biggest challenge in
all fields of technology. Energy should be saved and conserved. The energy savings
problem can be done with lot of innovative ideas and experiments. For example, in
Germany, 30 % of overall energy is consumed for industrial purpose. In vacuum
technology reducing the compressed air consumption will give efficient results and

save lot of money.

4.6.1 Ways to Save Energy Consumption

1. Use low-friction components

2. Use air-switching circuits

3. Efficient open and closed loop control
4. Reduce leakages

5. Switch off power (Task 5)

6. Reduce tubing lengths

7. Reduce pressure loss

4.6.2 Problem description

The work pieces should be transferred from one place to another, design an
air consumption unit which gives reduced vacuum consumption. The main of this

experiment is to designh a compressed air economy circuit unit.
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4.6.3 Operation

When partial pressure at the suction cup reaches the specified value, vacuum
generation must be stopped, i.e. no more compressed air can be fed to the ejector.

When partial pressure at the suction cup falls below a specified value,

vacuum is generated again until the required vacuum level has been reached.

4.6.4 Selecting Suitable Components
Table 11:Components of Task 5
Quantity

Name

3/2-way solenoid valve, normally
closed (from TP 201)
1

Non-return valve

Vacuum generator (H)

Vacuum switch

Signal input, electrical (from TP 201)

Relay, 3-way (from TP 201)

On-off valve with filter-regulator
Few

Compressed air source

Tubbing's
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4.6.5 Problems faced

In order to save compressed air, the compressed air supply to the vacuum

generatoris stopped as long as the vacuum doesn’t fall below a specified value. But

the vacuum drops very quickly when it reached the capture value of the vacuum

switch. The frequency of the switching ON and OFF is comparatively high.

This problem is solved by using the non -return valve between the suction

cup and the vacuum generator. The tubbing connection is also challenging during

this experiment.

Task Number :5 Reducing Compressed air consumption

in a vacuum system
3

Pneumnatic Diagram
13
= =——- 'E
2

Electric Diagram
4
|=0.27 &

1
U =212:03 80,34 & =027
1 l00a A gy (0034 0 (=027 A
E 3
81 b . . [ K1 y
=004 A& =027 &
3
|=-003 &
I:D.UI4| AfAal =0a a1
K1 Kz 1
I=-0.04 & | A2 =0 A &2
1=0.27 &

U=0"=0340344 =027 4

Figure 45: Task 5 initial

Task Number :5 Reducing Compressed air consumption

in a vacuum system

Preumatic Diagram

Electric Diagram
2 4
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Figure 46:Task 5 reduces consumption
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4.6.6 Process explanation

The figures 45 and 46 show the overall functioning of this experiment. Initially
the vacuum is generated to catch the work piece and when the vacuum level
reached the captured level of a vacuum switch it turns off pressure to the valve but
the partial vacuum level is still maintained due to presence of non-return valve.
When the vacuum generated is reduced below the registered value of the vacuum
switch the valve is again given the air pressure thus the vacuum is generated again.

Thus, saves the pressure air.

Identification | Quantity value 2 4 6B 8 10 12 14 16 18 20 22 24 26 28 30 32 34|
.1
=R state
]
10 pos
-0.02
124 p [MFa] -0.03
-0.05
7
181 state

Figure 47: Step displacement diagram

4.7 Task 6 Controlled release of work pieces retained by a vacuum

This task is complete real-time task which can be used in transportation units.
This task involves ejection of work piece from the suction gripper in a controlled

fashion after the transportation is done.
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4.7.1 Problem description

Use the compressed air economy circuit from exercise 5. Vacuum generation
must be stopped when the transport process is finished. The work piece needs then

to be ejected in a controlled fashion.

4.7.2 Problems faced

If a work piece has been gripped using a compressed air economy circuit, and
if there's no leak between the suction cup and the work piece, the work piece is
retained due to confined vacuum pressure. The vacuum must thus be evened outin
a controlled fashion in order to ensure that the work piece is released from the

suction cup. ™

This can be done by including another circuit to Task 5. This new circuit
contains another 3/2 mono-stable solenoid valve and non - return valve,
delocakble valve. This new circuit stops the leakage of air when vacuum is

generated and provide the pressure for ejection.

4.7.3 Selecting suitable components

The Non — return delocakble valve, one more 3/2 Mono-stable valve and one-

way flow control is added in this experiment.

