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Abstract

Manufacturing Systems Integration is the progressive linking and combination of the various components
of the system to merge their functional and technical characteristics into a comprehensive interoperable
unit. It requires one to work with different hardware and software. There are a number of vendors providing
a large number of products. Integrating these varieties of products provides a greater value than the sum of
the value provided by the individual products. What hinders the effective integration of these components
is the diversity in the design and the use of these products. Systems Integration is eased by well-established
standards in data communication, programming languages, application development environments and
computer operating systems. Many vendors have attempted to come up with standards that are relatively
open. However, when one has to integrate data among multiple vendors’ architecture, a new set of
challenges emerge.

The Siemens’ PC-based automation technology is an emerging technology that appears to provide robust
architecture for integrating all elements of the manufacturing environment. Applications ranging from
simple control to distributed control and full-fledged Manufacturing Execution Systems can be developed
using Siemens’ architecture. The primary focus of this applied research work is to develop a Manufacturing
Execution System to control a flexible manufacturing system using Siemens PC-based automation
technology. This technology is implemented in a Flexible Manufacturing cell named the CAMCELL. The
CAMCELL consists of two CNC machining centers, assembly robots, and a vision system, all of which are
interlinked by a material handling system. The software architecture of the CAMCELL is based on NIST’s
five level hierarchy, discussed briefly in the report. Specifically it contains functional modules for order
entry, scheduling and routing. In addition to these functional modules, there are various support modules
such as order entry module, scheduler, router etc, two of which named the Inquire and the Pallet Controller
that are implemented in this study. Siemens’ Step 7 and WINCC software are used for the control and

monitoring of the cell.



Section 1. Introduction

A system is defmed as a collection of elements or components that are organized together for a common
purpose. ' Manufacturing Systems Integration is the progressive linking and combimation of the various
components of the system to merge their functional and technical characteristics mto a comprehensive
interoperable unit. ”! System Integration requires us to work with different hardware and software. There
are a number of vendors providing a large number of products. Integrating these varieties of products
provides a greater value than the sum of the value provided by the individual products. What hinders the
effective integration of these components is the diversity in the design and the use of these products.
Computer systems are continuously evolving, operating systems are rapidly changing and the programming
languages are getting more and more object oriented.

Systems Integration is eased by well-established standards m data communication, programming
languages, application development environments and computer operating systems. Many vendors have
attempted to come up with standards that are relatively open. For example, the Simatic PCS 7 is a process
control system based on standard technologies and thus offers openness and also allows it to be linked up to
systems made by other manufacturers. It has a flexible architecture that facilitates horizontal integration
among the processes as well as vertical mtegration im the company-wide information network and
integration to field engimeering. *! Industrial” Solutions from ABB are designed to perform as a fully
mtegrated set of solutions across common hardware, software, engimeering, spare parts, project
management, training and service components. They are scaleable and open and hence you can implement
only what you require now, and add functionality over time, as needs evolve. ! The Westinghouse
Distributed Processing Family (WDPF®) distributed control and information system provides modulating
control, sequential control, and data acquisition for a wide variety of process applications. It has a dual
network architecture that provides effective and reliable communications and a deterministic network for
real-time process control data and an open Ethemet Information Highway for file transfer, remote access,
and enterprise mtegration. It also offers the flexibility to fully mtegrate plant process control, local and
wide area SCADA systems, PLC networks, and mamtenance management and laboratory computer
systems i a single, unified architecture. BIIBM’s SiView Standard, an advanced manufacturing execution
system for semiconductor manufacturers, provides a complete open, multi-platform environment with the
mdustry's richest functionality and largest range of Manufacturing Execution Systems (MES) applications,
including material management, equipment and process management, schedule management, process
control, and factory automation. SiView Standard mtegrates with a variety of third-party software to offer
an end-to-end MES solution. ') However, when one has to itegrate data among multiple vendors’
architecture, a new set of challenges emerge.

The Siemens’ PC-based automation technology is an emerging technology that appears to provide robust
architecture for imtegrating all elements of the manufacturmg environment. Applications ranging from

simple control to distributed control and full-fledged MES can be developed using Siemens’ architecture.



The primary focus of this thesis is applied research leading is to understand and develop a Manufacturing
Execution System to control a manufacturing cell named the CAMCELL. CAMCELL is a flexible
manufacturing system containing two CNC machining centers, assembly robots, and a vision system, all of
which are interlinked by a material handlimg system. The software architecture of the CAMCELL is based
on NIST’ five level hierarchy ") Specifically it contains functional modules for order entry, scheduling and
routing. In addition to these functional modules, there are various support modules (order entry, scheduler,
router etc.) two of which named the Inquire and the Pallet Controller are implemented in this study.

This study aims to evaluate the Siemens’ Automation System in terms of its important features in the
context of Systems Integration. There are many communication standards that govern the data
communication within a manufacturing cell. Such communication standards range from device-to-device
standards like the RS-232 serial communication standard to a distributed network communication standards
like Industrial Ethernet. Similarly, there are varieties of programming languages standards that are popular
in the process control field. From simple graphical programming languages like the Ladder Logic or the
functional block diagram to Sequential Programming languages and complex Structured Control languages,
there are a number of programming languages that a control solution developer can chose from. These two
aspects of Systems Integration in addition to other problems faced in the multi-vendor integration are a
huge challenge to bring about effective Systems Integration. This study aims at studying the Siemens’
Automation System through these perspectives.

In section number two, we discuss the data communication standards popular within the process control
field. Such standards include Serial Communication standards like RS-232, RS-422, RS-485, and Profibus
networks communication standards, Parallel Communication standards like IEEE-488 communication
standard and distributed network communication standards like Ethemet and TCP-IP. Here, we also discuss
the ISO OSI 7-layer model, which specifies the functions that are to be fulfilled at each level in
communication systems. In this section we also describe the Simatic NET Profibus network that is used in
the CAMCELL.

In section number three, we discuss the programming languages currently in use in the process control
field. Such languages include Graphical Programming languages like the Ladder Logic (LAD) and the
Functional Block Diagram (FBD), Textual Programming language like the Statement Lists (STL),
Sequential Programming languages like the Grafcet and Graph, and also Structured Control languages.

In section number four, we describe the General Architecture of the Siemens’ Simatic PC-based
Automation System. The various components of this architecture are Simatic Controllers, Simatic HMIs,
Distributed I/Os, the Simatic NET communication network and the Step 7 configuration and programming
software. In this section, we also describe the Simatic Manager architecture. Simatic Manager is the basic
application for configuring the hardware and programming logic in a control application. Main components
in this architecture are the Simatic PC Station, Operator Station, WinL.C, which is the logic controller,
WINCC, which is the Supervisory Control and Data Acquisition software HMI of the Siemens’



Automation system. This section contains a brief description of these components of the overall Simatic
system architecture as well as the Simatic Manager architecture.

In section number five, we describe the CAMCELL through three different perspectives viz. the
Manufacturing and Material Handling perspective, Product/Process flow perspective and the Computer
hardware hierarchy perspective.

In section number six, we describe the material handling system of the CAMCELL, its components and its
functions. We also describe the control program that runs the material handling system written in the
Quickstep programming language.

In section number seven, we describe the CAMCELL automation system. Here we describe the actual
implementation of the Siemens’ automation technology in the CAMCELL. Here we describe the
implementation of two functional modules of the CAMCELL viz. the Inquire and the Pallet Controller.
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Section 2. Data Communication for Process Control

2.1 Introduction

In this section, we will focus on various communication standards that are relatively more popular in the
process control field. Communication standards are an agreed upon set of rules and guidelines that
govern communication between two devices, or two systems. There are two aspects to any
communication standard, viz. the hardware aspect and the software aspect. The hardware aspect of a
communication standard deals with such things as physical characteristics, electrical characteristics,
types of connectors and so on. On the other hand, the software aspect deals with the ways in which
information is packaged and transferred. In this section we will describe both these aspects of the various
communication standards leading to the discussion of the Simatic NET Profibus network, which is a part

of the Siemens’ System and is used in the CAMCELL application.

2.2 Data Transfer Modes "
There are two different kinds of data transfer modes,
1. Serial transfer mode, or serial communication,
2. Parallel transfer mode, or parallel communication.
2.2.1. Serial Communication
In Serial Communication, data is transferred from sender to receiver one bit at a time through a single
line or circuit. The name serial communication comes from the fact that the serial port takes 8, 16 or 32
parallel bits from a computer bus and converts it as an 8, 16 or 32 bit serial stream. Each bit of
information is transferred in series from one location to another. Each stream of bits is broken up to 8
bits called words. Serial communication is of two types.
Synchronous Serial Communication
In this type of serial communication, the sending and receiving ends of the communication are
synchronized using a clock that precisely times the period separating each bit.
Asynchronous Serial Communication
By introducing a start bit that indicates the start of a short data stream, the position of each bit
can be determined by timing the bits at regular intervals. The two systems then don't have to be
synchronized by a clock signal. When the receiving end of the communication receives the start
bit it starts a short-term timer. By keeping streams short, there's not enough time for the timer to
get out of sync. This method is known as asynchronous communication because the sending

and receiving end of the communication are not precisely synchronized by the means of a clock



2.2.2. Parallel Communication

Simultaneous transmission of the eight bit-voltages that constitute a byte is referred to as "parallel
transfer”. When bits have to be moved about within the computer itself, they are transmitted along wires.
If the data to be transmitted is in 8-bits format bytes, then eight separate, discrete wires must
simultaneously carry the eight representative electrical voltages between the two points. Parallel transfer,
then, is done byte-by-byte. Since all eight bits arrive at their destination at the same instant, parallel data
transfer can be accomplished at extremely high speeds.

2.3 Serial Communication Standards ™
The most popular serial communication standards are,

1. RS 232 communication standard,

2. RS 485 communication standard,

3. RS 422 communication standard, and

4. Profibus networks
2.3.1. RS 232 communication standard
RS-232 communication standard was introduced in 1960 by the Electronic Industries Association (EIA),
and is currently the most widely used communication protocol. It is simple and inexpensive to
implement. Even though relatively slow, it is adequate for most simple serial communication devices
such as keyboards and mice. RS-232 is a single-ended data transmission system, which means that it
uses a single wire for data transmission. Since useful communication is generally two ways, a two-wire
system is employed, one to transmit and one to receive. Because signals traveling this single wire are
vulnerable to degradation, RS-232 systems are recommended for communication over short distances
(up to 50 feet) and at relatively slow data rates (up to 20 kbps). RS-232 is used to connect only two
systems. (2]
2.3.2. RS 422 communication standard
RS-422 (EIA RS-422-A Standard) is a serial communication standard used on Apple Macintosh
computers. RS-422 uses a differential electrical signal, as opposed to unbalanced signals referenced to
ground with the RS-232. Differential transmission, which uses two lines each to transmit and receive
signals, results in greater noise immunity and longer distances as compared to the RS-232. The greater
noise immunity and distance are big advantages in industries. RS-422, like RS-232 is also used to
connect two systems. (2]
2.3.3. RS 485 communication standard
RS-485 (EIA-485 Standard) is an improvement over RS-422, because it increases the number of devices
from 10 to 32 and defines the electrical characteristics necessary to ensure adequate signal voltages
under maximum load. With this enhanced multidrop capability, you can create networks of devices
connected to a single RS-485 serial port. The noise immunity and multidrop capability make RS-485 the

serial connection of choice in industrial applications requiring many distributed devices networked to a



PC or other controller for data collection, HMI, or other operations. RS-485 is a superset of RS-422;
thus, all RS-422 devices may be controlled by RS-485. RS-485 hardware may be used for serial
communication for up to 4000 feet of cable.

2.3.4. Profibus !

2.3.4.1 Overview of Profibus Network

Profibus is an acronym for “Process Field Bus”. It is a modified version of the RS 485 standard and
follows the international standards EN 50170, EN 50254 and IEC 61158"%. It is a vendor-independent
standard documented in the volume 2 of EN 50170. The transmission medium is either a copper cable

network based on a shielded 2-core cable or a fiber-optic cable network as shown in figure 2.1.

PVC outer sheath
Cores, solid copper Copper braid shield
Aluminum foil
Plastic foil

Ceilular PE insulation
Filler

Fig 2.1 Structure of a shielded 2-core Profibus Cable

The transmission speed determines the length of the cable within a segment. The maximum length at the
highest transmission speed (12 Mbit/sec) is 100m and the minimum cable length at the lowest
transmission speed (9 kbit/sec) is 1000 m. The network can be expanded with repeaters.

The Profibus supports the exchange of information between field devices and with systems at a higher
system level. It is mainly used to transfer small to medium quantities of data. It offers a standardized
interface for the transfer of process input and process output data between Simatic S7 stations and the
field devices.

2.3.4.2 Access techniques

The network access technique for PROFIBUS corresponds to the "Token bus" method specified by EN
50170, Volume 2 for active stations and the "Master/slave” method for passive stations. The access
technique is independent of the transfer medium. Fig 2.2 shows the procedure used with active and
passive stations. All active stations (masters) form, in a prespecified sequence, the "logical token ring"
whereby each active station is aware of the other active stations and their sequence in the logical ring
(the sequence is independent of the topological arrangement of the active stations on the bus). The right
to access the medium (the "token") is passed from active station to active station in accordance with the

sequence specified by the logical ring.
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Fig 2.2. Profibus Access Technique

When a station receives the token (addressed to it), it has permission to send telegrams. The time
allowed is specified by the so-called token holding time. Once this has elapsed, the station is only
permitted to send one more high-priority message. If the station is not waiting to send a message, it
passes the token onto the next station in the logical ring immediately. The corresponding token timers
("maximum token holding time", etc.) are configured for all active stations. If an active station is in
possession of the token and connections to passive stations are configured for it (master/slave links),
these passive stations are queried (e.g. variables are read) or data is sent to them (e.g. set point values).
Passive stations never receive the token. This access technique allows stations to be added and removed

under operating conditions.

2.4 Parallel Communication Standards

Parallel communication is characterized by multiple bits transfer that leads to higher data transfer rates,
over relatively shorter distances.

The parallel communication greatly increases transfer speeds by using an eight-wire connector, which
transmits the eight bits in a byte of data simultaneously, thus sending an entire byte of data in the time it
takes to send a single bit in a serial system. This byte of data is supplemented by several other
handshaking signals, each sent on its own wire, which ensure that data transfer takes place smoothly ©*)
2.4.1. IEEE 488 (GPIB)

The IEEE-488 bus was developed to connect and control programmable instruments, and to provide a
standard interface for communication between instruments from different sources. Hewlett-Packard
originally developed the interfacing technique, and called it HP-IB. Since the interface was so versatile,
that the IEEE committee renamed it as GPIB (General Purpose Interface Bus). The IEEE-488 interface
system consists of 16 signal lines and 8 ground lines. The 16 signal lines are divided into 3 groups (8
data lines, 3 handshake lines, and 5 interface management lines). The standard IEEE-488 cable has both

a plug and receptacle connector on both ends.



The IEEE-488 bus specifies a maximum total cable length of 20 meters with no more than 20 devices
connected to the bus and at least two-thirds of the devices powered on. A maximum separation of 4

meters between devices and an average separation of 2 meters over the full bus should be followed.

2.5 Network Interfaces
2.5.1. Network Topologies

There are two widely used network topologies

=  Star Topology

= Ring Topology
2.5.1.1. Star Topology "
Star topology is a network configuration in which there is a central point to which a group of systems are
directly connected. With the star topology, all transmissions from one system to another pass through the
central point, which may consist of a device that plays a role in managing and controlling

communications.

Concentrator /Hub

|
I

Nodes

Fig. 2.3 Star Topology

2.5.1.2. Ring Topology ¥

A ring is a network topology or circuit arrangement in which each device is attached along the same
signal path to two other devices, forming a path in the shape of a ring. Each device in the ring has a
unique address. Information flow is unidirectional and a controlling device intercepts and manages the

flow to and from the ring.



Ring Network Topology

L0060
Hub

Fig 2.4 Ring Topology

2.5.2 TCP/IP
TCP and IP were developed by a Department of Defense (DOD) research project to connect a number of
different networks designed by different vendors into a network of networks (the "Internet"). Several
computers in a small department can use TCP/IP (along with other protocols) on a single LAN. The IP
component provides routing from the department to the enterprise network, then to regional networks,
and finally to the global Internet. As with all other communications protocol, TCP/IP is composed of
layers:
IP - is responsible for moving packet of data fromn node to node. IP forwards each packet based
on a four-byte destination address (the IP number).
TCP - is responsible for verifying the correct delivery of data fromn client to server. Data can be
lost in the intermediate network. TCP is used by applications that require reliable data delivery.
TCP uses a check-sum with the data sent that the TCP layer at the other end uses to verify that
the data arrived undamaged. If the data checks out, the receiving TCP layer sends an
acknowledgment back to the sender. If it arrives damaged, the receiver discards it and the
sender, after an appropriate time-out period, resends it.
But before data is transmitted, the two hosts exchange a three-way handshake. The sender sends a signal
telling the receiver it wants to set up a connection and how the data will be sequenced. The receiving
host sends a signal back acknowledging receiving the signal. The sending host sends a signal back
acknowledging the acknowledgement and begins data transmission. The connection at the end of the

data transmission is closed with another 3-way handshake.



2.5.3 Ethernet

Ethernet is a local area network (LAN) technology that transmits information between computers at
speeds of 10 and 100 million bits per second (Mbps). Currently the most widely used version of Ethernet
technology is the 10-Mbps twisted-pair variety.

The 10-Mbps Ethernet media varieties include the original thick coaxial system, as well as thin coaxial,
twisted-pair, and fiber optic systems. The most recent Ethernet standard defmes the new 100-Mbps Fast
Ethernet systems, which operates over twisted-pair and fiber optic media.

Each Ethernet-equipped computer, also known as a station, operates independently of all other stations
on the network and there is no central controller. All stations attached to an Ethernet are connected to a
shared signaling system, also called the medium. Ethernet signals are transmitted serially, one bit at a
time, over the shared signal channel to every attached station. To send data a station first listens to the
channel, and when the channel is idle the station transmits its data in the form of an Ethernet frame, or
packet.

After each frame transmission, all stations on the network must contend equally for the next frame
transmission opportunity. This ensures that access to the network channel is fair, and that no smgle
station can lock out the other stations. Access to the shared channel is determined by the medium access
control (MAC) mechanism embedded in the Ethernet interface located m each station. The medium
access control mechanism is based on a system called Carrier Sense Multiple Access with Collision
Detection (CSMA/CD).

2.6. ISO OSI Seven-Layer Model !

The Open Systems Interconnection (OSI) 7 Layer Model is the product of years of work by many
organizations. The International Standards Organization (ISO) has compiled all the results. This standard
is called a reference model. It specifies the functions that are to be fulfilled at each level in
communication between telephone systems, or computers. These 7 layers are thought to be adequate to
encompass all communications functions.

Layer 1: The Physical Layer is concerned with transmitting raw bits, electrical impulses, light, and
radio signals over a communications medium. The primary concern of a designer for this layer is
mechanical, electrical, or optical matters. Specifications for wave shapes, signaling rates, cables and
connectors are involved in this layer

Layer 2: The Data Link Layer takes the bits passed by the physical layer and creates and recognizes
frame boundaries; by this technique it transfers units of information to the other end of the physical link
It also contains the rules governing access to the network cable, Media Access Control (MAC) which

are rules that are followed to move information into and out of the media.

10
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Fig 2.5 OSI ISO 7 layer model

Layer 3: The Network Layer controls operations of sub networks that might intervene between the two
communication devices. This layer routes information among different networks.

Layer 4: The Transport Layer splits up information into appropriate sizes (segments information) so it
will fit into packets of the right size for the networks being used. In many cases, it ensures all the packets
arrive at the other end with errors and assembled in order and without duplication. Therefore, it provides
end-to-end data integrity and quality of service.

Layer 5: The Session Layer controls the establishment and continuation of a particular communication
between devices. It coordinates interaction between end-application processes, keeping the two devices
talking to each other and maintaining a connection.

Layer 6: The Presentation Layer performs conversions on information. These include conversion of
code sets, encryption, text compression, and protocol conversion for virtual terminal communication.

This layer may also translate file formats that differ between devices.

11



Layer 7: The Application Layer contains the final particulars required for programs to communicate.
This layer establishes means for making the network appear transparent to user devices, joining the

communications stream to the individual device.

2.7 Topology of Simatic NET Profibus network used in the CAMCELL
2.7.1. Overview of the SIMATIC NET system
SIMATIC NET is the name of the communication networks connecting SIEMENS programmable
controllers, host computers, workstations and personal computers.
SIMATIC NET includes the following:
* The communication network consisting of transmission media, network attachment and
transmission components and the corresponding transmission techniques
*  Protocols and services used to transfer data between the devices
* The modules of the programmable controller or computer that provide the connection to the
communications processors.
To handle a variety of tasks in automation engineering, SIMATIC NET provides different
communication networks to suit the particular situation. The topology of rooms, buildings, factories, and
complete company complexes and the prevalent environmental conditions mean different requirements.
The networked automation components also make different demands on the communication system.
The communication network used in the CAMCELL application is the Profibus network, which was
discussed earlier in this section.

The SIMATIC NET topology used in the CAMCELL application is shown below in the figure 2.6

e (6 s wall
B " (CPs613)
i

S

FROE BLLE

== T rame (BT 200M)

(Field Devices)

Fig 2.6 SIMATIC NET topology as used in the CAMCELL Application. !

Pro uvas

2.7.2 CP 5613 Communication Processor
In any SIMATIC S7 application, a Communication Processor (CP) is always required for the Profibus
network. In our CAMCELL system, we use the CP 5613 communication processor.
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The CP 5613 is a PCI card with a microprocessor that allows connection of a SIMATIC programming
device to Profibus under Windows NT 4.0 or Windows 2000. The CP 5613 can also be used to
implement control tasks on a PC, thus facilitating PC based control.
The CP 5613 card is a short PCI card with a 9-pin sub D socket for connection to Profibus. It has
diagnostic LEDs for installation and commissioning and during operation of the module. In order to
provide access to the process data, the CP 5613 operates as the Profibus master module buffering the
process image (input/output and diagnostic data) in the DP RAM (memory area on the CP). High
performance data communications is handled autonomously by the CP 5613 hardware. The process data
from the slaves are always consistent as they all originate from one and the same DP (decentralized
peripheral) cycle.
2.7.3 ET 200 M distributed I/O module
The ET 200-M is a modular /O station. It is the passive station of the Profibus field bus and has a
maximum data transfer rate of 12Mbit/s. A typical ET 200M station consists of:

=  Power Supply

= IM 153 interface module

=  Up to 8§ VO modules
No specific slots are assigned to the /O modules. Any combination of modules is possible. The ET
200M is connected to the PROFIBUS-DP via an IM 153 interface module. The inputs and outputs of the
modular ET 200M /O station can be accessed from the user program in the PLC in the same manner as
the inputs and outputs of the central controller.
Communication via the bus systemn is handled completely by the master interface module in the central

controller and the IM 153 interface module.

