Ali1 Gulabi

Development of an Embedded SCADA System with
PLC and Java Application for Synchronous Operation
of Standard Servo Drives

Master thesis based on the examination and study regulations for the
Master of Engineering degree programme

Information Engineering

at the Department of Information and Electrical Engineering

of the Faculty of Engineering and Computer Science

of the University of Applied Sciences Hamburg

Supervising examiner: Prof. Dr. Ing Gustav Vaupel
Second examiner: Prof. Dr. Ing Reinhard Miiller

Day of delivery May 215t 2007



Ali Gulabi

Title of the Master Thesis
Development of an Embedded SCADA System with PLC and Java Application for
Synchronous Operation of Standard Servo Drives

Keywords
SCADA, S7, PLC, Simovert Masterdrives MC, Java Applets, S7 Java beans,
Parameterization, Servo Drives, SIMATIC S7-300, CP 343-1 IT, PROFIBUS DP,
MPI, CP5613 A2.

Abstract

In this project an embedded Supervisory Control and Data Acquisition system is
developed for synchronous operation of standard servo drives by using PLC, CP 343-1
IT, Simovert Masterdrives MC, Servo drivers, a PC, and Communication Processor
CP5613 A2. The components are networked via PROFIBUS DP, and Ethernet. The
system can be accessed and controlled through Internet or Ethernet. The Human
Machine Interface (HMI) is designed by using Siemens S7 Java beans and Java swing
components, and then it is downloaded to CP 343-1 IT via FTP protocol; where the
CP343-1 IT acts as a server. There is also an S7 program designed to control the
Masterdrivers MCs, and to manage the data flow between HMI and drivers.
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Thema der Masterarbeit
Entwicklung eines eingebetteten SCADA Systems mit dem PLC und der Java-
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Kurzzusammenfassung

In diesem Projekt wurde fiir den Gleichlaufbetrieb eines Standardservo-Antriebes ein
Embeded Uberwachungssteuer- und Datenerfassungssystem entwickelt. Das System
wurde mit folgenden Komponenten entwickelt:

e PLC

e CP343-11T

e Simovert Materdrives MC

e PC- und Kommunikation Prozessor CP5613 A2
Man kann auf das System via Internet/Ethernet zugreifen, steuern und Daten erfassen.
Die Benutzeroberfliche wurde mit Siemens S7 Java beans und Java Swing entwickelt
und tiiber ftp zu dem Kommunikation Prozessor CP 343-1 IT iibergetragen. Der CP
343-1IT ist ein Server. Die Kommunikation, Steuerung und Datenerfassung zwischen
GUI und dem Masterdrives MC geschieht iiber S7 Programm
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2 Preface

In the past industrial companies used separate networks or network cells such field level and
cell level networks in production and other networks for the process level. Fallowing the
development in information technology all these smaller networks linked to each other.
Especially in manufacturing companies an automaton network concept developed under the
name of Totally Integrated Automation (TIA). TIA includes actuator sensor level, field level,
cell level and process control level, which makes use of actuator-sensor interface,
PROFIBUS, PROFIBUS and industrial Ethernet, and industrial Ethernet respectively.
Through TIA it is possible to view or control all the levels all the way to the actuators from
process control level. In recent years many companies started opening divisions in many
countries around the world, and wanted to connect and control any devising from another or
any place around the world (Distributed Management).

Distributed management can be realized through Supervisory Control and Data Acquisition
(SCADA) system. It is a common process control application that collects data from sensors
on the shop floor or in remote locations and sends them to a central computer for management
and control. A SCADA system includes input/output signal hardware, controllers, Human
Machine Interface (HMI), networks, communication, database and software.

The term SCADA usually refers to a system with a central unit that monitors and controls a
complete site or a system spread out over a long distance. The bulk of the site control is
actually performed automatically by a Remote Terminal Unit (RTU) or by a Programmable
Logic Controller (PLC). The access rights for the host and its control functions are almost

always restricted to basic site over-ride or supervisory level capability.

This concept can also be used in power plants as well as in oil and gas refining,
telecommunications, transportation, and water and waste control, and also being used in

chambers that are hazardous to human health or difficult to access

In the past the Internet was very slow and unreliable, nowadays reliability is increased and
speed limit been pushed towards real-time. For example expansion in Internet telephone
usage is due to increase in quality of service of the Internet. Therefore it is understandable to
see similar usage of the Internet in industrial and automation areas as well. Today there are
many companies that are already connect their branches around the world, and it is

understandable to connect production floors as well.



The goal of this project is to design an embedded SCADA system including an HMI (Human
Machine Interface), embedded in a web page through applets, which visualizes and controls a
standard servo drive in a remote area.

The HMI will be developed by using an open source java editor (Eclipse) and Siemens java
APIs to program in java. The HMI is machine and location independent, can be accessed
through internet anywhere in the world.

There will be a Siemens 1T-343-1 device and a Siemens SIMATIC S7-300 CPU in between
HMI and Simovert Masterdrives MCs. IT-343-1 device should be configured, and S7-300 unit
must be programmed such a way so the user can communicate and control the Motors from
the Internet. Simovert Masterdrives MCs must be programmed and parameterized in order to

be communicated by S7-300 unit.



3 Introduction

This document is written and organized such a way that it can be used in chronicle order or
any given chapter can be used independently. It is assumed that the reader has some
background in control theory and automation, and in information engineering. It is not scope
of this documentation and also not possible to explain all the details of all the relevant topics.
Therefore only project specific information is covered carefully; otherwise documentation
would be massive and go out of control. For example Compendium for Simovert
Masterdrives MC V1.66 is about 1500 pages which include very important information about
Siemens Masterdrives. If the user is not satisfied with the information for any given chapter,

he or she can take advantage of the references.

3.1 Chapter overview

There are six chapters and an appendix in this document:
e Chapter 1: Acknowledgement

e Chapter 2: Abstract

e Chapter 3: introduction

e Chapter 4: Modules and the components that are used in this system are listed.

e Chapter 5: The assembly of the communication processor CP5613 2A, and
PROFIBUS is given.

e Chapter 6: The industrial communications briefly explained, and then means of
communications that are used in this project are explained.

e Chapter 7: Motion controllers and parameterization methods of them is given. This is
very essential for accessing Masterdrives MCs.

e Chapter 8: In this chapter operation modes, and the modern control principals behind
them is given. Digital Inputs (DI) and DI assignment also described.

e Chapter 9: Communications board PROFIBUS (CBP) is used to link Masterdrives
MC:s (slaves) to the PROFIBUS bus system, therefore; the CPB and its telegram types
are examined and explained.

e Chapter 10: An S7 control program is developed to implement the functionalities of
the HMI

e Chapter 11: HMI development using Java programming language and siemens S7
beans in Eclipse environment.

e Appendix 1: Configuration of PC and SIMATIK S7-300 are explained in this section.
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Profibus or Ethernet MPI
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Ethernet

L Maotion Controller plus

Figure 3.1The system description

Here is the model of finished system. It can be accessed via MPI, PROFIBUS or Ethernet, or
via the Internet. MPI is mostly used for local access for diagnostic reasons or system updates.
FROFIBUS and Ethernet is mainly used companywide, but internet access can be used
anywhere in the world. The Internet access enables the distributed management Supervisory

Control and Data Acquisition (SCADA).
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4 System

4.1 Hardware

4.1.1SIMOVERT MASTERDRIVES MC Setup 6SX-7000-0AF10

0§

=R

Figure 4.1 SIMOVERT MASTERDRIVERS MC

41.1.1 Masterdrives MC 6SE7012-5EP50-Z
Vin 3AC 380-480V 1.7A

Vou 3AC 0-380..480V
Towt 1.5A

4.1.1.2 Masterdrives MC 6SE7011-0TP50-Z (Right)
Vin DC 510-650V

Vou 3AC 0-380..480V
Lout 2A
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4.1.2 Motors:

4.1.2.1 SIEMENS 3-Permanent-Magnet-Motor 1FK6032-6AK71-1TGO

Nr.E K883 7887 01 007

MO/N 1.1/0.8 Nm Io 1.7A UIN 252V
nN/max 6000/8300 min-1 EN 60034
OPI1S 6SE7090-0XX84-2FK0

4.1.2.2 SIEMENS 2-Magnet-Motor 1FT6031-4AK7

There is no information sticker on the second motor. Since this training unit was configured
by siemens; the original parameter in Masterdrives MC must reflect the parameters of the

motor. Here is the motor information taken from Masterdrives MC by using Drive Monitor:

Motor rotor speed: 6000 min™'
Motor rotor frequency: 200 Hz
Max power factor: 0.800
Motor rotor torque: 0.75 Nm

4.1.3Siemens SIMATIC S7-300 Setup

i E
VIS4

ibgisa Limgrm

]

Figure 4.2 SIMATIC S7-300
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e Siemens SIMATIC S7-300 CPU
CPU315-2DP 315-2AF03-0AB0

e SIMATIC NET
CP343-11T 343-1GX20-0XEO
e DC 24V Power Supply
PS307 5A 307-1EA00-0AA0
o Digital Input
SM321 321-1BH02-0AA0
DI 16xDC24V
o Digital Output
SM322  321-1BHO1-0AA0
DO 16xDC24V/0.5A
e Analogue Input/Output
SM334  334-0KE00-0ABO
Al4/AO2x12BIT

4.1.4Communication Board, PC and cables

e (CP5613 Communication Board

e PROFIBUS cable and Connectors
e Personal Computer (PC)

e RI45

e PG cable

4.2 Software

e Drive Monitor V5.3.2.2
e Drive ES V5.3 + SP3
e SIMATIC Manager
STEP 7 Version V5.3 + HF2
e Eclipse Version 3.2
e Java 2 Runtime Environment, SE V1.3.2
e J2SE Runtime Environment 5.0
e Siemens API for Java

Release V2.5.5

13



5 Assembly

5.1 CP5613 A2 Communications Processor

In configuration part, we will see that CP5613 A2 communications processor is capable of
communicating thorough PROFIBUS DP, and MPI. In order to set PROFIBUS up one must
use MPI to download the system configuration to the CPU, but this part will be explained in

configuration part in detail.

Figure 5.1 CP5613 A2

1. The CP 5613 A2 is a PCI communications card for connecting PCs to PROFIBUS
with Windows 2000, Windows XP and Windows Server 2003.

2. CP 5613 A2 optimized for the fast DP master mode, which can handle up to 124 DP
slaves.

3. Plug-and-Play support

4. Floating RS-485 attachment

5.1.1 Instructions for assembly

1. install the product software, as follows:

14



e After installation there will be an icon

=i
Flw's

PG-PC-Schnittstelle einstellen.Ink

2. Install the CP 5613 A2 module. These instructions are same standard instructions for
installing an electronic device or a PCI card to PC;
e Make sure to discharge static electric from your body, from computer and the

tools.

e Do not touch the CP 5613 A2 communications processor from pins or conductors.
e PC must be turned off during installation.

e Insert the CP 5613 A2 to an available PCI slot

5.2 PROFIBUS

PROFIBUS bus connector
RS 485-IS; 6ES7 972-0BA50-0XA0

L I58 o 31

¥ Terminating
ON o /] resistor

CFF E"—-'.f:'.-IFF

O

)

[EBE

FEEE!
£ QCoQ
" kil

O

B5

Figure 5.2 PROFIBUS connector
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5.2.1 Specifications

Mechanical

PROFIBUS 9 Pole SubD Pin Headers
Programming/Diagnostics 9 Pole SubD Socket
Insertion (withdrawal) cycles Min. 200

Cable Type Solid Core PROFIBUS Type A, EN50170
Cable Diameter 8mm

Screw/Tightening Torque 4-40 UNC/0.4Nm
Enclosure Material Die-Cast Zinc
Temperature Range -20°C to +75°C

Cable Connection IDC Technology
Terminating Resistor Yes, Built-In Switchable
Bus Signals Dual, IN and OUT
Insulation Stripping Lengths

Outer Sheath 17mm

Shield 1 1mm

Wires have to be stripped as shown

Bus cable installation
(1) Cable shield
(2) Bus cable (e.g. 6ES7 972-0BA50-0XA0)

A1B1 A2B2

- strip insulation, e.g. with stripping tool
6GK1905-6AA00

(3)  Contact cover for insulation-piercing

41.2 +/-2.5

connecting device

- insert the green and red cores into the
open contact cover right up to the end

- close the contact cover (press it down
as tight as possible)

\ (4) Insert the cable into the opening (cable
@ shield must lie bare on the metal guide)
(5) Close the housing cover and screw it

shut

L [1]



5.2.2 Bus connection for the first and last node on PROFIBUS

Cable must always be connected on the left (see label A1, B1)
Switch position must be "ON" for the first and last node on the PROFIBUS, where

terminating resistance is connected, which means the bus line is terminated.

[y
ekl
ek
(N

if

N
Rl

R

’. Terminated

Figure 5.3 PROFIBUS connections
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S7-300

Here are some of the main components of S7-300 module

Component

Function

Picture

Mounting rail

S7-300 racks

LI

[#]

Power supply To convert line voltage
PS307, 5A (123/130 VAC) 24 VDC
CPU To evaluate the user program
CPU315-2 DP and communicate with the

peripherals

Communication Processor
CP 343-11T

To connect to
Ethernet/Internet

Signal modules(SM) It matches different process
Digital Input (DI) signal levels to the S7-300
SM321 16xDC24V

Digital Input (DO) 16xDC24V,0.5A

SM322

Analogue Input/output Al4/A02x12BIT

SM334

PG cable

Connects PG/PC to the CPU

RJ45

To connect to internet

18




5.2.3 Installing components on the rail

1 | Connecting the protective

conductor
2 | Mounting order 1. Power supply module
2.CPU
3. Communication Processor
4. SMs, IMs

3 | - Plug the bus connectors
into the CPU and SMs/CPs
- Except for the CPU, each
module is supplied with a
bus connector.

- Always start at the CPU
when you plug in the bus
connectors. Remove the bus
connector from the "last"
module of the assembly.

- Plug the bus connectors
into the other modules. The
"last" module does not
receive a bus connector.

4 | Mount all modules to the
rail in the order given at
step 2, slide them up to the
module on the left, and then
swing them down.

19




5.2.4 Power Supplies
o Masterdrives MC: 380/220 V, 50Hz, 63A

e S7-300 Unit: 220V, 50Hz, 16A

Figure 5.4 Power supply 380 V

- e

220V, 50Hz, 16A

Figure 5.5 Power supply 220 V

20



6 INDUSTRIAL COMMUNICATIONS

It is not focus of this document to go in detail of all types of industrial communications,
instead, as it is seen from the Figure 6.1 to explain the types of communications that have

been used during development of this project.

Ethernet(1)
Industrial Ethernet

Y
MPI{1)
MPI

PROFIBUS(1)
PROFIBUS

| | |

|SIMATIC 300(1)

e MASTERDRIVES MASTERDRIVES
;5 ﬁ CEP ﬁ CBP(1)

H OE [m [ =

z 2 12 33

Figure 6.1 A screen shot of S7 communication module

Communications networks play very important role in the modern automation solutions. They
allow to interconnect components and devices to control and exchange information between
different automation levels.
Industrial networks must comply with certain norms and meet high quality requirements over
and above those of normal networks to have successful automation system and production
plant.
What is the network used for?

e Link I/O to the controller?

o Link PLCs and operator interfaces together?

e Link computers in manufacturing together?

e Connect manufacturing with the rest of the company?

e Link manufacturing with other plants e.g. suppliers

21



Industrial Ethernet Process

- control
|

level
Industrial Ethernet 3
= I .
PROFIBUS - —
w2
PROFIBUS |-IIII | |-II“ Field level

MHW'

TR
E. E. lmﬁﬁl !

Figure 6.2 Industrial communication pyramid [2]

As it is seen in the communication pyramid industrial communications system must allow the
connection of the simplest sensors and actuators to controllers and the connection of
controllers to each other and to computers.

Certain factors in industrial environment such as electromagnetic interference, high levels of
chemical contamination, dampness or mechanical strain puts high demands on the network
structure and network components.

Industrial communications networks belong to the LAN group, even though by
internetworking LANs with Internet. It is used worldwide transmission of selected
information from the production area to another is nevertheless possible. Also it enables to
control and visualize plants in remote areas.

Figure 6.3 shows the methods to communicate with Masterdriver MCs using PC (Drive
Monitor) or OP1S. During this project MPI is only used during hardware configuration,
between SIMATIC S7-300 and PC. Serial Port (USS) is used to configure (Parameterize)

Masterdrives MCs either using OP1S or Drive Monitor in conjunction with Drive ES.

22
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Figure 6.3 Means of Communications with Masterdrivers MCs

6.1 The Multipoint- Interface (MPI)

This bus system was mainly developed as a programming interface. MPI enables us to set

communication with components that work for the ‘man/machine interface’ and for

homogenous communication between automation devices. In this project MPI used to

download the initial system configuration to the CPU.

The operation area from the MPI and PROFIBUS is divided into many areas, where MPI is

considerably cost effective. This interface is already available in all SIMATIC S7 products as

a standard bus system, therefore no “outside manufacturers” product is needed to be

integrated for communication
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e Up to 32 MPI nodes can be realized.

e FEach CPU has a possibility of up to 8 dynamic communication connections for the
basic communication to SIMATIC S7.

e Each CPU can operate up to 4 statistic communication connections for the additional
communication to the PG/PC, SIMATIC HMI-Systems and SIMATIC S7.

o Data transmission speed 187,5 kbit/s or 12Mbit/s

o Flexible configuration possibilities in the bus or tree structure (with repeaters)

e Maximum wire length is 10km (with repeaters).

o Interface is RS485.

MPI can be used for simple linking in networks and enables the following forms of
communication:
e Global communications: The networked CPUs can cyclically exchange data under

one another.

e Programming and diagnostic functions: MPI executes these functions from other
programmed devices/PCs to all networked PLCs. There the MPI interface of the CPU
is directly connected with the internal communications bus (K-BUS) of the S7-300.
The function modules (FM) and communications modules (CP) are switched directly

over the MPI with the K-Bus connection from the PG.

o Simple connection: To connect operator panels/operator stations to the SIMATIC S7
PLCs.

Figure 6.4 Connector for MPI bus

24



6.2 The PROFIBUS DP

The “PROFIBUS” (PROcess Field BUS) was developed in the beginning of 1991.

The goal of developing PROFIBUS was to develop a field bus system to link up a network of
automation devices of the lowest field level from sensors and actors up to the process control
in the cell level. It is optimized for SIMATIC communication, which has greater speed
compared with other automation protocols used for data communication. Its availability for
the bus systems of the management and cell level e.g.: industrial Ethernet and field level with
PROFIBUS are some of the useful features. PROFIBUS DP uses Layer 1, and Layer 2, and
the User Interface. Layers 3 to 7 are not developed, it is designed especially for
communication between the programmable controller and the distributed I/O devices at he

field level.

PC +
CP 5613

PROFIBUS

+ CP 343-5

S7-400 +
CP 443-5 Extended

Figure 6.5 a sample view of PROFIBUS
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PROFIBUS-DP specifications under the Norm 50170:

The bus allocation occurs by the PROFIBUS-DP after the processing of “’Token
passing with supported master-slave’.

Typical cycle time is between 5 -10 ms.

Maximum number of nodes; 127

Frame length of user data can be 0-246.

Transmission rate in Kbaud | 9.6 19,2 93,75 187,5 500 | 1500 | 3000 | 6000 12000
Length per segment inm | 1200 | 1200 | 1200 | 1000 | 400 | 200 | 100 | 100 100
Max. length inm 12000 | 12000 12000 10000 | 4000 | 2000 400 400 400
By number of bus 10 10 10 10 10 | 10 4 4 4
segments:

Table 6.1 PROFIBUS transmission rates

The bus configuration is modular expandable where as the peripherals and field
devices are connected and unconnected during the operation.