In Task 6, the ejection of the work piece can be controlled by the throttle
valve. High the throttling ejection force is lower. This is useful when glass type
materials are transported from one place to another the ejection of the glass work

piece should be done in a controlled manner.
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Task Number : 6
Control Rlease of Workpieces Retained by Vacuum

[Pneumnatic Diagram |
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Electric Diagram
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Figure 48: Task 6

Al
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ldentification | Quantity value 1 2 3 4 & 6 7 8 910111213 14 15 16 17 18 19 20 21
1
=y state
1
52 state
3
141 pos
g
3
1v2 nos _|
[l
T Time=10.965 s
pos=2
1B1 state
0
121 pimPal 801
-0.04

Figure 49: State diagram of task 6

When S1 is ON state then circuit will act as vacuum generator and when S2 is

ON state this circuit will eject the work piece. when both are on it is an error state. It

is seen from the figure — 50 that the partial vacuum is generated when S1 changes

its state. We can read the level of the partial vacuum in the vacuum gauge. Then the

function of the air economy circuit will take place. S2 is used to stop the vacuum

generation and start the ejection. When S2 is ON state the pressure will increase.

Table 12: State level of Task 6

S1 S2 1V1 valve used for | 1V2 valve used for
suction ejection

0] 0 0 0

0 1 0 1

1 0] 1 0

1 1 Not defined Not defined
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4.8 Deciding the suitable task for automating

4.8.1 Basic Tasks

There are six tasks they can be given by:
e Exercise 1: Generating vacuum
e Exercise 2: Selecting suction cups for various work pieces
e Exercise 3: Maintaining vacuum when using more than one suction cup
e Exercise 4: Monitoring partial vacuum

e Exercise 5: Reducing compressed air consumption in a vacuum system

Exercise 6: Controlled release of work pieces retained by a vacuum

Depending on the experience we had with all the basic tasks, the Task 5
(Monitoring partial vacuum) and Task 6 (Control release of work piece by vacuum) is
suitable for the automating with PLC and these tasks can be monitored by SCADA

software.

These two tasks have vacuum switch as a sensor and it can be applied directly in

practical applications in handling technologies.
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CHAPTER 5 IMPLEMENTATION OF PLCFORTASK 5 AND
TASK 6

5.1 Programming languages

EN 61131-3 (IEC 61131-3) defines five programming languages. Although the
functionality and structure of these languages is very different, these are treated as
one language family by EN 61131-3 (IEC 61131-3) with overlapping structure
elements (variable declaration, organization parts such as function and function

block, etc.) and configuration elements. The five programming languages includes:
1. Ladder diagram
2. Function block diagram (FBD)
3. Instruction list (IL)
4. Structured text (ST)
5. Sequential function chart (SFC) (@

For the PLC coding Ladder language (LD) have been chosen and for the analysis

and simulation in the FluidSIM® GRAPHCET language have been chosen.

5.1.2 Ladder diagram (LD)

Ladder diagram is a graphic programming language derived from the circuit
diagram of directly wired relay controls. The ladder diagram contains contact rails
to the left and the right of the diagram; these contact rails are connected to

switching elements (normally open/normally closed contacts) via current paths

and coil elements. @
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Part_ Types Part_present Drill_ok Sleeve_in
| [ 1 | 1 | | {3 |
| |1 |1 |1 \/ |

Figure 50: Ladder diagram

5.1.3 GRAFCET language
The GRAFCET (Functional Graph of Control Step Transition) or SFC (Sequential

Function Charts) is a formal model being used to specify and also to control reactive

systems of the type “all or nothing” (Boolean inputs and outputs). ['3

| A

1 C:=C+1
.

< B

F 3

=13 A

3 Ci=C+1
—4—1

Figure 51: GRAFCET language

A GRAFCET is graph which is composed of steps and transitions, connected
between them by connections or directed arcs. If we define in terms of PLC coding,
Step will define the states of the PLC. The transition will give the information about

the next sensor value. And the action block which executed the outputs of the PLC.
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The GRAFCET is similar to the petri nets. Petri nets have place, transitions,

tokens. GRAFCET have step, transitions and actions.

5.2 PLC coding for Task 5

5.2.1 Block diagram for Task 5

TP
S1 ——
L1 A
L2
2 i B =
q PLC | O YAF TP "

Figure 52:Block diagram for Task 5

The block diagram represents the technological process of the Task 5. It
consists of two inputs S1 and P. The TP is signal coming from the previous
technological process. The PLC have three outputs L1, L2 and YAF. The explanation

the symbols are given in the table- 13.

The standing chain method is suitable for the ladder programming because

using of this monostable valve. The mono stable valve does not have memory.
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5.2.2 Explanation of symbols

Table 13: Explanation symbols

Symbols Signals Description
TP Input Previous technological process
S1 Input Starting of the process using S1 switch
L1 Output Indication of the situation that

technological process is over

L2 Output Indication that the situation that the

current process is running

YAF Output Output valve

P Input Sensor signal

vacuum high enough to catch the

work piece

5.2.3 Process explanation

The Task 5 overall control has been controlled by one switch S1. The switch
used in this task is detent switch. The next input is the vacuum switch, this will turn
off the air supply entering the circuit when it is ON state. Depending on the vacuum
switch the circuit turn ON and turn OFF the value in a loop. This circuit has been done
with virtual PLC using GRAFCET language. The ladder program for the same task has
been implemented in STEP 7-Micro/WIN. The SIMATIC S7- 200 is used for the

implantation of the task.
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Figure 53: Program in GRAFCET language for Task 5

The initial state is represented by the double brackets. Here TP and S1 both
switches are detent switch. The GRAFCET represents the operation of Task 5, when
the switch S1 is pressed, the vacuum is generated. Once the signal from P is high
that means the vacuum is high enough to catch the piece so the output valve will
have turned off now. the vacuum created will getting decreased. At some point the
value of the Pis zero again the output valve is turned ON. The ON and OFF the output
valve depends on the value of vacuum switch P. The loop will continue infinitely until

the switch S1 is opened.