2.8 Glossary of Terms

= Data bits: Data bit is a measurement of the actual data bits in a transmission. Standard values for
the data packets are 5, 7, and 8 bits. A packet refers to a single byte transfer, including start/stop
bits, data bits, and parity. Since the number of actual bits depends on the protocol selected, the term
packet is used to cover all instances

=  Stop bits: Stop bits are used to signal the end of communication for a single packet. Typical values
are 1, 1.5, and 2 bits. More the bits used for stop bits, greater is the lenience in synchronizing the
different clocks, but slower the data transmission rate.

=  Parity: Parity is a simple form of error checking that is used in serial communication. There are
four types of parity: even, odd, marked, and spaced. The option of using no parity is also available.
For even and odd parity, the serial port sets the parity bit (the last bit after the data bits) to a value to
ensure that the transmission has an even or odd number of logic high bits. If the parity is odd, then
the parity bit is 1, resulting in 3 logic-high bits. Marked and spaced parity does not actually check
the data bits, but simply sets the parity bit high for marked parity or low for spaced parity. This
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allows the receiving device to know the state of a bit to enable the device to determine if noise is
corrupting the data or if the transmitting and receiving device clocks are out of sync.

Baud rate: Baud rate is a measurement of speed for communication. It indicates the number of bit
transfers per second. For example, 300 baud is 300 bits per second. Common baud rates for
telephone lmes are 14400, 28800, and 33600. Baud rates greater than these are possible, but these
rates reduce the distance by which devices can be separated.

Bus: In a computer, bus is the data path on the computers’ motherboard that mterconnects the
microprocessor with attachments to the motherboard in expansion slots. Such attachments may be
hard disk drives, CD-ROM drives etc. On a network, a bus is a transmission path on which signals
are dropped off or picked up at every device attached to the line. Only the devices addressed by the
signals pay attention to them, the others discard the signals. There are various types of bus available
such as ISA bus, PCI bus, EISA bus, IDE bus, EIDE bus, VME bus etc.

Port: On computer and telecommunication devices, a port is generally a specific place for beng
physically connected to some other device, usually with a socket and plug of some kind. Typically,
a personal computer is provided with one or more serial ports and usually one parallel port. The
serial port supports sequential, one bit-at-a-time transmission to peripheral devices such as scanners
and the parallel port supports multiple-bit-at-a-time transmission to devices such as printers.
Standard: An agreed upon set of rules and guidelines. Many standards are evolved from popular
methods while others are crafted by professional groups (ANSI, ISO, etc.)

LAN: A local area network (LAN) is a group of computers and associated devices that share a
common communications lme and typically share the resources of a single processor or server
within a small geographic area (for example, within an office building).

WAN: A computer network that spans a relatively large geographical area. Typically, a WAN
consists of two or more local-area networks (LANs). The largest WAN in existence is the Internet.
Firewall: Firewall is a system designed to prevent unauthorized access to or from a private network.
Firewalls can be implemented in both hardware and software, or a combination of both. Firewalls
are frequently used to prevent unauthorized Internet users from accessing private networks
connected to the Internet, especially intranets. All messages entering or leaving the intranet pass
through the firewall, which examines each message and blocks those that do not meet the specified
security criteria.

Router: Router is a network device that sends and receives Network protocol-data units (packets)
and relays packets from one device to another through the network.

Hub: Hub is local area network equipment that allows multiple network devices to be connected to
the LAN cabling system through a central pomt.

Switch: A LAN switch is a network interconnection device used to allow the network mterface card

in a computing device to be connected to one of multiple LAN transmission mediun segments
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* Token Ring: Token ring is a LAN data link technology, in which systems are connected to one
another using a point-to-point twisted — pair cable segments to form a ring structure. A system is
allowed to transmit only when it has the token, which is passed from one system to another around

the ring.
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Section 3. Programming Languages for Process Control

3.1 Introduction

In this section we shall discuss the various programming languages used to write control logic for process
control. There are various programming languages available for writing control logic. The various types of
programming languages include graphical programming languages, statement lists, sequential
programming languages, and structured Control Languages. First, we describe these programming
languages and also discuss programming languages within each category. Next, we describe the Ladder
Logic (abbreviated as LAD in the Siemens’ Technology) and the Functional Block Diagram (abbreviated
as FBD in the Siemens’ Technology), which are graphical programming languages and Statement Lists,
which is a textual programming language. Next, we will discuss the Grafcet, Graph, and the HiGraph
programming languages, which are sequential programming languages. Next, we will discuss the
Structured Control Language. We shall discuss the important features of each programming language and

also discuss their advantages and disadvantages.

3.2 Graphical Programming Languages

Graphical programming languages make use of symbols and icons in order to build control logic. Graphical
programming languages are especially suitable for representing bit logic, in a form either modeled on a
relay ladder logic diagram (LAD) or resembling an electronic circuit diagram (FBD).

3.2.1 Ladder Logic (LAD)

Ladder logic programming is a graphical representation of the program designed to look like relay logic. (¥
In LAD, user writes the prograin for the control application by arranging graphical program elements.
These graphical prograin elements consist of contacts, coils and boxes, which are linked together in a form
resembling a relay ladder logic diagram. In LAD, the entire program is contained in networks. (Y Each
network consists of one rung, that is a logic operating in a coil or box. Each rung is a combination of input
conditions (symbols) connected fromn left to right, with the symbols that represent the output at the far right.
The symbols that are represented as inputs are connected in series, parallel, or some combination of the two

to obtain the desired logic. ¥
Coil
/

it

......... /1 _A\

Corﬁacts Rung

Fig 3.1 A rung in a ladder logic program "



3.2.1.1 Contacts in LAD

Contacts are used in LAD programming language to check the states of binary addresses, such as inputs.
By arranging the contacts in series or parallel, logic operations can be performed. There are two types of
contact; Normally Open Contacts and Normally Closed Contacts. In a normally open contact, the input is
checked for a high state, the contact closes if the input turns high. In a normally closed contact, the input is
checked for a low state, the contact closes if the input turns low.

3.2.1.2 Coils in LAD

Coils are used in LAD programs to set or reset bit addresses such as outputs. Coils energizes the bit address
when the power flows through the coil, and de-energizes the bit address when the power stops flowing
through it. Coils are also used to control timer and counter functions, call blocks without parameters,
perform jumps to a different place in the program, and so on.

3.2.1.3 Example of an LAD rung

81
111 Q40
| «
ki —(s2
§3
113
Il

Fig 3.2 An example of a rung in a LAD program
In the above example, an output S is energized or turned ON, when either input S1 or input S2 is energized
or turned ON.
3.2.1.4 Advantages of LAD
The Ladder Logic Programming offers many advantages. Some of the advantages are as follows,
1. The LAD programming language is a part of International Electrotechnical Commission (IEC)
61131-3 standard for Industrial Control Programming, !
2. It is the most popularly used programming language for control programming
3. It is reasonably intuitive, especially for technicians with relay logic experience
4. 1t is particularly effective in an on-line mode, when the PLC is actually performing control. The
operation of the logic is apparent from the highlighting of the various relay contacts and coils on
the screen, which identifies the logic state in real time. 21
5. Itis simple and easy to use
3.2.1.5 Disadvantages of LAD
Ladder Programming has become one of the most popular graphical languages for programming PLCs but
unfortunately has a number of problems. 7
1. The ladder symbols vary between different PLC products.
2. Poor facilities for structured or hierarchical program decomposition

3. Poor facilities for addressing and manipulating data structures,
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4. Limited facilities for building complex sequences,

5. Limited control over program execution,

6. Facilities for arithmetic operations are cumbersome.
3.2.2 Functional Block Diagram (FBD)
Functional Block Diagram is another graphical language, popular m Europe. FBD program elements appear
as blocks that are "wired" together, analogous to circuit diagrams. It is well suited for representmg batch
control applications. ! In FBD, control programs are created by mterconnecting AND and OR boxes. FBD
provides function boxes for performing logic operations on signal states, simple boxes for processing the
result of logic operations and complex boxes for non-bmary functions.
3.2.2.1 Boxes in FBD
There are two types of boxes im FBD. Simple boxes operate on bit addresses, like outputs. These usually
only have one imput and may contain additional letters or symbols. There are simple boxes for setting or
resetting bit addresses, evaluating signal edges, setting or resetting timer and counter addresses, and so on.
Complex boxes are used for program elements with non-bmary functions.
3.2.2.2 Binary Functions in FBD
Bmary functions are used in FBD to check the signal states of bit addresses, such as mputs, and perform
logic operations on them. The functions available are AND, OR, and XOR. All these functions can have
more than two mputs. The function boxes can be mterconnected to program complex logic operations m
one network.

3.2.2.3 Example of an FBD Block

(1.9 — ] 4L

Fig 3.3 An example of a block in Functional Block Diagram

In the above example, the output S turns ON, when either the mput I1.1 or I1.3 turns ON.
3.2.2.4 Advantages of FBD
The Functional Block Diagram offers the following advantages,
1. Simultaneous programming and documenting (overview, comments, reliability, information flow)
2. Universal applicability (Signal processing, numeric, arithmetic, mteger, floating point)
3. Structured programming (define and call subroutines)
4. Standardized set of Functions and Function Blocks
3.2.2.5 Disadvantages of FBD
Following are the disadvantages of the Functional Block Diagram
1. Poor facilities for structured or hierarchical program decomposition
2. Limited control over program execution

3. Facilities for arithmetic operations are cumbersome.
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3.3 Statement List (STL)

STL is a text-oriented language in which the control task can be described in the form of a list. It very
much looks like the short and simple lines of assembly codes. ['') Thus the control program is written in the
form of a series of statements. Each statement contains an instruction that defines what is to be done.
Depending on the type of instruction, this may be followed by an address that defines what action is to be
done to. The elements of the statement lists closely resemble the mnemonics of microprocessor assembly
1

languages. [

3.3.1 Example of an STL program

NETWORK 1

LD 10.0

A 10.1

= Q0.0
NETWORK 2

LD 0.4

O 10.5

= Q0.1

Fig 3.4 An example of STL instruction

A statement list provides another view of a set of instructions. The operation, what is to be done, is shown
on the left. The operand, the item to be operated on by the operation, is shown on the right. In the above
figure, in network 1, output Q0.0 turns high when the mputs 10.0 and 10.1 both turn high. On the other
hand, the output Q0.1 turns high, when either the input 10.4 or 10.5 turns high. ['?
3.3.2 Advantages of STL programming
Statement Lists offer the following advantages, ['*)
1. STL is very similar to an assembly code, hence the code can be easily read by everyone
2. STL’s generic algorithms allow algorithms to be applied to many different structures
3. STL is easy to learn. The library is quite small owing to the high degree of generality.
4. STL containers are very close to the efficiency of hand-coded, type-specific containers.
3.3.3 Disadvantages of STL programming
Following are the disadvantages of the Functional Block Diagram, (3]
1. Error checking is difficult in STL. This means that if the programmer makes an error, an error may
or may not occur when the erroneous instruction is made, but it will put the program in an unstable
state (e.g. Writing off the end of an array).

2. Access to the exact source that one uses may be difficult, so if the user needs specific information

about code details, they may not be accessible.
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3.4 Sequential Programming Language

Sequential Programming Language is a method of representing the key elements of a sequential process,
1.e. conditions required for passing from one state to another, and the effects present while in a particular
state. %

In sequential control systems, unlike logic control systems, the static assignment of the input signals to the
outputs is not of importance. It’s the chronological sequence of these assignments that is important. The
control processes that are executed one after the other are divided into individual steps. A step consists of
one or more actions. Only the action in an active step (step currently being executed) is performed. The
next step cannot be processed until the transition conditions are met. The transition can be dependent on the
process, or can be dependent on a time factor. [

3.4.1 Grafcet

Grafcet is an intemational standard for sequential function charts that was released by the IEC in 1988. (')
It is a type of flow chart representation specifically developed for the needs of industrial control systems.
Sequential operations are represented in Grafcet as a series of steps. The conditions required to move from
one step to the next are referred to as transition conditions. The steps are represented by numbered squares,
where the step comprises of one or more on-off or analog type actions. ') A transition, which separates
steps, and is represented by a horizontal hash, contains the logic condition for terminating the execution of
the step. ") The method can be used as a design tool for whatever technology is being used to control the
system — relays, pneumatic logic, or PLCs. ']

3.4.1.1 Example of a Grafcet program

Arm_Down

Start

2 Arm_on_level 1

Links

Close_Grip

| M—}{A—i—w—Hl\)—F'—'

Transition 3 Grip_closed
Arm_on_level_2
Open_Grip
5 Grip_open
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Fig 3.5 Grafcet Program
In the above example, there are steps and transitions taking place in sequence. The steps are shown in
squares and transitions are shown in horizontal hashes.
3.4.1.2 Advantages of Grafcet
Following are the advantages of Grafcet,
1. Grafcet is supported by the IEC standard "
2. In executing the Grafcet, the PLC need only scan the active steps and the succeeding transitions.
Hence scan times are reduced with Grafcet. ['*)
3. Being developed for sequential processes, Grafcet has outstanding features such as parallel
processing.
4. Grafcet application can be transferred into different controllers. With the help of software like
Cadepa " the standard Grafcet code can be converted into machine code for most brands of
PLCs. It can be transferred into ladder logic for Allen Bradley PLC-5, Modicon 984, Siemens S5
and others. ')
3.4.1.3 Disadvantages of Grafcet
Following are the disadvantages of Grafcet
1. Not a very popular language
3.4.2 Graph
Graph is a sequential programming method for sequential control systems. [ User can write the conditions
enabling transitions from one step to the next in LAD or STL. Alternative or parallel branching extend the
scope of the linear execution of consecutive steps. With Graph, operations within a process are configured
and programmed in a standardized display mode (in compliance with IEC 61131-3). The process (e.g. the
manufacture of a component) is divided into sequential or simultaneous steps. This division makes the
structure of the PLC program easier to understand and also easier to analyze in the event of a malfunction.

This is particularly useful in manufacturing to avoid costly downtimes. '

3.4.2.1 Example of a program in Graph

In the operation sequences, the individual steps of a process and the transitions to the next steps are
represented as rectangles and lines as shown in figure 3.6. Qualifiers, within the steps, can initiate actions.
(E.g. time-delay). If, for example, the operating sequence describes a drilling process, the "lower the drill"
will be a step and the "motor ON" will be an action. The transitions describe the conditions under which a
transition to the next step should occur. Moreover, interlocking and monitoring conditions can be defined
for every step. An interlock can be used to prevent the execution of actions. Monitoring conditions enable
the recognition of operational faults. All conditions (transitions, interlocking or monitoring) can be

programmed either in LAD or FBD.
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Fig 3.6 A Graph program

3.4.2.2 Advantages of Graph
Following are the advantages of the Graph programming language, !'*!
1. Graph enables clear configuring of the process in the planning phase
2. Graph provides clear graphic representation of the process using sequence chains, resulting in easy
maintenance and adaptation of programs
3. Easy troubleshooting with internal diagnostics functions, resulting in minimizing of expensive

downtimes is possible with Graph.
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3.4.2.3 Disadvantages of Graph
Following are the disadvantages of the Graph programming language,
1. Graph is suitable only for sequential control. Logic control cannot be programmed by Graph. ']
2. The transitions and steps need to be programmed i either LAD or FBD. Hence Graph is not an
mdependent language like LAD or FBD.

3.5 Structured Control Language

Structured Control Language (SCL) is a PASCAL-like high-level language optimized for programmable
controllers. SCL is in compliance with IEC61131-3, and is especially suited to the programming of
complex algorithms or for data processing projects. '

Apart from traditional control tasks, structured control language assists in performing data management
tasks and complex mathematical operations. ']

SCL statements consist of expressions, control statements, functions and block calls. Expressions assign
values, which can also be result of arithmetic and logic operations or comparison functions. Control

statements execute the program branches or repeat sections of a program.

FUNCTION_BLOCK FB27

UAR_INPUT
SIG_SEL : INT = 0;
GRP1_SEL : BoOoL := 8;
GRP2_SEL : BooL := 9;
GRP3_SEL : BooL := 8;
END_UAR
UAR_OUTPUT
SEL_OUT : INT = 8;
GRP1_0UT : BooL := 9;
GRP2_0oUT : BooL := 9;
GRP3_0UT : BOoOL := 8;
END_UVAR
VAR
SELECT : INT;
MAX : INT;
END_UAR
BEGIN
SELECT = SIG_SEL;
MAX = 3;
IF SELECT < 8 THEN //make it positive
SELECT := —-SELECT;
END_IF;
IF SELECT > HAX THEN //71imit to HAX
SELECT = HMAX;
END_IF;
SEL_ouT = SELECT;
GRP1_0UT = GRP1_SEL;
GRP2_0UT = GRP2_SEL;
GRP3_0UT = GRP3_SEL;

END_FUNCTION BLOCK

Fig 3.7 A function block in SCL



3.5.1 Advantages of Structured Control Language
Following are the advantages of Structured Control Language
1. SCL enables simple and fast program development for the user, by the application of powerful
language elements such as IF.. THEN.. ELSE. ['*)
2. Programs written in SCL have improved comprehensibility and improved structure. ')
3. SCL programs are programmed as ASCII sources and are therefore easy to import and export. (')
3.5.2 Disadvantages of Structured Control Language
Following are the disadvantages of Structured Control Language,
1. SCL requires the knowledge of basic high level programming language and hence not popular
with technicians

2. SCL is not a suitable for simple logic controls.
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Section 4. Simatic PC Based Automation System

4.1 Introduction

In this section, we shall discuss the Simatic Automation System. We shall discuss about the various
components of the system and then describe them in brief. We shall discuss the various Simatic
Controllers and Distributed I/Os and the HMIs. Next, we shall describe the Step 7 software in details.
The Step 7 software is the central development tool in the Simatic Automation System. Next, we shall
discuss the general architecture of the projects used in the Siemens’ PC based automation technology.
We shall present an overview of the project structure and discuss the main elements of the structure in
detail. The main elements in this architecture are the SIMATIC Manager, the Hardware configuration,
the Organization blocks, the symbols table, the operator stations, WINCC Explorer, and the WINLC,
which is the PC-based logic controller in the family of S7 controllers. We shall discuss these elements in
brief and also discuss the various programming languages available in the Simatic Automation System

environment.

4.2 The General Architecture of the Simatic Automation System
The Simatic Automation system is a range of coordinated components with uniform methods of
configuring, data management and data transmission. "

4.2.1 Various Components/General architecture of the Simatic Automation System

Simatic S 7 h’17 C7 Operator Control and Momitoring of

the plant 1n operation
Simatic WinAC N
Simatic HMIs

Simatic Controllers
control the machine

! 5 : I=——11 o
o] or plant buzeysase %

Simatic NE
& MNetworkung for the exchange of data

and programming at a central point

l\mn
.

Step 7

Basic Software for
configuring and
programming

Simatic DP

Distributed I'Os extend the interface
between PLC and machine/plant

Fig 4.1 Components/Architecture of the Simatic Automation System



The entire Simatic Automation system consists of five major components, viz.
*  Simatic Controllers

s  Simatic Distributed I/Os (DP)

*  Simatic HMI
*  Simatic NET
s Step7

The Simatic Controllers control the machine or the plant. The Simatic Distributed I/Os provide the
interface between the PLC and the machine or plant being controlled. Simatic NET provides the
networking for the exchange of data and programming at a central point. Simatic HMIs are used for the
operator control and monitoring of the plant in operation. Finally, Step 7 is the central development tool

in the Simatic Automation system, consisting of the basic software for configuring and programming.

4.3 Simatic Controllers "
Simatic Controllers form the core of the automation systein and help in controlling production machines,
manufacturing plants or industrial processes.
There are three main families of controllers in the Simatic Automation System, viz. Simatic S7
controllers, Simatic M7 controllers and the Simatic C7 controllers
Simatic S7 programmable logic controllers form the basis of the automation system. There are three
types of PLCs in this family,

S7-200 Micro PLC,

S7-300 modular mini PLC, for low-end an mid-range applications

S7-400 for high-end top-level performance requireinents
PLCs consist of the CPU (central processing unit) and the I/O modules. The CPU stores the user
prograin written in one of the PLC programming languages. The I/O modules provide the connection to
the machine or the plant to be controlled.
The M7 families of controllers are AT-compatible computer modules, which expand the Simatic systein
by providing an open software platform for standard software products.
The C7 complete units are designed for machine control and offer PLC performance in a compact
format. The operator controls and monitors the machine fromn the front panel. The controller inside the
unit controls the machine using its built-in input/outputs or can be expanded with external I/O modules.
Controllers used with the Simatic WinAC are implemented in a standard PC, either by software in the
form of soft PLC or as a slot PLC in the form of a plug-in card. They provide interfaces to PC

applications and thus allow handling online process data in the PC.

4.5 Simatic Distributed I/Os
The Simatic distributed I/O system allows for installing the I/O modules connecting to the machine or
the plant in the vicmity of the machine, at a distance fromn the PLC. The distributed I/Os are linked to the
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central controller by the means of the Profibus network. Thus they provide an interface between the PLC
and the plant/machine.

4.6 Simatic HMIs

HMI stands for Human Machine Interface. The Simatic HMIs are capable of providing text displays to
the operator station. There are a variety of HMIs that are available in the Simatic Automation System

such as Touch Panels, Text Displays, Push Button Panels, and Operator Panels.

4.4 Simatic NET

The Simatic NET links all the Simatic stations together and provides for the networking for the exchange
of data and programming at a central point. A range of bus systems with different performance
specifications make it possible to include a variety of devices in the network.
SIMATIC NET is the name of the communication networks connecting SIEMENS programmable
controllers, host computers, workstations and personal computers.
SIMATIC NET includes the following:
s The communication network consisting of transmission media, network attachment and
transmission components and the corresponding transmission techniques
*  Protocols and services used to transfer data between the devices listed above
®  The modules of the programmable controller or computer that provide the connection to the
LAN (communications processors “CPs” or “interface modules”).
To handle a variety of tasks in automation engineering, SIMATIC NET provides different
communication networks to suit the particular situation. The topology of rooms, buildings, factories, and
complete company complexes and the prevalent environmental conditions mean different requirements.

The networked automation components also make different demands on the communication system.

4.7 Step 7 Software
The Step 7 software is the central development tool in the Simatic Automation system. It consists of the
basic software for configuring and programming. The Step 7 software is used to configure the hardware,
assign parameters to them, and program them. The Simatic programming languages and language
representations integrated in Step 7 comply with the standard EN 61131-3 and IEC 131-3. The main
functions of the Step 7 software are as follows

s  Configuring the hardware Arranging the modules in the racks, assigning addresses to them

and setting the module properties
»  Configuring communication connections - Defining the communication partners and connection

properties
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*  Writing user program for the PLC in the programming languages like LAD (Ladder Logic),
STL (Statement Lists), and FBD (Functional Block Diagram), and testing the program online
on the controller.

4.7.1 Combining the hardware and software using Step 7
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Fig 4.2 Using Step 7 to combine the hardware with the software

The Step 7 software plays the role of combining the plant hardware with the development software. The
machine to be controlled is wired to the I/O module of the PLC. A Step 7 loaded computer forms a
programming device, on which the program for controlling the process is developed. This programming
device is connected to the I/O module or the CPU through a programming device cable like Profibus.
The program developed in the Step 7 software is then loaded onto the CPU via the programming device
cable and thus the machine control is enabled.