The data transmission occurs either over a 2 wire cable with a RS-485 interface or
over a fibre-optic cable. We restrain ourselves here to the 2 wire cable data
transmission possibility.

The unprotected and twisted 2 wire cable (Twisted Pair) has a minimum cross section
of 0.22 mm? and must be connected at the end with the shaft (termination) resistor.
An area-wide network occurs by the PROFIBUS-DP through the
compartmentalization of the bus system in the bus segments that can be connected

over repeaters.

6.3 Ethernet

In SIMATIC NET communication system, Industrial Ethernet is the network for the

management and cell level. Physically, it is an electrical network, which uses a shielded

coaxial cable or twisted pair or fibre-optic cables with an optical network. The international

standard IEEE 802.3 defines Industrial Ethernet. It is accessed using the CSMA/CD (Carrier

Sense Multiple Access with Collision Detection) network access technique specified in IEEE

802.3
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Ethernet has some important properties giving the following advantages:

Fast start-up by most simple wiring methods

High availability since existing installations can be expanded without any problems
Practically unlimited communication performance since scalable performance
through switching technology and high data rates are available if required
Networking of the most varied fields of application such as offices and production
facilities

Company-wide communication through the coupling facility via WAN (Wide Area
Network) as well as via ISDN or Internet

No investment risk thanks to the continued and compatible further development

Reserving of data at industrial wireless LAN (IWLAN). [1]

ST — 400 Fthernet CP

S7 _ 300 Ethernet CP

industrial

Ethertnet

WAN

only TCR/P

PC/PG with Ethemet CP
I S7 — 300 / 400

Figure 6.6 Industrial Ethernet
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Types of Communications for S7 300/400 with an Ethernet CP

Possible types of communication Interfaces / Services / Protocols

e PG/OP communication

with the protocols
—1SO

e S7 communication _ TCP/IP (REC 1006)

with the SEND / RECEIVE interface and the
protocols
— ISO Transport

e S5-compatible communication —ISO-on-TCP (TCP/IP with RFC 1006)

— TCP/IP
— UDP
— E-mail:;

¢ PROFInet communication

with the protocols

— TCP/IP
e HTML process control with web with the protocols
browser —HTTP / IP protocol

o File management and file access with | with the protocols

FTP

— FTP / IP protocol

Table 6.2 Types of Communications for S7 300/400
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7/ MOTION CONTROLLERS
SIMOVERT MASTERDRIVES MC (Motion Control)

6SE7011-SEP50-Z and 6SE7012-OTP50-Z

Mains connection X1
Brake resistor, X6
Capacitor module
X3 DC link bus
External DC24 V supply X9 module
(ext. DC24 V)
X533 for option K80 Eaa
PMU
DC24 WV output, 2
RS485 (USS) X100 — =L | & g
51
Bus terminating resistor (USS) S1——« M|
Slot A
X B
Terminal strip X101 ——»
& Slot B
M
X103
/ H
RS5232 / R5485 (USS) XTDS—..% ot C
Motor connection X2
LlzZ

Shield connection

Shield connection for motor cable

for control cables

Figure 7.2 SIMOVERT MASTERDRIVES MC
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Specifications
Voltage range 3-ph. 380 - 460 VAC + 15%: 50/60 Hz + 6%
Power range 3/4 to 250 HP (0.5 - 200 kW)
Control Voltage 24 VDC
Overload 160% for 30 Sec. or 300% for 250 mSec. for
Compact Plus
Ambient Temperature 32°F - 113°F (0°C - 45°C)
Installation Altitude Up to 3300 feet (1000m)
Approvals UL, CE, CSA, EN, IEC/VDE

Table 7.1 SIMOVERT MASTERDRIVES MC Specifications

The SIMOVERT MASTERDRIVES MC (Motion Control) belongs to the SIMOVERT
MASTERDRIVES product group. This product group represents an overall modular, fully
digital component system for solving all drive tasks posed by three-phase drive engineering.
The availability of a high number of components and the provision of various control
functionalities enable it to be adapted to the most diversified applications. [2]

The MASTERDRIVES Motion Control (MC) frequency converters are specially designed for
industrial servo drive applications. In addition to the well-proven modular hardware concept,
SIMOVERT MASTERDRIVES MC offers modular software featuring, freely
interconnectable function blocks, and integrated technology functions to program specific

applications (see Figure 2.8)

multiplier (1-word) {12 ys} divider (1-word) {15 us}
U951.04 = __ (20) — (U9s105=__ (20))
U070, o ( 2007 N I P 200%
< LT Pl K a2
K 102 2 X K — * | S0
2 b A When divided by 0 (x2=0): *100%
100 % ¥1=0: y= +199.99 % ¥
¥1=0:y= 0.00 %

¥1<0:y= -19993 %

AND and OR elements with 3 inputs each {3 us}

(U950.78 = __ (20) ) (U95090= _ (20))
[U221 (1) - u239 @ |
B ' B '
102
: 2 & 5 2 1 >1
= .

Figure 7.2 Free blocks [3]
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MASTERDRIVES Motion Controllers compatible to;
e Communication, such as PROFIBUS
o technology

e operator control and visualization

Standard Features

One hardware platform to provide:

* Closed Loop Position Control

* Closed Loop Speed Control

* Torque control

* IGBT inverter bridge through entire power range.

» Automatic voltage adjustment within the power range.

* Packaging capability to be ordered for common DC bus configurations. Non-regenerative or
full regenerative converter sections available as standard option.

 Ability to operate various speed/position feedback devices (Absolute Encoders, Optical
encoders, Resolvers, and Pulse encoders).

* Able to operate various motors with one drive (Siemens synchronous servo, Siemens
asynchronous servo, & standard inverter rated induction motor)

* 0.001 Hz set point resolution

* One analog input

* One analog output

* 4 programmable binary inputs or outputs (two can be used as high speed inputs with ~1
micro second sensing time)

* 2 dedicated binary control inputs (24 VDC Control)

» 2 separately addressable serial interface ports: 1 for RS485 and 1 for RS232/485

* Over 100 Warning and Fault messages for comprehensive protection.

7.1 Parameterization

In order to use SIMOVERT MASTERDRIVES one must program them first. There are large
number of open-loop and closed-loop control functions, communication functions, as well as
diagnostics and operator control functions implemented in the converters’ and inverters’
software interim of function blocks. These function blocks can be parameterized and freely

interconnected depending on the applications. The interconnection is done through connectors
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and binectors to exchange signals between individual function blocks. Connectors can be
likened to storage locations which are used to archive "analog" signals. Connectors are
designated with certain pattern, which includes connector name, the connector number and an
identification letter (see Figure 7.4).
The identification letter depends on the numerical representation:

e K Connector with word length (16 bit)

o KK Connector with double-word length (32 bit, increased accuracy)
The binary (digital) output information is archived in binary connectors (binectors).
Binectors can therefore be likened to storage locations used for storing binary signals. The
designation of binectors is; the binector name, the binector number and an identification letter.

The binector identification letter is B, and it only has two states "0" (logically no) and "1"

(logically yes).
Function |— - ~-~—~~-—~~~-—-=~ == === === Tr* Parameter for time slot
parameter T DRRLEn SHa s | table
SEE 1D P : —u953.-14=2 _
P235F(10)  P240.F (100) o - Time slot
"""--——|—- Function block number
b h
Gain Time | Function block
Connector Deviation -

w

|
|
|
|
| |
parameter t—{pisa / M(set) R
| KK0152 Connector
| |
|
|
| |
B

238 Visualization
1 Miset] parameter
- n-Reg.release
Fixed - of sequence control — BO3OD)— |
connection _ _ 1608 ~ 1 Binector

— ey o e o e o e e e o e e o e o

™
Cross-reference to other function diagram [page.column]

Figure 7.3 Function Blocks

32



Connector name Binector name

)

Mi(set n-Reg ) " Accel active |
KO153 B0201)
e o _,_,—o—\-r‘._""—_—:r_\_\_

dentification letter  Connector number  |denfification letter  Binector number
16 Bit connector

Figure 7.4 Connectors and binectors

To connect two function blocs is as simple as assigning a connector to a parameter. Ass it is
seen from Figure 7.5 function block A is connected to function block B by assigning

connector KKO0152 to parameter P228.01.

= _Fu;:ti‘; hE.;k_,ﬁ. 17 Function block B |
[ Src niDeviation) |

I

| n{Deviation) | | P228B

| —| KED152 }—l-l | KK —
| | | e.q. P228.01 =0152

Figure 7.5 Connecting two function blocks

Parameterization can be done in 4 different ways;

1. PMU

2. OP1S
3. Drive Monitor (Stand alone through MPI connection)
4. Drive Monitor (With S7-Project through PROFIBUS)

Even though it is more comfortable to use OP1S compare to PMU, there are limitations to the

usage. Here are the list of menus that can be used via OP1S or/and PMU (Figure 7.6)
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P60

Menu level 1
Select via
F&0 Menu Select

User parameters

Parameter menu

Fixed settings

CQluick
parameterization

Board
configuration

Drive setting

Download

Upreadifree access

Power section
definition

Menu laevel 2 Menu level 3
{only on OP18) {only on OP13)

| General parameters | SCom1i8Com2 ‘
] Terminals | Field bus interfaces ‘
r— Communication | SIMOLINK ‘
e | Conirol and status words | SCBI/SCI ‘

e ' Setpoin:c'hannel'
— Motoriencoder —E | Motor data ‘
| Encoder data |
[— Controllgating unit — | Position control ‘
I | Speed control ‘
i S B | Current control ‘

— Sequence control
o | VIf open-loop control ‘
— | Gating unit ‘
— Diagnostics — | Faultsfalarms ‘
- | Messages/displays ‘

e Functions
e | Trace ‘
| Heleanes . e | Basic positioner ‘
o | Synchronism ‘
By Free blocks

e | Positioning ‘
L. Technology | Setting up/MD ‘

F358 Key

P359 Lock

Figure 7.6 Parameter menus [4]
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7.1.1Parameterization via PMU

Seven segment display for:

|

drive statuses

——
e

1

|'_.'|'_."r_'|'_.r i Crogoa
H J-__r' i Alarms and faults go3s FO U
mrn ‘eEERE,
Parameter numbers ,—SES 'GSSS dULL Cuuu
Raise ke — man O
y A i J_Dn_rf_r L}ESE HEEE LH.LH_F
Lower key ————
Parameter indices i
Toggle key  —1+— =) \_/, B N
Crafii
Parameter values e i

Figure 7.7 PMU

As it is seen from the Figure 7.7; PMU has a seven segment display, a toggle key, and up and
down buttons. By default the drive status would be displayed, so in order to enter or modify a
parameter one should follow below steps;

o Press the toggle key first to display the parameter number.

o Pres raise key to change the parameter number.

o If the parameter chosen then pres toggle key choose parameter index

o Pres raise key to select right index

o Pres toggle key to select parameter value.

o Press the toggle key to exit

7.1.2 Parameterization via OP1S (6SE7090-0XX84-2FKO0)

The operator control panel (OP1S) is an optional input/output device which can be used for
parameterizing and starting up the units. OP1S is more user friendly than the PMU; instead of
raising or lowering parameters by PMU it is possible to jus type the number and modify it.

Besides that it has some very useful features that make OP1S better choice, for example it has
a non-volatile memory and can permanently store complete sets of parameters, which enables
us to back up parameter sets. Therefore parameterizing same devices on the network becomes

very fast and easy.
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g.2a 25U 88 ‘ .
4 180, 0P8 min-1 - LCD (4 lines x 16 characters)

* 180 808 min-1
Fur (\

9-pole SUB-D conneclor

LED red D Fault .'I,-'-".:j; an rear of unit
LED green —— 3 Run
Reversing key
OM key . | Raise key
OFF ey [ o Lower key
: Key for toggling between confrol lavels
Jog key I Jog

0 to S number keys

Reset key (acknowledge)
Sign key

Figure 7.8 OP1S

The OP1S communicates to drivers via a serial interface (RS485) using the USS protocol. It
acts as master and the drive as slave during the communication. The operation rate is between
9.6 kBd and 19.2 kBd. There 32 nodes on the network (addresses 0 to 31) for OPIS to
communicate. During the start up it detects all the slaves. Through menu one can jump
between slaves. The plain-text display can be operated in German, English, Spanish, French,
and Italian.

The basic menu is the same for all OP1S units. By pressing the “P” key the following

selections can be made:

e  Menu selection
e OP: Upread

e OP: Download
e Delete data

e Change slave

e Config. slave
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Due to the screen size not all the lines can be shown at the same time. It is possible to scroll

the display as required with the "Lower" and "Raise keys.

0.0 A 0OV 00 This is the default view of OP1S screen, which
¥ 2,00 Mlncd displays operation information. In order to go to
* 0.00 min-1 plays op ' &

Ready menu select the “P”” key must be pressed once.
Mot ioncControl Now, by pressing the up and down keys the
*Menu selection desired menu can be highlighted. Two choose the
OP: Upread menu that you want, and then the “P” key has to be
OP: Download .
pressed again.

P

A

PE ST Change: alaye The cursor is under the slave number (00). Just

Download Addre==:00
Felaba 3 type the new address and then pres “P” key.

#Change slave

Figure 7.9 OP1S Screen shots

I you want to go back to previous menu just pres “Reset” key once. For more information on

OP1S module, please check the Compendium (e.g. mc166_kompend e.pdf).
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7.1.3 Parameterization via Drive Monitor (Stand alone)

Here 1 would like to describe how to start and configure the drive monitor to communicate
with the DP slave, and then upload parameter sets from the DP slave for back up reasons. At
the beginning we start with a blank page, and import the parameter set from the back up. Also
some of the parameters through drive monitor and some through PMU must be configured.
With Drive Monitor parameters like drive address, display language, and etc can be changed.

Parameters like menu select are configured by PMU to have access to the drivers.

7.1.3.1 Install Drive Monitor

o Double click SS=EEER 0 (o start drive monitor.

e Pres the new empty page button to have a parameter set, which will be blank page,
because the unit is not connected yet.

e You will see the blow window to set buss address, and unit version (the firmware
version of the Masterdrive MC, which is 1.66). When you press okay button; you will

be asked to save the parameter set. Choose the location, and a name, and then save it.

Urit bype \MASTERDRIVES MC Plus ~|
Shart Type |MDMF’
UInit version 016 -
Technology Type | ’ f J
Bus Address 12 dizconnect netwark. connection I
Huantity of FLD |2

Ok, | Cancel |

Figure 7.10 Derive Properties

e Now you will be prompted whit the blow window. Choose communication = Serial

Interface % from the list on left hand side.
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B D5 ]

B Device identification
=k ﬁ' Drive Mavigator 5
3 @ Assisted commissioning
B direct to parameter list
B General diagnostics
B dowrlaad parameter file ko dri
B save drive parameters to a file
B Ioad standard application

| ofe gl wiiw Bl mls wie 2o 2

Serial Interfaces 1/2

Index text Parameter value

Set Interfacel 6 9500 Baud
| SerInterfacel 127
|SerInterfacel |

_S"C'D'm TigOFF 1. Interface

B 1:1 device exchange 'Src5Com1 TmsData L {001 WOt 1K32 Status Word T
- |5Com1 RecwData F=s | OnBcie
ted FO1 technol oM | Dt et i ft —— 1 o it Mt
Lgh oy 710 |SComl TinsDala o [
P sor Paramet (738 PR Order L+ 4001 |ST1ID/Paramit | 06353
=~ Pser atram; g 739 | PKW Feply + (001 [5T11D/Paramit | Owa353
E1-(B Parameter Menu 1| Reply L+ Joo T11D/Param | Ot
: EI Common Parameters
: EI Terminals

= @ Communication
B serial Interfaces 112
B Field Bus Interface
B smoLmk

Figure 7.11 Drive Monitor Communication

e Double click on P700 parameter, and as it is seen in the below figure set the serial

port buss address. In this case it is set to 12.

Serial Interfaces 1}2
P MHo.

Index text Parameter value

=Lom Baud
| =Com Pl #
' SCom PcD #

| Serlnterfacel

PF00.0 SCom BusAddr

BI04 SCom TigOFF

P7OF | SrcSComlTrnsD ata -
709 '&Caml BecvD ata Current value: Mew value:

M0 5Com! TmsData e 12

rr38  PRW Order -

733 PEW Reply Lawer limi: i

e "" Upper limit: i

k. | Accept Cancel Help

Figure 7.12 Set serial port bus address

7.1.3.2 Parameterize the slave (Masterdrives MC)

In order to be able to connect drive monitor there are few parameters have to be configured by
using PMU.
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e Set parameter P053 to 7. Parameter P053 is displayed in binary format. Each bit has a

certain meaning, as displayed blow picture.

P053 Parameter Access

Bit:
Bit1:
Bit:
Bit3:
Bitd:
Bit&x:
Bit:
Bit?:
Bitd:
Bit3:

Bit10:
Bit11:
Bit12:
Bit13:
Bit14:
Bit15:

1

o o o oo oo — =

PO53 'Parameter’

o o O o Y s s Y o

[0:=ComBoard:Mo, 1:=ComBoard'esz)
[0:=B azekeypad:No, 1:=Bazek eypadves]
[0:=BazeSernall:Mo, 1:=BaszeSernallvesz)
[0:=5CB:Mo, 1:=5CB:es]
[0:=TechBoard:Mo, 1:=TechBoard:'esz)
[0:=BazeSenalz:Mo, 1:=BazeSenal?vesz)
[0:=2.ComBoard:Mo, 1:=2 ComBoard:v'es)
[C:=n, 1:=n]
[C:=n, 1:=n]
[C:=n, 1:=n]

[D:=n, 1:=n]

[(:=n, 1:=n]

[D:=n, 1:=n]

[(:=n, 1:=n]

[0:=n, 1:=n]

[(:=n, 1:=n]

Figure 7.13 Parameter access

o Set parameter P060 to 7, which gives you the right for Upread/Free access.

e Parameter P700, which enables us to define the serial port buss address. Set this parameter

to the values you used to set serial port bus address previously in Drive monitor.

e now press Online (Write RAM) button on drive monitor menu bar to go online, which

means to connect to the DP slave

E2 DriveMon - [IT_Control -- MASTERDRIVES MC Plus |

91 File Wiew Drive Mavigator Parameters Operate Diagnosti

D6 = &S S o izl

: Device identification

| |
v [online {Write RAM) B

Figure 7.14 Drive Monitor online button

e If you are having problems with connecting to the DP slave with an error message wrong

COM port. Due to security reasons COM ports are not open to communication in
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Windows XP. Which means your operating systems’ settings has to be changed. Make

sure you are logged in as administrator.

7.1.4 Parameterization via Drive Monitor (SIMATIC Manager)

In this case the PROFIBUS is going to be used for connection, and then the Drive monitor is
going to be opened through S7-Project. As it is seen in Figure 7.15 on the top; there are two
ways to connect to the CPU; PROFIBUS or MPI, and one way to the DP slaves, PROFIBUS.
Please see the Appendix 1 for hardware configuration and building as S7 project. In order to
open Drive Monitor:
o start SIMATIC Manager
e Open the project that previously configured. If there is no project then follow steps in
HW configuration to configure hardware in a S7-Project, including adding the slaves
that needs to be connected.
e In S7-Project open parameter set folder by opening MASTERDRIVES CBP -
MASTERDRIVES MC Plus—>Parameter. Of course the folder is empty, because

there are no parameter sets have been saved.

o, SIMATIC Manager - [IT_Control -- C:\Program Files\Siemens\Step7\s7proj\MT_Contr]
%File Edit Inmsert PLC Miew Options wWindow Help

.D||:i'“r| A R 45 < NoFiter >

= % IT_Cantrol Object name | Symbolic namne
=) SIMATIC 300(1)
+] CPU 315-2DP
+] CP 343117
=@ MASTERDRIVES CEP
=& MASTERDRIVES MC Plus
(Br] Parameter

=@ MASTERDRIVES CEF[1]
= E MASTERDRIVES MC Plus

(& -
Cuk Chrl43
Copy ChrlHC
Delete Dl
Insert New Object Parameter set
Scripk
Rename Fz
Object Properties,,, Alk+Return | IS RE R et =l 0=

Figure 7.15 Project insert parameter set
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Right click on the parameter folder = Insert New Object = Parameter set or External
parameters (see Figure 7.15). If it is the firs time that device been connected, there are
no parameter sets have been saved, and then chose “Parameter set” menu.