55



CTU IN PRAGUE, FACULTY OF MECAHNICAL ENGINEERING Surya Rengarajan, 2017

5.2.4 PLC coding
PROGRAM COMMENTS
Network 1 REDUCING THE COMPRESSED AIR CONSUMPTION IN VACUUM SYSTEM
SIGNAL FROM TECHNCLOGICAL PROCESS
51:%10.3 F3%L0.2 #H1:%L0.3
|| | ;| £
| | 1 | \
FLAG:%M10.0
| |
| |
Symbal Address Data Type Comment
FLAG %M10.0 BOOL
St %103 BOGCL
Network 2 GENERATING VACUUM
CONTROL PART
52:%10.0 H1:%L03 :2:%L01
| | | | { )
1 | | | \
F2:%L0.1
| |
1 |
FLAG:%M10.0
| |
| |
Symbal Address Data Type Comment
FLAG %M10.0 BOCL
s2 %I0.0 BOOL
Network 3 SENSOR ACTIVATION
P:%I0.1 F2%L0.1 #3:%L0.2
| | | | Fs )
| | | | \
Symbal Address Data Type Comment
P %I10.1 BOCL

Figure 54: PLC coding for Task 5- part 1
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TASK_522_MAIN / MAIN (OB1)

Network 4 POWER PART
INDICATION THAT TECHNOLOGICAL PROCESS IS COMPLETED AND WE NEED TRANSPORT THE WORK PIECES
#(1:%L0.3 FH2:%L0.1 #(3:%L0.2 L1:%0Q0.1
| | | ;| |, | { N\
| | | | 1 \ /
Symboal Address Data Type Comment
L1 %Q01 BOCL
Network 5
AIR CONSUMPTION
#(2:%L0.1 H3%L0.2 YAV:%:Q0.0
| | | ; | { )
| I | \
12:%Q0.2
I
— 2
Symbal Address Data Type Comment
2 %Q0.2 BOCL
YAV %Q0.0 BOOL
Network 6
%SMO.0 ETHO_CTRL
| |
1 [ EN
CP_Rea~#CP_Ready %L0.0
Ch_Rea~ |-#Ch_Ready %LW1
Emor|-#Emor:%LW32

Figure 55: PLC coding for Task 5- part 2

5.2.5 Explanation of PLC coding

There are diverse types of methods used for ladder program we have used

standing chain method forthe Task 5 coding. The standing chainis suitable because

of using monostable valve.
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5.2.6 ETHXx__CTRL (CP243-1 Module Control Subroutine)

ETHO__CTRL are available in the call subroutines which is used to make
communication between the MICRO/Win S7-200 software to PC Access. If one needs
to access the symbols created by the PLC in the PC Access ETHO__CTRL should be
included and the ethernet wizard should be configured correctly [10].

The ETHx__CTRL subroutine initializes and performs error checking for the
Ethernet module. The subroutine should be called at the beginning of every scan
and should only be used once per module. This instruction commands the CP243-1
Ethernet module to check the V memory area for a new configuration each time the
CPU changes to RUN mode. If the configuration is different or the CRC protection is
disabled, then the module is reset with the new configuration. CP_Ready becomes
active when the Ethernet module is ready to receive commands from the other
instructions. Ch__Ready has a bit assigned to each channel to show the status of the
connection for that particular channel. For example, bit 0 is ON when channel O has
established a connection. '

5.2.7 Flag creation

In the PLC coding the flag is created to write values during run time. The
problem we faced is that we could not write the values from the SCADA to PLC. This

is solved by creating internal variables (flags) in PLC coding.
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5.3 PLC coding for Task 6

5.3.1 Block diagram

TP

ST —07M8M»

S2 — ™ L3
L2

P P
I PLC | O YAF TP

¥YBvV
L3 ~

Figure 56: Block diagram for Task 6

The block diagram represents the technological process of the Task 6. It
consists of two inputs S1, S2, P. The TP is signal coming from the previous
technological process. The PLC have three outputs L1, L2, L3 and YAF. The

explanation the symbols are given in the table- 14.

The standing chain method is suitable for the ladder programming because

using of this monostable valve. The mono stable valve does not have memory.