4.7.3 Basic Steps in Step 7 Automation

Whenever a control application is developed with Step7, there are a series of basic tasks. The following

figure shows the tasks that need to be performed for any automation project using Step?7.
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4.7.4 Simatic Manager Architecture

SIMATIC
MANAGER
SIMATIC PC OPERATOR
STATION STATION
HWConfig WINLC WINCC
S7 WINCC
PROGRAM EXPLORER
SYMBOL BLOCKS
EDITOR LAD/FBD/STL

Fig 4.4 Basic architecture in a control application in the Siemens’ PC Based Technology

4.7.4.1 Simatic Manager

The SIMATIC Manager is the basic application for configuring the hardware and programming logic in
a control application. The SIMATIC Manager is the central window, which becomes active when STEP
7 is started. It manages all the data that belongs to an automation project. With Simatic Manager, users
can work with the objects in the Step-7 world. The logical objects in the Simatic Manager represent the
real objects of the plant/system. The project structure in the Simatic Manager is used to store and arrange
all the data and programs in order. A brief project structure within the Simatic Manager is shown in the
figure 4.4.

A new project for a control application is created within Simatic Manager. (Refer Appendix C for step
by step instructions to create a project in Simatic Manager) Once a new project is created, a Simatic PC
Station needs to be added to the project. This station contains the configuration and the parameter data of
the hardware. Once a PC station is added to the project, it creates its own S7-Program. This S7 program

comprises all the blocks with the programs necessary for controlling the application or the system.
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With Simatic Manager, the following functions can be performed

Set up projects

Configure and assign parameters to the hardware
Configure hardware networks

Program Blocks

Debug and commission programs

A user can work in Simatic Manager in one of two ways

Offline, without a programmable controller connected

Online, with a programmable controller connected

4.7.4.2 Simatic PC Station

Simatic PC station represents the interface module that is used in a particular control application. It

contains the configuration and the parameter data of the hardware.

4.7.4.3 WINLC

WINLC is the PC based controller in the family of S7 controllers. It provides process control from a
computer thus facilitating a PC based control. It communicates with the Step 7 and the distributed I/O
module viz. ET 200M over the Profibus network. Figure 4.6 shows the basic components of the WINLC.
WINLC connects the PCI card CP5613 over the Profibus network to distributed I/O (say, ET 200M) that

connects to the process or automation project.
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4.7.4.4 HWConfig

The HWConfig allows the configuration of the hardware that is used in the control application.

The term "configuring” refers to the arranging of racks, modules, distributed I/O (DP) racks, and
interface sub modules in a station window. Racks are represented by a configuration table, which
permits a specific number of modules to be inserted.

In the configuration table, STEP 7 automatically assigns an address to each module. The addresses of the
modules in a station can be changed if the CPU in the station can be addressed freely (meaning an
address can be assigned freely to every channel of the module, independent of its slot).

When the programmable controller starts up, the CPU compares the preset configuration created in
STEP 7 with the actual configuration of the plant. Any errors are therefore recognized immediately and
reported.

The configuration table for the hardware, once created for a specific hardware setup, can be imported
into a .cfg file. This file can later be exported into a new project that uses the same setup, thus
eliminating the need for performing the hardware configuration task every time a new project is created.
(Refer Appendix B for a step by step instructions for configuring the hardware using HWConfig)

4.7.4.5 Symbol Editor

With the symbol editor, user can manage all the symbols used in an automation project. Symbol is a
name defined by the user, taking syntax rules into consideration. Once defined, this name can be used in
programming and in operating and monitoring.

In any control program, one has to work with addresses. These are inputs, outputs, and coimter blocks
for example. Every input and output has an absolute address predefined by the hardware configuration.
This address is specified directly; that is, absolutely. One can access the addresses absolutely (e.g. 11.0)
or symbolically (e.g. Start). Symbolic addresses make use of names instead of absolute addresses. A
control program can be made easier to read by using clearly descriptive names. When an S7 program is
created, Simatic Manager also creates an empty symbols table. The user can open this table and then

establish the symbols and assign the absolute addresses. There can be only one symbol table in an S7

program.
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Fig 4.7 Absolute Addressing

When a symbol is established, an appropriate data type is also needed. This data type defines specific
properties of the data that is hidden behind the symbol; essentially the representation of the data
contents. For example, the data type BOOL characterizes a binary variable and the data type INT
characterizes a digital variable whose contents represent a 16-bit integer.

4.7.4.6 S7 Program and Blocks

Once a PC station is added to the project, it creates its own S7-Program. This S7 program comprises all
the blocks with the programs necessary for controlling the application or the system.

As described in the previous section, within a S7 program, logic blocks are created in standard languages
like Ladder Logic (LAD), Statement List (STL) or Functional Block Diagram (FBD)

Blocks are objects in the S7 program, which contain the logic blocks, data blocks, user defined data
types and variable tables. Logic blocks are the blocks that contain a part of Step-7 user program, for
example an Organization Block or a Function Block. Organization Block forms the interface between
the S7 and the user program. The sequence in which the user program should be processed is laid down
here. On the other hand, a Function Block is a block that references a data block and contains static data
(constant values). A Function Block allows user to pass parameters in user programs, which makes them
suitable for programming complex functions that are required frequently. Data Blocks are areas in the

user program that contains user data.

4.7.4.7 Programming Languages in Step 7

Programming languages are used to develop user programs. There are several PLC programming
languages available in the Step 7 package. The Step 7 software supports most of the programming
languages that we described in Section 3. The languages supported in the Step 7 package are,
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* LAD, Ladder Logic

* FBD, Functional Block Diagram

= STL, Statement List

*  Graph

*  Hi-Graph

*  Structured Control Language
An important feature of the Step 7 software is that the users can create program logic in LAD, FBD or
STL and get the logic code in the other language. This gives the user the choice of writing the logic in
his language of choice, and at the same time get the logic in the other two languages. '

4.7.4.8 Operator Station and WINCC

An Operator Station is an object that includes within a S7 project, a SIMATIC component such as
WINCC, as an application for automation tasks. These objects are configured within the SIMATIC PC
Station. An operator station facilitates for the transfer of the symbols used in the S7 program, as tags that
can be used in the WINCC. Thus it acts as a link between WINCC and the Step 7.

WINCC is a Supervisory Control and Data Acquisition Software HMI (Human Machine Interface). It
redefines the HMI as an integration platform for information based manufacturing. Developed with the
cooperation of Microsoft® and the automation expertise of Siemens®, WINCC is an important tool in
Siemens’ PC based technology. PC-Based Automation involves the philosophy of bringing the shop
floor and Corporate Level decisions closer together by the use of industry standards. WINCC meets this
goal by deploying these open standards and open interfaces. WINCC is a tool for process visualization
and information availability. Plant Floor Integration is realized with WINCC through its open
connectivity architecture. In addition to its suite of intemal drivers, WINCC can communicate with a
variety of automation equipment using the OPC (Object Linking and Embedding for Process Control),
which is an industry standard for Industrial Communications. WinCC can exchange information with
plant floor hardware and software devices. It functions as both an OPC Client and an OPC Server. This
enables WinCC to communicate with hardware devices such as PLCs, Drives, and Sensors. WINCC can
also exchange information with various software devices such as Soft Controllers, and other HMIs.

The WinCC Explorer represents the topmost level within WINCC. Within the WinCC Explorer, a run-
time module can be configured and started. From a functionality point of view, WinCC Explorer
contains all the management functions for the entire WinCC system. All of the modules and editors
available in WINCC are started from here.

Shown below in figure 4.5, is the general project structure for the control application project within
WINCC Explorer.
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Fig 4.8 Project Structure within WINCC Explorer

The three main components of the project structure are
1. Computer,
2. Tag Management, and
3. Editors
a. Computer
The Computer component has all the workstations and servers assigned to a project. Only the control
stations that are included in the configured computer list of the project can switch to runtime mode as
well as configure mode. The Computer component has properties like Startup, Parameters and Graphics
Runtime. With these properties, the startup behavior of the runtime for the local computer can be
changed. Similarly, the language to be used in the runtime, window attributes, keyboard assignments and
the behavior of cursor control can be defined.
b. Tag Management
The Tag Management component manages all the channels, logical connections, process tags, internal
tags, and tag groups.
i. Tags
WINCC tags are the central elements for accessing process values. Within a WINCC project,
they receive a unique name and a data type. A logical connection is assigned to a WINCC tag.
This connection determines which channel delivers the process values to the tags using which
connection. The WINCC tags are stored in a project wide database. When a WINCC machine
starts, all of the tags belonging to the project are loaded and the corresponding run-time

structures are set up.
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A WINCC tag is a data cell that is unique within a project.

The logical connection handles the communication with the PLC that enables access to the
external tags in the process. The name of the connection is unique. For the logical connection,
the tags of the remote PLC must be defined subsequently. Individual tags as well as groups of
tags can be configured. The address information necessary for configuration always refers to
the PLC that wants to access the tag by means of the logical connection. In addition to this,
communication parameters for this connection (such as the bus address of the PLC) must also
be specified. These parameters depend on the channel unit (driver connections) of the
communication driver being used.

The Channel Unit handles the access to the communication interface of the operating system. It

is a part of the communication driver.

ii. Communication Drivers

To access external tags, the communication driver for the communication with the remote PLC
has to be installed. Depending on the driver, the communication driver contains one or more
channel units. By means of the operating system interface and the hardware driver, a channel
unit supports the hardware component (communication port or PC module) necessary for

communication. A communication driver can support several channel units of the same type.

iii. Updating tags with Process Values

The WINCC Tag Management is responsible for providing the WINCC tags with the process
value at run time. The tag management provides the process values to its WINCC tag and
transfers the tags to be updated to their logical connection and thus to the appropriate channel
unit. The channel unit executes the necessary communication steps by means of its process bus
in order to assign values to all tags. Thus, the WinCC Tag management requests process values
at run time from the remote PLC through the logical connection. The channel unit carries out
the communication steps necessary for requesting the process values by means of the channel-

specific connection and thus provides the WinCC data manager with process values. The data,
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which are read in, are stored as a process image in the RAM of the computer. All WinCC

components access this process image.

iv. Types of Tags

Within a project, tags can either be created as independent tags within a connection, or as tags
In a tag group.

Generally there are two types of tags, internal tags and process tags. An internal tag is a tag that
has no addressing at the Actuator-Sensor level. They are used to store general information like
current date, time, current layer etc. In addition, internal tags enable a transparent data exchange
between applications in order to implement inter-process communication in a centralized and
optimized manner.

On the other hand, a process tag is a tag that has an address at the Actuator-Sensor level.
Process tags contain information about the process values. They are linked to a logical
connection. In order to mirror the address information of the various Actuator-Sensor (AS)
systems, process tags consist of a general section, which contains information like name, type,

and a connection-specific section whose interpretation depends on the logical connection.

¢. WINCC Editors
Following is a list of the editors available in WINCC,

Graphics Designer
Alarm Logging
Tag Logging
Report Designer
Global Scripts
Text Library

User Administrator
Cross Reference
User Archives

The Graphics Designer editor is a vector-oriented drawing program for creating process pictures.

Numerous graphic objects, which are contained in an object and styles palette, can also be used to create

complex process pictures. Dynamics can be added to individual graphic objects by means of action

programming.

Alarm Logging provides displays and operating options for acquiring and archiving results. The message

blocks, the message classes, the message type, the message display, and the report can be selected. The

System Wizard and the configuration dialogs provide support during configuration. To display messages

in runtime, the Alarm Control, which is contained in the object palette of the Graphics Designer, is used.
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Tag Logging is used for acquiring data from running processes and for preparing them for display and
archiving. The data formats of the archives and the acquisition and archiving timers can be freely
selected. The display of the process values is made via the WinCC Online Trend and Table Controls,
which display the data in trend and table form, respectively.

The Report Designer is an integrated reporting system for timer- or event-controlled documentation of
messages, operations, archive contents, and current or archived data in the form of user reports or project
documentation in freely selectable layouts. It provides a comfortable user interface with tool and graphic
palettes and supports the various report types. Various standard system layouts and print jobs are
available.

Global Script is the generic term for C functions and actions which, depending on type, can be used
within a given project or within numerous projects. Scripts are used to configure actions to objects. They
are processed using a system-internal C compiler. Global Script actions are used at runtime in process
execution, which is initiated by a trigger.

In the Text Library, you can edit texts, which are used in runtime by the various modules. The foreign
language output texts are defined in the Text Library for the configured texts. These are then output in
the selected runtime language.

The User Administrator is used for allocating and controlling access authorizations of the users for the
individual configuration- and runtime-system editors. When a user is set up, the access rights for the
WinCC functions are set and individually assigned to the respective user. Up to 999 different
authorizations can be allocated. User authorizations can be allocated at system runtime.

Cross Reference is used to find and display all points of use for objects, e.g. tags, pictures, and functions.
With the "Linking" function tag names can be changed without causing inconsistencies in the
configuration.

WinCC User Archives is a database system. Data from technical processes can in this way be
continuously stored on a server PC and displayed online in runtime. Moreover, recipes and set point
assignments for the connected controls can be stored in the User Archives and passed on to the controls

as necessary.

References:
[1] Berger, Hans. Automating with SIMATIC. SIEMENS 2000.
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Section 5. Description of the CAMCELL architecture "

5.1 Description of the CAMCELL

The CAMCELL is an integrated manufacturing facility that has evolved over the past several years
within the department of Industrial and Manufacturing Engineering at Rochester Institute of Technology.
It is a completely automated and fully operational production facility. In order to completely understand
the various aspects of the CAMCELL, it has been described from the following three different
perspectives in this section:

1. Manufacturing and Material Handling

2. Product/Process Flow

3. Computer Hardware Architecture

5.2 Manufacturing and Material Handling
The facility occupies about 600 sq.ft. in area and is comnprised of two CNC machining centers (a mill and
a lathe), a vision/inspection station and a load/unload dock. These four stations and four assemnbly
stations are connected by two-closed loop conveyor systemn and are the eight main functional stations in
the facility. The two conveyors are placed end to end in an “L” shape configuration.
The main conveyor loop connects the four stations identified above while the secondary conveyor that is
perpendicular to the main loop connects the assenbly stations. These conveyors act as a buffer and
material transport system for up to twenty 8 in. x 8 in. size pallets, which hold the fixtures and materials
needed in the CAMCELL operations.
Each pallet carries a Radio Frequency tag for identification that is tracked by 2 NAMCO radio frequency
identification systemn placed on the two conveyors. Each tag has capability to write 16 bytes of data. The
tags can be re-written in order to maintain additional work in process (WIP) status.
An industrial grade robot provides material handling for the mill center and the vision station. A robot
and an elevator mechanisin developed in house provide the load/unload capability at the lathe center. In
addition to this, one Intellidex robot, one IBM robot and two Adept robots are used at the four assembly
stations.
In summary, following is a list of primary manufacturing and material handling equipinent in the
facility:

s Two 10 feet long BOSCH conveyors

s 3.axis TERCO CNC vertical mill

s 19-inch ORAC CNC lathe with 8 station turret

s IRI vision inspection systein

s 2-axis elevator

s 3.axis pneumatic robot (manipulator)

s NAMCO radio frequency identification systemn



=  Two 5-axis Intellidex robots

*  Two ADEPT robots
®  One IBM robot

5.3 Product/Process Flow

As explained in the previous perspective, the two major production equipments in the facility are the two
machining centers viz. a CNC lathe and a CNC Mill. Thus, facility is capable of producing any type of
parts that can be manufactured by a lathe or a mill or combination of those two. Primary material used in
manufacturing the parts is a special wax like material. However, the equipment is also capable of
machining metal parts. Some of the sample parts that are produced in the facility are a screw, a nut, and
an RIT key-chain. The facility illustrates the operations of a flexible manufacturing system (FMS) in
scheduling of machines, assignment of pallets and flexibility in making any parts in any order with
necessary setups and machine programming handled automatically by the CAMCELL control software.
The materials and the tooling fixtures for parts are being produced are loaded at the dock. These will
travel to the lathe and/or mill centers for machining and the vision station for inspection in order dictated
by the process steps. All finished parts return to the dock for unloading. For example, if the part to be
manufactured is a screw, then a cylindrical material will be first loaded at the dock. Then it would be
routed to the lathe where the threads of the screw will be cut. Then the part will be routed to the mill
center to cut the slot. Finally the part will be routed back to the dock for the unloading. Thus, this would
be a typical material flow for manufacturing of the part. All equipment and the material transport system

in the facility are fully integrated into a completely computer controlled manufacturing facility.

5.4 Computer Hardware Architecture

As defined by the National Institute of Standards and Technology (NIST), there is a five-level hierarchy
in manufacturing automation [1]. RIT’s CAMCELL computer hardware architecture has evolved into
one that already implements such hierarchy. Most of the manufacturing equipment and related computer
hardware used in the facility were acquired based on their individual merits for their use outside the
CAMCELL environment for instructional purposes.

The compatibility among systems for total integration into the CAMCELL is accomplished through
many in house developed hardware interfaces and control software. The five-level computer hardware
architecture in the CAMCELL includes following five levels viz. tool level, station level, cell level,
center level and plant level. At the tool level, several data acquisition systems are used to monitor and
manipulate the status of various elements in the system such as the latches and sensors. At the station
level, there are several machining centers, robots and vision systems that are primarily involved in the
manufacturing of parts. The main activity at the cell level is routing jobs through the system for all low
level stations. It deals with information and material handlmg in order to deliver right parts and material

to the right place at the right time.
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Fig 5.1. CAMCELL Hardware Architecture

At the center level scheduling of orders take place. This layer looks into job priorities, machine
availability, personnel availability, material availability as well as machine capacity limits. At the
uppermost level viz. the plant level orders from customers are entered. Other tasks dealt by this level are
parts catalog management, initiation of design work, price negotiations, generation of material
acquisitions, inventory management etc.

The low-level station control and device manipulation are achieved via Programmable Logic Controllers
(PLCs), Data Acquisition Systems and computers. The lathe and the mill, during their machining cycle,
operate under their own CNC controllers. However, their manufacturers originally designed these
machines as stand alone units for manual keyboard control. They have been modified in the CAMCELL
to allow remote computer controlled operation for automatic downloading of NC codes and device
manipulation which is essential to integration of the mill and lathe machines into a flexible and
automated manufacturing environment. The load/unload manipulator of the lathe has a dedicated
computer for control. All the robots involved in the assembly operations have a controller of their own.
The Intellidex robot has a programmable controller of its own. The IRI vision system is operated using a
UNIX based microcomputer system. The NAMCO Radio Frequency Identification System is a host
programmable intelligent peripheral. The results are delivered from the scheduler to the router on a once-
a-day or once-a-shift basis, whereas the station level and tool level controllers have a real-time
interaction between each other.

The integration of manufacturing systems can range from a relatively self contained machining cell to
large automated factories which include support functions such as planning and scheduling. The type of

architecture or combination of architectures used depends a great deal upon the application. Many of the
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CIM systems in use today depend upon a combination of networked and hierarchical architectures. A
hierarchical design has been used in the CAMCELL.

The hierarchical design architecture consists of varying levels of controls based upon the
communications paths established between computers to form a control structure in the shape of a
pyramid. At each level within the control structure, responsibilities are designated based upon the task to
be performed and the time dependencies of that task. In this way the lowest level within the hierarchy,
machine controllers or PLCs, is able to directly interact with the machines, which requires response time
in the range of milliseconds. Higher-level computers are then able to co-ordinate a group of machine
controllers in real-time. In this arrangement, the higher-level computer is directly linked to each of the
lower level computers and sends out control messages to and receives some form of acknowledgement
from them upon completion of the delegated tasks.

The hierarchical systems can be configured with powerful, inexpensive computers and, hence, are
extremely cost effective. A networked architecture may be used to connect various manufacturing shop
floor controllers in a larger facility, with the engineering planning functions, scheduling functions and
business costing programs completing the idealized CIM system. The advantages of the hierarchical
system are its quick response times, low cost and high reliability because they are not subject to
unknown process sequence. Reliability can be designed into these systems at key points in the control
structure. Hierarchical architectures are ideally suited for cell control activities and as such are found

more frequently within complex flexible manufacturing systems.

Reference:

[1] Dr. Paidy. S.R., Dr. Reeve, Richard, “Software Architecture for a Cell Controller”, HICCS, 1990.
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Section 6. Control of the CAMCELL Material Handling System

6.1 Introduction

In this section, we will describe the components, function and the control of the material handling
system used in the CAMCELL. The main components of the material handling system are two BOSCH
conveyors placed end to end to form an L-shape, eight pneumatic latches and eight sensors at the eight
workstations, four transfer lifts and four gates at the transfer lifts. In addition to these components, there
are six-to-fourteen pallets that circulate along the two conveyors, carrying the unprocessed, semi-
processed or processed material. The primary function of the material handling system is to carry the
raw material, semi-processed material, and finished material along the conveyor from one station to
another. In addition to this, the material handling system also has the function of stopping a particular
requested pallet whenever a particular station makes a request for it. The Programmable Logic
Controller used in the control of the material handling system is the CTC PLC from Control Technology
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6.2 Components of the Material Handling System
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Fig 6.1 Schematic of the CAMCELL Material Handling System



Shown above in figure 6.1 is the schematic of the CAMCELL material handling system. The schematic
shows the main components of the material handling system, which can be identified as follows,

* Two conveyors, placed end-to-end to form an L shape,

®  Four transfer lifts,

»  Four transfer gates,

» Eight pneumatic latches and eight sensors at the eight workstations.
The two conveyors, Cland C2, carry the pallets from one station to another. Each conveyor has two
halves, C1 (a), C1 (b), C2 (a) and C2 (b), each moving in opposite directions to each other.
The four transfer lifts, viz. the South Lift (S3-S4), North Lift (S1-S2), West Lift (S20-S21) and the
West-to-South Lift (S28), transfer the pallets from either one half of the conveyor to the other half, or
from one conveyor to the other. Each lift, except for the West-to-South lift, has a load station and an
unload station. The load station for the lift is the one through which the pallet enters the lift, whereas the
unload station for the lift is the one through which the pallet leaves the lift. Thus stations S1, S3, and S20
are the load stations and stations S2, S4, and S21 are the unload stations for the North lift, South lift, and
the West lift respectively. The West-to-South lift, on the other hand, has only one station.
There are four transfer gates, viz. the South Gate (S7), North Gate (S8), West Gate (S22) and the West-
to-South Gate (S25), at each of the four transfer lifts that regulate the traffic at the transfer lifts. Each
gate comprises of a pneumatic latch to hold or release the pallet and a sensor to detect the presence of the
pallet. The gates hold the pallets from entering into the lift, while a pallet is being transferred by the lift,
thus preventing the blocking at the lifts. The latches at the eight workstations perform the function of
stopping and releasing the requested pallet at the station. The sensors at the workstations detect the

presence of the pallet at the station.

6.3 Control of the CAMCELL Material Handling System

The CAMCELL material handling system is controlled by the CTC-2200 PLC from Control Technology
Corporation. The control program for the material handling system is written in the Quickstep
programming software from the Control Technology Corporation.