After “Parameter set” is been chosen, now by double clicking on it one can open the
parameter set with Drive Monitor.

Select the Communication folder in parameter view in Drive Monitor then click in
Field Bus Interface

To set PROFIBUS address use parameter P918, and use bus address between 0 and
127. This bus address should be same as the one chosen during the hardware
configuration.

Use PMU to change buss address on drive by setting parameter P918’s value to the
value in pervious step.

Save your project and go on line. Now you will see the Drive monitor below figure, if

not the pres the ﬂ button in drive monitor, or in the menu choose—>Drive

Navigator->Drive Navigator.

Drive Navigator

Azzizted
commiszioning

Basic functions

3 ~——. | Direct to parameter 3 i Download parameter
i — it AE—B | fie to diive
) Ve
L
" General diagnostics Save_ drive parameters
e to a file
H
Extended functions
Load standard ¥ Agzzizted FO
application ﬁ technology COMBM
)
1:1 device exchange 538 Bazic pnsitinner
MTZ/E/-"i t operating screens

Figure 7.16 Drive Monitor Drive Navigator
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e From this view by pressing “Save drive parameters” button the parameter in the drive

can be saved to PC.

7.2 Parameterization Steps

Until now parameterization methods were discussed. After choosing one of the above
methods one can start parameterize the DP slaves. The most convenient method is to use
Drive Monitor, because it enables to see parameters as a complete list or in different
categories and subcategories e.g.: Communication, Motor/encoder Data. For example
Communication parameters are listed under three different categories;

1. Serial Interface 1/2

2. Field Bus Interface

3. SIMOLINK
In every category only the relevant parameters are listed, it therefore makes our job easier.
The method 4 (“Parameterization via Drive Monitor with SIMATIC Manager”) is chosen to
explain to parameterize DP slaves. Before starting to parameterize the DP slaves one should
change few parameters with PMU to make thins simpler (underlined parameter are chosen in

this project’s configuration);

P0O50 Parameter to define the language
Function parameter for setting the language in which texts are to be displayed on the optional

OP1S user-friendly operator control panel, on Drive Monitor.

P0O50 = 0 = German
1 = English
2 = Spanish
3 = French
4 = Italian

This parameter is not reset during factory setting!

P0O60 Parameter to choose the user parameter menu please see Figure 2.12
P060 = 0 = User parameter (selection of the visible parameters in P360)
1 = Parameter menu
2 = Fixed settings (for factory settings)
3 = Quick parameterization (changes to "Drive Setting" state)
4 = Board configuration (changes to "Board Configuration"

state)
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5 = Drive setting (changes to "Drive Setting" state)
6 = Download (changes to "Download" state)

7 = Upread/Free access

8 = Power section definition (changes to "Power section
definition" state)

P053 Function parameter for releasing interfaces for parameterization.
P053 = 0 Hex = None

1 Hex = Cbx communication board
2 Hex = PMU operator control panel
4 Hex = Serial interface (SCom/SComl), also OP1S and PC
8 Hex = SCB serial input/output modules
10 Hex = Txxx technology board
20 Hex = Serial interface 2 (SCom2)
40 Hex = Second CB board

0000000000111 (Binary) = 7 (Hex) is chosen.

P918 To define PROFIBUS bus address. 12 is chosen in this project.

P700 To define Serial port bus address. This is optional in this stage, but one can set
it in order to use OP1S as well. I have chosen 12 for this project.

As it is seen in the parameter P0O60 = 7, Upread/Free access is enabled. For other tasks one

must choose the relevant menu option.

PS: At first the Masterdrive MC master has been configured, and the above buss addresses are

only used for this drive. For the second DP slave different bus addresses must be used.

7.2.1 Main Steps for parameterization

The Figure 7.17 shows the steps of parameterization;
1. Power section definition (P060 = 8)
2. Board definition (PO60 = 4)
3. Drive definition (P0O60 =5)

4. Function adjustment.

7.2.1.1 Power section definition (P060 = 8)

The power section definition is necessary for compact, chassis and cabinet units. It informs
the control electronics about the power section that working with. Power section definition is
ready as delivered state, and it is therefore only necessary when the firmware is replaced with

a new parameter set.
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Supply
conditions

Power seclions

CUMC J

Optional
boards

|

Board configuration Dirive setiing i -
(POBD = 4) ‘ {PORD = 5) Function adjustment

Detailed
parameterization

FParameterizing with user settings (fixed setting, POG0 = 2) P\‘\
\] Factory settings (parameter reset) (P060 = 2) |

Power section definiti

P060 = 8)

As-deliverad state

Parameterizing with exisling parameter files (download, FOE0 = &)

Procedures for
guick parametarization

Parameterizing with parameter modules{quick parameterization, P0E0 = 3)

Figure 7.17 Detailed parameterization steps

P060 = 8 Power section definition
P070 = the relevant PWE is to be chosen depending on the unit that is going to be
parameterized. This can be defined by looking at the order number of the unit then check in

the list provided by siemens. For example the units that are been used in this project are;

Order Number In [A] PWE

Frequency Converter, 6SE7011-5EP50 | 1.5 1
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Compact PLUS AC-AC
type

Inverter,
Compact PLUS DC-AC

type

6SE7012-0TP50

2.0

Choose

Table 7.2 Power section

P060 = 1 Return to parameter menu

7.2.1.2 Board Configuration (P060 = 4)

The visualization parameter r826.x is used for displaying the board codes. Here are board

codes that for the Inverter Compact Plus DC-AC;

326 FCE Code

- oo B azic board
002 | SlotA
003 | SlotE
oo4 Slat C

Table 7.3 Board configuration

94
143

1B
115

Looking at the tables provided in Compendium V1.66, and board codes listed in 1826.x we

can find out the type of board used in the Inverter.

Parameter Value ..
Board Slot (PWE) Significance
CuMC 94 Basic board
Communication board
CBP Slot A 143 PROFIBUS
SLB Slot B 161 SIMOLINK bus interface
SBR 2 Slot C 115 Sensor board resolver 2

Of course when parameterizing for fist time there won’t be any codes listed in parameter
r826.x. One must know which boards are installed in the device, and then find their
corresponding parameter values in Compendium. Below figure is showing the steps how to

configure CBx (CBP) board, which is going to be the PROFIBUS bus address, and going to

Table 7.4 Boards to be configured

be used for communicating with the drive.
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P060 =4 Decides the menu

v

CBx inserted
v Yes
P918= 1,2 =? PROFIBUS address
No
v v
P060 =1

Figure 7.8 CBP board parameterization

7.2.1.3 Drive Setting (P060 = 5)

The control electronics will be configured depending on the motor and motor encoder. In this
section motor data (normalization values) would be entered (parameterized) such as;

e motor type

e motor voltage

e motor current

e motor speed

e stator resistant

e motor torque
In addition, the type of motor control (V/f open-loop control or vector control) and the pulse
frequency are selected. In order to do drive setting; one must carefully study the motor
parameters and the control theory, because the performance of the application will greatly be

affected from it.

P060 = 5 Select “Drive Setting” menu
PO71 = ? Input unit line voltage in V (540 V)
P095 = ? Input motor type

0 = No motor connected
1 = Synchronous servomotor 1FK6/1FT6
2 = Induction servomotor 1PH7/1PL6/1PH4
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If Siemens servomotors are used and 1 or 2 is entered, the connected motor can be directly
selected in P096 and P097. The stored motor data are then taken automatically from an

internal list. If other motors are used (entry of 3 or 4), the motor data must be entered

3 = Synchronous servomotor general

4 = Induction motor general

separately. [4]

P096 = ? Enter Function parameter for selecting a IFK6/1FT6 synchronous

servomotor from the internal list of motors. For parameter values, see

annex "Compendium".

Input | Motor order number | Speed Torque Current l(;lfugg&er
P096 | (MPRD) Ny [rpm] M, [Nm] Ih [A] pairs
1 1FK6032-6AK7 6000 0.8 1.5 3
P128 = 3 A Max current
P130 = SBR Res. 2-Pole Select the motor encoder
P290 = 0 Current control Select the type of current control
P325 = 2 Input voltage boost

For more detailed information see the compendium.

7.2.1.4 Function adjustment

Up to now in parameterization hardware characterization has been done. Depending on the
application one must select, and interconnect suitable function blocs in the unit. The function
blocs are provided for study at the end of the compendium. As indicated earlier in this chapter

through the connectors and the binectors certain function blocks can be connected to build a

specific application.
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8 Modern Control

8.1 Synchronous Operation

Synchronous operation is a control strategy that is widely applied to industrial field for high
efficiency and precision. For example in fully automated print houses motors highly
synchronized. Synchronization does not mean operation under the same speed. Depending on

the gear diameter of each motor, speed shall be adjusted so the belt feeder moves smoothly.

Figure 8.1Gears

In the training setup there are LEDs synchronously flashing behind the gears. Every time the
hole is in front of the LED, it flashes so that one can visually see that it is synchronized. Also
there are LEDs flashing in between the gear teeth, which are confirming the synchronization
of the two gears.
There are two different methods for doing the Positioning;

1. Basic positioning

2. Technology Option FO1

8.1.1Basic Positioning

The basic positioning can be done through the “Basic Positioner”, which is implemented by
connecting the free blocs. It provides operations modes to move axis from point-1 to point-2.
Advantages of basic positioner:
e Cost neutral (with basic unit functionality)
Easy to understand (basic commissioning)
Continuous setpoint evaluation (during constant transfer)
Control/checkback interface using BICO technology (e.g. PLC connection)
Mode change on the fly (REF, POS, SETUP)
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e Lower calculation time loading

e Lower project engineering costs

e Greater freedom for applications

o SIMATIC S7 not absolutely necessary [3]

The basic positioner made of the three free blocks, and it is available at no extra cost with the
same functionality as the basic unit to provide a solution for “basic” positioning applications.

Setpoint transfer, S etup/pozitioning Comection
mode block freferencing
managemenk cormmand
Az cycle
4,036
i
T Uass

- AML"‘E

!
Jaaa

0000 (=]

Fate-of-change
limitation raunding

UBEE1T | 0,000 rmm
Software limit switch PLUS

tire
UB8Es.2 | 0,000 mm
Software limit switch kIMIS
FF 739a [FFP 7390 FF 789c

Figure 8.2 Three free blocks

Setpoint transfer and mode management [FD789a]

Setpoint transfer block with mode management and edge-controlled setpoint transfer for
consistent data transfer.

Setup/positioning [FD789b]

Setup/positioning block that traverses a specified path relatively or absolutely using the
specified deceleration, acceleration and speed.

Correction value/homing [FD789c]

Correction block, which provides the position correction and position setpoints for linking to
the position controller and the position detection (see overview diagram FD788, FD788a for

linking to the basic unit). [4]
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8.1.2Technology Option FO1

Technology option FOlis another method to do positioning, which can only be used on a
MASTERDRIVES unit if the unit was supplied with the option by the manufacturer. Even
though it is supplied with option that does not mean it is ready for use. For that it should be
enabled, which involves in extra costs. By checking the display parameter n978 one can see if

the FO1 option is present;

Free Parameterization System{ForPrint J

P No. Name ‘ | Ind ‘ Index text Parameter value | Dim‘
[n378 | TechRelease 1

e n978 =0 ==>FO01 has been disabled
e n978 =1 ==>F01 technology option has been enabled
e 1978 =2 ==>F0I technology option has been enabled for 500 hours

Function Diagram Sheet 850 shows that, how one can enable the technology option on a
permanent basis or for a 500-hours trial period.
The Technology Option FO1 has the positioning and synchronizations functions. Positioning

can be done with or without help of the Technology Option FO1.

The "Technology Software FO1" software option contains the following functions:

o Positioning

e Angular synchronization
A MASTERDRIVES MC Power converter with the "technology" software option can be
ordered by specifying the MLFB extension "FO1".

8.1.3General functions of Technology Option

Here are general functions that are included to the Motion Control technology software:
e Linear axis: With fixed stops and a maximum traversing range of 1000 m with a
resolution of 1 um. Software limit switches are evaluated. Here is a transfer carriage,

which makes a good example of a linear axis.
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Figure 8.3 Linear axis [3]

Rotary axis: Rotating infinitely, without fixed stops, with specification of the

direction or direction of the "shortest path”.

Figure 8.4 Rotary axis

Roll feed: (infinitely rotating rotary axis with "cut-to-length" function). The figure

shows the roll feed as used in a cutting device[4]:

Cutting device

Feed length Outgeoing conveyor

a )

Figure 8.5 Roll feed [3]

52



8.1.4Positioning

The MASTERDRIVES MC servo converter has an integrated positioning control system,
which includes the following functions (for the detailed explanation of the functions please
see the compendium):

Function name page number in function charts

e Setup 819
e Homing 821
e MDI 823
e Automatic mode 826-828
e Roll feed 830

8.1.5Synchronization

The function chart 831 shows the all the functional blocs which are used in synchronization.
Here some of the synchronization functions:

Function name page number in function charts

e Electronic shaft

e Electronic gearbox 835
e The change of transmission ratio

e Electronic cam 839
o The path/angle setpoint 834

e Two interrupt-capable digital inputs
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8.2 Application

Positioning and Synchronization with Virtual Master Axis

Switch assignment of

-
>

> SIMOLINK
Type of Operation sLB : SLB
Homing |MDI | Synchronization 24V 24 2
0 1 1
1 1 0
41 s
;_#cknowledge Digital Digital
Homing 1]
5 O fOs
Rough pulse  J0=MDI-block 3 ..
1=MDI-hlock 1 ﬂ
Homing | MDI + synchronization Virtual
Jog forwards[ Start Master
CMICFF
SBR? SBM
1FK6 1FTe
Drive 1 Drive 2
Slave Resolver Master ERN Encoder

Figure 8.6 Description of the Application

The application includes the following configuration:
e Siemens synchronous servo motors: 1FK6 with resolver and 1FT6 with optical
sine/cosine encoder. 1FT6 is driven by the master, which is required for positioning.
o Two MASTERDRIVES MC Converters with technology option FO1. Only one of the
converters is doing the positioning (Driver 2, the Master).
e Both drives should be operated in the following modes:
o Homing (this is required for positioning, since resolvers and optical encoders
are incremental and not absolute encoders)
o Point-to-point positioning (MDI; axis type "rotary axis", i.e. without fixed
stops)
o Synchronization with 1:1 transmission ratio using the virtual master axis and
the SIMOLINK drive interface
e When the two-axis pack is used, the synchronization can be checked with reference to
an LED light beam, which is visible through drilled holes in the flywheel mounted on

the motor shafts when the synchronization is operating correctly [4].
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SIEMENS Masterdrives MC 6SX7000-0AF10 unit is a training unit, and the positioning
had already done by Siemens. The Technology Option FO1 had also been enabled.
Through Terminal Strip Diagnostics and parameter lists in Drive Monitor one can find out the

connection of the Digital Inputs (DI) from 1 to 6 for both drivers.

Control commands via the terminal stip

Output/input zelection Further destinations Status
DT 1 -X10173 ——2% = | el —(LI22‘|.EIEI1: Src AMDT _I @
DI 2 X101/ —=2% faea— [ ol —{LIEBE!.EIEIE: Src OR1 Q
DI 3 X101 s e {?—(PEEE.DDT Sl Faulk Reset O
DI 4 K016 —-5 = :_:ﬁa——iP1 78.000: Src Rough Pulse O
DI 5 X017 —-55 == —{F’EE?.DDE: Srcd Fault Feset J )
DI & -X1018 —% { = —{F’EEd.DD‘I: Src OM/OFF J

Figure 8.7 Digital Inputs (Terminal Strip Diagnostics)

LEDs show the status of the digital inputs if they are on or off, and the square buttons indicate
that there are more that one parameter used to get the input from DIs. If we look at the Figure

3.6 for the status of the DIs; tuning DI-1, DI-2, and DI-3 on results a synchronous operation.

Here are the parameters and interconnections for the manual (using the potentiometer and

switches on the unit) operation:

DI Parameter # Index Value

U221 001 B10 Digln 1

DI1
Mode U710 029 B10 Digln 1
DI2 U239 002 B12 Digln 2
Acknowledge DI3 P565 001 B14 Digln 3
U178 B16 Digln 4
U580 002 B16 Digln 4

Rough pulse
DI 4 U536 004 B16 Digln 4
MDI no.

u710 010 B16 Digln 4
U923 005 B16 Digln 4
Jog+/ DI5 P567 002 B18 Digln 5
start U536 005 B18 Digln 5
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U689 B18 DigIn 5
u710 003 B18 Digln 5
U710 028 B18 Digln 5
U923 006 B18 Digln 5
P554 001 B20 Digln 6
ON/OFF DI 6 555 002 B20 Digln 6
U536 006 B20 Digln 6

Tabelle 8.1 Digital Inputs

8.2.1 Operations modes

8.2.1.1  Synchronous Operation

The blow descriptions are true for the both drives, but he only thing should be kept in mind is

that; first the master drive (Drive 2), and then the slave drive (Drive 1) should be turned on.

DI-1 =1 Note: Assuming all DIs are turned off (DIx = 0), and the following the
DI-2 =0 order should be taking place when turning DIs on: DI-1, DI-6, then DI-5.
DI-3 =0 If DI-5 is turned on firs the system will not start. In this case Turn DI-5
DI-4 =0 of then turn DI-6 on. Now DI-3 should be turned on and off again, then
DI-5 =1 turn DI-5 on. The system will now start working. It is possible to change
DI-6 = 1 the speed by the potentiometer of the master system.

8.2.1.2 Reference run (MDI =0)

DI-1 =0 Turn DI-2, DI6, and DI-5 on.

DI-2 = 1 The speed is not changeable by the potentiometers. It is set to 555 rpm for
DI-3 =0 both drivers.

DI4 =0

DI-5 =1

DI-6 = 1
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8.2.1.3 Reference run (MDI =1)

DI-1 =0 Turn DI-2, DI-4, DI-6, and DI-5 on.

DI-2 =1 This time the motors running synchronously at single speed at 27 rpm
DI-3 =0 master, and 69 rpm slave. Here also speed is not changeable by the
DI-4 =1 potentiometers.

DI-5 =1

DI-6 = 1
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9 Communication with the Masterdrives MC

Communication to the masterdrives is done through the PROFIBUS DP, therefore only this
method is going to be discussed. There are other methods can be used to communicate with
drivers depending on the application. For more detail on please refer to the compendium.
When PROFIBUS DP is used in a high-level automation system, the interface to the
masterdrives mc is done by CBP (Communications board PROFIBUS) or CBP2

communications boards.

Fixing screw

LED (green): user data
exchange via PROFIELS DF

LEC {yellow): dataexchange
with the basic unit

LED ired): CEF in operation

S-pole Sub D terminal
X448

System connector

Fixing screw -

Figure 9.1 CBP communications board (Communications board PROFIBUS)

The communications board has three LEDs, green, yellow, red, provide information on the
current operating status. A 9-pole SUB D socket (X448) performs as an interface for
PROFIBUS system connection, which complies with the PROFIBUS standard.