59



e

i —
)7
) Ii"fi\ij €7) CTU IN PRAGUE, FACULTY OF MECAHNICAL ENGINEERING Surya Rengarajan, 2017

5.3.2 Explanation of symbols

Table 14: Explanation of symbols

Symbols signals Description
TP Input Previous technological
process
S1 Input Starting of the process

using S1 switch

S2 Input Ejecting the work piece

L1 output Indication of the situation
that technological process

is over

L2 output Indication of the situation

that the current process is

running
L3 output Indication that ejection is
on
YAF output valve for suction
YBV output valve for ejection
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Figure 57: PLC coding for Task 6- part 1

5.3.4 PLC coding
PROGRAM COMMENTS
Network 1 Network Tile
Network Comment
TP:%I0.3 H4:%L03 #1:%L04
| | | ;| s )
| [ | [ \
H1:%L0.4
| |
| [
F1:%M10.0
| |
| |
Symbal Address Data Type Comment
Fi %M10.0 BOCL
P %103 BOOL
Network 2
S51:%I0.0 #(1:%L04 F2:%L01
| | | [ 4 >
| | | | L
#2:%L0.1
| |
| |
F2:%M10.1
| |
| |
Symbal Address Data Type Comment
F2 %M10.1 BOCL
S %10.0 BOCL
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Network 3
P22 FH2:%L01 #K3:%L0.2
| | | | 7 )
| | | \
Symbok Address Dala Type Comment
P %6102 B0O0L
Network 4
SZ%I0.1 FK4A®LD3
| | {
| | N >
F3:%M10.2
| |
| |
Symdok Address Data Typs Comment
F3 %eM10.2 BOOL
S2 5101 BOOL
Network 5
#1:%W04 FK2:3%6L01 #K3:%L0.2 K403 L1:%Q0.2
| | | | | 4 | | ; | { )
| | | | 1 | | | N\
Symbok Addrass Data Type Comment
L1 Q0.2 BO0OL
Network &
2 %L0.1 #K3%eLD.2 YAV.%Q0.0
|| | )| & )
1 I | | A
L2%004
—& 2
N
Address Cata Typs Comment
2 Q0.4 BO0L
YAV %Q0.0 BOOL

Figure 58: PLC coding for Task 6- part 2
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Network 7
#4:%103 FH2:%L01 YBV:%Q0.1
|| | 7. ¢ )
1 I | | \
L3:%Q0.5
_( N
/
Symbal Address Data Type Comment
3 %005 BOOL
YBV %Q0.1 BOOL
Network @
%SM0.0 ETHO_CTRL
| EN

CP_Rea~|-4CP_Ready %L0.0
Ch_Rea~[#Ch_Ready:-%LW1
Ermor-#Emor%LW32

Figure 59: PLC coding for Task 6- part 3

5.5 Ethernet wizard

The Ethernet wizard is used to connect the CP243-1 to an Industrial Ethernet
network. The Ethernet module uses the configuration information that is stored in

the V memory of the S7-200 to generate the connections required for Ethernet

communication. "9
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The ethernet wizard set communication between the PLC and PC. The setting
of parameters is important that the correct IP address of the PLC and

communication link of the CP243-1 should be configured correctly.

FModule Address-

Please select the address to assiga to this CP 243-1 module. If your network provides a BOOTP
server [a service that will automatically assign | P addresses at startup). vou may choose to have an
IP address automatically assigned.

IP Address: | . 32 .167 . 106 E3:

Subnet hMask: I 2565 . 255 . 240 . 0O

Gateway Address: I D% 0O =20 D

I Allow the BEOOTP server to aitomatically assign an IP address for the module.

tModule Connection Type
Specify the communic ations connection type for this module.

I Auto Detect Commurnications o I

<Prev I MNe=t> I Cancel J

Figure 60: Ethernet wizard part 1

The setting of TSAP properties is important that it will give information about

the CP243-1 module. itis shown in the figure 58.
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Configure Connections @

You have requested 1 connection{s) For each connection. specify whether the connection should act as a
client or server, and configure its associated properties.

Connection O [1 connections requested)

€ This is a Client Connection: Chent connections request data transfers between the local FLC and a
remole server.

* This is a Server Connection: Servers respond to connection requests from remote clients.

Local Properties (Server) Remote Properties [Client)
TSAP TSAP
I 10.00 I 10.00
I This server will connect with an Operatos
Panel (OP).

Iv Accept all connection requests.

I Enable the Keep Alive function for this connection.

| __tien Comestion> |
[ OK | Cancel |

Figure 61: Ethernet wizard part 2

The above steps need to be carefully done to achieve the communication between
PLC and PC Access. these are the only important steps and there are three steps

more but these steps are very important.
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Chapter 6 SCADA design for Task 5 and Task 6

6.1 SCADA design for task 5

The SCADA design for the Task 5 has been done its run time and design
window environment is shown in figure. This SCADA environment is used to check

the functionality of the process.

@

File Edit View Managers Project Tools Window Help Standard | additional | Vectors | Contral Tec Johnson Controls | Sauter | BACnet | IP Cameras Elgas

EEECE Y LI T }“JM/_‘E-A&]JEM‘BTJQ.E»‘«Y‘:l®"?f-.