The control program for the material handling system consists of two main loops, viz. the transfer loops
and the pass through loops. The transfer loops transfer the pallets from one half of the conveyor to the
other, or from one conveyor to the other. On the other hand, the pass through loops transfers the logic of
the inputs and the outputs on the CTC PLC to the Siemens PLC. With this pass through, the outputs on
the CTC PLC are used as inputs in the Siemens PLC and the inputs in the CTC PLC are used as outputs
in the Siemens PLC. The inputs and the outputs used in the program are shown m figure 6.2 and 6.4
respectively. The list of flags used in the program is shown in figure 6.3
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Fig 6.2 List of Inputs used in the Control Program
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Fig 6.3 List of Flags used in the Control Program
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If the flag for the transfer lift is clear, the latch at the transfer gate is lowered to release the
pallet. At this point, the flag for the transfer lift is set to busy.

Next, the sensor at the load station of the lift is monitored. When the sensor at the load station
of the lift goes high, it indicates the presence of the pallet at the load station of the pallet. At this
point, the lift is raised to transfer the pallet from one half of the conveyor to the other half, or
from one conveyor to the other. At the same time the latch at the transfer gate is raised to
prevent the proceeding pallets from entering into the lift.

Next, the sensor at the unload station of the lift is monitored. When the sensor at the unload
station of the lift goes high, it indicates that the pallet has been transferred. At this point the lift
is lowered and the pallet is thus allowed to leave the lift.

Next, the sensor at the station following the unload station of the lift is monitored. When the
sensor at this station goes high, it indicates that the transfer is complete. At this point the flag
for the transfer lift is set to clear and the latch at the transfer gate is lowered to allow the

proceeding pallet to enter the lift.

The transfer logic for the West-to-South transfer lift is slightly different, since there is only one station in

the lift. The transfer logic for the West-to-South transfer lift is as follows,

The latch at the assembly station #4 (S27) is raised to stop the pallet. At this point the sensor at
the West-to-South transfer gate (S25) goes high.

Next, the flag for the West-to-South transfer lift is monitored for the clear condition.

When this flag is cleared, the lift is raised and the latch at station S27 is lowered to allow the
pallet to enter the lift.

Next, the flag is set to busy, and the latch at station S27 is raised, thus preventing the
proceeding pallet from entering into the lift.

Next, the sensor at the West-to-South transfer lift is monitored. When the sensor at the lift
senses the pallet, the lift is lowered, thus allowing the pallet to leave the lift.

Next, the sensor at the station S31 is monitored. When this sensor goes high, it indicates that the
transfer is complete. At this point the flag for the transfer lift is set to clear and the latch at the

transfer gate is lowered to allow the proceeding pallet to enter the lift

6.3.2 Pass Through Loops
The pass through loops, transfer the logic of the inputs and the outputs on the CTC PLC to the Siemens

PLC. With this pass through, the outputs on the CTC PLC are used as outputs in the Siemens PLC and

the inputs in the CTC PLC are used as inputs in the Siemens PLC.

The pass through between the CTC I/O lines and the Siemens I/O lines is accomplished through the

registers in the Quickstep Software. With the help of registers, the value of an input line of the CTC PLC

is stored into an output line of the CTC PLC. The input line of the CTC PLC is physically wired to the

output line of the Siemens output module. With this, the output line of the CTC PLC can be used as an

output line in the Siemens PLC. Similarly, with the help of registers, the value of the input line of the
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CTC PLC is stored into an output line of the CTC PLC. This output line is physically wired to the input
line of the Siemens input module. With this, the input line of the CTC PLC can be used as an input line
in the Siemens PLC. Figures 6.6 and 6.7 show the list of pass through lines between the CTC PLC and
the Siemens PLC
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Fig 6.5 List of registers used in the Control Program
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CTC Input
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Fig 6.6 List of Pass through OQutputs
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Pallet Passed Mill 12.3
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Section 7. CAMCELL Automation

7.1 Introduction

In this section, we shall discuss the CAMCELL automation system i detail. CAMCELL is a
manufacturing cell that simulates a flexible manufacturing system. The two functional modules viz. the
Pallet Controller and Inquire, implemented i this study, will be discussed in details. The WINCC tags
used m the CAMCELL automation system are discussed. These tags include tags used for the Inquire
module, tags used for the Pallet Controller module and tags shared by the two modules. Next, we discuss
the function of the Inquire module, the WINCC screen developed for the Inquire module and the control
program for the Inquire module. We also discuss the functions, WINCC screen and the control program
for the Pallet Controller module.

7.2 Simulation of a Flexible Manufacturing System

CAMCELL is a manufacturing cell that simulates a flexible manufacturing system. As described in
Section 5, it has eight stations served by a L-shaped material handling system. There are up to fourteen
pallets that circulate n the system under the control of the CTC PLC. Figure 7.2 shows the schematic of
the material handling system along with other data to be described later.

A software architecture based on NIST’s five level hierarchy was discussed m [1] and further enhanced
m a companion thesis work [2]. Specifically it comprises of functional modules for order entry,
scheduling and routing. The routing module (Router) is responsible for sending specific part orders to
each of the eight stations based on the process planning steps for the part. Each station from its process
sequence data for the specific order learns and requests specific pallets (with the appropriate raw
material and fixtures on them). These requests are funneled mto a task named Pallet Controller. This task
works with another task named Inquire.

In this study, the above-mentioned modules, viz. Pallet Controller and Inquire are implemented. Here,
we use the OPC Client-Server methodology to implement these two modules on two different
computers. The computer to which the Siemens PLC is connected is configured as the OPC Server. This
computer runs the Inquire module and contains the repository of all the ‘tags’ of the project. Tags are the
central elements for accessing process values and are available to the OPC, Step7 and WINCC. The
Pallet Controller module is implemented on a different computer that is configured as an OPC Client.
This client computer accesses the tags resident on the OPC server via the OPC channel. The figure

below shows the brief schematic of the OPC Client-Server architecture.
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Fig 7.1 Schematic of the OPC Client-Server Architecture used in the CAMCELL

7.3 WINCC Tags used in the CAMCELL control software
As described in Section 4, WINCC tags are the central elements for accessing process values. In the
CAMCELL, there are three groups of tags that together help in the functionality of the two modules
implemented in this study, viz. the Inquire module and the Pallet Controller module. These three groups
can be identified as follows,

1. WINCC tags for the Inquire module,

2. WINCC tags for the Pallet Controller module, and

3. WINCC tags shared between the Inquire and the Pallet Controller modules.
The WINCC tags for the Inquire module primarily access the process I/O data and are directly connected
to the process I/O lines. In addition to accessing the process I/O data, this group contains tags to keep the
pallet count and to indicate the next arriving pallet for each station. The WINCC tags for the Pallet
Controller module give information about the order such as part name and also information about the
station status. Although these tags belong to the Pallet Controller module, they are also displayed for the
operator on the Inquire module interface. The third group of tags is the one that is shared between the
Inquire and the Pallet Controller modules. It basically contains information passed by the Pallet
Controller but processed and used by the Inquire module.
7.3.1 WINCC tags for the Inquire module
The WINCC tags for the Inquire module can be further divided into following sub-groups,

e Tags that are of memory word type (signed 16-bit) and are used to keep track of the pallet

count,
e Tags that are of memory word type (signed 16-bit) and are used to indicate the next arriving

pallet,
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e Tags that are of binary type and are used as inputs to increment the counter for the pallet count,
o Tags that are of binary type and are used as inputs to raise or lower the latch at the
workstations, and
e Tags that are of binary type and are used as outputs to raise or lower the latch at the
workstation.
7.3.2 WINCC tags for the Pallet Controller module
The WINCC tags for the Pallet Controller module can be further divided into following sub-groups,
e Tags that are of binary type and are used to indicate whether a particular workstation is free or
busy, and
e  Tags that are of memory word type (16-bit character set) that indicates the name of the parts for
a particular order.
Although these tags belong to the Pallet Controller module, they are also displayed for the operator on
the Inquire module interface.
7.3.3 WINCC tags shared between the Inquire and the Pallet Controller modules
The WINCC tags that are shared between the Inquire and the Pallet Controller module are the memory
word tags that contain the information about the pallet number requested by a particular workstation.
This information is passed from the Pallet Controller module to the Inquire module. The Inquire module
uses this information to make the decisions conceming the raising or lowering of a latch at a particular

workstation.

7.4 Inquire
In this study, we implemented the Inquire module using the Siemens’ WINCC platform for developing
the user interface and Step 7 ladder logic (LAD) for the control process. This module is implemented on
the machine that is directly connected to the Siemens PLC and therefore connected to the process inputs
and outputs. This machine is configured as the OPC server and is a repository of all process tags
belonging to the project. The Inquire module is responsible for the following functions,

1. Monitor the inputs and the outputs from the CTC PLC,

2. Monitor the pallet travel across each of the eight stations, and

3. Raise or lower the latches to stop or release the pallets at the stations.
Figure 7.2 is the user interface screen for the Inquire module, which depicts the control panel with
information regarding the following:

1. Presence or absence of a pallet at a station,

2. Status of the latch at the station,

3. Next arriving pallet number at the station, and

4

Arrival of the requested pallet.
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It also displays some order details at each of the station. The Inquire module is also responsible to track
and process the data provided (via WINCC tags) by the Pallet Controller to note the requests to stop and
release the pallets.

7.3.2 Control Program for the Inquire module

As described earlier in this section, the Inquire module has the task of monitoring the movement of the
pallets across the eight stations, monitoring the status of the latches at the eight stations and providing
the information about the next arriving pallet at each of the eight stations. The Inquire module also has
the task of stopping or releasing a pallet at a particular station, when requested by the Pallet Controller.
The Control program to implement these functions is built using the Siemens’ Step7 Ladder Logic
programming language. Appendix F contains the listing of the program for the Inquire module.

There are three main parts in the control program of the Inquire module. The first part of the program
keeps track of the pallet movement across the eight stations. This is accomplished with the use of eight
counters that increment by one every time a pallet crosses a particular station. Each counter is reset to
zero when its count is equal to the number of pallets present in the system. With the help of the pass
through logic discussed in the previous section, whenever the sensor at each of the eight workstations
goes high (due to presence of a pallet at the station) a corresponding input in the Siemens’ PLC goes
high. These inputs are used to increment the value of the respective counter.

The second part of the control program processes the pallet request information that is provided by the
Pallet Controller module. Here, the pallet number that is requested to be stopped at a station is stored in a
memory variable. On the other hand, the value of the counter that keeps the track of the pallets across the
stations is incremented by one using an “Add Int” function of the ladder logic programming. This
incremented value is stored in another memory variable. These two memory variables are then compared
for equality condition using a “Comparator” function of the ladder logic programming. When the two
memory variables have the same value, it indicates that the next arriving pallet at a station is same as the
pallet number requested by the station. At this point, a memory bit is set high.

The third part of the control program monitors the condition of the memory bit for each of the eight
workstations. When the memory bit for the particular station goes high, the respective latch is raised,
thus stopping the requested pallet at the requesting station.

7.5 Pallet Controller

In this study, we implement the Pallet Controller module using the Siemens’ WINCC platform and an
OPC Client. Figure 7.3 shows the user interface screen for the Pallet Controller module, which contains
the information regarding the following,
1. The pallet number requested by the individual station controllers. These Station requests are
simulated via a manual data entry into the Pallet Controller interface,
2. The name of the part being processed at the particular station, and
3. The status of the station. (Busy or Free)
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The Pallet Controller module passes on the pallet request information to the Inquire module, which on
the basis of the information about the next arriving pallet at the station, stops or releases the pallet at that
station. However as noted earlier, all WINCC tags are centralized at the OPC server and are available to

all OPC clients of this server.
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Section 8. Conclusions

The primary focus of this applied research was to study the Siemens’ PC based automation technology
leading to the understanding and development of a Manufacturing Execution System to control a
manufacturing cell. Systems Integration is the progressive linking and combination of various components
of a system to merge their functional and technical characteristics into a comprehensive interoperable unit.
Integrating these various components provides a value that is greater than the sum of the value provided by
the individual components. System Integration is eased by well-established standards in data
communications, programming languages, application development environment and computer operating
systems.

In this study, we aimed at reviewing various data communication standards, programming languages and
the application development environment offered by Siemens viz. the Step 7 and WINCC. Data
Communication standards are agreed upon set of rules and guidelines that govern device to device
communication as well as communication over the network. In this study, we reviewed the two main
modes of data transfer viz. the serial and parallel communication as well as their communication standards.
In addition to serial communication standards like the RS-232, RS-422 and RS-485 standard, parallel
commurication standard like the IEEE-488 standard and network communication standards like TCP/IP
and Ethemet, we also discussed the ISO OSI seven-layer model. This model is called the reference model
as it encompasses all the functions that are to be fulfilled at each level in communication. In addition to the
above-mentioned standards, we also reviewed the Simatic NET Profibus network that is used in the
Siemens’ PC-based automation technology. Profibus is an acronym for Process Field Bus and is a modified
version of the RS-485 serial communication standard. After working with the Profibus network in the
CAMCELL application, we studied a number of features of the Profibus network that are portrayed by the
Profibus International Association as its advantages. We confirmed such benefits of the Profibus network
as open, vendor independent protocol, plug and play feature of the network, high data transmission rates up
to 12Mbaud, high data security, and powerful diagnostic capabilities.

We also discussed the various programming languages used to write control logic for process control.
There are various programming languages available for writing control logic. The various types of
programming languages include graphical programming languages, statement lists, sequential
programming languages, and structured Control Languages. Each type of language has some advantages
and disadvantages. Graphical programming languages like the Ladder logic and Functional Block
Diagrams are the most popular languages in use primarily because of their ease of use and they are
reasonably intuitive, especially for technicians with relay logic experience. They are particularly effective
in an on-line mode, when the PLC is actually performing control. The operation of the logic is apparent
from the highlighting of the various relay contacts and coils on the screen, which identifies the logic state in
real time. STL is a text-oriented language in which the control task can be described in the form of a list. It
is easy to learn but has poor diagnostic capabilities. Sequential programming languages like Grafcet, Graph

are suitable for sequential processes. However they need the transitions and control steps to be written in



either LAD or FBD. Structured Control languages enable simple and fast program development for the
user, by the application of powerful language elements such as IF.. THEN.. ELSE. Programs written in
SCL have improved comprehensibility and improved structure. However, they are not suitable for simple
control applications, as they need the knowledge of basic high level programming language.

The application development environment offered by the Siemens’ PC based automation technology
basically comprises of Simatic Controllers such as WinLC, Simatic NET Profibus network, Simatic
distributed I/O modules, Simatic HMIs such as WINCC and the standard development tool such as the Step
7. Simatic Controllers form the core of the automation system and help in controlling production machines,
manufacturing plants or industrial processes. The controller used in the CAMCELL application is called the
WinLC, which is the PC based controller in the family of S7 controllers. It provides process control from a
computer thus facilitating a PC based control. The Simatic NET links all the Simatic stations together and
provides for the networking for the exchange of data and programming at a central point. The Simatic
distributed I/O system allows for installing the I/O modules connecting to the machine or the plant m the
vicinity of the machine, at a distance from the PLC.

The Step 7 software is the central development tool in the Simatic Automation system. It consists of the
basic software for configuring and programming. During our use of the Siemens’ PC based automation
system, we found their application development environment to be an ideal tool for developing an MES to
control the CAMCELL. The two main tools used in the CAMCELL application were the Step 7 and the
WINCC tools. Step 7 provides the complete development and configuration environment for developing a
control solution. The project manager within the Step 7 known as the Simatic Manager manages all the data
belonging to a project. One of the most important features observed about the Siemens’ PC based
technology was that all the data of a project was stored in a shared database. Therefore any tool within the
system can access this data. This prevents data integrity problems between the configuration, programming,
system setup, operation and debugging of a project. The hardware configuration using the Step 7 tool was
found to be very easy. Step 7 provides integrated configuration of all the hardware across the entire WinAC
and the Profibus spectrum.

Another helpful feature of the Step 7 tool was its multi language support. It provides three programming
languages, viz. the LAD (Ladder Logic), FBD (Functional Block Diagram), and the STL (Statement Lists).
In addition to these three basic languages, additional programming languages can be integrated into the
Step 7. Such languages include Graph, HiGraph, and Structured Control language. The Step 7 was also
found to have excellent diagnostics and interrupt capabilities. During the program execution, the logic can
be viewed in the online mode, thus facilitating in diagnosis of any faulty logic or faulty hardware. Another
important feature of Step 7 observed during this study was its support of different network and bus systems.
It supports the Multi Point Interface (MPI) connection, the Profibus as well as Industrial Ethernet.

WINCC is a Supervisory Control and Data Acquisition Software HMI (Human Machine Interface).
WINCC is a tool for process visualization and information availability. Plant Floor Integration is realized

with WINCC through its open connectivity architecture. During our experience with WINCC in the
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CAMCELL application, we found it to be very robust monitoring and data acquisition tool. WINCC can
communicate with hardware devices such as PLCs, drives and sensors and exchange information with
various software devices like soft controllers and other HMIs. Tags once defined in the Step 7 environment
are available in WINCC for use. These tags can be read as well as written on. Thus the data integrity is
maintained within the WINCC also. In addition to its suite of internal drivers, WINCC can communicate
with a variety of automation equipment using the OPC (OLE for Process Control), which is an industry
standard for Industrial Communications. Using the OPC technology, remote control of an application was
accomplished in the CAMCELL application. Remote monitoring and data entry from a remote station was
accomplished by the OPC connectivity offered by WINCC. WINCC was also found to be a very powerful
tool in its capability of designing graphics to represent a schematic of a process. One can choose objects
from a large objects library to develop an intuitive graphics of a process. Another powerful feature of
WINCC is its Client Server architecture. Under this architecture, a central WINCC server is the only
machine connected to the process and is a repository of all process related data. This data can then be
accessed by a number of clients via the TCP/IP. Data management becoines easy when it is resident in one
location. Thus WINCC client server architecture also contributes towards data integrity and ease of data
management. In the CAMCELL application, the same task was accomplished by implementation of OPC
client server architecture. Due to time constraints, WINCC client server architecture could not be
implemented in the CAMCELL application, something that can be implemented in future applied research
projects.

As a part of Siemens’ Total Integrated Automation, the Siemens’ PC based automation technology
integrates systems that are best suited for a task. It integrates PLCs, distributed I/O modules, the HMIs, and
the developimnent tools into a common kernel. This kernel supports threefold integration viz. integrated
configuration and programming, integrated data management and integrated data communication. Overall
the technology was found to be an ideal application development environment for building an MES for

controlling a manufacturing systemn and was true to its claim of having a totally “open” architecture.
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Appendix A. SOFTWARE INSTALLATION

NOTE: Only members of SIMATIC group of ASI_ISE domain and local administrators can install this
software.

The SIMATIC S7 PLC consists of software and hardware contained in following 8 boxes.

¢ PROFIBUS CP 5613

e  WINAC BASIS

e  WINCC/RC256 V5.0

These are the three major software and hardware packages. In addition to this we also install a standard tool
called

e STEP7VS5.1

Then we also install some engineering tools such as

e S7-SLCVS.

e S7-PLCSIM V5.0

e S7-Graph V5.0

e  S7-Hi-Graph V5.0

1. The first step is the installation of the CP5613 PCI card into the PCI slot of the computer. This
card is found in the PROFIBUS CP 5613 box.

2. Once the card is installed and the computer is started a wizard for new hardware found pops up.
Cancel this wizard at this stage.

3. Once the CP5613 PCI card is installed, we install the WINAC basis software.

4. For this, explore the WINAC CD and double click on the SETUP icon. There are different CDs
for the NT machine and Win-2000 machine. Use the appropriate CD. Go through various
windows and at the time of selection of language select English as the language. At the time of
selection of target drive, select target drive as the C drive. (or D drive depending on the space
remaining on the drive) RUN AUTOMATIC AUTHORIZATION. At this time you will have to
insert the authorization diskette (that is provided with the software package) in the A drive and
then continue with setup. The WINAC will now be installed.

5. During the installation of WINAC, select WINLC as an application

6. In the configuration of the Step S7 link Step S7 to PC Internal (Local)

7. Once the WINAC software is installed, reboot the computer. During the restart, remove the
authorization diskette from the A drive. However keep the CD inside the CD-ROM drive.

8. When the computer reboots, the “New Hardware Found” wizard pops up again. This time click
next in the windows that come up and finish the hardware installation.

9. The next package to be installed is SIMATIC NET. The CD for this is found in the PROFIBUS
CP 5613 box.
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1. Make sure that the WINLC is shutdown while performing the installation check.
2. Start the “PG/PC interface” tool (taskbar Start — Simatic — Simatic NET — Set PG/PC interface)

3. Select the appropriate access points of application as seen below:

AN

Access Path ‘ Step 7 Configuration ]

Access Point of the Application:
[CP_L2_1:  -> CPS613_5614(PROFIBUS) ~]
(for CP5613 SIMATIC NET)

Interface Parameter Assignment Used:
|CP5613_5614(PROFIBUS KActive> Propetties...

CP5613_5614(COM PROFIBUS)
CP5613_5614[MPI
CPSR12 S614(PROFIBUS|cActve>
PC intemal (local) S
TCPAP -> 3Com Etherlink 10100 ... S e

[Configuration of your Communications
Processor CP5613 7 CP5614 for a
PROFIBUS-Network)

<None> Diagnostics... l

éﬁ |nletfaCeS* e o e

| Add/Remove: Select... '

R terreseat o, ottt oo RO . AR b e . e 0. S TS e 0 0 P Pt e 3 e

oK ’ Cancel |  Hep ]

4. At this stage, set the access point of application for the following four
a. Computing 2> CP5613 5614(PROFIBUS)
b. CP_L2 1-> CP5613 5614(PROFIBUS)
c. STONLINE (Step7) > PC internal (LOCAL)
d. WINLC 0 -> CP5613_5614(PROFIBUS)
Te Interface parameter Assignment used for STONLINE (Step7) is the same as the one selected
during the installation of the WINAC software. The access point of application should look as

follows:

il
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5.

Set PG/PC Interface
Access Path j Step 7 Configuration |

Access Point of the Application:

[cP_L2 1 > CP5613_5614(PROFIBUS)

<Add/Delete>

COM_PROFIBUS

COMPUTING > CP5613_5614{PROFIBUS)
CP H1 1

LR L2 1

CP_L2 2

DPSONLINE

FWL_LOAD

MPl  (WinCC)

S7ONLINE  [STEP7) -> PCintemal (local)
WinLC_0  -> CP5613_5614(PROFIBUS)
WinLC_1

WinLC_2

WinLC_3

WinLC_4

Winl.C 5

y

- Interfaces,...M.“.M.H,,.;_H« st o o s e e

| Add/Remove: Select ..

carcs_|

Help

Click OK to save the setting.

6. Next click on the “Properties” button. A properties dialog appears with several tabs.

7.

Select the Mode tab after which following window appears

v
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PROFIBUS ] FMS/DP-Protocol |

57 Protocol Mode ! Connsctors ]
rcp_w e '
: Reset I Reset CP a fé/ ,
Restart I Reset and testart CP
i Test ] Functional test '
| Yersion I Read product versions

I
oK Cancel Sondad | Hep |

Click the Reset button followed by the Restart button.

Next, click the “Test” button, with which we can check whether the CP can be accessed and

whether the installation was proper. If the installation is proper and if the CP can be accessed, then

the LEDs of the module at the back of the CPU start flashing.