All connections of this RS485 interface are short-circuit-proof and floating.

The transmission rate of the CPB is between 9.6 kbaud and 12 Mbaud, which is suitable for
optical fibre link. Although it is suitable for an optical fibre link, due to special issues the

optical plugs are not installed to the compact Masterdrives MC units.
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9.1 Functionality of the CBP

Cyclical user data exchange with the master according to the “PROFIBUS DP Profile
for PROFIDRIVE Variable-Speed Drives ”

Acyclical communication channel for exchanging parameter values up to a length of
118 words with a SIMATIC S7 CPU.

Acyclical communication channel for connecting the Drive ES Basic start-up,
parameterization and diagnostics tools.

Support of the PROFIBUS DP control commands, SYNC and FREEZE, for

synchronized data transfer from the master to several slaves and vice versa.

S7, 85 Automation PG/PC | SIMOVIS/DriveMonitor
and Master class 1 Master class 2
others Y
MSCY_C1. w, MSAC C1 MSAC_C2
PROFIBUS DP \
Cydiical Acyclical Acyclical
channel channel channel 4 CBP
(only S7) [[lonly SIMOVIS)
MASTERDRIVES - CU ¢ MASTER-
DRIVES

Figure 9.2 Data traffic channels of CBP [4]

9.2 Useful Data

Useful data for the cyclical MSCY_C1 channel (see Figure 9.2) is defined in a certain

structure in the PROFIBUS profile for variable-speed drives version 2 as a parameter

process data object (PPO). Sometimes, the cyclical MSCY_C1 channel is called the
STANDARD channel as well.

The useful data is defined as two parts or areas, which is transmitted in each telegram.

Process Data Area (PZD); which includes Controlwordl and Controlword2,
Statusword1 and Statusword2, Actualvalue, and Mainsetpoint

Parameter Area (PKW); which is used for reading and writing parameters
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Protocol frame Useful Data Protocol frame

(Header) Parameters (PKW) | Process data (PZD) (Trailer)
g _/
~N
PPO

Figure 9.3 Parameter identifier value

There are 5 types of Parameter Process data Objects (PPO). The type of PPO to be used
depends on the task. The selection can be done in the S7 Project with the hardware

configuration.

PKW PZD

PZD1 | PZD2
PKE | IND PWE STW1 | HSW | PZD3 | PZD4 | PZD5 | PZD6 | PZDT | PZDS | PZD9 |PZD10
ZSW1 | HIW

gth | qst | ond | grd | gth | sth | gth [ 7th | gth | gth | qqpth
Word | Word | Word | Word | Word | Word | Word | Word | Word | Word | Word

15t | ond | ard
Word | Word | Word

rot| | [ | ||

Po2| | [ | [ ]

PPO3 |

PPO4

PPOs| | | | I N I
Figure 9.4 PPO types

PKW: Parameter identifier value STW: Control word 1

PZD: Process data ZSW Status word 1

PKE: Parameter ID HSW: Main set point

IND: Index HIW: Main actual value

PWE: Parameter value

As part of telegrams PPO1, PPO2, and PPOS5 one can read and write parameters from the DP

slave or to it, by using PKW (parameter identifier value
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All of these telegrams PPO1, PPO2, PPO3, PPO4 and PPOS5 PZD contain control words and

setpoints or status words and actual values.

The type of PPO to be used depends on the application, and they are defined during the

hardware configuration. In a configuration for direct data exchange (lateral communication),

local input address areas of an intelligent DP slave or of a DP master are assigned to the input

address areas of a PROFIBUS-DP partner.

The intelligent DP slave or the DP master uses these assigned input address areas to receive

the input data that the PROFIBUS-DP partner sends to its DP master. Depending on the PPO

type the number of words in a telegram will vary, and also the address range will vary

depending on the PPO type as well.

Slot b odule | address 0 address Comment
F e iz P e A e e
& ke iz PR B Pn i)

| DP Slave Properties

Gerneral  Caonfiguration

Drefault * PPO1 " PPOZ2  PPO3 ¢ FFPO4  PPDG
St In local slave PROFIBLS partner
| Twpe Addrezz Type | DP addrezz fIJ‘O-laQQregs Prn
4 [Pe | -InputJ'Outplfrt . f2t '284 |---
5 Actual valueﬂetpu:uint F‘L;D 1 -InputJ'OL{tput .:2 292 |---

Figure 9.5 PPO overview in hardware configuration

For PPO1 address range is:

PKW: 284-291 4 words (8 bytes)

Actual value/setpoint: 292-295 2 words (4 bytes)
For PPO2 address range is:

PKW: 284-291 4 words (8 bytes)

Actual value/setpoint: 292-303 6 words (12 bytes)

One can compare the above information with the information given in Figure 9.4 about PPO

types to verify that if the actual hardware configuration agrees with the theoretical

information.
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PZD1 | PZD2 | PZD3 | PZD4 | PZD5 | PZD6 | PZD7 | PZDS | PZD9 | PZD10
STWI | HSW | 3 4t 5t 6" 7" g 9t 10"
I 2nd Word | Word | Word | Word | Word | Word | Word | Word
§ Word Word
§ 16 bit process
o2 data 3001 3002 | 3003 | 3004 | 3005 | 3006 | 3007 | 3008 | 3009 | 3010
5
& [ pPOIL, PPO3 PZD2
PPO2, PPO4 PZD6
PPo5 PZD10
» PZD1 | PZD2 | PZD3 | PZD4 | PZD5 | PZD6 | PZD7 | PZD8 | PZD9 | PZDI
& ZSW | HIW | 3¢ 4t 5t 6" 7t gh 9t 0
2 1 2" | Word | Word | Word | Word | Word | Word | Word | 10"
% 1™ Word Word
) Word
P734 | P734 | P734 | P734 | P734 | P734 | P734 | P734 | P734 | P734
001 | 002 | 003 | 004 | 004 | 006 | 007 | 008 | 009 | 010

Table 9.1 Fixed assignment and combination values

If the technology board is not mounted; one can use the fixed connections shown in Table 9.1.

Even if the board is mounted this table is very informative about the wirings of process data

from the master to the slave, and vice versa.

Parameter ID (PKE)
Bits 15|14 (13 (1211 {109 |8 |7 |6 |54 |3 ]2]|1]|0
1" word AK SPM PNU
2" word Parameter index (IND)
Parameter Value (PWE)
3" word Parameter Value High (PWE1)
4™ word Parameter Value Low (PWE2)

Table 9.2 Telegram Structure PKE area

The Table 9.2 only complies with the PPO1, PPO2, and PPO5. By using one of these PPOs

one can write or modify parameter in DP slaves. Normally parameterization is done through

Drive monitor or OP1S, but in S7 Project it is important to initialize or change some of the
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parameters depending on the application. For that reason PKW part of PPO is used very often
in the program. Figure 9.6 shows a piece of code which makes use of system function (SFC
15 "DPWR_DAT") to send a telegram which includes the information in the format of Table
9.2.

o0 A [Mame

Data Type Address Initial talue  |Exclusion address [T

0= ouT = wearch Wiorc] 0.a W] BR0 |:|
o IM_ouT B word2 Wiord 2.0 VRl G0 &
—|-mF STAT = word3 viord 4.0 W BRO |:|
= woardl = oweordd iorc B.0 Wi G0 |:|
= wordz ¥ (&= DB_Address  [Word g0 W G#OD |_|
FBE1 : TWrite
Commernt:
Hawmnid 8k: Mrite Parameters to DP Slave
Conment:
CALL "DPUWE_DAT™ A4 Write consistent data to DP 3lave
LADDE  :=#DE_&ddress £ DP 3lave address e.g.: 272
RECOED :=P#L 0.0 BYTE 8 A4 8 bytez of data including wordl to wordd
RET VAaL:=#bhlarms A/ Alarms to be stored if occured

Figure 9.6 SFC 15 writing data to DP sale

Table 9.2 shows the structure of the PKE of a telegram. Where AK: Task ID or reply ID,
SPM: Toggle bit for processing the parameter change report, PNU: Parameter number.

Reply ID
Task ID Significance
Positive | Negative
0 No task 0 7or8
1 Request parameter value lor2 7 or8
2 Change parameter value (word) 1 7or8
3 Change parameter value (double word) 2 7 or 8
4 Request description element 3 7or8
5 description element (not with CBP) 3 7or8
6 Request parameter value (array) 4or5 7or8
7 Change parameter value (array, word) 4 7or8
8 Change parameter value (array, double word) 5 7or8
9 Request the number of array elements 6 7 or8

Table 9.3 Task ID master to converter
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The task ID 7 is the most commonly used one.

Example: Decimal Hex
PNU (Parameter): 554 22A
IN (Index): 001 1
AK (Task ID): 7 7
PWE (Parameter value): 3100 C1C
SPM: 0 0
From table 4.3 the telegram can be constructed as;

1* word: AK SPM PNU: 722A

2" word: IN 001

3" word: PWEI 0000

4"word: PWE2 CIC

9.3 Starting the DP Slave through S7-Project

During the hardware configuration the DP Slave PROFIBUS bus addresses were configured.
DP Slave is already connected to the Drive Monitor, and it is possible to parameterize it
manually with Drive Monitor. Before starting to write the control program (S7 Program), we
are going to test the connection with SIMATIC S7-300, and run it through diagnostics tool of
S7-Project.

To do that; first some interconnections have to be done by connection some connector to
certain parameter so that it will be possible to gain the control over the control words and
Mainsetpoints. When the MASTSTERDRIVES MC training unit is turned on; by default it
will listen to the digital inputs from the manual switches. In order to control the unit from the
S7-project by using PROFIBUS connection; DIs must be taken from control words. For that
each DI should be addressed to the relevant bit of the control word. Binectors of the control
wordl are listed in Figure 9.7. For example bit number 0 is connected to the binector B3100.

For rest of the binector connections please see Table 9.4.
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Binary view

E2D Walue FZD 1 Bedeutung J
1 |0100 070001717 1100 | bin —
= Binarzignale
2 1DDDD 01101011 000 !jm Bitz Status State high State low Binectar  |nfo
3 0ooo e i O oM OFF1 B3100
4 0ooa | hex 1 () MNoOFF2 OFF2 BT
5 0000 | he 2 @@ MNoOFF3 OFF3 BII0Z
§ 0ooa | hex 2 (1) Enableinverter Pulze block B3103
. bean {1 4 @ Enable ramp-function generator Set ramp-function generatorto [ B3104 o
= A hes A @ R amp-function generator start Famp-function generator stop B3105 ]
i L e G @ Enable zetpoint Dizable zetpaint B3106 o
10 0aoo  hex 7 O Acknowledge erar [edge] Mo meaning B3107 =
H AR phes g8 (O Inching bt 0ON Inching bit 0 OFF BIt0s .|
e L e 3 (O Inchingbit1 ON Inching bit 0 OFF Batos .|
Iz Al he:-: 10 @ FZD0 control requested FZD control not requested B3110 o
i AL nEx 11 O Enable positve direction of rotation  Pos. direction of rotation disable  B3111 e
i e e 12 O Enable negative direction of rotation Meg. direction of rotation disable  B3112
e il B 13 D Raise mator potentiometer OM Raize mator potentiometer OFF B3113 ]
14 @ Lowwer motor potentiometer OM Lower motor potentiometer OFF - B3114 o
15 O Mo external fault Extermnal fault B3115 _]
Figure 9.7 PZD1 (Control word 1)
DI Parameter # Index Value
U221 001 B3100
DI1
Mode U710 029 B3100
DI2 U239 002 B3101
Acknowledge DI3 P565 001 B3102
U178 B3103
U580 002 B3103
Rough pulse MDI
DI 4 U536 004 B3103
no.
U710 010 B3103
U923 005 B3103
P567 002 B3104
U536 005 B3104
Jog+/ U689 B3104
DI 5
start U710 003 B3104
U710 028 B3104
U923 006 B3104
P554 001 B3105
ON/OFF DI 6 555 002 B3105
Us36 006 B3105

Table 9.4 Connection DI to PZD1
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Once all the parameters modified according to the Table 9.4, there is one more thing to do;

which is connecting the mainsetpoint (KK3032) to the parameter U681 (2681).

Now it is possible to start/stop and change the speed from the diagnostic tool in S7 project.

K5l Var - [VAT_1 - @Ali2_9_ 3\SIMATIC 300(1)\CPU 315-2 DP\S7-Programmi. .. |_Jg|
ﬁ Table Edit Insert PLC  Wariable Yiew Options  indow Help
| Djw(E] & 4 |Blefo] x| 8| W] D o o IJ
,_;! Address Sym| Displaw Fu:urma| Skatus walue | Maodify value
1 Flw 280 'EIN 2#[]1 00_0m1_10771_0am
z Pl 282 HE W BERO000
3| Piwo2g2 BN 24#0100_0011_1011_0001
4| Prw 204 . HEX © WHIBHOOOD !
5 | Pdw 280 BN ] 2H0100_0100_0011 111n
6 | POw zaz HEX - WHTEHO00
7| Pow 232 BN o I
8| FP2w2M  HEX : Wt 61000 >
Aliz_9 3\SIMATIC 300(1%,. \57-Programm(1) > [REE— Abs < 5.2
o B e

Figure 9.8 Diagnostics tool read/write status and control words

Here are the commands for reading and writing PZD of the driver from SIMATIC S7-300;

Read command Address Write command Address

PIW 280 PQW 280

PIW 280: read status word1 at the address of 280 in DP slave
PQW 280: write the control word] to the address of 280 in DP slave
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10 S7- Programming and Control

The control program is written in STEP 7 as Statement List (STL), which is a textual

programming language that can be used to create the code section of logic blocks. STL syntax

statements are similar to assembler language and consist of instructions followed by addresses

on which the instructions act. STL programming is very similar to machine languages; it has

all the necessary elements for creating a complete user program. It contains a comprehensive

range of instructions, and a total of over 130 different basic instructions and a wide range of

addresses are available. There are functions, function blocks, and data blocks allow you to

structure your STL program. It is not intend of this chapter to go through all the code of

program, but explain some of the key functionalities.

These are some documents one can read when/if needs some help;
e  Working with STEP 7 V5.3, Getting Started Manual
e Programming with STEP 7 V5.3

e Configuring Hardware and Communication Connections, STEP 7 V5.3

e From S5 to S7, Converter Manual

The order number of the above documents is: 6ES7810-4CA07-8BWO

Block

Description

Organization Blocks (OB)

OBs determine the structure of the user program.

SFBs and SFCs are integrated in the S7 CPU, and permit

System Function Block .
(SFO) the programmers access to some important system
functions.
‘ FBs are blocks with a "memory" which can be programmed
Function Block (FB)

by the programmer.

Functions (FC)

FCs contain program routines for frequently used functions

Instance Function Blocks

(Instance DB)

Instance DBs are associated with the blocks when FBs of
SFBs are called. They are created automatically during

compilation.

Data Blocks (DB)

DBs are data areas for storing user data. In addition to the
data that are assigned to a function block, shared data can

also be defined and used by any blocks.

Table 10.1 Block types
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The control program consist of three main sections and a subsection; as they are seen in the

Figure 10.1; Synchronous operation, Asynchronous operation, Reset Synchronous operation,

Reset Asynchronous operation, which are communicating between Human Machine Interface

(HMI) and Masterdrives MCs. There sub section User Friendly HMI, designed to run

synchronous operation with more self descriptive GUI. User Friendly HMI will be an optional
HMI in Synchronous operation’s page. It uses the Synchronous operation mode’s

functionalities; therefore it will not be explained separately.

Figure 10.1 Flow diagram of S7 Control program
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As program starts at first the type of operation must be decided. Depending on the operation
new user interface will show up. If asynchronous operation is chosen then it is ready for
setting the speed independently, if synchronous operation is chosen then the next step is to
decide the mode of the operation, and if this user interface is complicated for you, then you
may want to choose the “User Friendly HMI”, which is easier to operate. There are three

modes that can be chosen from; synchronous mode, reference mode and MDI.

Type of Operation
. 4 h 4
Ssynchronous Asynchronous
Operation & Rasat All Oparation &
Paramaterize Paramaterize
* l * T L4 h 4 h 4
Eference = :
Reference ) Drive12 Drive33
Synchronous ) mode MDI User Friendly Asynch. Asynch.
28mpm | HMI
v v v
Raference | |Reference | | Reference
mode mode mode

Figure 10.2 Flow diagram of control program
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10.1Synchronous Operations

Points of programming view, both operations (synchronous and asynchronous) have some

commonalities that can be expressed by the blow flow diagram.

10.1.1Parameterization

GUI

ll

DB

v |

Masterdrives
MC

>
‘_

Conversion

Figure 10.3 Common program flow

In order to bring the Masterdrives MCs in the state that they are ready for the any given type

of operation, they must be parameterized. Just because there are more then one parameter to

configure there must be a piece of code that repeats the write operation in a loop, where the

number of parameters defines number of iterations.

Bit-Nr. |15 12 | 11 10
1. Word AK SPM PNU
Bit-Nr. |15 8 |7
2. Word Index High Index Low
3. Word Parameter Value High PWEI
4. Word Parameter Value Low PWE2

Table 10.2 Telegram PKW area
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To change (to write a value to a parameter in DP slave); one must use the system function
called SFC15, which only accepts the telegram in a certain format which is described in Table

10.2.

SFC15 “DPWR_DAT™ :

CALL "DPWR_DAT" /I SFC15
LADDR :=#Adress_EA /[The address of DB slave
RECORD :=P#L 0.0 BYTE 8 //The prepared telegram to be sent
RET _VAL:=#Alarm_send /IAlarm
NOP 0

The Figure 10.4 is the flow diagram is a section from the S7 Program, which performs the
parameterization task every time it is called. This section of the code is used for two main
tasks parameterizing the Masterdrives MCs, and resetting them. The reset task is basically
same as parameterization but the values are the default values that were before the change

took place.

FBS

FB1

- =
FC3
&

SFC15 —-F
%1

Figure 10.4 Parameterization flow diagram
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Let us look at the function blocks used in Figure 10.4;

FB5:

In FB5 the DB number is assigned to the variable called “DB_Number”, to let the function
know which database is used for the data to be fetched from, and let the function know that

how many times it must repeat the task. Here is the code:

L 20
T  #lteration /l number of times hat loop take place
L 85
T #DB_Number // DB 85 is going to be used

CALL FB1,DB1
Iteration:=#lteration
DB_Number:=#DB_Number

FB1:

FB1 makes sure that after every read operation it points to the next parameter. Each parameter
takes 4-word space in database so the pointer has to jump 4 words after every read operation.
The only exception is that the first read operations start at the second line of the DB, because

the first line is the address of the Masterdrive MC (e.g.:272)

L 2 /I jump to the next line where the first parameter is
T #JumpAddress_DB
L #lteration /l Number of iterations for loop

next: T MB 10
CALL FC3

DB_Number :=#DB_Number
JumpValue :=#JumpAddress_DB
Parameter_Sent:=#Parameter_Sent
L  #JumpAddress DB

L 8

+ /l add 8 bytes after each reading of parameter
T #JumpAddress_DB

L MB 10

LOOP next
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Here is the small portion of a database, where the data is been read from.