EFe a0 54 @ Window1 - Window1 - m] x|

Properties  Components

Name Type B e e e e e e e P

[ Bevelt Bod B i B e e P S S S

S ::fom ::; ..... Operator Pannel = B P S S F PP L

[ Buttont Button  L.o.iiiiiiil _ Sheunoaannasonesasdpaeonscanaanenanaanoasonanans STETETETE T 000000

O Teat Tet  fliiiiii = 51 Suction ORF

O Text2 R S D A T D (I

[ Texs Ted  fiiiiiiiiii B S e P SRS PR FE

[ Beveiz Bewel  Liiiiiiiiinn B S S R PR SRS SRR HE

O Tex? Tet [l

[ Display2 Display — [.liliiiiiil i R

[] Display3 Display T N

O Diplayd  Display EEIEEEEE 5 B A

[ Displays Display ELES IS

PV Dol Doy R 1 52 Ouput Vaive
™ RRRRRE oo oo oo

G B | m g @ || o G o t

Tog me | AIEIEREEEEEE L Lo i

& OFC1 SRS = . = e

4 System

3 Vituall

Figure 62: SCADA design for the Task 5

6.2 Steps to design a project in Reliance 4 design

e Selectthe Reliance 4 SCADA, select Create the new project and the give name

of the project and select the required window to work on.

e Now create the window for the project, after clicking perform it automatically
ask you for activating the window click next and choose the window type and

click perform.
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The SCADA software contains two modes:
1. Design mode
2. Run time mode

In the design mode, the technological process can be visualized. Tags can be

created and based on the tags values it is possible the control the visualization.

In the run mode, we can see the real-time output of the process linked with
SCADA software.

There most important thing in SCADA design is Managers. They are used for tag
creation, adding devices, pictures and viewing the data in terms of text, graphical

etc.

6.2.1 Device manager

The device manager gives information about the all the devices and tags
which is used in the project. If you need to add OPC server and Siemens S7-200 to
the project you can add the in the device manager. For example, the OPC server is

added to the project by device manager.

6.2.2 Scripts

To control anything, we need code, in the visualization, the most often used
code is VB scripts. The important thing here to understand is to know what to
control and to design an algorithm that suits the required task to do. We haven't

use any scripts for the tasks but for perform calculations we can write the scripts.
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6.2.3 Data tables

All historical data are stored into the databases in the Reliance for the
purposes of their displaying in the form of the Trends (graphical form) or Reports
(textual and numerical form) or for their processing and evaluations according to
the criteria given.® We can save the data in the excel format and we also use the
data for the future use. Every day at midnight there is an archive daily file created
from the actual data and it is copied into another directory under another name,

related to the year.

In data tables two things are important they are data sampling and data
logging. The data samplingis rate is the rate at which the new record is created from
the actual tag value to store in the Reliance data table. The data logging is the rate
how often the data from the RDT memory are stored into the physical table on the
disk. When user needs to create reports, trends and real time trends the data table

has to be created first.

6.2.4 User manager

User manager is important feature in Reliance design which is used to define
different kind of users. The user's rights can set according to their purpose like to
view, changes parameters and design changes and control. Password can set for
different user. And, can customize run time module for each user differently.
Different user can log on the run time environment and the can change the

parameters accordingly.

There are lot more features available for in the SCADA 4 design software like
reports, alarms and events, duplications, string manager. These all the managers

will be used for the visualization process as per the user requirements.
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6.3 Work done
e The SCADA design for the Task 5 and Task 6 is designed.

e The users are created by user managers and given them priorities.
e The data tables are created to store the values.

6.3.1 Difficulties faced

The tag allocation and design of the technological process is a big challenge

and time consuming. Improvements can be done in the design

6.4 Run time environment of SCADA

In the figure 60 and 61, the basic operation of the Task 5 is visualized.
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Figure 63: Run time environment of Task 5- part 1
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The run time environment of Task 6 has some limitations but the basic
concept was working one switch is for ejection and other switch is for suction. Once
the control by PLC and design of SCADA is done now the PLC and SCADA have to
communicate with each. The following chapters will give the detailed information

communication between PLC to PC and SCADA.

CHAPTER 7 COMMUNICATION BETWEEN PLC - PC-SCADA.

7.1 Steps for communication

import tags from PC Acess

scapa run Time

Figure 66: Steps for communication
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These steps are useful in debugging error in the communication. If one
requires to communicate from filed level actuators to SCADA HMI, these steps has

to be followed in a given sequential manner to get the desirable communication.

7.2 OPC server

OPC server is an application created specifically for the devices to
communicate between the OPC clients. This is used in I/0 problems due to driver
issues, each software and each PLC have different driver to communicate but OPC
provides common platform for all the clients and server which is connected in a

network. SCADA is an also a client of OPC server.