Following screenshot covers steps 8 & 9.

v
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PROFIBUS ] FMS/DP-Protocol |
57 Protocol Mode ] Connectors I

5 Reset Reset CP \1‘) »

Restart Reset and restart CP

Test Functional test

Version Read product versions

qli

OK. Reset CP was completed successfully. :J
OK., Restart CP was completed successfully.
Functional test was executed successfully.

oK ] Cancel ] Standard I Help l.

When the Test button is clicked, following message appears.

Functional test

i) The LEDs of the CP are flashing!
g Contact was establised with the modute.
Acknowledging this message stops the flashing!

Setting the BUS parameters

1.

Once the access points of application are set and once the installation is checked, we set the BUS
parameters.

For this click the “Properties” button.

Since the Interface Parameter Assignment used is the CP 56135614, we select the “Profibus” tab.

Set the parameters as seen below

Vi
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PROFIBUS ] FMS/DP-Protocol ]

S7Piotocdl | Mode Connectors
{ur Change PRDF‘BUS CONNBTROIS e v v s mmns s ,,.....,......_?
’ CP-Type [ CP5613 |

Descciplion M e s e+ e s “.;...A,.,‘_..._y..,wu,..-m.,_k,.‘m‘m...é

The CP 5613 has only one electical PROFIBUS pott.

0K Cancel Standaid Help

Checking Network Access

1. Checking the network access provides an overview of the following:
a. The attached bus nodes
b. The current bus parameters
2. Click the “Diagnostics” button in the “Set PG/PC interface” tool.
3. Select the “Profibus/MPI Network Diagnostics” tab.
4. Click the “Test” button at which the Mode is displayed and detailed information about the current

bus parameters are obtained.

5. Click the “Read” button at which the mode is displayed and an overview of the attached passive

and active nodes is obtained.

viil
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LSAPLit | S7Protocol | S7Trace | FMS Protocol |

FMS Trace |  ReadDPDatabases |  DPRAM |

PROFIBUS /MP! Network Diagnostics l Extended Diagnostics }
g”‘ Status/Network DBQ"OS&CS T T . T

CTes | 'BK -]
_ -
| Station address: ]2

Bus parameters:

Baudiate: 12000.00 Kbp
Highest station address [HSA): 126

Minimum station delay Time [Min Tsdr}: 11 1Bit

Maximum station delay Time [Max Tsdr): 800 tBit

Setup time (tset} 16 Bit ~|

012345 7B 9 10111213141516171819 E
orrrrrrrrrrrrrrrrrrrr
N rrrrrrrrrrrrrrrrer
aorrrrrerrerercrrerrerr
sorrrrrrrrrrrrrrrrrrrr
Qrrrrrrrrrrrrrrrrrrrr
wmrrrrrrrrrrrrrrrrrrrr

Rrrrrrrr Key —mmm e
5 i [T Station passive

Read ] [V Station active
; [~ Station active ready

OK l Cancel Apply Help

With this the Setting of the PG/PC interface is complete.

X
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Appendix B. Hardware Configuration

Introduction

The term configuring refers to arranging of racks, modules, and interface modules in a STATION window.
Racks are represented by a configuration table that permits a specific number of modules to be inserted,

just like a real rack.

Steps in Configuring

Following steps are followed in the configuration of the hardware
1. Open the SIMATIC MANAGER (Start > Simatic = Simatic Manager)
2. Open a new project (File > New). This will pop up the following window

User projects ] Libraries ]

Name 1 Storage path !
Adwait  D:\Siemens\Step7\S7proj\Adwait

DistiC D:\Siemens\Step7\S7proj\Disti0

Doc D:\Siemens\Step7\S7proj\Doc

Rit D:\Siemens\Step7\S7proj\Rit

S7_Pro1 D:\Siemens\Step?\S7proj\S7_Prol

S7 Pio2 D:\Siemens\Step?\S7proj\S7_Pro2

Test D:\Siemens\Step7\S7prop\ T est

test1 D:\Siemens\Step7\S7projitestl

Test2 D:\Siemens\Step7\S7projrTest2_

Name: Tope
[ | Project v l

Storage location (path):
{D:\Siemens\Step?\S?proi Browse. . [

ik I Cancel Help l

3. Enter the desired name of the project in the “Name” field. Select the type as “Project” and also
select the desired storage location path. Click OK to open this new project. The project will look

like this
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Insert a new Simatic PC station (Insert 2 Station - Simatic PC Station)

Double click on the Simatic PC Station and this opens a window showing the icon for
Configuration.

Double click on the Configuration icon to open the window for Hardware Configuration called the
HWConfig as follows

X1
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!

B Sroton Edt Insert LT yow Optons Wndow Hep

=18 x]

Dl[2- %) 8] Sl dlal =@ 28] x|

Protle |Standaid v}
- E PROFIBUS DP
< @ SMATIC 300

. SIMATIC 400

+ SIMATIC PC Baced Controt 3007400

|

» B SIMATIC PC Station

L
FROFIBUS DP siaves bt SIMATIC 57, __"|
M7 and C7 (distitxted 1ack)

Press Fi to get Help, s

™

7. There are two windows in the HWConfig window

The Station window

The “Hardware Catalog” window from which we select the required hardware
components. (If the hardware catalog window is not displayed then select the menu
command View - Catalog)

L FC

Station Window

X1l
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8. From the hardware catalog, select the WINLC V3.0 controller from the Simatic PC Station Option

as shown below

¢Ca AT
Erofée [Standaid ~]
[+ B PROFIBUS OP
w @ SMATIC 300
= @ SMATIC 300

* SIMATIC PC Basei Conttol 3007400
= &, SIMATIC PC Station
- ) Controliet

[ cru s12:2pP0
I§] cru 416:2FT1
1 wnlCRIXVID

[§] wnlCv30
+ ] CPindustal Ethetnet
+ _) CPPROFIBUS

1 HMI

+ 1 User Apphication

€€57 611-1PY00-0v87 BJ
WinLC ¥3.0. ‘windows Logic Controfier bt
o Windows NT. DP connecton |GP

master]

Hardware Catalog

9.  Click on the WINLC V3.0 icon and with the mouse click held down, drag it to the station window
and release it.

10. This will insert the WINLC V3.0 controller in the station window.

11. At this stage, a window for the properties of Profibus interface DP master pops up. Ignore this

window and click OK to continue.

Note:
We cannot use the MPI node of WINLC V3.0 SP1 to configure the hardware. WINLC has no effect on
any installed MPI card. The MPI address of the WINLC should be left at node address 2.

12. Next select (click on) the DP Master icon in the Station window to set its properties and double

click on it to get the following window

xiil
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General l Addresses ]

Short Designation: DP Master

[
!
!
!
i
i
1
H

Order Na.:
Name: {DP Master

- Interface -~
Type: PROFIBUS

Address: 2
Nebworked: No Propetties...

!

Comment:

13. Click on the properties to get the window for Profibus interface DP Master that looks like this

X1v
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T

General Parameters 1

Address: 2 v It a subnet is selected,
the next available address is suggested.
Subnet;
- not networked - New...
Sospipl g
RES
0K ] Cancel Help

General | Network Settings |

Name: [PROFIBUS(1)

S7 subnet ID [001 e 10004

Project path: ’Tp

Storage location - _

of the project: lD:\Slemens\Step?\S 7piop\Tp

Author: |

Date created: 06.11.2001 14:33:22

Last modified: 06.11.2001 14:33.22

Comment: ;J
0K ] Cancel |  Hep

XV
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15. Click OK to accept the default of Profibus (1)

16. Next, click OK to enter default parameters for a PROFIBUS subnet and close the “Properties-
PROFIBUS Node DP Master” dialog box. At this stage WINLC appears as the module in slot 2 of
the rack.

17. At this stage if we again double click on the DP Master icon and click on properties we see the
following window that shows the properties

5 PRDFIBUS resfare.h

Q8 SN2 N

General Parameters l !

Address: l2 v I
Highest address: 126

Transmission rate;1.5 Mhit/s

Subnet:
- not networked --- New... I
Properties... ]
Delete '

oK l Cancel Help

18. At the same time the station window looks as shown below
1 a

2, % WL vod PROFIBUS(1} DP master system (1]
K LI I

N

wlo|~|a|on| el

10
1
12
13
14
15

16 hd

19. Select the Station = Save and Compile command.

20. Next we insert the interface module into the configuration.

Xxvi
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21. Select the Profibus DP from the Hardware Catalog and then select ET200M (the interface module
ID that we have on the PLC unit). In this, select the IM 153-1 interface module that corresponds to
the serial number 6ES7-153-1AA03-0XBO0.

Profile |Standard =]

%’6! PROFIBUS DP -]

. @ Additional Field Devices
¢ -] Closed-Loop Contraller

] Configured Stations

i ] CP 3425 as DP Master
] DP/ASA

-] DP/PA Link

-] ENCODER

] ET 2008

+_] ET 200C

> J ET 200L

= ] ET 200M

+ g M153

< @@ IM1531
# g IM 153-1
+ B3 IM1531
# @@ M 1531, Release 1-5

. ma IM 1531 Ralease 1.6 Y
| | »

6ES7 153-1AA03-0XB0 - E(I
Bus interface module for S7-300 -

SMs, FM 350 to FM 352, FM 355,
CP 340 to CP 342-2, module :J

ESt }E +F O+ oy ¢y W

(i

22. Drag this module to the Profibus (1): DP master system (1) and release it. At this stage following

window pops up

xvil
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General Parameters I

Address: ]1 - ]

Transmission rate:1.5 Mbit/s

Subnet; ;

i,

1.5 Mbit/s !

Properties. .. l

0K 1 Cancel Help

23. In this dialog box, select the Profibus address as 3 (in agreement with the station address set
during the SET PG/PC interface done by adjusting the dip switches)

24. Click OK. We now see the station window as follows

at o
1 PS
‘2? , E? \;;n;g::o PROFIBUS{1} DP mastes syster (1}
3 T
4
5 VYD
: i
7
8
3
10
17
12
E
14
15
16 hd

25. Next step is to configure the I/O modules.

XViil
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26. First select a DI/O simulator module. We can select any D16 x D24V module available in the DI-

Profile ’Slandeld

5o IM153
+ @ IM1531
+ g M1531
= R IM1531

=) Al300
-] Al/AD-300
© i1 AD-300
] CP-300
) DIF300
{ SM 321 DI16x 24 VDC, mtemupt
SM 321 DI16x 48-125%DC
4 SM 321 DI16saCI20V
1 SM 321 Dl16xaCI20V
SM 321 DIT6xDC24Y
SM 321 DI16xDC24V
SM 321 DI1exDC24Y
¥ SM 321 DltexDC2av
{ SM 321 DIiexDC24V
SM 321 DI1exDC24yY
{ 5M 321 DI1exDC24V
SM 321 DI32xACT 20V

SM 221 DI32ADC24V
SM I DNITINCIN :_1

v &

o

EEST 321-1BHO200AD £<I
Digtal input module D116 24 V. grouping 16 =

1BH02-0AAO.
27. With the interface module IM 153-1 selected, just double click on the sirulator module type and it

will automatically enter into the slot 4 of the DP Slave system.

The Station window now looks as follows

1 -~
2 WinlLC V3.0
_ 1S 1

271 P Moty FROFIBUS(1) DP master system (1)

3 T

4 &I 153

6 ~| il
¢ ’
4| (1) M153

Slot B Module Order Number | Address | Q Address | Comment

5

5

7

8

28. Next, we also select the input and the two output modules.

29. Select the slot # S in the DP slave table and then select the input module (ET200M—>IM153-1

—>DI-300) corresponding to the following description
X1X
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DI 32 x DC24V with order number 6ES7-321-1BL00-0AAOQ. Double click on this module and the
input module automatically enters into the slot # 5 of the DP Slave table. The Station window then

looks like this

T A
1 -
2 WinLC V3.0 -
27 DF Mot p— PROFIBUS(1} DP master system (1)
3 )
4 %[ﬂlM 152
5 o
: g T
< |
4| (1) M1531
Slot Maodule Order Mumbet | Address | O Address | Comment
4 |1y Onexpcaav 8ES7 321-1BHO2-0AA0 0.1
5 DI32xDC24V 8E57 321-1BLO0-0AAD 2.5

30. We follow similar steps for the two output modules. We select slots 6 and 7 for them and select
the modules (ET200m > IM 153-1 DO0-300) with following description

DO 8 x REL AC 230V with serial number 6ES7-322-1HF10-0AA0.

31. Save and Compile the configuration.

32. Once this configuration is saved, export the configuration into a .cfg file

33. For this, click on the Station > Export option in the Station menu, after which the following

window pops up

X
Export File:
lL:\Adwait\SlMATIE PC Station{1).cfg Browse... l
UDUODS e o e S Mwm»_,l r Format o s S e 5 0 it e I Pt
. ¥ Do not exportt default values E * Readable

i O Compact

. ¥ Export symbols
W Export subnets |

Save Cancel Help

34. Browse to the location where you wish to save this .cfg file.

XX
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Appendix C. Communicating Step-7 with WINCC

Purpose

The purpose of this tutorial-type document is to give step-by-step instructions to start, build, and manage a
Step 7 project. With this document, one can create a Step 7 project, add an operator station, define symbols,
write the control logic program in either LAD, FBD or STL programming language, download the program
to the WinL.C, define the symbols as WINCC tags and transfer them to WINCC, create graphics in the
Graphics Designer editor of WINCC and activate the runtime module.

Pre-Requisite
In order to create, build and manage a project using this document, one should have done the complete

hardware configuration using the document contained in Appendix B.

Procedure
The first step in working with Step 7 and WINCC is creating a project in Simatic Manager. The SIMATIC
Manager is the basic application for configuring the hardware and programming logic in a control
application. The SIMATIC Manager is the central window, which becomes active when STEP 7 is started.
It manages all the data that belongs to an automation project.

1.1 Open the Simatic Manager from the Start button, Start > Simatic > Simatic Manager.

Alternatively an icon for the Simatic Manager may be found on the desktop of the computer.
1.2 Once the Simatic Manager is opened, create a new project from the File menu of the Simatic

Manager, File > New. Alternatively, the new project can be created from the New Project/Library

icon .[li

1.3 Once the New option from the File menu is selected, or the New Project/Library icon is clicked,

the following window appears



Newdi

User projects l Libraries ]

Name ] Storage path ! :
Camcell CASIEMENSAStep7\S 7proj\BUCamcell |
Camcell C:\Siemens\Step7\S7proj\Camcell_
Camcell_Backup CASIEMENS\Step7\S7proj\Camuell_Back
Camcell_Backup L:\Adwait\Thesisworks\Camcell_Back i
57_Prol C:\Siemens\Step?\S 7pioj\5 7_Prol ‘

Name: Type: é
] l Project v I 5

Starage location [path:

lCT \Siemens\Step7\S7pto} Browse. . g

Cancel l Help l ‘

Fig C.1

1.4 In this window, type the name of the project in the Name field and select the Type as Project. (The
other option in the Type field is the “Library”) Select the default storage location for the project,
i.e. C:\Siemens\Step7\S7pro;j.

1.5 Click OK to create the project.

Once the project is created, the next step is to add a Simatic PC station to this project and do the hardware

configuration.
3.1 With the project name selected, click the Insert > Station > Simatic PC station menu.

2.2 This adds a Simatic PC station to the project, after which the project window looks as shown

below

= B Tutoral j Configuration
- *4 SIMATIC PC Station(1)

Fig C.2

XX1
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2.3 Now, with the Simatic PC Station (1) selected, double click on the Configuration icon as seen in
the figure above.

2.4 At this point, the HWConfig window opens. Here, import the configuration file that was created
during the hardware configuration. For this, select the Station > Import option from the Station

menu, after which the following selection window pops up

” o e
Look in: \,,j Adwait _ﬂ ™ @ -

10423 Presentation rev 2 Videos Aimert77.cfg
10423 Presentation rev 2a Videos ] SoftPLC.cfg
_1Siemens Doc

L_J Thesisworks

] CAMCELLPLC .cfg

fglj imert28.cfg

File name:; | Open !
Files of type: ;Scu[ce {*.cfg} _:J Cancel I

Fig C.3

2.5 Browse to the location where the configuration file was saved at the end of the hardware

configuration step and select the .cfg file and click on Open to get the following window

P

Yes No Help ]

Fig C.4

2.6 Click on Yes to save the imported data. This saves the configuration data on the project.

L

2.7 Download this configuration onto the WinLC by clicking on the download icon =%
2.8 Close the HWConfig window.

The next step is to add the Operator Station to the project. An Operator Station is an object that includes
within a S7 project, a SIMATIC component such as WINCC, as an application for automation tasks. These
objects are configured within the SIMATIC PC Station. An operator station facilitates for the transfer of the
symbols used in the S7 program, as tags that can be used in the WINCC. Thus it acts as a link between
WINCC and the Step 7.

xxil
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3.1 Right click on the name of the project in the project window. (In this case, the name of the project is
Tutorial, refer Fig C.2)

3.2 Select the Insert Station option from the pop menu that appears upon right clicking the project
name.
3.3 From the various options that pop up from this selection click on the OS option.

3.4 This adds an Operator Station to the project and the project window will now look as seen in the

figure below

- J [ <NoFier > —'—JE %g]@! ﬂ

= 7y Tutorial Q, SIMATIC PC Station(1) ?MPIH] ?PHDFIBUS[U £305(1)
i~ £ SIMATIC PC Station(1)
= [§ winLcv30
=~ ‘s7} S7 Program(1)
) Sources
i3 Blocks

73 05(1)

Fig C.5

3.5 Here, OS (1) is the operator station. One can rename the Operator Station to a more logical name.

For this right click on the OS (1) and select the rename option from the menu that pops up.

Once the operator station is added, the next step is to define the symbols in the Symbols table
4.1 Click on the S7 Program ¢)) ob]ect to get the following window

| < Mo Fiter »

= @ Tutorial i) Sources |3 Blocks Symbols
= E SIMATIC PC Station(1)
= [@ winlCv30
= =9 S7 Program(1)
(@) Sources
: £ Blocks
L X3 Tuturial_0S

Fig C.6

4.2 Next, double click on the Symbols object to get the Symbols Editor that looks as seen below

Xx1il
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Symibiod

‘ .

~1 9| »f

-1 x]

Glal 8 xm@| o

Sl @f@w@“{z* s
s

1| |

Symbol Address

Datatype. Comment

Number of symbols: 0/0

43

4.4
45

4.6

Here one can define all the symbols that are required in the control application. For more details

and help for using the Symbols Editor for symbols definition refer the Siemens’ Online Help. (Go

Fig C.7

to Start > Simatic > Documentation > English. Refer the manuals Programming with Step 7 and

Working with Step 7)

Once all the symbols are defined, save the symbols.

In order to transfer the Step 7 symbols as WINCC tags, these symbols need to be named into one
of the four categories O (Operator Control and Monitoring), C (Communication), M (Messaging),

R (Monitoring).

In the Symbols Editor, click the Columns O, C, M, R option fromn the View inenu. At this point,

the Symbols Editor looks as seen below

%

-7 »|

@ : B Edd B SR
s | 8 s[=l@| oo
. ROMC . ..Symbol
1 # of Pallets in System
— 2 Assembly 1 Counter
3 Assembly 2 Counter
4 Assembly 3 Counter
5 Assembly 4 Counter
b Dock Counter
7 Inquire
8 Lathe Counter
9 Mill Counter
10 X Next Pallet At Assemblyl
n X Next Pallet At Assembly2
12 X Next Pallet At Assembly3
71371 X |Next Pallet At Assembly4
14 X Next Pallet At Dock
15 X Next Pallet At Lathe
16 X |Next Pallet At Mil
17 | X Next Pallet At Vision
118 X Pallet at Asembly1
19 | X Pallet at Asembly2
- X

Pallet at Asembly3

... Address Datatype Comment

MW 256 INT Variable to store the value of the number of pa
C A0 COUNTER Counter to keep track of number of pallets tha
C 60 COUNTER Counter to keep track of number of pallets tha
C 70 COUNTER Counter to keep track of number of pallets tha
C 80 COUNTER Counter to keep track of number of pallets tha
C 10 COUNTER Counter to keep track of number of pallets tha
oB 1 OB 1

C 20 COUNTER Counter to keep track of number of pallets tha
C 30 COUNTER Counter to keep track of number of pallets tha
MW 180 INT Vanable to store the value of the next pallet ar
MW 200 INT Varable to store the value of the next pallet a1
MW 220 INT Variable to store the value of the next pallet ar
MW 240 INT Variable to store the value of the next pallet ar
MW 100 INT Variable to store the value of the next pallet ar
MW 120 INT Variable to store the value of the next pallet ar
MW 140 INT Vartable to store the value of the next pallet ar
MW 160 INT Variable to store the value of the next pallet ar
| 26 BOOL Input to indicate the pallet presence at the As
| 27 BOOL Input to indicate the pallet presence at the As
| 31 BOOL Input to indicate the pallet presence at the As

Fig C.8
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4.7 For every symbol that one wishes to transfer as a WINCC tag, select the symbol and right click on
the symbol name.

4.8 From the menu that pops up, select the option called “Special Object Properties” in which there

are three selections that one can make. Of these three, select the Operator Control and Monitoring

option. At this point the following window will pop up

™ Operator Control and Monitorng

General ]

Name: l

Coreraent __]

0K l Cancel Help

FigC9
4.9 Check the Operator Control and Monitoring check box and click OK.
4.10Save the Symbols Editor

Once the symbols are defined and categorized as Operator Control and Monitoring, the next step is to write

the control logic for the application.
5.1 Click on the Blocks object in the objects window to get the OB1 object. Refer figure C.10

XXV
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Tutorial 3 0B1
D SIMATIC PC Station(1)
¥ winLCVv3ao
= .s1] S7 Program(1)
‘m] Sources
> Blocks
¥} Tuturial_0S

Fig C.10

5.2 Double click on the OBI1 to get the LAD/FBD/STL window. This is the window in which the

control logic for the application is written. The window looks as seen in the figure below

+| e

e = AT
Declaratlon Imtlal value
temp 0Bl_EV_CLASS BYTE Bits 0-3 1 {(Coming event
temp 0B1_SCAN_1 BYTE 1 (Cold restart scan 1 of
temp 0B1_PRIORITY BYTE 1 (Priority of 1 is lowest
temp 0B1_0B_NUMBR BYTE 1 (Orgeanization block 1, (
temp 0B1_RESERVED_1 BYTE Reserved for system
temp 0B1_RESERVED_2 BYTE Reserved for system
temp 0B1_PREV_CYCLE INT Cycle time of previous 0B:
temp 0B1_MIN_CYCLE INT Minimum cycle time of 0Bl

0Bl : "Main Program Sweep {(Cycle)”

Comment:

Network 1> Title:

Comment:

Fig C.11
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5.3 Before starting to build the control logic, select the language in which you wish to build the logic.
This can be done by checking either of the three options viz. LAD, FBD, STL option from the
View menu of the LAD/FBD/STL window.

5.4 Now, one can build the control logic in any of the three programming languages. Although the
logic is created in any of the three languages, the corresponding logic in the other two languages
can be viewed by using the View menu.