Address |Hame Type Initial wvalue Comment
0.0 STRUCT
+0.0( |PEW_Address INT 272 PEW start address
+a.0( |DI_FNO INT s67 DI 5 Satarts from here
+4.0( |DI_Index INT 2
+6.0| |DI_AK INT 7
+&.0| |DI_PUE WORD Wgleg3lod
+10.0| [DI_FHNUL INT 2536 Parameter number
+12.0| [DI_Indexl INT 5 Index
+14.0| |DI_AK1 INT 7 Task ID
+16.0| |DI_PUEL WORD W#la#s5104 Parameter Value

FC3:

Figure 10.5 DB85 Database used for MC 12

FC3 does the main job; it constructs the telegram in format seen in Table 10.2 and sends it

using the SFC15 to Masterdrives MC.

Word 1 & Word 2
L #DB_Number

T #DB_Number TEMP

OPN DB [#DB_Number TEMP]

L #JumpValue
SLD 3
LAR1

L  DBW [AR1,P#0.0]

T #Parameter INT

//lLoad DB number

/land save it

//Open Database with the corresponding DB#

//Decide where to start reading

//Read the relevant parameter

/[Save the parameter value
/lif the value is bigger than 2000

L 2000

>=D

JCN MO0O01

L #Parameter_INT

L 2000

-D

T #Parameter INT

L W#16#80

T #PNU_biger_2000
MOO1: L #JumpValue

L 2

/lis it a U-Parameter

/IDecide which value to read
/lload 2 in Accu 1
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+ /lincrease jump value by two
T #Jump_Mark 2Byte Further //transfer to jump in db
SLW 3

LAR1

L DBW [AR1,P#0.0] /lload a word from the DBs
SLW 8 //Shift Index 8 Bit to the left
L #PNU_biger 2000

+D

T #INDEX Word 2 //[Save the value as word 2

L  #Jump_Mark_2Byte Further //find out which bit to read
L 2

+ /lincrease the jump value
T #Jump_Mark_2Byte Further //decide which bit to read
SLW 3

LAR1

L DBW [AR1,P#0.0] /lload a word from the DBs

T #AK Save /[Save the value as Task ID
L #Parameter INT /[[Parameter number in Accu 2
L #AK Save /[Task ID in Accu 1

SLW 12

ow

T #AK_PNU Word_1

Word 3
L O
T #PWE_Word_3

Word 4
L  #Jump_Mark_2Byte_Further //jump value
L 2
+ /ljlump value increased by 2
T #Jump_Mark_2Byte Further
SLW 3
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LAR1
L DBW [AR1,P#0.0] /lload a word from the DBs
T #PWE_Word_4 /[save it as word 4

Read the address of Masterdrive DM:

In every database the first line is the address off the DP slave, for example first line of DB85
is 272, which belongs to Masterdrives MC 12
L DBW O /[The first line of the DB is address of DP slave
T #Adress EA /[PKW Address as Word for SFC15

SFCI15:

SFCIS5 is a system function in SIMATIC S7 300, which is ready to use by the programmers.
It can be used two different ways; either with direct addressing or indirect addressing. It is
always easy to do tests or diagnostics with direct addressing. The only thing to be kept in
mind is that the numbers should be converted to Hexadecimal format.

CALL "DPWR_DAT"

LADDR :=#Adress_EA /[The address of DB slave
RECORD :=P#L 0.0 BYTE 8 /[The prepared telegram to be sent
RET_VAL:=#Alarm_send /[Alarm

NOP O

10.1.2FB10 Conversion

There are few tasks done in FB10;

1. Percentile speed <==> decimal speed: the Masterdrives MC takes the speed in percentile
for example 4000 is equivalent to 100% and 2000 corresponds t050% of the full speed. The
reason for that is; the values stored in the connectors are normalized values, with a few
exceptions (e.g. connectors for control words). The value range of these connectors covers a

percentage value range of:

2200 % (8000H ) to +199.99 % (7FFFH).
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TEA ST 0o
SO FEFH

Figure 10.6 value range of 16-bit connectors (Kxxxx) [1]

According to Figure 10.6 one can calculate the constant value transfers Hex value to the
decimal value, keeping the maximum speed of the motor in mind the theoretical value should
be;

6000 rpm = 4000H = 16384Dec

I rpm = K

K =16384/6000 = 2.730666

Which means when we want to set speed to 300rpm then we must multiply this value with
K = 2.730666. Although this value does not work, because the application saved in the

Masterdrivers MC limits the maximum motor speed to 2730rpm.

2730 rpm = 4000H = 16384Dec
Irpm = K
K = 16384 _ 6

2730

When K = 6 is used the entered peed is equal to the speed read in PMU of the driver.

2. Check if entered speed exceeds the limit (SetValue>2500rpm):

To make sure to not overdrive the motors the speed is verified against a maximum value.
With the manual operation of the unit the maximum speed is about 2730rpm, therefore to be
on safe side I set the maximum speed limit to 2500rpm. If the maximum limit is exceeded the
value is not sent to Masterdrive MC, instead a warning bit is set (SetValueTooBig), which

alerts GUI to display a message that the entered value is too large.
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3. Initialize some of the bits in Control word:
Some of the bits in control word can be set when at the beginning of the operation. For

example the bit 11 is making the system to listen the PROFIBUS.

10.1.3 FC2 Write & Read operations for Control and Status words

There are external input and external output addresses and S7 functions to access these

addresses.

|
..-_Iil 12) MASTERDRIVES CEF

Slat Maodule | | addrezs 0 address Comrment
| 4 |[@ Smefaiz e L s L
| F | e S aer | aar saw
ﬂﬂ [32] MASTERDRIVES CEP[1]
Slat kodule .| | addrezs 0 addresz Comment
4 |[@ feselsiz PR By S P RSl
g e s P R P

Figure 10.7 Input and Output addresses of peripherals

As it is explained before; peripheral addresses were configured during the hardware
configuration (see Appendix 1). Depending on the PPO types address range will change. For
example PPO1 has the 4+2 word format. The first four words describe PKW area and 2 words
describe PZD area. Here are the addresses of the both drivers 12, and 32, shown in Table
10.3. This table is an interpretation of Figure 10.7, where the address range of the parameter
ID value (PKW), and process data (PZD) are shown. Figure 10.7 is screen shots from

hardware configuration.

Masterdrive Useful Data
MC Parameters (PKW) Process data (PZD)
Word 1 Word 2 Word 3 Word 4 gTZ\I,)\,ll t'zS[\J/s
ZSW1 HIW
12 272 274 276 279 280 282
32 284 286 288 290 292 294

Table 10.3 PKW and PZD peripheral addresses
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Name of Area

Function of Area

I/O:
external input

I/O:
external output

This area enables
your program to have
direct access to input
and output modules
(that is, peripheral
inputs and outputs).

Access to Area Abbrev.
via Units of the Following
Size:
Peripheral input byte PIB
Peripheral input word PIW
Peripheral input double word PID
Peripheral output byte PQB
Peripheral output word PQW
Peripheral output double word PQD

Table 10.4 S7 functions to write and read external input and outputs

Here is a piece of code from FC2, which is used for reading (PIW) actual from the address of

282 at the peripheral side (first two lines). Next two lines of the code write (PQW) control

word to the peripheral.

L PIW 282

T "DBI10 for DB100 interface".ActualValue
L DB100.DBW 9

T PQW 280

L "DB10 for DB100 interface".SetValue

T PQW 280

//Read Actual Value (input value)
//Save it to DB10

// Take Control word from DB100
//Write Control word to the DP

/I slave (output value)

// Take the setpoint value from
//DB40
//Write setpoint

Control word is named “ControlWord” and defined as word in DB100. The SIMATIC S7-

300 has a big-endian memory structure, which means for exampleWith 8-bit atomic element

size and 1-byte (octet) address increment.

increasing addresses —

- | OX0A

0x0B

0Ox0C|Ox0D| . ..
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Here is the control word address range in database. For any kind of interaction with the

Masterdrives MCs these address of each bit must be known so that it is possible to set bits to

“O)’ Or “1”'
Control word
Address Bits from 0-7
9.0 9.7 9.6 9.5 9.4 9.3 9.2 9.1 9.0
10.0 10.7 10.6 10.5 10.4 10.3 10.2 10.1 10.0
Using the big-endian structure control word become as seen below
Control word
Bit Bit
14113112 11 | 10| 9 8 7 6 5 4 3 2 1
15 0
97196[95[94[93[92|9.1{9.0]10.7|10.6 | 10.5|10.4 | 10.3 | 10.2 | 10.1 | 10.0

Table 10.5 Control word in big-endian structure

Now it is easy to assign DIs to the control word. In this project for synchronous operation DI

assignments are as follows;

Digital Input (DI) Significance Bit address in DB100
DI-1 Operation mode 10.0
DI-2 Operation mode 10.1
DI-3 Acknowledge 10.2
DI-4 Reference operations 10.3
DI-5 Start/Stop 10.4
DI-6 ON/OFF 10.5

Table 10.6 DI assignments

Digital Input wirings also done with HMI to DB100 as well. That is how the connection
between the HMI and the S7 program interims of control word is done.
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10.1.4FB60 User Friendly HMI

The User Friendly HMI function block is making use of all the previous steps, except it
combines some of the control bits under one buttons function so that the user will be able to
run a specific mode just pressing one button for example DI-1 for driver-1 and driver-2 are

controlled by one button called “Synchronous”.

This is an optional module, and does not add a new functionality to the operation modes.
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10.2 Asynchronous Operation

As it is seen from Figure 10.1, in terms of programming point of view, asynchronous

operation is very similar to synchronous operation. The difference between two operation

types is interconnection of connectors and binectors, which results using a different set of

parameters and parameter values during parameterization.

Control word in Table 10.5 is used for asynchronous operation as well. Each bit is assigned to

the parameters shown in Figure 10.8, and the assignment of the binectors from 3100 to3114

done by parameterization process, where the parameters are saved in DB15.

[ PZD1 (Data word 1)

P558.1
[B3102 ) __EF_F_S_E-ﬁgﬁEE___%
_________________ CER]
RNt 1]
P5E2.1

sy RsRaEes ) 30

P568.1

P571.1

P573.1

sy e ) o]

Address range in

DB100
Src ON/OFF1 100

SIc1OFF2 o 10.1

ISrc1 OFF3 tOStc:p}1 10.2

3rc Inv. Release 103
———p 10,

Src RGen Release

—————» 104

Src Mo RGen Stop 105

Sre Setp. Release » 106

Src2 Acknowledge 107
—— ;

Sre Jog BitD N a0

Sre Jog Bit1
S e » 9.1

Src Pos. Spd
o e » 9.2

Sre Neg. Spd N 9.3

Src MOP higher » 9.4

Src MOP lower

Bit1S (G315 ) External fault

Figure 10.8 PZD1 Control word 1

—————» 95

The speed set point (KK3032) is connected to P209. The speed actual value (KK91) is

connected to P734.2.

In asynchronous operation there is no master slave relationship between two Masterdrives
MC therefore both drivers operate independently with any speed and direction.
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10.3 Reset Functionality

To switch from one operation type to other; some of the function blocks must be re arranged.
Functions used one operation may not be used in another so, it is a good idea to bring the
Masterdrivers MCs in to initial state, and then re-parameterize them accordingly. To bring
parameter values to original sate a reverse parameterization is done. It is done exactly the
way normal parameterization would be done, but the values of the parameters are the initial
values saved before any change.

Besides resetting parameter the control word also reset so that none of the operation modes

are in run mode.
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11 Human Machine Interface (HMI)

The user interface means that people (users) interact with a particular machine, device,
computer program or other complex tool, which provides means of; Input, allowing the users
to manipulate a system, Output, allowing the system to produce the effects of the users'
manipulation.

The main types of HMI are;

e Command-line interfaces: It is the oldest and a most powerful user interface, but he
only problem is that; it is not user friendly, because user must remember needed
commands. Input: text command typed by the user. Output: printed text on the monitor
by the system.

e Graphical user interface (GUI): The system accepts input through devices such as
keyboard and mouse and provide articulated graphical output on the computer
monitor. The user interface usually looks like a real device that user already has some
idea how to use. For example a soft multimedia player can operated via an interface
with buttons, switches, windows, which looks like a radio or a recorder.

e Web-based user interfaces: They accept input and provide output by generating web
pages which are transported via the Internet and viewed by the user using a web
browser program. Newer implementations utilize Java, AJAX, Microsoft.NET, or
similar technologies to provide real-time control in a separate program, eliminating the
need to refresh a traditional HTML based web browser [8].

e Touch interfaces: Touch interfaces are also using graphical user interfaces on
touchscreen displays. The screen is used for inputs and outputs as well. This type of

HMI is used in many types of industrial processes and machines.

In this project the second type of HMI (GUI) is implemented in conjunction with the third
type (Web-based user interface). A separate real-time Java and S7-Program used to
manipulate the data. Via java beans as java applets HMI is displayed on a web page for
taking inputs and printing the outputs. To do java programming one can use different editors
like Borland JBuilder, UltraEdit, and Eclipse and so on. Eclipse is an open-source software,
which comes for no cost. It is also one of the most used editors as well. There are a lot of
examples, plugins available on the Internet. Therefore in this project Eclipse is chosen to

develop the HMI, in java programming.
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11.1 Eclipse

Eclipse is an open source community, whose projects are

focused on building an open development platform comprised

of extensible frameworks, tools and runtimes for building,
deploying and managing software across the lifecycle. A large and vibrant ecosystem of
major technology vendors, innovative start-ups, universities, research institutions and
individuals extend, complement and support the Eclipse platform [9].
Eclipse is not only a java editor, today there are tens of projects been developed by its open

source community, and the project areas can be categorized in about 7 groups;

1. Enterprise Development

Embedded and Device Development
Rich Client Platform

Rich Internet Applications
Application Frameworks

Application Lifecycle Management (ALM)

A R e

Service Oriented Architecture (SOA)

Eclipse does not come with a Java virtual machine (JVM), so you have to get one yourself.
Note that Eclipse 3.0 needs a 1.4-compatible Java runtime environment (JRE).

To use Eclipse effectively, you will need to learn how to make Eclipse use a specific JRE. In
addition, you may want to influence how much heap Eclipse may allocate, where it loads and
saves its workspace from, and how you can add more plug-ins to your Eclipse installation. Of
course one does not need every plugin available. They must be chosen depending on need for
the specific projects. For example for the this project a plugin isstalled to save the project as a

Jar file, which reduces the saved project as a compressed single file.

11.1.1The Eclipse’s licence

Eclipse uses the Eclipse Public License (EPL). The EPL is a commercially friendly license
that allows organizations to include Eclipse software in their commercial products, while at
the same time asking those who create derivative works of EPL code to contribute back to the

community.

84



11.1.2 How start using Eclipse

In order to get Eclipse running a few components have to be downloaded from the Internet
and installed;

e A compatible Java runtime environment (JRE)

o Eclipse Software Development Kit (SDK)

e Plugins that are required for specific purposes

e Java Swing a GUI tool kit for java
There are also a lot of tutorials, books and white papers to get more information and help

from. In addition, newsgroups are another useful way to find solutions to certain problems.

11.1.3 Download the JAVA S7 Beans Library from SIEMENS site

In automation HMI development in Java with SIMATIC requires Java S7 beans, where they
contain some of the soft gadgets such tachometer, level indicators, and thermometers. They
also enable java program to communicate with communication processor Siemens CP 343-2
IT device.
The library can be downloaded from siemens’ internet site;
http://support.automation.siemens.com
Automation and Drivers Service & Support = Navigation = Communication/Networks—>
SIMATIC NET Industrial Communication—> Industrial Ethernet = System interfacing—>
SIMATIC S7-> CP 343-1 Advanced
Here are the files to be downloaded:

o S7BeansAPI Release V2.5.5.zip ( 266 KB )

e S7BeansAPI JAVADocu V2.5.5.zip (116 KB)

e S7BeansAPI Runtime V2.5.5.zip (196 KB) As a result of code optimization and thus

quicker loading times, a runtime library without debug code is additionally available.

It can be loaded to the file system of the CP. (directory: /applets).

11.1.4Javavisual project

Step by step a java project will be described to start designing a GUI.

o Start Eclipse by double clicking on icon
e When select a work space window comes up; select a specific place where you want
to save your current project.

e When Eclipse is open, go to menu choose file>New->Project->Java Project
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Name the project (e.g.: Thesis. HMI) 2 next

You will have a window with few tabs, as shown blow;

& New Java Project @

Java Settings —
Define the 1ava buid setkings. e

T
# source | 1= Projects | Eil Libraries | v order and Export
1aRs and class Folders on the build path:

[ = IRE System Library [jre1.5.0_11] Add JARs. ..

Add External JARs. .

Add Library,..

|
L
[ Add variable...
[
[ Add Class Folder. ..

]
]
l
]
]

@ ek = [ Finish H Cancel

Figure 11.1 Add External JARs

e Choose Libraries tab> Add External JARs
Now browse file selection window where the Siemens’ S7 APIs are saved (they had to be
unzipped). Select four of the APIs (s7api.jar, s7applets.jar, s7gui.jar, s7uti.jar), and press open

button.

86



JAR Selection PX
Look in: | |25 S7BeanshPIReleasey255 v | QT i m-
._-- s7api.jar m =L s7applets. jar
i Executable Jar File == | Executable Jar Filz
MiiREsa 111 KB =A4| care
Diocuments
_‘_ s7gui.jar m =L s7ukil jar
I?'L' Executable Jar File =— | Executable lar Filz
: 72 KB =4 | e
Dezktop
My Documents
tdy Computer
‘g File name: bt | [ Open ]
Py Metwork Files af type: I *jar zip v| [ Cancel ]
Figure 11.2 Import External JARs to the project
e —finish

Now the Eclipse window should look like;

| & Java - Eclipse SDK

File Edit Source Refactor Mawvigate Search  Project Rum dindow  Help

I : : : N e
| ;ﬁ‘ﬂ‘%‘;@&?@‘:@ﬁ ]
b B Hierarchy | — O .

L.l EI%

=

+- B, JRE Swstem Library [jrel.5.0_11]
& s7apijar - C:\Documents and Sett
El s7applets. jar - CiDocuments and
[ El s7gui.jar - CiDocuments and Setkh
g s7utiljar - C:\Documents and Sett

Figure 11.3 The project window with APIs
e to add visual class;>file 2new = Visual Class

Now we are ready to program the HMI using Siemens Java S7-Beans. To use S7-Beans in the
program one need to understand the mechanics of the java APIs. The next step is to explain

the S7-Beans APIs.

87



11.2 S7-Beans and interconnection hierarchy

Creating the Java applet is based on the program library in S7 beans APIs, which provide for

the communication between the Java user program and the S7 program.

JAVA application

\\‘.. L
Y lemag
el [100 1 [ST0TT

Display of JAVA P
Types
S v
Java Type
Conversion Conversion
+

Reception

Raw Data

STAnypointer
Marker area
/O area
DB area

DB10.DEB3

Figure 11.4 The structure of task
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11.2.1 S7-Beans

Java beans are Java components that have built-in functions, and they can be controlled with
known methods. Normally SIMATIC ITCP contains the some S7 beans, which manage the
communication with the CP or CPU. These APIs can be downloaded and saved in ITCP
manually as well. S7-Beans are saved in “Jar” archive files under three categories.

The S7 beans can be imported into the palette of components of a Java development
environment like, for example Eclipse where they can be used and configured by the
programmer using Drag-and-Drop in to visual class.

The following table shows the components after the import in a development environment.