Lplikace Lplikace Lplikace
pro schérnata pro Zratsr Pro reporise

Softwarosse Softwmarossr Softwwarossr Softw-arossr
drirer drirer drrer drirer
- I | -
= . T -
E‘E ; E | ;- . . )

Figure 67: OPC Server®

7.3 PC Access

The PC Access is bridge between the physical field levels devices to upper
levels of automation. The PC Access is OPC client which provides the common

platform to communicate in the network.

7.4 Setting of parameters
The communication has certain parameters that needs to be satisfied to
function properly. After configuring the ethernet wizard the configuration of PC

Access should be set with correct parameters. This section will guide us to set the
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correct configuration of the PC Access correctly and too achieve proper

communication.

7.4.1 Reading the symbols from the PLC projects
From the window of PC Access, it is necessary follow the below instructions

to get the symbols from PLC and make available for the SCADA.

Step 1: Files ——»Import symbols ————» Choose the project ——» Get the
tags on the PC Access window ——> Click drag them to the test client space _________, Run

the test client.

I= prj1 - §7-200 PC Access
File Edit Wiew Status Tools Help
| == i)
pril Mame  # | Address Data Type Access Comment
hat's Hew [=1%] Q0.1 BOOL R
=B MicroWin(TCP/IF) [ 00,2 BOOL [
= Task_5_mam f=12 10,1 BOOL R
- [OoERT Bs1 10.3 BOOL R
Bisz 0.0 BOCL R
Sivav Q0.0 BOCL R
Item ID 4 | Yalue Time Stamp | Quality
2 Microwin, TASK_S_MAIN.USERL L2 i 14:34:57:375 Good
2 Microwin, TASK_S_MAIN.USER1L.P i 14:34:57:715 Good
B Microwin, TASK_S_MAIN.USERL.51 1 15:07:59:751 Good
B Microwin, TASK_S_MAIN.USERL.52 ] 14:34:57:715 Good
B Micrawin, TASK_S_MAIN.USER L ¥AY ] 14:34:57:375 Good
B Microwin, TASK_S_MAIN,USERL.L1 1 15:07:59: 751 Good
Ready EEEE MU

Figure 68: PC Access
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7.5 Problems and solutions
e The main problem facedinthe S7- 200 PC Access is each time when the server
is in active, it is impossible to save the configurations. The configurations
must be save so that the tags can be imported successfully in the SCADA

software.

e Errors were made during configuring the Ethernet wizard which changes the
IP address of the PLC's in an Ethernet network. In this step, the exact IP
address of the PLC should be assigned to IP address space which is shown in

the figure 69.

Module Address

Please select the address to assiga to this CP 243-1 module. If your network provides a BOOTP
server [a service that will automatically assign |P addresses at startup), you may choose to have an
IP address automatically assigned.

IP Address: . 32 167 . 106 |E3:

SubnetMssk: | 255 255 . 240. O

Gateway Sddress: I 0. 0.0 .0
[ Allow the BOOTP server to astomatically assign an IP address for the module.

Module Connection Type
Specify the communic ations connection type for this module.

I Auto Detect Lommunications lJ

<Prev I Next> I Cancel

Figure 69: Important configuration setting

e Another problem is when importing symbols from Micro/WIN projects, each
time in the properties of the project the TSAP value should match with value

at the 5™ step of the Ethernet wizard that is shown in figure.
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Connection 01 connections requasted)

" This is a Client Connection: Chent connections request data transfers between the local PLC and a
remole servel

(¥ This is a Server Connection: Setvers respond to connection requests from remote clients

Local Propaties (Setver) Remote Properties (Clent)

AR TSAP__
[ 1000 10,00
[™ This server will connect with an Oparator

Panel (OP)

[V Accept all connection requests

it

¥ Enable the Keep Alive function for thiz connection

Figure 70: TSAP properties

7.5.1 TSAP

General

Neme: lLAUN

IP dcrass 14732 167 102 !
i Ld

TSAP

Locd: (0w

Remcta 1000
0K I Cancel

PLC Properties M

Figure 71:PC Access properties

A Transport Services Access Point (TSAP) is an end-point for communication

between the Transport layer(layer 4) and the Session layerin the OSI(Open

Systems Interconnection) reference model. Each TSAP is an address that uniquely

identifies a specific instantiation of a service. TSAPs are created by concatenating

the node's Network Service Access Point (NSAP) with a transport identifier, and

sometimes a packet and/or protocol type 1'%

The TSAP (Transport Service Access Point) addresses the channel you use for

an Ethernet based communication. Basically, it gives the information about the PLC

and its communication panel location which is connected in a network.

The TSAP contains two locations that is given below:

TSAP: 10.00 - It mean that

e 10 - Ethernet or IT module is connected next to the PLC

e 0O - use the first of the 8 communication channels.
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CHAPTER 8 COMMUNICATION BETWEEN PCACCESS AND
SCADA

Once the communication between the PLC and PC Access is achieved and PC

Access can read values from the PLC. Now it's time import this OPC tags to Reliance
4 SCADA.