5.5 For detailed help on programming with Step 7, refer the Siemens’ Online Help (Go to Start >
Simatic > Documentation > English. Refer the manuals Programming with Step 7 and Working
with Step 7)

5.6 After the logic is completed, save the program and download it to the WinL.C (with WinLC
running in the Run-P mode)

5.7 The control logic is now executed on the field devices.

This completes the control program part of the project. Using Simatic WINCC software, the application can
be monitored using various schematics and graphics. For this the symbols defined in the Step 7
environment have to be transferred as tags to the WINCC. This is the next step in the project.
17.1In order to transfer the symbols defined in Step 7 to WINCC, select the Transfer option in the PLC-
0S Connection Data sub-menu of the Options menu in the Simatic Manager window, as shown in
the figure below.

[ STMATIC Manoger - [Tutorial — C\Siemens\StepT\STprof\Tutorisl]
BB s £dt Ve MO Yew Optons wadiw Feb

NI § s . Rowse . < o
DiglErl] glo | Coeme createt ot =17 2@ K|
- } g Dsghay borepange

3 AMATICEC 5 et frandayng rags 4
DU £ Mgy Vabin g Teds *
SR r'\(;,,-,\«"*, Raany...
o) peris
=
23 T D5 Corpare Eoids.,
Fotiriris ias »
ot s N e b
Lmainte Hodses
woter. |

i

Set DB Intavienn. . gmrmresrm—————

Fig C.12

6.2 When the Transfer option is clicked on, the following window pops up. This window is an
introductory window, which lists the further steps that need to be taken for the transfer of symbols

as tags.

XXVl
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Follow the steps below:
Select the 05 target system type (e.g. WinCC).
Decide which 57 programs you want to assign to which operator stations.

Decide which S7 programs or operator stations you want to including in the
transfer.

Select the transfer data and the transfer mode.

Check the selected transfer options and start the transfer.

V' Show this page every time there is a PLC-0S transfer

Next > Finish Cancel Help

Fig C.13

6.3 Click on Next, to get the following window. In this window, select the program whose symbols

#

N

Which S7 programs do you want to transfer with which network connections?

Operator stations and 57 programs: Network connection for 57 Program{1}:
=) & Tutunal_05 57 Program I Connections | Subnet { Subn
¥/ 51} 57 Program(1) 57157 Program(1) 1 PROFIBUS(1) PROI

Conrection. . l
< Back Next > Finish l Cancel Help ]
Fig C.14
XXViil
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you need to transfer as tags and then click Next.

6.4 Next, you will get the following window. Here check the box that says the transfer data as Tags

and messages. Also select between the two options available for the transfer mode, viz. the

“Changes only” mode or the “All” mode. In the Changes only mode, only the changed symbols

are transferred, where as in the “All” mode, all the symbols are transferred. Typically, the “All”

mode is used when the symbols are transferred for the first time and the “Changes only” mode is

used during any subsequent transfers. Click on Next, once the selections are made.

Select the transfer data and the transfer mode.

W Tags and messages

I ®Pocesy cell ohisets for BATOH tesdnle

I Baroh obiscty

Transfer Mode
€ Changes only
@ Al W Clear operator station(s)
Compress l
< Back Next > Finish Cancel Hep |

Fig C.15

6.5 Next, the following window pops up. This window gives a summary of the selections made in the

last 3 steps. Click on “Transfer” button to complete the transfer.

XX1X
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Transfer mode: ;ﬂ
Transfer all and carry out a memory reset on tk

Transfer data:
Variables and Messages

[ {PLC-08 assignment:
S?7 Program(l) -> Tuturial O0S

| R o

Note: Make sure that nobody works on the project during the tansfer.

< Back ]  Transfer ] Cancel | Hep |

Fig C.16

Once the symbols are transferred as tags, these symbols are now available as tags in the WINCC. Next step

is to open the Operator Station, which essential the WINCC window of the project. For this double click on

the operator station object in the objects window of the project in the Simatic Manager. Altematively, you

can right click on this object to open it.

Once WINCC is opened, the first step is to add a communication driver into the project.

7.1 On the left hand side of the project window in the WINCC Explorer window, there is a list of

objects. One such object is the Tag Management object. Right Click on this object and select the
“Add new driver” option from the menu that pops up. The following window will pop up.

Look in: I =y bin _v_l 4= i
B8] SIMATIC S5 Programmers Port ASS11.CHN  #] System Info.chn
B8] SIMATIC S5 Serial 3964R.CHN ] windows DDE.CHN

8] SIMATIC S7 Protocol Suite, CHN
=] SIMATIC TI Ethernet Layer 4.CHN
8] SIMATIC TI Serial. CHN

8] SIPART,CHN

4] S 2l
File name  [SIMATIC S7 Protocol Suite Open |
Files of type: lWinCC Communication Dnver [*.chn) :J Cancel !

Fig C.17
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7.2 From this window, select the “Simatic S7 Protocol Suite.CHN” driver. Adding this driver will

enable the user to view the transferred tags.

7.3 Once the communication driver is added, the project window in the WINCC Explorer will look as

below.

7.4 If the MPI network is selected in the Simatic S7 Protocol suite, then the transferred tags can be

= @ Tuturial_0S

: _g& Computer
m Tag Management

=

viewed as seen in the figure below.

= Internal tags
W SIMATIC 57 PROTOCOL SUITE

M Industrial Ethernet

B Industrial Ethernet (II)
i MPI

l Named Connections

§ PROFIBUS

f PROFIBUS (II)
Slot PLC
TCPJIP

—— ke =

Fig C.18

T JS7¢Program( 1 )fPafet§Count§at§Asembly >

XXx1
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PORE - B <
Name | Type [ Parameters
T }57¢Program{1)#RawArchiy Raw Data Type RAW _ARCHIVE
= J1J 29 Management T J574Program(1)/Paiet$atélathe Bnary Tag 2.2
+ 2 Internal tags 7 J574Program(1 P allet§Count§Atshsemblyl  Signed 16-bkt value MW1B
=} SIMATIC 57 PROTOCOL SUITE T)STiProgram( )fPalletfCountatsasembly3  Signed 16-bit value Mw22
#. i Industrial Ethernet Z)S74Program1)/PalletfCountdatiDock Signed 16-bit value MW10
# i Industrial Ethernet (IT) T JS74Program(1)/Palet$Count$ALEMA Sgned 16-bit value MwI4
= ﬁls7mo ani1) jActive_Station Unsigned 16-bit value MW25
" o CO:;“W = }574Pragram(1)/StartiL atchgBt Binary Tag MD.0
+ M proFius _:537$Ptowam( 1)/Stop$latchssit Binary Tag MD.1
+ M PROFIBUS (IT) ZJS7$Program(1 )jRequestfAsemblyf2$Cutput - Binary Teg Q1.2
+ M seepLc TJ574program{1)jRequestfAsembly$4$Qutput  Binary Tag Q01
+ B cene )S7¢Programi1)iRequest$Assembly$2$input  Binary Taq 10.5
E Structure tag T )57¢Program(1)RequestfAssembly$i$input  Binary Tag 10.7
" ‘raphics Designer T J57¢Program(1 ){Request $0ock$ Qutput Binary Tag Q0.6
& ] Alarm Logging T )57$Program(1 )jRequest$lathe$Output Binary Tag Q0.7
g Tag Logging T )S74Program{1)/RequestiMIIBOUpUL Binary Tag Q1.0
Report Designer T J57$Progrem{1)/Request $ision$Output Binary Tag Q1.1
£ Global Script 7 JS7$Program(1)jPalietsatsAsembiy2 Binary Tag 12.7
Text Library T JS7$Program(1)jPaliatgat$Asembly4 Binary Tag 13.2
$] User Administrator T)s7$Program(1 )jPalietRequest§AtiAssm2  Signed 16-bit value MWS6
CrossReference )S74Program(l)PaletiRequestiatiAssm3  Signed 16-DR value MW4B
3z Server data jS7¢Prograng1)jPaletiRequestiatiAssmd  Signed 16-bit value MwSa
-~ Redundancy T yS74Program{1)iPsietiRequestiatiOnck  Sined 16-bit value MWS4
g User Archive T 574Program{1)/PaletiRequetiAtitathe  Signed 16-bk value Mw42
{; Tmesynchronzabion 7 574Program(1)/PalstiRequestAt§vA Signed 16-bit value MwS2
& P.rch:e Tree Maj\agev T JS7$Program(1)#RawEvent Raw Data Type RAW_EVENT
2 Lfebeat Montoring = S74Program1)/PafetsatsDock Bnery Tag 12.0
T )57¢Pragram(1)/Pallatfat il Binary Tag 12.3
Sgned 15-bit value MW2Q



Next step is to create some graphics in the Graphics Designer Editor of WINCC to represent the process for
which we built the control logic. For more information and help for using the Graphics Designer editor of
WINCC, refer the WINCC online help manuals. (WINCC Doc#1- WINCC DOCH#7, located in
L:\Adwait\Siemens Doc) Once the graphic is created, activate the module using the icon. The module

should be activated while the Step 7 program is running.
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Appendix D. Accessing the WINCC tags via the OPC Channel

Purpose

The purpose of this tutorial-type document is to give step-by-step instructions to access the WINCC tags on
the OPC server from a remote OPC client via the OPC channel.

Pre-requisite
In order to be able to access the tags resident on the OPC server, the machine on which the OPC server runs

must be ON. Also the associated Step 7 and WINCC projects should also be running.

Procedure
The first step in order to access the WINCC tags on the OPC server from a remote OPC client via the OPC
channel is to create a project in WINCC.
1.1 Open the WINCC from the Start button, Start > Simatic > WINCC > WinCC Control Center
5.0.

1.2 Once the Simatic Manager is opened, create a new project from the File menu of the Simatic

Manager, File > New. Altematively, the new project can be created from the New icon Qj
1.3 Once the New option from the File menu is selected, or the New icon is clicked, the following

window appears

21X

- Create a New PYOiEC[“"”’”" o

;; & Single-User Project

-;ifs " Multi-User Project

hid N

@@ " Multi-Client Project
)

% " Dpen an Existing Project

0K Cancel

FigD.1

1.4 In this window, select the project type as a Single-User project and click OK to continue.
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1.5 Next, the following window pops up. In this window, type in the name of the project and also

select the location to store the project

Project Path - - -
Create ]

o\ \wincc\wincoprojects

Project Name: Folder Cancel l i
] ]
. {{Pallet] |

[Pallet_Contr] _ﬂ_l

New Subfolder;

l

" You can use this dialog box
¢ to create a new WinCC

project. . Diive:
C _vJ

FigD.2

1.6 Click on the “Create” button to create a project.

Once a project is created, the next step is to add a communication driver to this project. This

comumunication driver, named the “OPC.chn”, enables the communication between the OPC client and the

OPC server via the OPC channel.
2.1 Right click on the Tag Management object to get the following pop up menu

 WinCCExplorer - C\STEMENS\WINCCA\WInCCP
Fle Edit view Edtzes Took Hep
De ~» St By e
DK A2t

B Covpuer

s Unebys s NewLewer.,

& Graphes
B LR AT AN
Taglugy peo
e Pl Demrar
S Gictal soon

‘
ie <t Library
L User Adrinze ytae

g CrossRosavetin

Frd... Z

FigD.3
2.2 From the three options available, select the “Add New Driver” option.
2.3 Once this option is selected the following window appears. This window has a list of all the

communication drivers that can be added. The driver that we need to select here is the

“QPC.CHN” as shown in the figure below.

XXX1V
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21X

Look in; l 9y bin L} & E3-

—leeTlg 8] Mitsubishi FX.CHN
__IPDLCache ] Modbus Protocol Suite. Chn

gj Allen Bradley DH DH+ DH485.Chn ] Modbus Serial, CHN

'] Allen Bradley Serial DF1.CHN ] OPC.CHN

=) Applicom Multi Protocol Interface. CHN ] PROFIBUS DP.CHN

] GE Fanuc SNP SNPX,CHN ] PROFIBLS FMS,CHN

< ] 2

File name: ]DPE Open l
Files of type: ]WinCC Communication Driver [*.chn) _:'_J Cancel {

FigD.4
2.4 Next, click on Open to select the driver.

Once the communication driver is selected, the next step is to browse through the network to the OPC
server (IMERT28)
3.1 Within the Tag Management object browse down to the OPC groups.
3.2 Right click on the OPC Groups (OPCCHN Unit #1) object and select the “System Parameters”
option from the pop menu that appears.

3.3 Once the “System Parameters” option is selected, the following window pops up.

XXXV
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L

- ”

File Wigww  Options Hedp

i+ $r) Microsoft Windows Network Computer... ]
+ ASI_ISE
+ g \\<LOCAL
Exit ’
§__,, ,,,,,,,,,,,,,,,,,,,,, T L e
FigD.5

3.4 In the OPC Item Manager window, there are three domains, viz. the Microsoft Windows Network,
ASI ISE, and the Local. Browse into the ASI_ISE domain and select the IMERT 28 computer,
which is the OPC server. This step is shown in the figure below

Heip -

Filg  wievr  Options

\WMERT12 -] Computer.. ]

\WIMERT13
- \\IMERT14
© \\IMERT1S
- \\AIMERT21
- \\IMERT22
\WMERTZ23
\WMERT24
\WIMERT2S
\\IMERT25
\IMERT27 Brogese Senver
“ A\\IMERTZ28
\MMERTS?

+ o+ o+ o+ o+
LB I RSB G D R R R D B
) ;

+ o+ o+ o+ 4

 Fiished !

|

FigD.6
3.5 Browse further into the IMERT28, and select the OPC Server.WINCC object and click on the

“Browse Server” button on the right of the OPC Item Manager window. This is shown in the

figure below.
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Yoy Qpbions

;‘21:: N

+ @ \MERT23 -] Computer... ]
+ g~ \\IMERT24

°]
a. \WMERT25
g \IMERT286
@~ \WMERT27
= 8] \\IMERT28
o DPCServerWinAC
o DPCServer WinCC
e DPC SimaticNET
+ g \MERTS?

+ goi \MERTE0 Browse Sesver I
g \AMERTE3

+ g \IMERT64 ~ Exit

+
+
&
+
+

 Finished!

Fig D.7

Once you reach the OPC server, the next step is to browse it to access the tags within the server.

4.1 After clicking the “Browse Server” button in the previous step the following window will appear.

X|
Fiter: |
Type: l,dji Types __'_J
r- Access Authonzation
| [T Read access [T ‘wite access
¢-Back I Next > l

Fig D.8
4.2 Check the “Read Access” and the “Write Access” options and click “Next” to get the following

window.
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= ® OPCServer WinCC ltems | Data Type ]
+ 5 List of ol tags
+ % Intemnal tags
+ B SIMATIC S7 Protocol Suite

™ Display Data Types

<- Back Add items Item Properties

FigD.9
4.3 Browse down in the OPCServer. WINCC object and select the “List of all tags” option so get all
the tags resident in the OPC Server. This step is shown in the figure below.
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= Y OPCServer WinCC
3 List of all tags
# ™ Intemnal tags
+ =Y SIMATIC S7 Protocol Suite

<-Back

Fig D.10

ltems ’ Data Type

T} @CunentUser

) @SCRIPT_COUNT_ACTIONS_...
) @SCRIPT_COUNT_REQUEST...
T J@SCRIPT_COUNT_TAGS

) @TLGRT_SIZEOF_DATABASE ...
) @TLGRT_SIZEOF_DBASE_Q...
ZJ@TLGRT_SIZEOF_NLL_INPU. ..
ZJ@TLGRT_SIZEOF_NOTIFY_Q...
:]Active_Station

)Assml_Busy

_JAssm2_Busy

-

{Assnﬁ Busv
]

[ Display Data Types

Add ltems {tern Properties '

4.4 The list of all tags resident in the OPC Server will be seen in the right pane of the window. Check

the “Display data type” option to display the data type of the tags.
4.5 Finally, click on the “Add Items” button to add the tags into the current WINCC project.
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SIMATIC .. .Station(1)\WinLC Vv3.0\S7 Program{1l)\Symbols 08/24/2002 16:

Properties of symbol table

Name: Symbols

Comment:

Created on 09.04.2002 19:10:24

Last modified on: 25.04.2002 14:13:07

Last filter criterion: Alle Symbole

Number of symbols: 73/ 73

Last Sorting: Address Ascending

Symbol Address |Data type |Comment

Dock Counter 10 |COUNTER|Counter to keep track of number of pallets that passed t
he Dock.

Lathe Counter 20 |COUNTER|Counter to keep track of number of pallets that passed t
he Lathe Station.

30 |COUNTER|Counter to keep track of number of pallets that passed t
he Mill Station.

40 |COUNTER|Counter to keep track of number of pallets that passed t
he Vision Station.

50 |COUNTER|Counter to keep track of number of pallets that passed t
he Assembly Station #1.

60 |COUNTER|Counter to keep track of number of pallets that passed t
he Assembly Station #2.

70 |COUNTER|Counter to keep track of number of pallets that passed t
he Assembly Station #3.

80 |COUNTERI|Counter to keep track of number of pallets that passed t
he Assembly Station #4.

Request Dock Input I 0.0 |BOOL Simulated Input to raise the latch at the Dock.

Request Lathe Input | 0.1 |BOOL Simulated Input to raise the latch at the Lathe Station.
Request Mill Input I 0.2 |BOOL Simulated Input to raise the latch at the Mill Station.
I
I

Mill Counter

Vision Counter
Assembly 1 Counter
Assembly 2 Counter

Assembly 3 Counter

o o o o O o O O

Assembly 4 Counter

Request Vision Input 0.3 |BOOL Simulated Input to raise the latch at the Vision Station.
Request Assembly 1 Input 0.4 |BOOL Simulated Input to raise the latch at the Assembly Stati
on #1.

0.5 |BOOL Simulated Input to raise the latch at the Assembly Stati
on #2.

0.6 |BOOL Simulated Input to raise the latch at the Assembly Stati
on #3.

0.7 |BOOL Simulated Input to raise the latch at the Assembly Stati
on #4.

1.0 |BOOL Simulated Input for the Start Button.

1.1 |BOOL Simulated Input for the Stop Button.

2.0 [BOOL Input to indicate the pallet presence at the Dock.

2.2 |BOOL Input to indicate the pallet presence at the Lathe Station

Request Assembly 2 Input

Request Assembly 3 Input

Request Assembly 4 Input

Start Button
Stop Button
Pallet at Dock
Pallet at Lathe

Pallet at Mill | 2.3 |BOOL Input to indicate the pallet presence at the Mill Station

Pallet at Vision | 2.4 |BOOL Input to indicate the pallet presence at the Vision Statio
n.

Pallet at Asembly1 | 2.6 |BOOL Input to indicate the pallet presence at the Assembly St
ation #1.

Pallet at Asembly2 | 2.7 |BOOL Input to indicate the pallet presence at the Assembly St
ation #2.

Pallet at Asembly3 | 3.1 |BOOL Input to indicate the pallet presence at the Assembly St
ation #3.

Pallet at Asembly4 I 3.2 |BOOL Input to indicate the pallet presence at the Assembly St
ation #4.

Start Latch Bit M 0.0 BOOL Memory Bit for latching of the Start Button.

Stop Latch Bit M 0.1 BOOL Memory Bit for latching of the Stop Button.
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SIMATIC ...Station(1)\WinLC V3.0\S7 Program(1l)\Symbols 08/24/2002 16:

Symbol Address |Data type |Comment

Pallet Stop At Lathe M 1.0 |BOOL Memory Bit to raise the latch at the Lathe Station.

Pallet Stop At Mill M 2.0 [BOOL Memory Bit to raise the latch at the Mill Station.

Pallet Stop At Vision M 3.0 |BOOL Memory Bit to raise the latch at the Vision Station.

Pallet Stop At Dock M 4.0 |BOOL Memory Bit to raise the latch at the Dock.

Pallet Stop At Assm1 M 5.0 |BOOL Memory Bit to raise the latch at the Assembly Station #
1.

Pallet Stop At Assm2 M 6.0 |BOOL Memory Bit to raise the latch at the Assembly Station #
2.

Pallet Stop At Assm3 M 7.0 |BOOL Memory Bit to raise the latch at the Assembly Station #
3.

Pallet Stop At Assm4 M 8.0 [BOOL Memory Bit to raise the latch at the Assembly Station #
4.

Pallet Count At Dock MW 10 [INT Memory variable to store the value of the counter C10.

Pallet Count At Lathe MW 12 |INT Memory variable to store the value of the counter C20.

Pallet Count At Mill MW 14 |INT Memory variable to store the value of the counter C30.

Pallet Count At Vision MW 16 |INT Memory variable to store the value of the counter C40.

Pallet Count At Asembly1t MW 18 |INT Memory variable to store the value of the counter C50.

Pallet Count At Asembly2 MW 20 [INT Memory variable to store the value of the counter C60.

Pallet Count At Asembly3 (MW 22 |INT Memory variable to store the value of the counter C70.

Pallet Count At Asembly4d MW 24 |INT Memory variable to store the value of the counter C80.

Pallet Request At Lathe |MW 42 |INT Variable to store value of pallet # requested to be stopp
ed at Lathe Station.

Pallet Request At Vision |MW 44 |INT Variable to store value of pallet # requested to be stopp
ed at Vision Station.

Pallet Request At Assm1 MW 46 |INT Variable to store value of pallet # requested to be stopp
ed at Assm Station #1.

Pallet Request At Assm3 |MW 48 |INT Variable to store value of pallet # requested to be stopp
ed at Assm Station #3.

Pallet Request At Mill MW 52 |INT Variable to store value of pallet # requested to be stopp
ed at Mill Station.

Pallet Request At Dock MW 54 [INT Variable to store value of pallet # requested to be stopp
ed at Dock.

Pallet Request At Assm2 MW 56 [INT Variable to store value of pallet # requested to be stopp
ed at Assm Station #2.

Pallet Request At Assm4 MW 58 |INT Variable to store value of pallet # requested to be stopp
ed at Assm Station #3.

Next Pallet At Dock MW  100|INT Variable to store the value of the next pallet arriving at t
he Dock.

Next Pallet At Lathe MW  120|INT Variable to store the value of the next pallet arriving at t
he Lathe Station.

Next Pallet At Mill MW  140|INT Variable to store the value of the next pallet arriving at t
he Mill Station.

Next Pallet At Vision MW 160 |INT Variable to store the value of the next pallet arriving at t
he Vision Station.

Next Pallet At Assemblyt (MW 180 INT Variable to store the value of the next pallet arriving at t
he Assm Station #1.

Next Pallet At Assembly2 [MW 200 |INT Variable to store the value of the next pallet arriving at t
he Assm Station #2.

prakash MW  210|INT

Next Pallet At Assembly3 MW 220 |INT Variable to store the value of the next pallet arriving at t
he Assm Station #3.

Next Pallet At Assembly4 MW 240 [INT Variable to store the value of the next pallet arriving at t
he Assm Station #4.

# of Pallets in System MW 256 |INT Variable to store the value of the number of pallets circ
ulating in the system

Inquire oB 1 |OB 1

Pallet Controller OB 2 0B 2
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Symbol Address |Data type |[Comment

Request Asembly 3 Output 0.0 {BOOL Output that raises/lowers the latch at the Assembly Stat
on #3.