Library IDE Components Significance

ST =Tapi | s7gui | s7mize | 7uti | Fuslistand | MyB

S7api.jar | E I':E:'I[Eiﬁﬂ@ device classes

AT | s7api 570U |s7misc | s7uti | Fuetstand | wvBean | Swing | Swing-cof

. ; # .
S7gui.jar _{‘. 3 D = Eg- _%t F7 1 — |’<.," visual components

et | s7api | s7oui | sTmise STl | Fuelistend | MyBean | Swir auxiliary classes for
Stutil.jar | / @ EHEIE!
, [EH] ey s57|| D ||oT|| T ||ToD 1181 converting data types

Figure 11.5 API library V2.5.5

11.2.2 Hierarchical relationship between components

There is a hierarchical communicational relationship between S7CP, S7Device, and
S7Variable, which is explained in Figure 11.6. This relationship is a copy of the relationship
between hardware components. The program and variables are connected to the CPU; the
CPU is connected to CP 343-1 IT. It is even easier to see in VisualAge program, where all
the gadgets are connected through a linker (a line) with exactly same structure. Later we will

see how this hierarchical relationship programmed in Eclipse.
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Components in SIMATIC Java-Beans Representative Comment

The S7 bean S7CP is the

representative of the IT-CP.

IP-Address .
.‘ _._._.__.__b.
(141.22.15.92:30) S7CP The entire protocol

communication to the

-
L

system is performed via this

bean.

notified
Reading and writing
request

.

.. Racki/Slet S7Device
(0,2) 5 S7-CPU on the system.

The S7 device represents the

+ Marker area

notified
Reading and writing
request

Addressable . 4

memory areas The S7 item represents the

4{5? AnyPoint er’?‘ S/ Variable value of an S7 address

Output
component

Figure 11.6 Comparison between HW and S7-Beans

When any of these object are modified, each object informs its objects connected to it via a

Java standardized notification mechanism of the individual objects’ PropertyChange methods.
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Here is a piece of code, which realizes the structural relationship that is described in Figure

11.6. This code is written in Java, and it enables the communication between components.

// Declaration of the required components --——--—————————————————— (:::)

private S7CP s7CP1 = null; // CP (Communication Processor)
private S7Device s7Devicel = null; // SIMATIC CPU

private S7Variable s7Variablel = null; // Variable in the CPU

private CLTextOut cLTextOutl = null;// a text box to connect Variable
private CLTimer cLTimerl = null // timer

public void propertyChange(PropertyChangeEvent evt) {
// Query whether event was triggered by S7CP.
if (evt.getSource() == s7CP1)
// 1T YES
// Pass event to the S7Device instance
s7Devicel.propertyChange(evt);
// Query whether or not event was triggered by S7Device.
// Connecting S7Device to CP —————— - <:::>
if (evt.getSource() == s7Devicel)
// If YES
// Pass event to the S7Variable instance
s7Variablel.propertyChange(evt);
// Query whether or not event was triggered by S7Variable.
// Connecting S7Variable to S7Device —-———————————————— e <:::>
it (evt.getSource() == s7Variablel)
// If YES
// Then transfer output value to the CLTextOut instance.

//Connecting cLTextOut-bean to S7vVariable - —————-———————————— (:::)
cLTextOutl.propertyChange(evt);

}

1. Declaration of the all the required components including textboxes, variables, and
pointers.

2. The hierarchical communication start here from top to bottom; the communication
processor CP 343-1 IT is connected to the SIMATIC S7 300 CPU

3. The variable is connected to the SIMATIC S7 300 CPU

4. The textbox is connected to the variable
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11.3 Java Applet for displaying the HMI on a web browser

An applet is a software component that runs in the context of another program. Applets are
small programs usually perform a particular piece of the overall user interface in a web page.
There are some programs that are written in scripting languages, for example JavaScript, runs
in the context of a larger program, but not considered applets.

Common examples of applets are Java applets and Flash movies, and Windows Media Player
applet that are used to display embedded video files in Internet Explorer. Lately there are
some plugins designed to display various 3D model formats in a web browser, via an applet.
Many browser games are also applet-based, which come with various HMI that enable users
to interact.

Web browsers, which are often equipped with Java virtual machines, can interpret applets
from Web servers. Due to small file size, and cross-platformance compatiblity, and high
security of applets (can't be used to access users' hard drives), they are ideal for small Internet
applications that are accessible from a browser.

In this project the HMI is written in Java programming language, and it is displayed via

applet.

Figure 11.7 Java virtual machine [7]
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The below code is an example for an applet, which is displaying the first page of the HMI in
the Web browser.

<html>

<head>

<title>1T_Automation</title>

</head>

<body>

<H1></H1>

<APPLET CODE = Pagel.class ARCHIVE = IT_Automation.jar
WIDTH = 1260 HEIGHT = 1024></APPLET>

</body>

</html>

Table 11.1 Java applet

<title>IT_Automation</title> : This line writes the title of the Browser that opens to view

the applet
APPLET CODE = Pagel.class : This is the name of the Java Class that needs to be run in

the applet.
ARCHIVE = IT_Automation.jar : The archive file where the Pagel.class file and other

classes are archived as jar file.+

WIDTH = 1260 HEIGHT = 1024></APPLET : With and height lines define with and height

of the visual object that displays the HMI in the Web browser.
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11.4 Developing HMI in Java and connecting it with S7 Program

Up to now the control program was developed in S7-program, and its functionality was tested

through diagnostic tools. The next step is how to visualize and run it through a Web page.

HMI must be designed such a way that the end user can easily relate it to functionality of the

system. The look and feel of HMI is limited by the S7 Java beans in the palette. Here are

some of the beans provided in Java S7-Beans library:

11.4.1 Siemens S7 Beans

11.4.1.1 Siemens S7 Device beans

Device S7 Beans are in the package of API included in a Jar file called: s7api.jar

Siemens S7 Device beans

S7-Bean Function
88 This bean represents the IT-CP serving as the host. Any other IT—
7P CPs that exist must be addressed using S7Device. This bean must be
used with each applet for addressing and for saving the host address.
. S7Device represents any intelligent S7 module such as a CPU,
b PROFIBUS CP, Ethernet CP, other IT-CPs (however, under no
SUEEIES circumstances the IT-CP serving as host for the applets, to be
addressed using the browser!)
%
@
<7 ariahle This bean represents variables in the S7 CPU.
CLTimer is required for cyclic calling of methods of other beans.
g Whenever you want to monitor the status of an S7 module or a
CLTimer process variable continuously (cyclically), you require this bean.

Note: CLTimer has no graphic representation

Table 11.2 S7-Beans for Devices
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11.4.1.2 Siemens S7 GUI beans

GUI beans are included in a Java file called: s7gui.jar

Siemens S7 GUI beans

S7-Bean Function Representation
CLTexIn CLTextIn is a bean for ent.ering text. This text can Input field
be passed on to the S7 variable bean.
CLTextOut is a bean for the textual output of E"””";”'IIIIIE
. . 4 Plabel? dim? ’
CLTextOut | values of process variables of the S7 variable bean | |? ’
gy 7
CLIdentOut is a bean required for the textual g /
. . . . E mmwr__________:
CLIdentOut | display of an identification number of an IT-CP or | |/ /
module using the S7 CP bean or s7 devicebean. | 7 ’
7
¢
CLStateLED | CLStateLED is a bean for graphic representation of 72| /
the status of an IT-CP or a module. e
CLState3LED is a bean for graphic representation ¥ Run stop Em F
L LED ] un ap m g
CLState3 of the status of an IT-CP or a module. ‘OO0
sl
o
/ :
CLTacho CLTacho is a bean for graphic representation of a E b 4
pointer instrument. @ E
/ /
¥ ’
5‘”””””””””{
:”’I’Jf””.”
,": -m
Fl -
" - ;
. -
CLLevel CLLevel is a bean for graphic representation of the : - E
level of a process variable. / -
/ -
# =o
Fl ’
”””’I’.’”J’ﬂ
CLPipe CLPipe is a bean for graphic display or a horizontal | ¥ ety
. . Py
or vertical pipe.
LValve is a bean for graphic representation of a
CLValVe C V Ve 18 be . 0 R g X p C ep ese Y Y :llllll’l"lll’l’l’l:
valve The valve with its inlet can be displayed ’ /

horizontally or vertically.

brrrrrrrssrrssnnzzxd

Table 11.3 S7-Beans for GUI
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11.4.1.3 Siemens S7 Utility beans

Utility beans are packaged in s7util jar file

Siemens S7 Utility beans

S7 Utility Bean Function
Supplies the S7 type DATE as a string in the format D#2000—12—
DATE
31.
TIME Supplies the S7 type TIME as a string in the format T#9h6m6s.
Supplies the S7 type DATE _AND TIME as a string in the format
DATEandTIME
DT#00-12-31-12:31:47.487.
Supplies the S7 type Time Of Day as a string in the format
TIMEofDAY bp P Y s
TOD#9:6:6.127.
Supplies the S7 type SSTIME as a string in the format
S5TIME PP P s
S5T#1h3m2s.
Supplies a decimal number in hexadecimal, octal, or binary format
ConvertNumberSystem

(as a string).

Table 11.4 S7 utility beans

11.4.2 HMI Design page 1

In chapter 11.1.4 configuration of a Java project with S7-Beans is described. Now we can
continue using that project to design the first page to add a visual class so that we can design a
GUI;

e file ?new = Visual Class

The visual class in Eclipse editor’s window will appear as it is seen in the Figure 11.8, which

includes a 300 x 200 content pane.
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11.4.2.1 Modifications to the class

11.4.2.1.1 Change layout

In the properties window (bottom) the “layout” property should be changed to “null” so that
one can place the GUI components anywhere in the content pane. There is a palette on the
right for entering GUI elements by mouse. The “Choose Been” button in the palette enables

one to choose beans to be used in the project.

& Java - HMI_Page3.java - Eclipse SDK

File Edit Source Refactor Mavigate Search Project Tomcat Run Window  Help
-l e &8 88  $-0-G- E#H G- £ | & 1ava
@% [4@|PA8xcon hild-wE
RS TR CRC R
|25 Naviga.. 32 2.1 &0 || 1] *HMI_Page! java A1 #HMI_Pagez.java =8
- =Relptie ’
i <}=——|-.> .—-h; Selection
= : o L4 Margues
+ [UJ Bt @'@Choose Bean
[#-1=% Example [ ol
=122 IT_HMI | = Swing Components *
.classpath | = JButton
D .project [v| JCheckBox
b HMI_Page1 dass ' JRadioButton
m HMI_Pagel.java ;
fup HMI_Page?.class LI JToagleButton
[4] HMI_Pagez.java &9 JLabel
fup HMI_Page3.class [ aTextField
i 1] HM1_Page3.java o ti= JPasswaordField
[ = MySwing TR
+bd Test1 private JPanel jContentPane = null; || E‘_-‘j;'JTextF\rea
B[22 Tutoriall | A Jslider
= R [0 25crollBar
- * This iz the default constructor .EﬁJList
| tg JavaBeans 82 = (= 2 P aCemboBox
= IF = = public HI-II_I—I‘agES 4 EIJTVBB
e this super (] ; EE:'EJTabIe on J5crollPane
= ey L }
[] iContentPane &E JTable
,u"’ % i
| == Swing Contai
* Thiz method initializes this | = SRl
i v | =% Swing Menus
F | | == AWT Controls
'Problems | Javadoc Declaration | = Properties 27 . Cansale = :=:=> @~ = O
|| Propert | Yalue -~
background 238,235,238
barder
componentCrientation LINEMOtWN —
enabled krue
=Field name jContentPane
Fonk Dialog, plain, 12 4
] | s
‘Writable Smart Insert BB In=

Figure 11.8 Visual project in Eclipse
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11.4.2.1.2 Modify the declaration line

In the code window modify the line where the class is declared;

public class HMI Pagel extends JApplet{...
should be modified to;

public class HMI Pagel extends JApplet implements ActionListener,
MouseListener, PropertyChangeListener{...

so that property changes, mouse actions will be detected.

11.4.2.1.3 Add terminating APl mechanisms

All the applets with the S7-Beans must have these four methods in order to avoid resource

problems;

public void start() {
super.start();

}

public void stop(Q) {
super.stop();

public void destroy() {
super .destroy();

S7Api .terminate();
}

Since the S7BeansAPI uses static resources and threads internally for communication with the
IT-CP, the terminate() method was created in the S7Api class to release these resources and
to stop all threads. terminate() can normally be called after releasing all its own resources in

the destroy() method of the applet. [4]

11.4.2.2 Inserting S7 Device Beans

S7 device beans can be added to the visual class in two ways;
e Typing directly in the code window
o Inserting them from the “Choose Bean” button from the palette

The blow code (Device Beans) is manually entered by typing.
S7CP1 = new S7CPQ);
s7CP1.setHostString(new HostString ("141.22.15.92:80"));
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s7Device_1 = new S7Device();
s7Device_1.setRack(0);
s7Device_1l._setSlot(2);

s7Variablel = new S7Variable();
s7Variablel.setS7Anypointer(

new S7Anypointer((int)l, (int)l, (int)1l32, (int)10, (int)l6, (int)l));

s7Variablel._setVariableName(*'s7Variablel™);

Y=
£ Choose a Bean [‘)_<| [+ Selection

r-1
L_4+Marquee

Select a bype ko open (7 = any character, * = any String, TZ = TimeZone): gﬁ-l:hcujse Bean o

|s7 'I;_‘—'b-S;an-g Components |

Matching byvpes: E JEutton i
© s7anyvpointer ~ ¥ ICheckBox

S7CP - de.siemens. simaticnet.itcp. api = (+ IRadioButton
(9 57Data e .Lr JToggleButton
G S7Device &9 Label
‘-_-'? 57Variable [ ITextField
A Cl . {i= JPasswordField
g S?P.n?.-'pcuinterEditDr [[H JTextArea
= %) ¥ N 3 xslider
< . l = ! | 0 J5crallar
?_de.siemens.simaticnet.itcp.api - CiL..nsf57BeansAPIRelease 255/ 57 api. jar [=H uist
Styles: JComboBox
& Al Types Jg O Swing E T AWT (5] JTree
™ show only valid classes %ﬂ R Rl
B Table
B TableCalurn
[ JProgressBar
lTl EEaet ] @ JoptionPane
|_'| ITextPane
E JEditorPane

Figure 11.9 Adding beans from the palette

To be able to add S7 device beans from the palette one must remember or know first one or
two characters of the name. Once the character entered the name area in the window showing

above the list of beans will show up in the window, then it is easy to select one from the list.
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——— Palette — k
- : [% Selection
@ L Marques
Sh &5 Choose Bean
‘% [-=- Swing Components +*
s7Device ol
I ICheckBox
“'ﬁ {* JRadioButton
s?-"'u'ériable L[_ JToggleButton
£ JLabel
sy 1 ITextField
. N = PasswardField
Eﬁ IMextirea
885 |04 Islider
CLTirner |00 J5crollBar
[=H aList

Figure 11.10 Device API inserted through palette

Here are some Device beans added to the project from the palette
o s7CP
e s7Device
e s7Variable
e s7Anypointer
e CLTimer

As it is described in this chapter (at 11.2) these beans must be connected hierarchically so that

the information flow can be established from HMI to hardware and vice versa.
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11.4.2.3 Design GUI

;ﬂ Pagel.java X m Pagez_1.java m Pagez.java _m Paged.java

SIMOYERT MASTERDRIVES MASTERDRIVES MC 65X 7000-0AF10

TYPE OF OPERATION

Asynchronous

Synchronous ‘

E

jContentPane

jContentPane.
jContentPane.
jContentPane.
jContentPane.

ItnntentPane .

= new JPanel(]:

setLayout (null) ;
setBackground inew Color (77,
setBounds (new Rectangle(l, 1,
add (jLabelAPL, null):

Aadd (ATahe THAT. nm114 :

126, 174)):
800, 300)):

Figure 11.11 HMI pagel

“Palette

[T selection

{_iMarques

é\a Choose Bean

[ -!;a Swing Components

(= JButton

V] ICheckBox

(¢ JRadioButton
LI JToggleButton
g Label

[ IextField

|=! JPasswordFisld
[IH JTextArea

f0 J5lider

| (&0 J5crollBar

[ = Juist
{5 JComboBox
[&] ITree
EEf{ JTable on J5erollPan
[ JTable
g TableColurn
(1 JProgressBar
[25] 30ptionPane
[=] TMextPane
% JEditorPane

First the GUI is designed visually, which means the buttons and other GUI components added

are not functional. To make them functional they have to be connected to S7 control program

through an “S7Anypointer”s and “S7Variable”s.

The below code is generated by Eclipse when a button is added to the GUI.
private Button getButton_Pagel() {
if (Button_Pagel null) {
Button_Pagel = new Button();

Button_Pagel.setFont(new Font(‘*'Dialog', Font.PLAIN, 18));

Button_ Pagel.setBounds(new Rectangle(58, 107, 168, 56));

Button_ Pagel.setlLabel (*'Synchronous™™);
}

return Button_Pagel;
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S7qui jar To add functionality to the button, which

requires dealing with S7 program then a

[ B variable with an “s7Anypointer” must
Hpmcheorus Azymehrnous
'y

be declared and added to the class.

T wvin | [ viabie
& E

Figure 11.12 Components hierarch

The button “Synchronous” has two functions;
e Parameterize the Masterdrives MCs
o Enable the synchronous operation mode, when start button is pressed it should start
the motors under this mode.
Here are the S7variables that perform these functions;
s7Variablel._setS7Anypointer(// to start Synchronous op.
new S7Anypointer((int)l, (int)l, (int)l132, (int)1l0, (int)8, (int)l));

s7Variabled.setS7Anypointer(// to parameterize
new S7Anypointer((int)l, (int)l, (int)l32, (int)10, (int)8, (int)3));

[Ffo———_——————————— Bit number O ..7*/
[y - ——Memory area offset*/
/* ——————————— DB number or *07*/

/* --——————————Memory area 132 == DB*/

[ o/ ——Repetition factor 1 .. n*/

[P ] Data type 1 == BOOL*/

To understand the parameter values of S7Anypointer one can see the table
11.5. Let’s take one of above S7Anypointers and explain the parameters
according to the table 11.5.

S7Anypointer ((int)l, (int)l, (int)132, (int)10, (int)8, (int)3))

S7Anypointer | ((int)l (int)1l (int)132 | (int)10 (int)8 (int)3

Argl arg2 arg3 arg4d args arg6

Argument 1: 1 Boolean

Argument 2: 1 repetition factor 1 means do the reading once
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Argument 3: 132 Storage in a Data Block
Argument 4: 10 is the data block number (e,g. DB10)

Argument 5: 8 the start address of the memory are (only the byte section)

Argument 6: 3 the bit section of the memory area

So this S7Anypointer pointing the bit of 8.3 in the DB10. The toggle button (button

“Synchronous”) is reading and writing this bit through the above S7Anypointer

Parameters Description
dataType Data type of the variable (arguments) to be addressed
Data Type Value (integer) Significance
BOOL 1 Bit
BYTE 2 Bytes (8 bits)
CHAR 3 Characters (8 bits)
WORD 4 Words (16 bits)
INT 5 Integers (16 bits)
DWORD 6 Words (32 bits)
DINT 7 Integers (32 bits)
REAL 8 Floating point numbers (32 bits)
repFactor Number of variable to be read (repetition factor)
memArea Area code to identify the memory area
Memory area | Value (integer) Significance
E 129 Input memory area
A 130 Output memory area
M 131 Flag memory are
V 132 Storage are in Data Block
SM 5 Special memory area
subArea To specify DB number
byteAddress The beginning of the memory area for (byte section)
bitAddress The memory address ( bit section)

Table 11.5 parameter values of the s7Anypointer
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The connection itself is not enough to define the functionality; there must be definitions for
the button, which tells it how to act. For example the button “Synchronous” is a toggle button,
when it is pressed it sends a “0” or “1” depending of the value of the specified bit.

First it checks the value, and then it writes a value to the destination address.