8.1 Procedure for importing Tags from PC Access

1. After creating the project in the Reliance Design development environment
and confirming the settings, it is suitable to choose what we are going to
connect to, i.e., the type of PLC, driver, etc. In our case it is OPC. So, go to
the Managers menu and bring up the Device Manager. Because an OPCserver

is used for the SIMATIC PLC, choose OPC and confirm.

& Device Manager © Do

£ G W | & > =8 B W

o
il
o |
&
1

—i- @] Devices

=t- (] Devices
¢ System
§ age OPCH
W Virtual = (3 Tags
@1 Aarme/Everes
=gF DDE
Teco
AMIT OPC Server DA 1.0 DAZD
Modbus B Ees
98 Matrikon . OPC.Simulation Yes Yes
\B'\,/:(:gno ¥ Matrikon . OPC. Simulation. 1 Yes Yes
ot T e
Sauter EY2400 [£=] -__L.%émnte
Rittmeyer wsr3000
Johnson Controls DXS100
Johnson Controls SCS100
Johnson Controls FX15
IEC104
Generic
Promos
MBus
MBus Sensonic Plus
Inmat
Elcor
BElgas2

amD Canea

TMC

~
& Select Device Type

-+

& Select OPC Server B >

He-EEEEEOEEEEEMEEEE

Figure 72: Adding OPC to project Figure 73: Selecting OPC server

76



I
|f
1}
I
]

Jy

bl

L1
1

2

1

ﬁl CTU IN PRAGUE, FACULTY OF MECAHNICAL ENGINEERING Surya Rengarajan, 2017

2. Onthe left side of the manager window, click on OPC1. Then, click on the OPC

icon next to the red cross in the basic tag of the OPC1. And Select OPC
Serverthen Select the Reliance OPC server and confirm. Then, in
the Tags folder, create the OPC Group subfolder into which tags from the OPC

server.

3. Next step is the crucial step to import the tags from the OPC clients, and it is

done by pressing the Import from OPC Server button.

4. Once the above step is done. you will have the window as shown figure-77 in

that expand the type of the tags you need to get into the folder and simply
move them by dragging with the mouse into the OPC Group 1 folder. Now, the
tags are imported and ready to be used in the project. Save the changes and
one pop window will come click yes. It allows you to connect the OPC server

(OPC1) to the computer.

<
B |82 X | P B 8= Fitter Empty/Defaut  ~ RW ~ | ¥
OPC Device OPC Server
Name Type Update in... Name Value Type R/W  ID/Comment
= 9% OPC1 [#)- 98F Reliance OPC.Server.1 OPC ..

=+ (%] Tags
| &2 Grotp 500

Figure 74: Importing from OPC server 1
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8.2 Problems and solutions

1. The main problem is the order of opening the software, it should be in

sequence of order.
a. Micro/Win S7-200
b. PCAccess
c. Reliance 4 Design

2. At starting | opened the software randomly so | didn't achieve the desired
output. And | faced difficulties in importing the tags from OPC this is solved

by the proper setting the proper configuration in the PC access.

3. The next main problem is from SCADA design, the tags cannot write the

values to the PLC, thisis solved by creating the internal flags in the PLC coding.

4. Priorities should be set in the SCADA because there are two possibilities to
start the process. One is through the switch and another is from SCADA itself.
This kind of problems can be solved by giving priorities to the inputs to avoid

the malfunctions in a complex control design.
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CHAPTER 9 DATA EVALUATION

9.1 Calculating cost savings which result from the compressed air
economy circuit

The data evaluation can be done in two methods:
1. Manual
2. Automatic

The manual calculations are calculated from the experiments results. The data
are directly measured from the system and using mathematical calculations we can

get required data.

To automate the calculation, we can get the data from the process using SCADA
software. The field level elements give raw data. The SCADA can convert raw data
into information. This can be done through scripts and also through introducing new

filters in the SCADA software.
9.2 Manual evaluation
Consider the following conditions:
e Compressed air costs: €0.15 per m3 at 6 bar.

e Flow rate of a type H vacuum generator with an operating pressure of 6 bar:

12 1/min
e The lifting device is operated 8 hours a day.

In these conditions if we use air economy circuit which is the task 5, the air

consumption will be reduced significantly.

From experimenting the Task 5 it is seen that the ON time range is faster than

the OFF time of the vacuum generation. If the circuitis operated normally for 8 hours
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a day without the air economy circuit it will consume more than with air economy

circuit.
Without air economy circuit:
Compressed air consumption per day in minutes: 8 hours x 60 = 480 minutes
Vacuum generator operating time without air economy unit = 480 minutes
Consumed compressed air = 480 minutes x 12 liters per minute = 5760 liters
Costs for consumed compressed air=5.76 m3 x €0.15 = €0.864
With air economy circuit:
Compressed air consumption per day in minutes: 8 hours x 60 = 480 minutes
Vacuum generator operating time = 480 + 2 = 240 minutes
Consumed compressed air = 240 minutes x 12 liters per minute = 2880 liters
Costs for consumed compressed air = 2.88 m3 x €0.15 = €0.43
From the above calculations, it is clear that the cost is reduced to 50 %.
9.3 Automatic evaluation

The evaluation can be computed for the Task 5 in the SCADA by reading the

switching frequency and the ratio between ON/OFF. With the help of scripts, we can
get the required data.