0.1 BOOL Output that raises/lowers the latch at the Assembly Stati
on #4.

Request Asembly 4 Output

Q
Q
Request Dock Output Q 0.6 |BOOL Output that raises/lowers the latch at the Dock.
Request Lathe Output Q 0.7 | BOOL Qutput that raises/lowers the latch at the Lathe Station.
Request Mill Output Q 1.0 BOOL Qutput that raises/lowers the latch at the Mill Station.
Request Vision Output Q 1.1 |BOOL Output that raises/lowers the latch at the Vision Station.
Request Asembly 2 Output|Q 1.2 {BOOL Output that raises/lowers the latch at the Assembly Stat
on #2.

Q 1.3 |BOOL Output that raises/lowers the latch at the Assembly Stati
on #1.

Request Asembly 1 Output

VAT_1 VAT 1




SIMATIC

..C Station{(1)\WinLC Vv3.0\...\OBl -

<offline>

OBl -
"Inquire"
Name:
Author:

Time stamp Code:

<offline>

Family

Version: 0.1

Block version:

04/14/2002 06:46:34 PMPM

Interface: 02/15/1996 04:51:12 PMPM

Lengths (block/logic/data): 00696 00498 00020

Address |Declaration |Name Type Initial value Comment

0.0 temp OB1_EV_CLASS BYTE Bits 0-3 = 1 (Coming event), B
its 4-7 = 1 (Event class 1)

1.0 temp OBl1_SCAN_1 BYTE 1 (Cold restart scan 1 of OB 1
), 3 (Scan 2-n of OB 1)

2.0 temp OB1_PRIORITY BYTE 1 (Priority of 1 is lowest)

3.0 temp OB1_OB_NUMBR BYTE 1 (Organization block 1, OBl)

4.0 temp OBl _RESERVED 1 | BYTE Reserved for system

5.0 temp OBl RESERVED_ 2 | BYTE Reserved for system

6.0 temp OB1_PREV_CYCLE | INT Cycle time of previous OBl sca
n (milliseconds)

8.0 temp OBl1_MIN_CYCLE | INT Minimum cycle time of OBl (mil
liseconds)

10.0 temp OBl _MAX _CYCLE | INT Maximum cycle time of OBl (mil
liseconds)

12.0 temp OBl_DATE TIME | DATE_AND TIME Date and time OBl started

Block: OBl

"Main Program Sweep (Cycle)™

Networks 1 through 28 are a part of the Inquire Program

Network: 1

COUNTER RESET

When the Start Button is started, all the counters used to keep track of the
pallets at various stations are reset to zero.

"Start Button"
] ]

"Dock Counter"
(R) ]

[

Symbol information
I1.0

1

"Lathe Counter"
(R) 1

1

"Mill Counter"

<Rr) 1
R 1

"Vision Counter"
<(R) 1

L
"Assembly 1 Counter"

——(R) —

"Assembly 2 Counter"
(R) ]

1

"Assembly 3 Counter"
(R) ]

L
"Assembly 4 Counter"

Start Button

Simulated Input

—(R) —]

for the Start Button.

Clo0 Dock Counter Counter to keep track of number of pallets that passed the Dock.

c20 Lathe Counter Counter to keep track of number of pallets that passed the Lathe St

C30 Mill Counter ggiggér to keep track of number of pallets that passed the Mill Sta

c40 Vision Counter é;iﬁéer to keep track of number of pallets that passed the Vision S

C50 Assembly 1 Counter 235332£ to keep track of number of pallets that passed the Assembly
Station #1.
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C60 Assembly 2 Counter Counter to keep track of number of pallets that passed the Assembly
Station #2.

c70 Assembly 3 Counter Counter to keep track of number of pallets that passed the Assembly
Station #3.

c80 Assembly 4 Counter Counter to keep track of number of pallets that passed the Assembly
Station #4.

Network: 2

Move the value of # of pallets in the system (here, 6) in a memory variable
MW256 .

MOVE
EN EN

6 —|IN "# of Pallets in Sys
OUT— tem"

Symbol information
MW256 # of Pallets in System Variable to store the value of the number of pallets circulatin
g in the system

Network: 3 START BUTTON

We use the Simulator Switch (#I1.0)as a start button to represent a

push button for START. Hence, in order to provide for the latching of the start
button, we set « bit for Start button high(viz. Start Latch Bit). The bit goes
low when the Stop Latch Bit (turned high by the Stop Button)goes high.

"Start Button" "Stop Latch Bit" "Start Latch Bit"
| IS il
| F 1 l
"Start Latch Bit"

Symbol information

I1.0 Start Button Simulated Input for the Start Button.

MO0.0 Start Latch Bit Memory Bit for latching of the Start Button.
MO.1 Stop Latch Bit Memory Bit for latching of the Stop Button.
Network: 4 STOP BUTTON

When the Stop Button (represented by a simulator switch on the interface
module) is pressed, the Stop Latch Bit is set to high.

"Stop Button" "Stop Latch Bit"
1| VAN 1
1T

Symbol information
I1.1 Stop Button Simulated Input for the Stop Button.
MO.1 Stop Latch Bit Memory Bit for latching of the Stop Button.
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Network: 5 Pallet Stop Request at the Dock

The latch at Dock is normally raised. The latch is lowered when the start button

is pressed. This latch is raised again when either a pallet request at the Dock
is made or when the Stop button is pressed.

"Pallet Stop At Dock "Request Dock Output

| | { ) |
L

"Stop Latch Bit"

] |
L

"Start Latch Bit"

1

Symbol information

M4.0 Pallet Stop At Dock Memory Bit to raise the latch at the Dock.

MO.1 Stop Latch Bit Memory Bit for latching of the Stop Button.
MO.0 Start Latch Bit Memory Bit for latching of the Start Button.
Q0.6 Request Dock Output Output that raises/lowers the latch at the Dock.

Network: 6 Pallet Stop Request at the Lathe

The latch at the Lathe station is in a lowered state in its normal operation.
This latch is raised only when a pallet request is made by the lathe station.

"Pallet Stop At Lath "Request Lathe Outpu
e" £

| ) |
1 1

Symbol information

M1.0 Pallet Stop At Lathe Memory Bit to raise the latch at the Lathe Station.
Q0.7 Request Lathe Output Output that raises/lowers the latch at the Lathe Station.
Network: 7 Pallet Stop Request at the Mill

The latch at the Mill station is in a lowered state in its normal operation.
This latch is raised only when a pallet request is made by the Mill station.

"Pallet Stop At Mill "Request Mill Output

| ) |
1T I

Symbol information

M2.0 Pallet Stop At Mill Memory Bit to raise the latch at the Mill Station.
Q1.0 Request Mill Output Output that raises/lowers the latch at the Mill Station.
Network: 8 Pallet Stop Request at the Vision

The latch at the Vision station is in a lowered state in its normal operat%on.
This latch is raised only when a pallet request is made by the vision station.

"Pallet Stop At Visi "Request Vision Outp
on" ut"

| D) {
LI
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Symbol information
M3.0 Pallet Stop At Vision Memory Bit to raise the latch at the Vision Station.
Q1.1 Request Vision Output Output that raises/lowers the latch at the Vision Station.

Network: 9 Pallet Stop Request at the Assembly #1

The latch at the Assembly Station #1 is in a lowered state in its normal
operation. This latch is raised only when a pallet request is made by the

Assembly Station #1.

"Pallet Stop At Assm "Request Asembly 1 O
i utput"
) -

Bit to raise the latch at the Assembly Station #1.

Symbol information

M5.0 Pallet Stop At Assml Memory

Q1.3 Request Asembly 1 Output Output that raises/lowers the latch at the Assembly Station #
1.

Pallet Stop Request at the Assembly #2

Network: 10

The latch at the Assembly Station #2 is in a lowered state in its normal
operation. This latch is raised only when a pallet request is made by the

Assembly Station #2.

"Pallet Stop At Assm "Request Asembly 2 O
2" utput"
)

|
1

Symbol information
M6.0 Pallet Stop At Assm2 Memory Bit to raise the latch at the Assembly Station #2.
Request Asembly 2 Output Output that raises/lowers the latch at the Assembly Station #

Q1.2
2.

Network: 11 Pallet Stop Request at the Assembly #3

The latch at the Assembly Station #3 is in a lowered state in its normal
operation. This latch is raised only when a pallet request is made by the

Assembly Station #3.

"Request Asembly 3 O

"Pallet Stop At Assm
3v utput"
| < |
Symbol information i
M7.0 Pallet Stop At Assm3 Memory Bit to raise the latch at the Assembly Station #3.
Q0.0 Request Asembly 3 Output Output that raises/lowers the latch at the Assembly Station #
3.

Network: 12 Pallet Stop Request at the Assembly #4

The latch at the Assembly Station #4 is in a lowered state %n its normal
operation. This latch is raised only when a pallet request is made by the

Assembly Station #4.
"Request Asembly 4 O

"Pallet Stop At Assm
utput"

an
) J’

1|
1
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Symbol information

M8.0 Pallet Stop At Assm4d Memory Bit to raise the latch at the Assembly Station #4.

Q0.1 Request Asembly 4 Output Output that raises/lowers the latch at the Assembly Station #
4,

Network: 13 Pallet Counter (C10) for the Dock Station.

An Up-Counter (C10) is used to keep track of the pallets passing the Dock
Station. The counter increments whenever a pallet leaves the Dock Station. The
pallet count value is stored in a memory variable MW1O0.

"Dock Counter"

"Pallet at Dock" s_cu
| cw
—s "Pallet Count At Doc
CV-k"
—PV
CV_BCD|-
Q1.4 R

Symbol information
I2.0 Pallet at Dock Input to indicate the pallet presence at the Dock.
C10 Dock Counter Counter to keep track of number of pallets that passed the Dock.
MW10 Pallet Count At Dock Memory variable to store the value of the counter C10.

Network: 14

The pallet count value for the Dock Station, stored in MW10 in the previous
network is compared with the variable MW256 that contains the value for number
of pallets in the system. When the value of these two variables is equal, an
output Q1.4 turns high. This output is used to reset the counter C1l0 to zero in
the previous network.

cMP ==I Q1.4
) |
1
"Pallet Count At Doc
k" —IN1
"# of Pallets in Sys_
tem" IN2
Symbol information
MW10 Pallet Count At Dock Memory variable to store the value of the counter C10.
MW256 # of Pallets in System Variable to store the value of the number of pallets circulatin
g in the system
Network: 15 Pallet Counter (C20) for the Lathe

An Up-Counter (C20) is used to keep track of the pallets passing the Lathe
Station. The counter increments whenever a pallet leaves the Lathe Station. The

pallet count value is stored in a memory variable MW12.

"Lathe Counter"

"Pallet at Lathe" s cu
| .

Pt S

—S "Pallet Count At Lat
CV—he"
—PV
CV_BCD-
Q1.5—R
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Symbol information

I2.2 Pallet at Lathe Input to indicate the pallet presence at the Lathe Station.

c20 Lathe Counter Counter to keep track of number of pallets that passed the Lathe
Station.

MW12 Pallet Count At Lathe Memory variable to store the value of the counter C20.

Network: 16

The pallet count value for the Lathe Station, stored in MW12 in the previous
network is compared with the variable MW256 that contains the value for number
of pallets in the system. When the value of these two variables is equal, an
output Q1.5 turns high. This output is used to reset the counter C20 to zero in

the previous network.

Q1.5

"Pallet Count At Lat
he" —IN1

"# of Pallets in Sys
tem" —IN2

Symbol information
Memory variable to store the value of the counter C20.

MW12 Pallet Count At Lathe

MW256 # of Pallets in System Variable to store the value of the number of pallets circulatin
g in the system

Network: 17 Pallet Counter (C40) for the Vision

An Up-Counter (C40) is used to keep track of the pallets passing the Vision
Station. The counter increments whenever a pallet leaves the Vision Station.
The pallet count value is stored in a memory variable MW16.

"Vision Counter"

"Pallet at Vision" s_cu
[ | cu Q
—s "Pallet Count At Vis
CVi—ion"
—PV
CV_BCD
Q1.7—R
Symbol information o .
I2.4 Pallet at Vision Input to indicate the pallet presence at the Vision Station.

Counter to keep track of number of pallets that passed the Visi

on Station.
Pallet Count At Vision Memory variable to store the value of the counter C40.

c40 Vision Counter

MW16
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Network: 18

The pallet count value for the Vision Station, stored in MW1é in the previous
network is compared with the variable MW256 that contains the value for number
of pallets in the system. When the value of these two variables is equal, an
output Q1.7 turns high. This output is used to reset the counter C40 to zero in

the previous network.

Q1.7
{ ) |

"Pallet Count At Vis

ion" —IN1
"# of Pallets in Sys
tem" —IN2

Symbol information
MW16 Pallet Count At Vision Memory variable to store the value of the counter C40.

MW256 # of Pallets in System Variable to store the value of the number of pallets circulatin
g in the system

Network: 1% Pallet Counter ({(C30) for the Mill

An Up-Counter (C30) is used to keep track of the pallets passing the Mill
Station. The counter increments whenever a pallet leaves the Mill Station.
pallet count value is stored in a memory variable MwWl4

The

"Mill Counter"

"Pallet at Mill" S cu
f cu
—S "Pallet Count At Mil
CV— 1 "
—BPV
CV_BCD
Q1.6 —R

Symbol information
Input to indicate the pallet presence at the Mill Station

I2.3 Pallet at Mill )

C30 Mill Counter Counter to keep track of number of pallets that passed the Mill §
tation.

MW14 Pallet Count At Mill Memory variable to store the value of the counter C30.

Network: 20

The pallet count value for the Mill Station, stored in MW14 in the previous
network is compared with the variable MW256 that contains the value for number
of pallets in the system. When the value of these two variables is equal, an .
output Q1.6 turns high. This output is used to reset the counter C30 to zero in

the previous network.

Q1.6

"Pallet Count At Mil

1n —IN1

"4 of Pallets in Sys
tem”

—IN2
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Symbol information
MW14 Pallet Count At Mill Memory variable to store the value of the counter C30.

MW256 # of Pallets in System Variable to store the value of the number of pallets circulatin
g in the system

Network: 21 Pallet Counter (C50) for the Assembly 1

An Up-Counter (C50) is used to keep track of the pallets passing the Assembly
Station #1. The counter increments whenever a pallet leaves the Assembly
Station #1. The pallet count value is stored in a memory variable MW18.

"Assembly 1 Counter"

"Pallet at Asemblyl" s cu
B co 0
—S "Pallet Count At Ase
CV-mblyl™"
—PV
CV_BCDH
Q2.0—R

Symbol information

I2.6 Pallet at Asemblyl Input to indicate the pallet presence at the Assembly Station

#1.
Counter to keep track of number of pallets that passed the As

sembly Station #1.
Pallet Count At Asemblyl Memory variable to store the value of the counter C50.

C50 Assembly 1 Counter

MW18

Network: 22

The pallet count value for the Assembly Station #1, stored in MW18 in the
previous network is compared with the variable MW256 that contains the value
for number of pallets in the system. When the value of these two variables is
equal, an output Q2.0 turns high. This output is used to reset the counter C50

to zero in the previous network.

CMP ==I Q2.0

"Pallet Count At Ase
mblyl" —IN1

"# of Pallets in Sys
tem"

—IN2

Symbol information
MW18 Pallet Count At Asemblyl Memory variable to store the value of the counter C50.

MW256 # of Pallets in System Variable to store the value of the number of pallets circulat
ing in the system

Network: 23 Pallet Counter (C60) for the Assembly 2

An Up-Counter (C60) is used to keep track of the pallets passing the Assembly
Station #2. The counter increments whenever a pallet leaves the Assembly
Station #2. The pallet count value is stored in a memory variable Mw20.

"Assembly 2 Counter"

"Pallet at Asembly2" s Ccu
— | cu -
—S "Pallet Count At Ase
CV-mbly2"
—PV
CV_BCD—
Q2.1—R
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Symbol information

I2.7 Pallet at Asembly2 Input to indicate the pallet presence at the Assembly Station
#2.

ce0 Assembly 2 Counter Counter to keep track of number of pallets that passed the As
sembly Station #2.

MW20 Pallet Count At Asembly2 Memory variable to store the value of the counter C60.

Network: 24

The pallet count value for the Assembly Station #2, stored in MW20 in the
previous network is compared with the variable MW256 that contains the value
for number of pallets in the system. When the value of these two variables is
equal, an output Q2.1 turns high. This output is used to reset the counter C60
to zero in the previous network.

CMP ==I Q2.1
(> |

"Pallet Count At Ase

mbly2" —IN1

"# of Pallets in Sys

tem" —IN2
Symbol information
MW20 Pallet Count At Asembly2 Memory variable to store the value of the counter C60.
MW256 # of Pallets in System Variable to store the value of the number of pallets circulat

ing in the system

Network: 25 Pallet Counter (C70) for the Assembly 3

An Up-Counter (C70) is used to keep track of the pallets passing the Assembly
Station #3. The counter increments whenever a pallet leaves the Assembly
Station #3. The pallet count value is stored in a memory variable MW22.

"Assembly 3 Counter"

"Pallet at Asembly3" s cU
I cU -
1
-8 "Pallet Count At Ase
CV-mbly3"
—{pv
CV_BCD—
Q2.2—R
Symbol information
I3.1 Pallet at Asembly3 Input to indicate the pallet presence at the Assembly Station
#3.
c70 Assembly 3 Counter Counter to keep track of number of pallets that passed the As
sembly Station #3.
MW22 Pallet Count At Asembly3 Memory variable to store the value of the counter C70.
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Network: 26

The pallet count value for the Assembly Station #3, stored in MW22 in the
previous network is compared with the variable MW256 that contains the value
for number of pallets in the system. When the value of these two variables is
equal, an output Q2.2 turns high. This output is used to reset the counter C70

to zero in the previous network.

Q2.2
() |

"Pallet Count At Ase
mbly3" —IN1

"# of Pallets in Sys
tem" —IN2

Symbol information
MW22 Pallet Count At Asembly3 Memory variable to store the value of the counter C70.

MW256 # of Pallets in System Variable to store the value of the number of pallets circulat
ing in the system

Network: 27 Pallet Counter (C80) for the Assembly 4

An Up-Counter (C80) is used to keep track of the pallets passing the Assembly
Station #4. The counter increments whenever a pallet leaves the Assembly
Station #4. The pallet count value is stored in a memory variable MW24.

"Assembly 4 Counter™"

"Pallet at Asembly4" s cu
| - cu -
—s "Pallet Count At Ase
CV—mbly4"
—PV
CV_BCDH
Q2.3 R
Symbol information
I3.2 Pallet at Asembly4 Input to indicate the pallet presence at the Assembly Station
#4.

c80 Assembly 4 Counter Counter to keep track of number of pallets that passed the As

sembly Station #4.

MW24 Pallet Count At Asembly4 Memory variable to store the value of the counter C80.

Network: 28

The pallet count value for the Assembly Station #4, stored in MW24 in the
previous network is compared with the variable MW256 that contains the value
for number of pallets in the system. When the value of these two variables is
equal, an output Q2.3 turns high. This output is used to reset the counter C80

to zero in the previous network.

CMP ==I Q2.3
(D |

"Pallet Count At Ase

mbly4" —IN1
"# of Pallets in Sys
tem" —IN2
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Network: 32 Next Pallet At the Mill Station.

In this network, we add 1 to the pallet count at the Mill (MW 14) to get the
next pallet number at the Mill (MW 140)

ADD I
EN ENO
"Pallet Count At Mil "Next Pallet At Mill
1» —IN1 OUT}- »
1-{IN2

Symbol informatiom
MW14 Pallet Count At Mill Memory variable to store the value of the counter C30.

MW140 Next Pallet At Mill Variable to store the value of the next pallet arriving at the Mi
11 Station.

Network: 33 Next Pallet At the Assembly Station #1.

In this network, we add 1 to the pallet count at the Assembly #1 (MW 18) to get
the next pallet number at the Assembly #1 (MW 180)

ADD I
EN ENO
"Pallet Count At Ase "Next Pallet At Asse
mblyl” —IN1 OUT—mblyl"
1—+IN2

Symbol information

MW18 Pallet Count At Asemblyl Memory variable to store the value of the counter C50.

MW180 Next Pallet At Assemblyl Variable to store the value of the next pallet arriving at th
e Assm Station #1.

Network: 34 Next Pallet At the Assembly Station #2.

In this network, we add 1 to the pallet count at the Assembly #2 (MW 20) to get
the next pallet number at the Assembly #2 (MW 200)

ADD I
EN ENO
"Pallet Count At Ase "Next Pallet At Asse
mbly2" —IN1 OUTmbly2"
1 —IN2

Symbol informatiom

MW20 Pallet Count At Asembly2 Memory variable to store the value of the counter C60.

MW200 Next Pallet At Assembly2 Variable to store the value of the next pallet arriving at th
e Assm Station #2.
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Network: 38 Memory Bit To Raise Latch At the Lathe Station.

In this network, we compare the values of the Next Pallet At Lathe (MW 120)
with the Pallet Reguest at Lathe (MW 42) to turn a Memory Bit (M1.0) high. This
memory bit, in turn raises the latch at the Lathe Station.

"Pallet Stop At Lath

CMP ==I e’
() |
|
"Next Pallet At Lath
e —IN1
"Pallet Request At L
athe" —IN2
Symbol information
MW120 Next Pallet At Lathe Variable to store the value of the next pallet arriving at the
Lathe Station.
MW42 Pallet Request At Lathe Variable to store value of pallet # requested to be stopped at
Lathe Station.
M1.0 Pallet Stop At Lathe Memory Bit to raise the latch at the Lathe Station.
Network: 39 Memory Bit To Raise Latch At the Vision Station.

In this network, we compare the values of the Next Pallet At Vision (MW 160)
with the Pallet Request at Vision (MW 44) to turn a Memory Bit (M3.0) high.This
memory bit, in turn raises the latch at the Vision Station.

"Pallet Stop At Visi

CMP == on'
IS |
|
"Next Pallet At Visi
on" —IN1
"Pallet Request At V
ision" —IN2
Symbol information
MW160 Next Pallet At Vision Variable to store the value of the next pallet arriving at th

e Vision Station.
Pallet Request At Vision Variable to store value of pallet # requested to be stopped a
t Vision Station.
Memory Bit to raise the latch at the Vision Station.

MW44

M3.0 Pallet Stop At Vision

Network: 40 Memory Bit To Raise Latch At the Mill Station.

In this network, we compare the values of the Next Pallet At Mill (MW 140) with
the Pallet Request at Mill (MW 52) to turn a Memory Bit (M2.0) high.This
in turn raises the latch at the Mill Station.

memory bit,

npallet Stop At Mill
1

CMPp == ¢ |

"Next Pallet At Mill
" —IN1

"Pallet Request At M
illv IN2

Page



SIMATIC ...C Station(1)\WinLC v3.0\...\OB1 <offline> 08/24/2002 15:

Symbol information

MW140 Next Pallet At Mill Variable to store the value of the next pallet arriving at the
Mill Station.

MW52 Pallet Request At Mill Variable to store value of pallet # requested to be stopped at
Mill Station.

M2.0 Pallet Stop At Mill Memory Bit to raise the latch at the Mill Station.

Network: 41 Memory Bit To Raise Latch At the Assembly Station #1.

In this network, we compare the values of the Next Pallet At Assembly Station
#1 (MW 180) with the Pallet Request at Assembly Station #1 (MW 46) to turn a
Memory Bit (M5.0)high. This memory bit, in turn raises the latch at the
Assembly Station #1.