To check the value;

it (arg0.getSource() == s7Variablel){
if(((Boolean)arg0.getNewvalue()) .booleanvalue()){
Button_Pagel.setBackground(Color.green);}

else{

Button_Pagel.setBackground(Color.red);
}

}

To write the value;

if (arg0.getSource() == Button_Pagel){
if(((Boolean)s7Variablel.getValue()) .booleanvValue()){
s7Variablel.setValue(String.valueOf(false));
s7Variablel_waitOnNewData(100);}

else{

s7Variablel.setValue(String.valueOf(true));
s7Variablel.waitOnNewData(100);

}
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11.4.3 HMI Design page 2 (Synchronous operation)

In Page2 also toggle buttons used for digital inputs (DI) for both sides. These buttons set the
defined addresses “ON” and “OFF” depending on the status of the bit. The bit is read, and
then the colour of the buttons is set. If the value of the bit is “1” the colour is set to green, if

the value is “0” then it is set to red.

Hochschule fiir Angewandte Wissenschatten Hamburg Sy nCh ronous Op eratlon

Hambuig Univesity of Applied Siences

Dave Ret Run | Mol |

a
o004 Yt |t Uy, goon
LY F

RPM

i .

Ref. Run MDI
Rough impuls |1 = MDI-Satz 3
0 = MOI-Saw 1

MD
Ref. Run L Synch. Opr.

| setvalue | b Forward | START

OFF1/ 0N

Al Gulabi
Master of Information Engineering, HAW-Hamburg

Figure 11.13 A screen shot of page2 of GUI

in previous section the connection of the toggle buttons are described, in this part therefore

only connection of the tachos and text fields are going to be explained.

11.4.3.1 Adding Tacho

In eclipse editor do the following steps:
e Pres the “Choose Bean” button in the palette
e When the window shows up; write CLTocho. You will see it in the list, and then
double click on it.
e Now you are ready to add tocho any place on the pane.
e After adding it to the pane (GUI), click on the tocho then open the properties window
in the bottom of the editor window.

e Define maximum and minimum speed, overflow value, background colour etc.
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Connecting tacho to the S7TAnypointer

To connect tacho to S7Aynpointer a virtual wire should be defined, and then this wire will be

used to connect tacho to S7Variable, which will be using S7Anypointer.

Virtual wire:

private void connEtoM31(java.beans.PropertyChangeEvent argl) {

try {getCLTacho_1().propertyChange(argl);}
catch (Java.lang.Throwable ivjExc) {
}

Connect the virtual wire to S7Variable ( e.g.: s7Variable5)

iT (arg0.getSource() == s7Variable5){

connEtoM31(arg0);

The rest of the process for getting the value is the same as other variables, except the

argument of the S7Anypointer must be chosen accordingly. Here is the CLTacho_1

S7Variable:
s7Variable5 = new S7Variable();
s7Variable5.setS7Anypointer(

new S7Anypointer((int)5, (int)l, (int)l132, (int)100, (int)6,
(int)0));

s7Variable5.setVariableName(''s7Variable5™);

Argl:
Arg2:
Arg3:
Arg4:
Arg5:
Arg6:

5
1
132
100
6
0

INT (16 bit)

repeat factor

Storage in a data block (DB)
points to DB100

Start address byte section

Start address bit section

So S7Variable5 reads speed as 16 bit integer value from the database 100
(DB100) at start address of 6.00.
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11.4.3.2 Adding text box for displaying the speed

Enter a text field by pressing JTextField in palette of Eclipse. Change the properties of the

field by using properties window. Here is the code generated by visual editor of Eclipse:

private JTextField getjTextField_speed() {
it (JTextField speed == null) {
JTextField _speed = new JTextField();
JTextField_speed.setBounds(new Rectangle(430, 261, 89, 21));

}

return jTextField_speed;

It has to receive the content (speed) from an S7Variable, so the connection to the S7 program

can be established as shown below;

if(arg0.getSource() == s7Variable6){
JTextField_speed.setText(arg0.getNewValue() -toString());

}

s7Variable6 = new S7Variable();
s7Variable6.setS7Anypointer(

new S7Anypointer((int)5, (int)l, (int)l132, (int)100, (int)6,
(int)0));

s7Variable6._setVariableName(*'s7Variable6');

This S7Variable reads an integer value from DB100, and then it is passed to the textfield to
be displayed.
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11.4.3.3 Adding text box for setting the speed

In order to set the speed; a value must read first, and then with an action it should be passed to
a variable and an S7Snypointer, which saves the value to the memory location in DB100. For

this reason a button is added to GUI, which is called “Set Value”.

Text field:

private JTextField getjTextField_setl() {
iIT (JTextField_setl == null) {
JTextField_setl = new JTextField();
JTextField_setl.setBounds(new Rectangle(137, 369, 89, 21));
JTextField_setl.setText('");

by
return jTextField_setl;

}

“Set Value” button:

private JButton getJButton_set() {
ifT (JButton_set == null) {
JButton_set = new JButton();
JButton_set.setText('Set Value™);
JButton_set.setBounds(new Rectangle(31, 365, 93, 28));
s

return jButton_set;

}

Action: When the button is presses the value of text field will be passed to S7Variable;

if (e.getSource() == jButton_set) {
s7Variable4d.setValue(JTextField_setl.getText());
}

The variable is passing the speed value to the DB100 memory location 2.0 as an integer value.

s7Variable4d.setS7Anypointer(
new S7Anypointer((int)5, (int)l, (int)l32, (int)1l00, (int)2, (int)0));
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11.4.3.4 Adding Digital Input (DI) buttons

The table below explains the connectivity of the control buttons with the memory areas via
S7Variables. Technically they are also toggle buttons as explained in previous sections. They
generate “0” or “1”, and the values are saved the specified locations that are listed in the table,

and then these values transferred to the Masterdrives MC as control words by S7 control

program.
Digital Input o Bit address in DB100 Control
Significance
CD) Right side Left side buttons
DI-1 Operation mode 10.0 13.0 DI 1
DI-2 Operation mode 10.1 13.1 Di2
DI-3 Acknowledge 10.2 13.2 DI3
Reference
DI-4 ] 10.3 13.3 Di 4
operations
DI-5 Start/Stop 10.4 13.4 DI5
DI-6 ON/OFF 10.5 13.5 Di6
Table 11.6 Control buttons and addresses
Right Side:

s7Variablel.setS7Anypointer(
new S7Anypointer((int)l, (int)l, (int)l32, (int)100, (int)10, (int)0));
s7Variable2.setS7Anypointer(
new S7Anypointer((int)l, (int)l, (int)132, (int)100, (int)1l0, (int)l));
s7Variable3.setS7Anypointer(
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new S7Anypointer((int)l, (int)l, (int)l32, (int)100, (int)10, (int)2));
s7Variable9.setS7Anypointer(
new S7Anypointer((int)l, (int)l, (int)l32, (int)100, (int)10, (int)3));

s7Variablel0.setS7Anypointer(
new S7Anypointer((int)l, (int)l, (int)1l32, (int)l1l00, (int)1l0, (int)4));
s7Variablell_setS7Anypointer(
new S7Anypointer((int)l, (int)l, (int)1l32, (int)100, (int)10, (int)5));

Left Side:

s7Variablel4d4.setS7Anypointer(

new S7Anypointer((int)l, (int)l, (int)l32, (int)1l00, (int)13, (int)0));
s7Variablel5.setS7Anypointer(

new S7Anypointer((int)l, (int)l, (int)132, (int)1l00, (int)l3, (int)l));
s7Variablel6.setS7Anypointer(

new S7Anypointer((int)l, (int)l, (int)l32, (int)100, (int)13, (int)2));
s7Variablel7_setS7Anypointer(

new S7Anypointer((int)l, (int)l, (int)1l32, (int)100, (int)13, (int)3));
s7Variable2l._setS7Anypointer(

new S7Anypointer((int)l, (int)l, (int)132, (int)1l00, (int)l3, (int)4));
s7Variablel9_setS7Anypointer(

new S7Anypointer((int)l, (int)l, (int)132, (int)100, (int)1l3, (int)5));

11.4.3.5 Adding navigation buttons

After adding the button to the GUI, the button set to listen actions. When it is pressed, it will

open the Page2 1.htm, which is the user friendly HMI.

if("User Friendly HMI"._equals(e.getActionCommand())){
AppletContext am = getAppletContext();

try{
am.showDocument(new URL(getCodeBase(),"'Page2_1._htm"™));

}catch (MalformedURLException el) {
by
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11.4.4 User friendly HMI design Synchronous operation

Each drive has 6 buttons in the HMI for Synchronous operation (see figure 11.13) to operate
under different modes (e.g.: synchronous operation, reference run, reference run for 28 rpm,
and etc.). These operation modes and buttons are standard buttons for the SIMATIC
MASTERDRIVERS MC training set (6SX-7000-0AF10 see figurel.l). If one knows how to
operate the training set then he or she can run the system from the synchronous operation
HMI which designed in this project. The only problem is that the trainings set user interface is

not very user friendly. Therefore, the reason for a user friendly design is to make it more self

descriptive.
DI
E— ochschule filr Angewandte Wissenschaften Harmburg Synchronous Operation
[ —) Hamburg Univesity of Appliad Siences
L= 1]
Slave Master
o 0
3000 (b4 Y, 3000 moo vttty 3p00
% 7 4 ey
RPM REM
Speed |-479 RPM Speed [g4, HEM

[ Rasnee |
etz |
T —
e
R

Ali Gulabi
Master of Information Engineering, HAW-Hamburg

Figure 11.14 User friendly HMI

There are no difference between the Synchronous mode and user friendly Synchronous mode
HMI in terms of the functionalities, and Masterdrives MCs parameterizations. The only
difference is that same digital inputs (DI) for both drivers are directed (controlled) to a single
button, which is labelled with the operation mode. Therefore the user does not need to know

about the all combinations of the operation modes buttons on the training set. For example to
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operate under synchronous mode; one only needs to pres “Synchronous” then “ON”, and then
“Start” buttons. The “Synchronous” button is controlling DI-1s for the both drivers.

Here are the S7Variables that perform the control mechanism;

s7Variablel_setS7Anypointer(//----- Synch Op.--————-—————-

new S7Anypointer((int)l, (int)l, (int)l32, (int)e0, (int)0, (int)0));
s7Variable2.setS7Anypointer(//----- Reference Op.-————=——————-—

new S7Anypointer((int)l, (int)l, (int)l32, (int)60, (int)0, (int)l));
s7Variable3.setS7Anypointer(//----- Reference Op28rpm.--—-———————-

new S7Anypointer((int)l, (int)l, (int)l32, (int)60, (int)0, (int)2));
s7VariablelO.setS7Anypointer(//--——- Akknowledge-----——-————-

new S7Anypointer((int)l, (int)l, (int)l32, (int)6e0, (int)0, (int)4));
s7Variablell.setS7Anypointer(//-—--—- Start « —————————————

new S7Anypointer((int)l, (int)l, (int)l32, (int)60, (int)0, (int)5));
s7Variable9.setS7Anypointer(//--—-- Back to Synch Op. page-----—-—--——--—-
new S7Anypointer((int)l, (int)l, (int)l32, (int)100, (int)28, (int)0));
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11.4.5 HMI Design for Asynchronous operation

The HMI for asynchronous operation is a reduced version of HMI of Synchronous operation.
Just because all the program functionalities are implemented in the S7 control program the
only difference between synchronous and asynchronous operations comes with the
connectivity of the control buttons, where they are enabling/disabling relevant part of the S7
control program. Another difference is there are two speed setting buttons, one for each

drive, where each drive is operated independently.

T —
s Hochschule flir Angewandte Wissenschaften Hamburg AsynchronOUS Operation
— Hamburg Univesity of Applied Siencesz
I
0 0
I
SARRR. G b e sren 3000 0t T, 3000
n £
RPM RPM
Speed |600 RPM Speed 597 RPM

Set Value Set Value E00

Ali Gulabi
Master of Information Engineering, HAW-Hamburg

Figure 11.15 HMI Asynchronous Operation

s7Variable2.setS7Anypointer( //Start Right

new S7Anypointer((int)l, (int)l, (int)132, (int)100, (int)10, (int)0));
s7Variable3.setS7Anypointer( //0N Right

new S7Anypointer((int)l, (int)l, (int)1l32, (int)l1l00, (int)1l0, (int)l));
s7Variable9.setS7Anypointer( //Start Left

new S7Anypointer((int)l, (int)l, (int)l32, (int)100, (int)13, (int)0));
s7Variablel0.setS7Anypointer( //0N Left
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new S7Anypointer((int)l, (int)l, (int)l32, (int)100, (int)13, (int)l));

The “Type of operation” button has two tasks, as they are on the other HMIs, navigating to

the main page, and resetting the parameters so that the new operation will be able to start.
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12 Conclusion

The speed of growth in communications, computer science and semiconductor technologies is
directly affecting may other industries including automation. Nowadays it is desired to have
safer and more accessible automation systems. Today it is possible control, and manage life
threatening chambers without jeopardizing anybodies life with help of these new method in

automation.

The internet is one of the tools that find application area in almost every industry. The term
SCADA usually refers to a central system that monitors and controls a complete site or a
system spread out over a long distance. It makes a good use of the Internet to accomplish the
connection. Due to development in quality of service intenet service; it is possible to meet the

requirements of the SCADA in automation systems.

The goal of this master thesis was to develop an Embedded SCADA system with PLC and
Java Application for Synchronous Operation of Standard Servo Drives. The SCADA system
has two tasks; Data Acquisition, and Supervisory control. In the network system the data flow
is bidirectional therefore the both tasks can be performed at the same time.

In the system, Masterdrives MCs work standard PLC peripheral equipment to produce the
process data. The CPU 315-2 DP is the master device of the system. It is responsible for data
acquisition from the Motion Controllers via PROFIBUS-DP. On the other site, CPU 315-2
DP is directly connected with CP 343-1 IT and transfers the process data periodically via
TCP/IP connection. The user in the client site can access and send the process data through

the Internet using the web embedded HMI.
The Human Machine Interface of the system is developed with Java Applets, which is a cost

effective and a platform-free method. Although in this project it seems to be doable for the

automation systems, one must test it with more complex networks with heavy data load.
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12.1 Suggestions for the future work

Even though this project meets the requirements, and ready to deploy it in real environment
there has to be some improvements. They can be categorized in three groups; first two groups
are software related, and the last one is a hardware related one.

e Improvement in Java programming

e Improvement in S7 control program

e Improvement in hardware
Test program modules can be used to find out the reason behind slow down in HMI, which is
written in Java. There are few things can be investigated; number of the S7Variables, program
structure, and time intervals of the timers.
If number of S7Variables is the problem then a Step7 program can be developed to take most
of load from Java program. For example instead of separate DI and S7Varibales one can

combine the entire DIs in to one S7Variable, let S7 program do the work.

Second improvement can be done to improve error handling. Since Java programming in
Eclipse is done manually (compare to VisulAge) it is important to test the program for every

scenario and fix the bugs.

Third improvement can be done by using newer versions of hardware. For example instead of
using SIMATIC S7-300 one can try S7-400. Masterdrives MCs also a bit old the firmware
was updated from 1.3 to 1.66. They are not compatible with the newest firmware. Maybe

Motion controllers with newest firmware enable us to control better.
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Appendix
A Configuration
A.1 PC

In order to configure SIMATIK S7-300; first it has to be connected through MPI. MPI
connection is ready for any kind of upload and downloads operations before system
configuration is complete. In production floor MPI connection is widely used for engineering
support to re install the system configurations. A PROFIBUS network system configuration
can only be downloaded using MPI connection. Therefore we are going to configure MPI
first, and when the PROFIBUS bus system is configured it will be downloaded to the
SIMATIK S7-300 CPU, and then connection will be switched to PROFIBUS.

1. Configure PG/PC to MPI mode to be able to communicate with S7-300 CPU. For this

open the PG/PC from program menu.

SIMATIC Authorsiy 3
@ Dakumentation >
Set Program Access and Defaults Licenss Management  »
@ Produkt-Hinweise >
windows Catalog =
STEP 7 ,
Windows Update @ WinCC b
& SIMATIC Manager
Komponenten Konfigurator SIMATIC MET ) PROFIdrive b
-
@ Meues Office-Dokurment @ SIHGTION ¥
& OPC Scout
@ Cffice-Dokument &ffnen T Commissioning PC Stations
=) %% Configuration Console
PROFIBUS Interface Center > ) ) ) )
%"% Configuration Information Service
@ Industrial Cormmunication with PG PC Basics
- Programs r ) o .
@ Industrial Communication with PG PC Interfaces
E Docurnents 3 l,'ui, S7-RedConnect - 57 Connection Diagnostic
1z it Set PG-PC Interfare
% Settings [
L
E ik TF-1613 - Configuring with COML TF
= Search 3 IRate guring
a.
& Help and Support
W
E Fn...
=
i
= Shut Daowvn
start B & 7 7 | % MasterTh., | @b Thesis i... | % MyPictures | o Diplomarb.,, | 2§ Canne

Figure A.1 Starting PG-PC Interface
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2. Set CP5613A2 (MPI) active.

%]

Set PG/PC Interface
Arocess Path l

Accezs Point of the Application:
1S?DNLINE [STERP 7] -» CPSE1242[MPI) LJ
[Standard for STEP 7]

Interface Parameter Azzignment Uszed:
|CPEE13A2(MP) Froperties...

CP5E1342(FwL)
HE CPEE1382(MP1) Copy...
CP5E1342(PROFIBUS) <Active>

| | &

|
CPSE1342(Auta] A Diagnostics... ‘
|
|

[Configuration of pour Communications
Proceszor CF G613 A2 for a MPI-Mebwork]

i Interfaces

Add/Remawe: Select... |

Cancel | Help ‘

Figure A.2 Activate MPI

3. Connect the PG cable to the output of the CP5613A2 communication processor and MPI-
Bus socket on CPU.

A.2 S7-Hardware Configuration
1. Create the S7-Project

2. Double click SIMATIC Manager icon to start S7. E

3. To create a new project; File> New

When the blow window opens name the project (e.g.: IT Control).
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X

Mew Project

|lzer projects 1 Libraries] Multipruiects]
M ame j Starage path ik
%.ﬁ.li_EHample C:\Program FileshSiemenshStepdhadproth
%.&IE C:\Program FileshSiemenshStepde 7 prof
%.&IQJ C:%Program Filez SiemenszhStepsfprof
%.&IQJ oo C:AProgram FilezhSiemenszStephefprof
%.&IQJ 01 C:\Program FilezhSiemenzStephefprof
%.&IE_E C:AProgram FilessSiemenzhStephe oo
EF‘H AL D o Drmmr mrs Cilmnh Cimmmminm AT b T A T il Z
< | #
[T Addte cunent multiproject
I arne: Type:
|IT_Control [Project |
;_. Liarard
Starage location [path]:
]I::"-.F'n:ngram Fileg\SiemenzhStep a7 proj Browse. .. J

Figure A.3 Create a new project

As we can see from the Figure A.4 the project only includes the MPI bus, for other
hardware components we must right click on the project icon, and enter the component

that we need.

K] SIMATIC Manager - IT_Control
File Edit Insert PLC Wiew Options ‘Window Help

Diuﬁ:i ; 1

Figure A.4 Entering hardware components
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5. Insert SIMATIC 300 station. To do this; right click on the “IT_Control” project > Insert
New Object—> SIMATIC 300 Station.