In SCADA, it is also possible to use summary of computing the data gathered
from PLC. For example, the great advantage of SCADA is to evaluate the data within

the given requirements. For example, using filters.

To do these, first is to create data table to store the values from PLC in SCADA

design. In the report manager add the created data table to create the data table
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for the project. The reports for the project must be created. And from the created
report from the data table, user can create a filter to get the required data at the run

time environment of the SCADA.

Create Filter b4

Mame |EE | [] Active

Time range Columns

Relationship between columns fiter conditions
(® Concurent meeting all conditions

() Meeting &t least one condition

Columns
= Range limits
Emmo
Boiler_Command
Bumer_runnning + Inchuding limit
Max_temperature_water
pump_Failure
Pump_Running
Temperature_air_outside
Temperature_diffrence

Ti rat at
Tzr_nll-jlzat HrE_Water Value position

- Inchuding limit

Inside range Outside range

QK Cancel

Figure 75: Creating filter in SCADA

By selecting the required data with help of filter, we formulate formulas in
scripts and we get the required results. The important step is to select the required
tag value. Once these steps are done, user can monitor and control the entire

process.
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CHAPTER 10 CONCLUSION
The control algorithm and visualization of the two tasks has been done and it
is working successfully. The PLC hardware solution is implemented for the task-5 is

shown in figure.

Figure 76: PLC hardware solution for Task 5

This thesis attempts to understand and test the vacuum handling applications
by using automation principles. The basic terminologies of the Vacuum
technologies are discussed and six experiments related to the vacuum technology

TP230 were experimented.
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In the six experiments, suitable two tasks are chosen. The control algorithm by
PLC and design visualization by SCADA has been done and the results were
successful. The vacuum technology has greater advantages in industrial
applications specially in handling and transportation applications. The energy
savings concept is truly fascinating and helps in the energy crisis faced by the

industries.

It was a really personal challenge and great joy to learn vacuum technology with
aid of real time equipment’s like TP 230 kit from FESTO company. | am really glad
and thankful to FESTO company to make learning easier with these types of study
modules. Typical areas such as industrial handling equipment, vacuum generation,
vacuum switch, several types of suction cups, ejection of work piece and energy
savings in vacuum technology has been clearly understood. Throughout the thesis
| had faced lot problems related with connections, tubbing’s, communication but all

these elements make this thesis work interesting.

1. My first task was to study was to study the materials related to TP 230 set

vacuum technology. | have done it and it is described in chapter 1 and 2.

2. Second task was to understand the basic six tasks of the vacuum technology
and choose an experiment which is suitable to automate. | have done it with

FluidSIM® V5.0 and described in the chapter 4.

3. Third task was to design the control algorithm by PLC SIMATIC S7 - 200 for the
experiment5 and 6. It has been done and | have described it in the chapter 5.
Resulting state diagram corresponds to the desired functionality of the

process.

4. Fourth task was to design a visualization for the selected experiment in the

SCADA system. | have done it and it is described in the chapter 6.
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5. The next task is to make the communication between the field level
component to upper levels of automation such as SCADA software. The
communication is successfully achieved and | have described itin the chapter

7 and 8.

6. My last task was to evaluate data from the measurements, | have done this
and it is described in the chapter 9. Thus, all the specified tasks for this thesis

work was fulfilled.

This thesis can be extended to evaluate the data by using SCADA, for
that scripts should be used to calculate the necessary calculations. For the
experiment 5, Due to time limitations | evaluated the data in hand but it is possible
to calculate the time difference for the ON and OFF switching. By using scripts, we

can have the data evaluated automatically in SCADA.

In conclusion, through this thesis work | have understood the concept of vacuum
technology used in handling applications and learned how the communication

works from field level to upper levels of automation.

Vacuum technology is vast area and | hope that this work can help as a
guidance to the other students who would like to work on the vacuum technology

in future.
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CHAPTER 11 REFERENCES

11.1 List of Abbreviations used

PLC

SCADA

HMI

LED

PC

OPC

RTU

GUI

LD

SFC

FBD

CPU

TSAP

Programmable Logic Controllers
Supervisory Control And Data Acquisition
Human Machine Interface

Light Emitting Diode

Personal Computer

OLE for Process Control

Remote Terminal Unit

Graphic User Interface

Ladder Diagram

Sequential Flow Chart
Functional Block Diagram
Central Processing Unit

Transport Service Access Point
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