"Pallet Stop At Assm

cMP ==I 1t
3y |
1
"Next Pallet At Asse
mblyl" —IN1
"Pallet Request At A
ssml" —IN2
Symbol information
MW180 Next Pallet At Assemblyl Variable to store the value of the next pallet arriving at th
e Assm Station #1.
MW46 Pallet Request At Assml Variable to store value of pallet # requested to be stopped a
t Assm Station #1.
M5.0 Pallet Stop At Assml Memory Bit to raise the latch at the Assembly Station #1.
Network: 42 Memory Bit To Raise Latch At the Assembly Station #2.

In this network, we compare the values of the Next Pallet At Assembly Station
#2 (MW 200) with the Pallet Request at Assembly Station #2 (MW 56) to turn a
Memory Bit (M6.0) high. This memory bit, in turn raises the latch at the

Assembly Station #2.

"Pallet Stop At Assm

CMP == 2"
¢ ) |
"Next Pallet At Asse
mbly2" —IN1
"Pallet Request At A
ssm2" —IN2
Symbol information
MW200 Next Pallet At Assembly2 Variable to store the value of the next pallet arriving at th
e Assm Station #2.
MW56 Pallet Request At Assm2 Variable to store value of pallet # requested to be stopped a
t Assm Station #2.
Mé.0 Pallet Stop At Assm2 Memory Bit to raise the latch at the Assembly Station #2.
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Network: 43 Memory Bit To Raise Latch At the Assembly Station #3.
In this network, we compare the values of the Next Pallet At Assembly Station
#3 (MW 220) with the Pallet Request at Assembly Station #3 (MW 48) to turn a
Memory Bit (M7.0) high. This memory bit, in turn raises the latch at the
Assembly Station #3.
"Pallet Stop At Assm
CMP ==I 3"
() |
L
"Next Pallet At Asse
mbly3" —IN1
"Pallet Request At A
ssm3" —IN2
Symbol information
MW220 Next Pallet At Assembly3 Variable to store the value of the next pallet arriving at th
e Assm Station #3.
Mw48 Pallet Request At Assm3 Variable to store value of pallet # requested to be stopped a
t Assm Station #3.
M7.0 Pallet Stop At Assm3 Memory Bit to raise the latch at the Assembly Station #3.
Network: 44 Memory Bit To Raise Latch At the Assembly Station #4.

In this network, we compare the values of the Next Pallet At Assembly Station
#4 (MW 240) with the Pallet Request at Assembly Station #4 (MW 58) to turn a
Memory Bit (M8.0)high. This memory bit, in turn raises the latch at the
Assembly Station #4.

"Pallet Stop At Assm

CMP ==I 4"
) |
1
"Next Pallet At Asse
mbly4" —{IN1
"Pallet Request At A
ssma" —IN2
Symbol information )
MW240 Next Pallet At Assembly4 Variable to store the value of the next pallet arriving at th
e Assm Station #4.
MW58 Pallet Request At Assm4 Variable to store value of pallet # requested to be stopped a
t Assm Station #3.
M8.0 Pallet Stop At Assm4d Memory Bit to raise the latch at the Assembly Station #4.
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Computer
IMERT28 Computer Type Server
Tag Management
@CurrentUser Data Type Text 8-Bit

Parameters internal tags
S7$Program(1)#RawArchiv Data Type Raw Data

Parameters RAW_ARCHIVE

Connection S7$Program(1)

Channel SIMATIC S7 Protocol Suite

Channel unit MPI
S7$Program(1)/Pallet$at$Lathe Data Type Bit value

Parameters 12.2

Connection S7$Program(1)

Channel SIMATIC S7 Protocol Suite

Channel unit MPI
S7$Program(1)/Pallet$Count$At$Asembly1 |Data Type 16-Bit signed

Parameters MW 18

Connection S7$Program(1)

Channel SIMATIC S7 Protocol Suite

Channel unit MPI
S7$Program(1)/Pallet$Count$At$Asembly3 |Data Type 16-Bit signed

Parameters MW22

Connection S7$Program(1)

Channel SIMATIC S7 Protocol Suite

Channel unit MPI
S7$Program(1)/Pallet$Count$At$Dock Data Type 16-Bit signed

Parameters MW 10

Connection S7$Program(1)

Channel SIMATIC S7 Protocol Suite

Channel unit MPI
S7$Program(1)/Pallet$CountSAtSMill Data Type 16-Bit signed

Parameters MW 14

Connection S7$Program(1)

Channel SIMATIC S7 Protocol Suite

Channel unit MPI
Active_Station Data Type 16-Bit unsigned

Parameters MW 26

Start value 0

Connection S7$Program(1)

Channel SIMATIC S7 Protocol Suite

Channel unit MPI
S7$Program(1)/Start$Latch$Bit Data Type Bit value

Parameters MO0.0

Connection S7$Program(1)

Channel SIMATIC S7 Protocol Suite

Channel unit MPI
S7$Program(1)/Stop$Latch$Bit Data Type Bit value

Parameters MO.1

Connection S7$Program(1)

Channel SIMATIC S7 Protocol Suite

Channel unit MPI
S7$Program(1)/Request$Asembly$2§Output | Data Type Bit value

Parameters Q1.2

Connection S7%$Program(1)

Channel SIMATIC S7 Protocol Suite

Channel unit MPI
S7$Program(1)/Request$Asembly$4$Output |Data Type Bit value

Parameters Q0.1
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Tag Management

Parameters MW 54

Connection S7$Program(1)

Channel SIMATIC S7 Protocol Suite

Channel unit MPI
S7$Program(1)/Pallet$Request$At$Lathe Data Type 16-Bit signed

Parameters MW42

Connection S7$Program(1)

Channel SIMATIC S7 Protocol Suite

Channel unit MPI
S7$Program(1)/Pallet$RequestSAtSMill Data Type 16-Bit signed

Parameters MW52

Connection S7$Program(1)

Channel SIMATIC S7 Protocol Suite

Channel unit MPI
S7$Program(1)#RawEvent Data Type Raw Data

Parameters RAW_EVENT

Connection S7$Program(1)

Channel SIMATIC S7 Protocol Suite

Channel unit MPI
S7$Program(1)/Pallet$at$Dock Data Type Bit value

Parameters 12.0

Connection S7$Program(1)

Channel SIMATIC S7 Protocol Suite

Channel unit MPI
S7$Program(1)/Pallet$at$Mill Data Type Bit value

Parameters 12.3

Connection S7$Program(1)

Channel SIMATIC S7 Protocol Suite

Channel unit MPI
S7$Program(1)/Pallet$Count$At$Asembly2 |Data Type 16-Bit signed

Parameters MW20

Connection S7$Program(1)

Channel SIMATIC S7 Protocol Suite

Channel unit MPI
S7$Program(1)/Pallet$Count$AtsAsembly4 |Data Type 16-Bit signed

Parameters MW 24

Connection S7%$Program(1)

Channel SIMATIC S7 Protocol Suite

Channel unit MPI
S7$Program(1)/Pallet$Count$At$Lathe Data Type 16-Bit signed

Parameters MW12

Connection S7$Program(1)

Channel SIMATIC S7 Protocol Suite

Channel unit MPI
S7$Program(1)/Pallet$Count$At$Vision Data Type 16-Bit signed

Parameters MW 16

Connection S7$Program(1)

Channel SIMATIC S7 Protocol Suite

Channel unit MPI
S7$Program(1)/Start$Button Data Type Bit value

Parameters 11.0

Connection S7$Program(1)

Channel SIMATIC S7 Protocol Suite

Channel unit MPI
S7$Program(1)/Stop$Button Data Type Bit value

Parameters 11.1

Connection S7$Program(1)

Channel SIMATIC S7 Protocol Suite

Channel unit MPI
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Tag Management
S7$Program(1)/Pallet$at$Vision Data Type Bit value

Parameters 12.4

Connection S7$Program(1)

Channel SIMATIC S7 Protocol Suite

Channel unit MP|
Pallet_1 Data Type 16-Bit unsigned

Parameters MW28

Connection S7$Program(1)

Channel SIMATIC S7 Protocol Suite

Channel unit MPI
Part_Name_Lathe Data Type Text 8-Bit

Parameters MW60

Connection S7$Program(1)

Channel SIMATIC S7 Protocol Suite

Channel unit MPI
Part_Name_Vision Data Type Text 8-Bit

Parameters MW76

Connection S7$Program(1)

Channel SIMATIC S7 Protoco! Suite

Channel unit MP|
S7$Program(1)/Pallet$Request$At$Assm1 | Data Type 16-Bit signed

Parameters MW46

Connection S7$Program(1)

Channel SIMATIC S7 Protocol Suite

Channel unit MPI
S7$Program(1)/Pallet$Request$At$Vision Data Type 16-Bit signed

Parameters MW44

Connection S7$Program(1)

Channel SIMATIC S7 Protocol Suite

Channel unit MPI
S7$Program(1)/Pallet$Stop$At$Assm1 Data Type Bit value

Parameters M5.0

Connection S7$Program(1)

Channel SIMATIC S7 Protocol Suite

Channel unit MPI
S7$Program(1)/Pallet$Stop$At$Assm2 Data Type Bit value

Parameters M6.0

Connection S7$Program(1)

Channel SIMATIC S7 Protocol Suite

Channel unit MPI
S7$Program(1)/Pallet$Stop$At$Assm3 Data Type Bit value

Parameters M7.0

Connection S7$Program(1)

Channel SIMATIC S7 Protocol Suite

Channel unit MPI
S7$Program(1)/Pallet$Stop$AtSAssm4 Data Type Bit value

Parameters M8.0

Connection S7$Program(1)

Channel SIMATIC S7 Protocol Suite

Channel unit MPI
S7$Program(1)/Pallet$Stop$At$Dock Data Type Bit value

Parameters M4.0

Connection S7$Program(1)

Channel SIMATIC S7 Protocol Suite

Channel unit MPI
S7$Program(1)/Pallet$Stop$At§Lathe Data Type Bit value

Parameters M1.0

Connection S7$Program(1)

Channel SIMATIC S7 Protocol Suite
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Tag Management

Channel unit MPI
S7$Program(1)/Pallet$StopSAtSMill Data Type Bit value

Parameters M2.0

Connection S7$Program(1)

Channel SIMATIC S7 Protocol Suite

Channel unit MPI
S7$Program(1)/Pallet$Stop$At$Vision Data Type Bit value

Parameters M3.0

Connection S7$Program(1)

Channel SIMATIC S7 Protocol Suite

Channel unit MPI
S7$Program(1)/Next$Pallet$At$Assembly1 |Data Type 16-Bit signed

Parameters MW 180

Connection S7$Program(1)

Channel SIMATIC S7 Protocol Suite

Channel unit MPI
S7$Program(1)/Next$Pallet$At$Assembly2 | Data Type 16-Bit signed

Parameters MW 200

Connection S7$Program(1)

Channel SIMATIC S7 Protocol Suite

Channel unit MPI
S7$Program(1)/Next$Pallet$At$Assemblyd | Data Type 16-Bit signed

Parameters MW 220

Connection S7$Program(1)

Channel SIMATIC S7 Protocol Suite

Channel unit MPI
S7$Program(1)/Next$Pallet3AtsAssembly4 | Data Type 16-Bit signed

Parameters MW 240

Connection S7$Program(1)

Channel SIMATIC S7 Protocol Suite

Channel unit MPI
S7$Program(1)/Next$Pallet$At$Dock Data Type 16-Bit signed

Parameters MW 100

Connection S7$Program(1)

Channel SIMATIC S7 Protocol Suite

Channel unit MPI
S7$Program(1)/Next$Pallet$At$Lathe Data Type 16-Bit signed

Parameters MW 120

Connection S7$Program(1)

Channel SIMATIC S7 Protocol Suite

Channel unit MPI
S7$Program(1)/Next$PalletSAtEMill Data Type 16-Bit signed

Parameters MW 140

Connection S7$Program(1)

Channel SIMATIC S7 Protocol Suite

Channel unit MPI
S7$Program(1)/Next$Pallet$At$Vision Data Type 16-Bit signed

Parameters MW 160

Connection S7$Program(1)

Channel SIMATIC S7 Protocol Suite

Channel unit MPI
Part_Name_Mill Data Type Text 8-Bit

Parameters MW68

Connection S7$Program(1)

Channel SIMATIC S7 Protocol Suite

Channel unit MPI
Part_Name_Dock Data Type Text 8-Bit

Parameters Mw84

Connection S7$Program(1)
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Tag Management
Channel SIMATIC S7 Protocol Suite
Channel unit MPI

Part_Name_Assm1 Data Type Text 8-Bit
Parameters MWS2
Connection S7$Program(1)
Channel SIMATIC S7 Protocol Suite
Channel unit MPI

Part_Name_Assm2 Data Type Text 8-Bit
Parameters MW 104
Connection S7$Program(1)
Channel SIMATIC S7 Protocol Suite
Channel unit MPI

Part_Name_Assm3 Data Type Text 8-Bit
Parameters MW112
Connection S7$Program(1)
Channel SIMATIC S7 Protocol Suite
Channel unit MP|

Part_Name_Assm4 Data Type Text 8-Bit
Parameters MwW124
Connection S7$Program(1)
Channel SIMATIC S7 Protocol Suite
Channel unit MPI

Lathe_Busy Data Type Bit value
Parameters M1.4
Connection S7$Program(1)
Channel SIMATIC S7 Protocol Suite
Channel unit MPI

Mill_busy Data Type Bit value
Parameters M2.4
Connection S7$Program(1)
Channel SIMATIC S7 Protocol Suite
Channel unit MPI

Vision_Busy Data Type Bit value
Parameters M3.4
Connection S7$Program(1)
Channel SIMATIC S7 Protocol Suite
Channel unit MPI

Dock_Busy Data Type Bit value
Parameters M4.4
Connection S7$Program(1)
Channel SIMATIC S7 Protocol Suite
Channel unit MPI

Assm1_Busy Data Type Bit value
Parameters M5.4
Connection S7$Program(1)
Channel SIMATIC S7 Protocol Suite
Channel unit MPI

Assm2_Busy Data Type Bit value
Parameters M6.4
Connection S7$Program(1)
Channel SIMATIC S7 Protocol Suite
Channel unit MPI

Assm3_Busy Data Type Bit value
Parameters M7.4
Connection S7$Program(1)
Channel SIMATIC S7 Protocol Suite
Channel unit MPI

Assm4_Busy Data Type Bit value
Parameters M8.4
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Tag Management

Connection S7$Program(1)

Channel SIMATIC S7 Protocol Suite

Channel unit MP|
@TLGRT_SIZEOF_DATABASE_QUEUE Data Type 64-Bit [EEE 754

Group TaglLoggingRt

Parameters internal tags
@TLGRT_SIZEOF_NOTIFY_QUEUE Data Type 64-Bit IEEE 754

Group TagloggingRt

Parameters internal tags
@TLGRT_SIZEOF_DBASE_QUEUE Data Type 64-Bit IEEE 754

Group TagLoggingRt

Parameters internal tags
@TLGRT_SIZEOF_NLL_INPUT_QUEUE Data Type 64-Bit IEEE 754

Group TagLoggingRt

Parameters internal tags
S7%$Program(1)/prakash Data Type 16-Bit signed

Parameters MW210

Connection S7%Program(1)

Channel SIMATIC S7 Protacol Suite

Channel unit MPI
Connections
S7$Program(1) Unit MPI

Parameters MP|,2 0,,0,2,02
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ii; Station 27(Assembly 4) input 22 to output 31

store reg#2045 to reg#l012
store reg#2016 to reg#l1014
store regf2044 to reg#1015
store reg#2043 to reg#l1016
store reg#2026 to reg#1018
store reg#2028 to reg#1019
store reg#2027 to reg#1030
store reg#2022 to reg#1031
goto Step Pass Thru_Inputs

[10] Step_ SGate
;ii This is the first step in the loop for the south lift.
;i; Here, we raise the latch at station 87.
;i Next, we monitor the sensor at station 87 and then
;ii 90 to the next step.

monitor Sensor At Station S7 goto Step To_Check If Ready

[11] Step_To_Check_ If Ready
;i; Here, we check the flag at the south lift for the
;i; clear condition. When the flag turns clear, we go to
;i; the next step.

monitor Flag South Lift_Busy:clear goto Step_To_Release Pallette

[12] Step_To Release_Pallette
;;; Here, we lower the latch at station S7, permitting the
;ii pallet to enter the south lift,wait for 200ms
;;; and then go to the next step.

delay 200 ms goto Step_SLift

[13] Step_SLift
Here, we raise the latch at station S7 to lock the

;i; proceeding pallets and then monitor the sensor at
;;; station 83 to turn high.

iri

Latch S7



monitor Sensor At_Station_S3 goto Step Raise S3 S4

[14] Step_Raise S3 sS4
iii Here we raise the south lift, thus transferring the
iii pallet. We also set the flag for the south lift to busy
iii so that proceeding pallets do not enter the 1lift.
iii Next, we monitor the sensor at station S4 to ensure
iii that the pallet is transferred and then go to next
i step.

set Flag_South Lift Busy
monitor Sensor At_Station S4 goto Step Lower S3 S4

[15] Step Lower S3 S4
ii; Here, we lower the south lift, wait for 2 seconds and
;i; then go to the next step.

delay 2 sec goto Step Klear Flag

[16] Step Klear Flag

Here, we clear the flag for the south lift so that the
;ii proceeding pallets can enter the lift.

This is the last step in this loop. At the end of this
loop we go back to the start of this loop at line #10.

clear Flag South Lift Busy
goto Step_ SGate

[30] Step NGate
This is the first step in the loop for the North Lift.

Here, we raise the latch at station S8 and then monitor
for the sensor at station S8 to turn high and then go
;;; to the next step.

monitor Sensor At Station_S8 goto Step_Check North Lift Ready

[31] Step Check_North Lift_Ready
Here, we monitor the flag for the north 1lift for clear
condition and then go to the next step, when the flag

iri

iii



;;; for north 1lift is clear.

monitor Flag North Lift Busy:clear goto Step_Release North Gate

[32] Step_Release North Gate
iii Here, we lower the latch at station S8, thus permitting
;i; the pallet to enter the north lift and then monitor
ii; for the sensor at station S1 to turn High, after which
ii; we go to the next step.

delay 500 ms goto Step NLift

[33] Step NLift
;ii Once the pallet enters the north lift, we raise the latch
;i; at station S8 to prevent the proceeding pallets from
;i; entering the 1lift.

monitor Sensor At _Station S1 goto Step Raise S1 S2

[34] Step Raise S1 S2
; ;; Here we raise the north 1lift, thus transferring the

pallet. We also set the flag for the north lift to busy

so that proceeding pallets do not enter the 1lift.

Next, we monitor the sensor at station S2 to ensure

that the pallet is transferred and then go to next

ii; step.

set Flag North Lift Busy
monitor Sensor At Station S2 goto Step Delay

[35] Step_Delay
We wait for 700 ms to ensure that the pallet has cleared

;;; the north 1lift and at the end of 700 ms we go to the
;;; next step.

rr

delay 700 ms goto Step Lower_ S1_S2



[36] Step Lower S1 S2
iii Once the pallet has cleared the north lift, we lower
iii the north lift and then we clear the flag for the
ii; north 1lift thus permitting the proceeding
iii pallets to enter the north lift and then go to the
;77 next step.
iii This is the last step in this loop, at the end of which
iii we go back to start of this loop at line #30.

clear Flag North Lift Busy
goto Step NGate

[50] Step_WGate
;ii This is the first step in the loop for the west Lift.
;ii Here, we raise the latch at station S22 and then monitor
ii; for the sensor at station S22 to turn high and then go
;i to the next step.

monitor Sensor At Station S22 goto Step Check West Lift_Ready

[51] Step Check West Lift Ready
;i; Here, we monitor the flag for the west lift for clear
;;; condition and then go to the next step, when the flag
;i; for west lift is clear.

monitor Flag West Lift_Busy:clear goto Step_Release West_Gate

[52] Step_Release_West_Gate
Here, we lower the latch at station S22, thus permitting
the pallet to enter the north lift and go to the next step.

PP

delay 400 ms goto Step WLift

[53] Step_WLift _
Oonce the pallet enters the north lift, we raise the latch

at station S22 to prevent the proceeding pallets from
entering the lift, and then monitor the sensor at
station S21 to turn high, after which we go to the next

PP



Latch_822

monitor Sensor At_Station_S21 goto Step Raise S21 520

[54] Step | Ralse S21_S20
ii; Here we raise the west 1ift, thus transferring the
iii pallet. We also set the flag for the west lift to busy
iii 80 that proceeding pallets do not enter the 1ift.
ii; Next, we monitor the sensor at station S20 to ensure
ii; that the pallet is transferred and then go to next
;i step.

set Flag West Lift Busy
monitor Sensor At_Station_S20 goto Step Lower S21 S20

[55] Step_Lower S21 S20
;;; Once the pallet is transferred we lower the west 1lift
i7; and then go to the next step.

delay 200 ms goto Step Clear Flag

[56] Step Clear Flag

Once the pallet has been transferred,we clear the

flag for the west lift thus permitting the proceeding
pallets to enter the west 1lift and then go to the

;;; next step.

This is the last step in this loop, at the end of which
we go back to start of this loop at line #50.

PP

clear Flag West Lift_Busy
goto Step_WGate

[70] Step WEGate
;i; This is the first step in the loop for the west-to- south

7 lift.

117

Here we raise the latch at station 825, and then monitor
the sensor at station S25 to turn high, after which

we go to the next step.

monitor Sensor At Station_ S25 goto Step Check W _E Lift Ready



[71] Step_Check W E Lift Ready
iii Here, we monitor the flag for the west-to-south 1ift
iii for clear condition and then go to the next step, when
ii; the flag for west-to-south lift is clear.

monitor Flag West_To_South Lift Busy:clear goto
Step_Release W_E_Gate

[72] Step_Release W E Gate
ii; Here, we release the latch at station S25 to permit the
ii; pallet to enter the lift, and at the same time, raise
;i; the west-to-south lift. Next, we set the flag for the
iii west-to-south lift to busy condition to prevent the
i ;i proceeding pallets to enter the lift.

Release S25
Raise S28

set Flag West To South Lift Busy
delay 200 ms goto Step WELift

[73] Step WELift
;i; Here we raise the latch at station S25 to prevent the
;i ;; proceeding pallets from entering into the 1lift.

goto Step Monitor S28

[74] Step_Monitor_ S28
;i; Here, we monitor the sensor at station S28 to ensure that

;;; the pallet has entered the lift.

monitor Sensor At_Station S28 goto Step_Lower S28

[75] Step Lower_ S28 . _
Once the pallet has entered the 1lift,we lower the lift

and then monitor the sensor at station S31 to ensure
;;; that the pallet has cleared the 1lift.

117

11



monitor Sensor At_Station S31 goto Step Clr Flag

[76] Step Clr Flag
;i Once the pallet has cleared the lift, we clear the flag
;i; for the west-to-east 1lift to permit proceeding pallets
;:;; to enter the lift.
;ii This is the last step in this loop, at the end of which
iii we go to the first step in the loop at line #70.

clear Flag West To_South Lift Busy
goto Step WEGate
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