K SIMATIC Manager - IT_Control

File Edit Insert

PLC  Wiew Options

Window  Help

Ol i < [e] &lle 5]l

IT Control --

C \Program Flles'lSIE

Insert Mew Object

Object Properties, .,

Fz
Alk+Return

EEX

SIMATLC 400 Skakion
SIMATIC 300 Skation
SIMATIC H Station
SIMATIC PC Skation
Ckher station
SIMATIC 55

PGP

MPI

PROFIEUS
Industrial Ethernet
PTP

57 Program
M7 Program
Drive

Figure A.5 Enter SIMATIC 300 Station

6. Insert a subnet “Industry Ethernet”

PLC  Wiew Oplions

: e
K SIMATIC Manager -[IT_Control -- C:\Program Files\Siemei>t NetPro - [IT_Control (Network) -
B Letwork Edit Insert PLC Yiew Of

Window  Help

Program

1 MPI
Z PROFIEUS

57 Saftware
57 Block,
M7 Software

3 Induskrial Ethernet
4 PTP

et Ecclmt S8 |01 S| Sal] delalsl

Symbol Table
Texk Library
External Source. .

Parameker

External parameters., ..

Etherneti1)
_'Industnal Etherneat

MPI(1)
WP

|simaTIC 300(1)

Figure A.6 Enter Industry Ethernet
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A.2.1 Hardware configuration
1. Double click on hardware icon to open the hardware configuration view.

=-&p 1T_Contral
SIMATIC 300[7]

Figure A.7 Hardware configuration

2. Press the catalog button to open component list on the right.

B Hw Config - [SIMATIC 300(1]) (Configuration) -- IT_Control]

Eﬂ] Station Edit  Insert PLC  iew Options  Window  Help o |:|'|
D|e5-@ % & sl aln| D = 28] W
— atlai
Profie:  [Standard =
—| = ﬂ! PROFIEUS DP

- 58 PROFIBUS Fo
SIMATIC 300

@ o7

({1 cP-300

{7 cPU-300

{7 FM-300

7 Gateway

(7 IM-300

(] M7-EXTENSION
{1 Ps-300

Component list

B SIMATIC 400
] SIMATIC PC Based Control 300/400
[+ B SIMATIC PC Station

~

Figure A.8Component catalogue
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3. Insert the “rail” the rack which the components are going to be mounted on. From the
catalog 2 SIMATIC 300>RACK-300->Rail

B2 Hw Config - [SIMATIC 300(1) (Configuration) -- IT_Control]
Eﬂ] Station Edit  Insert PLC  Wiew Options  Window  Help

D|=5-2 %) & sinjda| [EY 3] %8 N2

“ Find | ivt{eni
Profie:  [Standard =
[ ¥ PROFIBLIS DP

22 PROFIBUS-FA

E SIMATIC 200

e e o

. @] cPam
@3 CPU-300
I3 FM-300

7 Gateway

(3 IM-300

[ MT-EXTENSION
! E-E3 PS-300

. =1 Rack-300
. =) Fail
7 5M-300
SIMATIC 400

; SIMATIC PC Based Control 200/400
-8 SIMATIC PC Station

Component list

Rail

Figure A.9 Insert rail

4. Add a power supply: in the catalog =2 PS 300> PS 307 5A. PS 307 5A is the power supply
that is mounted my physical set up, so every time we add a component in the project it

must match with the product name and model in the physical hardware setup.

[ Hw Config - [SIMATIC 300{1) (Configuration) -- IT_Control]

ﬁ“] Skation Edit Insert PLC  Wiew Options window Help

D|2® % & B dojdl [@o| %2 s
muwe D |

PS 307 54

(5

Find:

Standard

=+ H& PROFIEUS DP
-2 PROFIBUS R4
=-FB SIMATIC 300
m-E3 7
# (21 CP-300
=+ (21 CPU-300

Profile;

ER LSRR R R ) G Y e

%

<

:|2| 0) UR

Slot

Order runnber
EEST 307-1EAD0-0440

Camrment

Module name and Order numbers
must match with the name and
number ont he device

Figure A.10 Add power supply
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5. Insert the CPU; “CPU 315 2 DP”
SIMATIC 300 - CPU 315-2 DP 26ES7 315-2AF03-0AB0>V1.2

|

Find: |

Profile: | Standard

i+ B¢ PROFIBUS DP
.22 PROFIBUS-FPA
= El SIMATIC 300
+{1 C7
(17 CP-300
=-{Z1 CPU-300
- =3 cPU3z

1o oo|—a| o | on| e | oo 85

>

ﬂﬂ 0 UR

Slot Module Order number Firmware | MPI address |addr.. | Q... | C...
PS5 307 B4 BEST 307-1EADD-0440

|

e o , ! [ GES7 315-24F00-0AR0
This information is written on the CPU on the —— - [E sEST 315.26F01-0880

pysical setup —— - [B EE57T 315-24F02-04B0

By (] GEST 315-24F03-04B0

T g
N S RUR
e 4] 1.2

= | = oo oo |~ | o | e oo e

=y

Figure A.11 Insert CPU

6. Set the properties of the CPU as MPI network and data rate to 187.5 Kbps. To do this;
double click on CPU->General > Properties>New

[

Eind | gl di

1 PS5 307 B& A PROFIBUS[1): DP me ;
= [P = FPrafile: iStandard LJ

X2 -9 PROFIBUS DP ~
2 CPU 315-2 DP - (RO/S2

F] 3 = i s v Prope A E erface D DP (RD

5 Time-of-Day Interupts ] Cyclic Intermupts ] Diagnostics/
E.I-- _* General ] Startup ] Cycle/Clock. b emory General  Parameters ]

7
) Shart Description: CPU 52 DF Address: i2 vi If & subnet iz selected,
- SRR the next avallable address iz proposed.
< Mlork memory B4 KB ; 0.3 ms/1000) Highest address: 31
[DF master or DF slave]; mulk-tier - .
\and receive capability for direct da Transmission rate: 187.5 Kbps
:I =0 [routing, 57 Cammunication (loadaty
Subnet:

Slat Oider Mo/ fimware  EES7 315-26F03-04B0 4 V1.2 il

- = - ok networked - Mew...
Al MName: CPU 315-2DF MPI1]

2@ £ Froperties. ..
s & i~ Interface - 3

i Tope: MPI Delete

[ Address: 2

E Networkw Froperties...

7 9

g Corm

10

1 Cancel Help

Figure A.12 MPI properties
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7. Insert Communication Processor “CP 343-1 IT”: SIMATIC 300 = CP-300~> Industrial
Ethernet =2 CP 343-1 IT = 6GK7 343-1GX20-0XE0

Bl HwW Config - [SIMATIC 300{1) (Configuration) -- IT_Control] = (8]
Eﬂ] Station Edit Insert PLC  Miew Options ‘Window Help =i

D|(3-2 %) 6| Ble| dl| (D % x2|

E_' Find: | ;"‘_?i

Profile: ] Standard

- PROFIBUS DP
B8 PROFIBLS-PA,
=l SIMATIC 300
ml : =@ c7
i (0] CP-300
L @ AS-Interface

i cPasaa T

=0 R make sure this information is S =l ?E”E‘F'_';f ke
matching the one onthe CP . 5[ CcP3s31s0
Slat Module UITaEr numoer srbaeraay e |0 B I . -[:l CP 2431 1T
1 [[d Ps 3075 % [BES7 307-1EADD-0AAD LT TR BGKT 3431 GHO0IKED
2 CPU 315-2DPF % [BES7 315-2AF03-DABOV1.2[2 §ohd By EGET 3431 6511-0°ED
OF h |6ES7 307-1EAD0-0AAD FS il 657 3431 GX20-OKED
w1 CP 343 Lean

IEREERN (1 CP 3431 PN

Figure A.13 Add communication processor

8. Set IP address of Communication Processor CP 343-1 IT. The IP address is written on the
CPU. In this case it is 141.22.15.92. Double click on “CP 343-1 IT”
- General > Properties> New

ANIAN e fimeieaic | IT Faseanl | vl

Properties - Ethernet interface CP 343-1 IT (RO/54)

IP Configuration ] Users ] Symbolz I 0]

General ] Addreszes i Optioks i Timne- General  Parameters
Short Description: CP 343117
|57 CP for Industrial Ethemet TCI 2
| ! If & subnet iz selected,
EFET.EHMH”E interface, Iong the nest available addresses a
rrouting, module replacement wit
| 104100 Mbps, fized MAC addre:
Order Mo/ firmware EGK? 343-1G>20-0<E0 /1.0 4 . :
| 1P acdress D [1a1221532 [y
L4 | I ame: ]EF' 31T ' Donot use router
= = Subret mask: 1255. 256.00
~Interface — 5 " Use router
4m| = | (0] UR :
_I_I Type: Ethernet Address:
et fioclc Address 140.80.0.1 Subret
1 PS 307 B&
2 | CPU 3152 DP 2 fer—— Properties... J_ notnetviarked 1|
- - 3 -
3 Comment: L
4 ai CP 343117
B =
E
7

Figure A.14 Set IP address
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9. Set Time-Of-Day Synchronization Select NTP Mode—> Active NTP time-of-day
synchronisation, Add NTP Server Address: 131.183.3.220, Select Time zone: (GMT +
1:00)Berlin

10. Add the users in the CP 343-1 IT Users properties window, and set the user rights and
enter the password. Double click “CP 343-1 IT” - Users>Add

Properties - CP 3431 IT - (RO/S4)

General I Addrezses | Cptions I Time-of-0ay Synchronization I IP Access Protection I
|F Canfiguration Users | Symbolz i DS Parameters | Diagrnoztics | Addrezzing |
Idzer Lisk:

everybody

Edit User Entry

Ilzer name: i.-“—‘-.li

~ The user iz authorized B A EEEETE 0T |

[ use the symbol tab
[ read variables usin
[ write vaniables uzi]  Mew pazsward: l ““““““““

[T access files on thel v o | 1
Confirm password:

Qld pazsword: I

[ zend atest mail us

[T query the status of

[ quen the order nuI k. I Cancel I Help I
L

(] | Cancel | Help |
k. I Cancel | Help

Figure A.15 Add users

11. Set DNS server address,. Double click “CP 343-1 IT” 2DNS Parameters 2 Add

12. Insert Digital Input module SM 321-1BH02-0AA0
SIMATIC 300 - SM-300 - DI-300 - SM 321-1BH02-0AA0
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B Hw Config - [SIMATIC 300(1) (Configuration) -- IT_Control]
E“] Stakion  Edit  Insert BEESS Yiew Options  Window  Help

0|22 %) & s B % w2l

Figure A.16 Insert Digital Inputs (DI)

13. Insert Digital Output module SM 322-1BHO1-0AA0
SIMATIC 300 = SM-300 - DO-300 - SM 322-1BH01-0AA0

14. Configure Analogue I/0O module
SIMATIC 300 = SM-300 = AI/AO-300 = SM 334-0KE00-0ABO

15. In order to save and compile the project; the hardware configuration must be saved and

compiled by clicking on the

0
%7 button.
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| Find: | m]m,
Erofile:  [Standard d|
PROFIBUS[L: DP master system (1] :
+-(_] CP-300 -
(@12 MASTE +-{ CPU-300
e e + % FM-300
R SRl + Gateway
] DO1E:DC24v/0 58 w H!M + [ IM-300
Al4/A02 = (0 MP-EXTENSION
—_ +-(07 P5-200
(0] RACK-200
=3 5M-300
ﬂﬂ {0 UR -0 A-300
000 Al4A0-300
Slot Module Order nurnber o | R Mol | | Co I : % A-A00
1[4 Fs 20754 BES7 307-1EAND-UAAD = DI-300
2 |Eiceusisapp GES7 315-2AF03-0ABV1.2[2 _ @ SM 321 DI16x 461 25VDC
,3%‘» aF M [d St 321 DIERACTZ0/230V
Sh 321 DN BwACT 20V
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A.2.2 Adding SIEMENS Simovert Masterdrives Motion Controllers

1.

Insert Masterdrive MC 12: right click on PROFIBUS(1): DP master system(1)->Insert
Object>SIMOVERT->MASTERDRIVES CBP->Motion Control Plus

[ Hw Config - [SIMATIC 300(1) (Configuration) -- IT_Control]
II“] Skation  Edit Insert PLC Yiew Options  Window Help

Al T =T

<

"gg —

| WO OO = [T || P | G

FIEEEED

& CPU 315-2 DP

oA

CP 343117

DITE=DC24Y

DO1E:DC24Y/0.54

Aldsa02

Right

Click

:I:I FROFIBUS[1): OF magter spztem (1]

PROFIBUS address

I Module

I Order number
|

Firmware |

PROFIBUS[T): DP master systermn [1]

Figure A.17

- Profile:

PROFIBUS[TY: OF master syztem (1]

Insert Object. .,

Delete

Move

GoTo
Object Properties. ..

| Find:

Prafile:

Del

Alt+Return

3

Standard

Simovert

[C71 Mebwark Compar #

(23 Sensornic

(L1 SIMADYN

LI SIMATIC

[ 5IMODRIVE

(3 5IMOREG =
SIMOVERS

(7 sinaka [E DRIVES

5 ERDRIMES CEE

Masterdrives CBP — ERDRIYI

1 Firmware—i-m

Motion Contral Plus

CEP2

A

O-/4101-¢
OMASTE

core ol

MAGTF
I (-

@ Active Front End #
E Frequency Contr
E M otion Caontral

Mation Caontral P
& Rectifier/Fegen
@ Servo Control

@ “ector Control CI

E Weartar Canteal T Y
£ | >

H :ﬂ! FROFIBUS DF

B2 PROFIBUS-P&
& SIMATIC 300
# [{ SIMATIC 400
# [{ SIMATIC PC Based
-8 SIMATIC PC Statior

conmmunication

GSEF090-0xx54-0FF0 (MDMPY; DP slave CBP in SIMOVERT
MASTERDRIVES MC Plus, Drive ES interface, cyclic and acyclic

Figure A.18 Add Drivers
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Set the PROFIBUS bus address: After choosing “Motion Control Plus” at step 22 a

window will open and ask for the bus address. One can address up to 128 components

with PROFIBUS DP. Here I am choosing address 12. When we press “OK” another

window will show up asking for Device version. This is the firmware version of the

Motion Controller; in this case it is 1.6.

Properties - PROFIBUS interface MASTERDRIVES CBP

General  Parameters ]

E| Properties - Drive

General  Drive l

Address: - .e-—- PROFIBUS bus address Dievice ] SDRIVES ME Flus __J
Device code: IMDMF‘
Transmission rate: 1.5 Mbps ; ;
Subnet:
ey Technology type: | technolog _l
M Bus address: | 13
g Mumber of PCD: E
Cancel | Help ‘ 0k | Cancel Help

Figure A.19 configure PROFIBUS

3. Set PPO type:

After step 23 there will be another window showing addresses of the Motion controller for

writing and reading parameters and “Main Setpoint”. Depending on application and the

controllers one has to decide the PPO types. In this case PPO 1 is chosen.
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DP Slave Properties

s Telegram tpe PPO1
Gereral Configuration ] /

x)

Drefault i PPO1 ¢ PPOZ (" PFO3 { PPO4 ( PPOS

St In local slave PROFIBLS partner

. ' Type ..ﬂéddress: L 'Ty_p.ue . DF address Elbila'ddress.F‘rncess
O | InputOutput 2 272

5 Actual valueﬂe?.pu:uint PCD In_put!‘Output t2 :EEIII ---

|
W

bl azter-Slave configuration 1 -

Master: [2] DF
Station; SIMATIC 300(1]

Caomment; ‘

Cancel Help

Figure A.20 Configure PPOs

4. Insert Masterdrive MC 33: follow steps 22, 23, and 24, but use 33 as PROFIBUS bus

address.

5. Save the configuration then close the Hardware Configuration window.
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Figure B.4 FD850 [14]

134



C Instructions to start HMI from the Internet

The page is saved in SIMATIC NET CP 343-1 IT, in order to access the page it should be
turned on, and then below steps of instructions need to be followed;

e Use this address in internet browser http://141.22.15.92/MyProjekt/ you will see

the below screen:

A Index of IMyProjekt! - Microsoft Internet Explorer

File Edit ‘iew Favorites Tools  Help

A Yy £ = T
@ Back - 2, \ﬂ @ l‘] P ! Search Rﬂl\? Favorites {E‘?{ 3~ &3
i *
Index of /MyProjekt/
)
Mame La=t modified
= Op to higher lewel directory
[ Sat Jan 1 00:03 1994
3 i 3at Jan 1 00:00 1594
[ = IT Automation. jar Jat Jan 1 0O0:00 1954
_n Pagel.htm Jat Jan 1 01:07 1994
[ = Page:s . htm Jat Jan 1 01:07 1994
'~ PageZ 1.htm Sat Jan 1 01:07 1994
ES EBazsicl/ Jat Jan 1 06:25 1994
I Pagel . htin Sat Jan 1 01:07 1994
= IT Automationold. jar Jat Jan 1 01:30 19943

Figure C.1 Index page

e Start (double click on) Pagel.htm
You will be prompt blow page (Figure C.2 Login page):
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SIMOVERT MASTERDRIVES MASTERDRIVES MC 6SX 7000-0AF10

TYPE OF OPERATION

Synchronous ‘

Asynchronous ‘

IT-CP Passwortabfrage [E|

Autorisation erforderlich!

FPasswort:

oK | Abbrechen |

| Java Applet Window

Figure C.2 Login page

e Username: Ali ( A is capital)
e Password: 12345678
e Press “OK”

e Choose the type of operation; “Synchronous” or “Asynchronous”
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e If it is Synchronous operation; set the mode you want. For this there is table on the
GUI to inform the user to choose any mode he or she wants.

e First turn the right hand side on ( Master); DI-1, DI-6, and then DI-5

e Then turn the left hand side on (Slave); DI-1, DI-6, and then DI-5

e Ifany side does not work; turn DI-5 and DI-6 OFF then turn DI-3 on then off again.
After this turn DI-6 and DI-5 on

Figure C.3 Synchronous Operation
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e Ifitis too complicated to operate synchronous mode then choose “User Friendly
HMI”, where it is more straightforward.

e Press the mode you want

e Press “ON” button

e Press “Start” button

IEEE—
m— sl filr Angewandte Wissenschatten Hamburg Synchronous Operation
— Hamburg Univesity of Applied Siences
i1
Slave Master
0 0
. e Al i
3000 (S -3000 4 t ¢ 3000
RPM RPH
Speed |-479 RPM Speed [gq, RPM

TN —

Ali Gulahi
Master of Information Engineering, HAW-Hamhurg

Figure C.4 User friendly HMI

e If motor do not start then; press “Stop”

e Press “OFF”

e Press “Acknowledge” button

e Now press “ON” and “Start” buttons again.

e The speed can be changed.
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» Asynchronous operation

® Yu can start Asynchronous operation from the first page. If another operation is
currently in operation then stop it and then pres “Type of Operation” button for a

second.

e Now you are at the first page, and ready to start the Asynchronous operation.

I
s Hochschule flif Angewandte Wissenschaften Hamburg Asynchronous Operatign
— Hamburg Univesity of Applied Siences
I
0 0
G sooo vt YNt e, 3000
-3000 o ! ¢, 3000 LN o
b b
RFM REM
Speed [600 RPM Speed 557 | RPM

o e

Ali Gulabi
Master of Information Engineering, HAW-Hamburg

Figure C.5 Asynchronous Operation

e Press “ON” button
e Press “Start” button

e Each side can independently be operated.
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D CD-ROM

This Master report contains an appendix of program listing:

e S7- Program including the S7-project

e Java source files

0}

0}

0]

(0]

0}

Pagel.html (Type of Opeation)

Page2.html (Synchronous Operation)

Page2 1.html (Synchronous Operation use friendly HMI)
Page3.html (Asynchronous Operation)

IT Automation.jar (executable jar file)

e Thesis.pdf; a copy of Master Thesis as a PDF file

This appendix is deposited with Prof. Dr. Ing Gustav Vaupel.
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