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These experiment instructions are supposed to give a working guide for the laboratory
task “Sequence control of the drilling machine” to Czech students of the international
bilateral project: “Experimental work and Simulation of Control systems” subproject
"Industrial use of PLC and Control Systems” which is carried out in laboratories at the
University of Applied Science Zittau/Gorlitz, Germany. The project was developed in
cooperation of the Technical University of Liberec and the University of Applied Science
Zittau/Gorlitz in 2005.

The objective of this laboratory exercise is to familiarize the students with the
programming of a control system S7-300 using STEP 7, which is supplied with the
optional package S7-GRAPH FB for a sequence control.

The subproject "Industrial use of PLC and Control Systems” is carried out as the
“International laboratory exchange programme” and this student’s guide was partly
financially supported by the EU — Small projects of Euro region Neise-Nisa-Nysa, Nr.
CZ 2003/005 - 095.03.01- 0083 in 2005.
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1 Introduction

SIMATIC is a worldwide established automation system for implementation of industrial
control systems for industrial use. The programmable controller SIMATIC S7-300 is
know as one of the automation systems which enables integrated configuration, data
management and communication throughout the complete automation system. The
basic tool for SIMATC 300 is STEP 7 that offers the following languages: instruction list
IL, ladder diagram LAD, function block diagram FBD, structured control language SCL
and S7-Graph. The language S7-GRAPH is an implementation of a sequential function
chart SFC and used for sequence control.

The programming of our laboratory task will provide an overview of the programmable
controller SIMATIC S7-300 and programming in the environment of STEP 7. The
objective of this laboratory task is to create a program for a sequencer with Steps and
Transitions for automatic drilling machine and its testing.

2 Technological Task

The students will perform laboratory experiments and programming on a model of an
automatic drilling machine and a programmable logic controller S7-300. The scheme of
the drilling machine is depicted on the figure 2.1. The programmable logic controller
consisting of a standard rail, 24V power supply, CPU 314 and a digital input/output
module (16Dl +8DO) is exposed on the Figure 1.1.

Figure 1.1: Programmable logic controller S7-300 with connections.
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2.1 Technological scheme of the automatic drilling machine

The technological scheme on the figure 2.1 shows the set-up of the drilling machine.
The machine consists of the following elements:

Work ejector y12  Support y13

(Auswerfer) (Vorschub Bohrmaschine)
Start button x11 )% )(()2
Main switch x14 Drilling tool 1
y10
(Bohrer 1)
Supply bin )g Ox12
(Magazin) -
Drilling tool 2
Feeder y15 x9 g y9
(zufiihrkolben) @) — (Bohrer 1)
Ox13
)8 )8 —————— Work-
______ piece Drilling head y11
| (Bohrwerk)
x10 x8
@)
. Finished pieces bin
Clamp device y14 (Auﬁangbehal?er)
(Spannkolben)

Figure 2.1: Set up of the automatic drilling machine

Feeder with feedback signals: “home” and “working position”. The feeder places
one work piece from the supply bin to working position. The feedback signal
“working position” indicates that the work piece is on the platform and it can be
clamped.

Clamp device with feedback signals: “home” and “working position”. Working
position indicates that the work piece has been already clamped.

Work ejector with feedback signals: “home” and “working position”. After drilling
and release (unclamp) the work ejector removes the work piece and places it in
the finished pieces bin. The working position indicates that the work piece has
been removed.

Supply bin of work pieces with a feedback signal: “bin is not empty”.
Finished pieces bin with a feedback signal: “bin is full”.

Support with a drilling head that has two drilling tools. The support has two
feedback signals: “home” and “working position”. The working position indicates
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that the support with the drilling head has been moved to the bottom limit posi-
tion (down). The home position of the support with the drilling head indicates that
the support is in its upper position (up).

- The drilling head can work with two drilling tools and it has three feedback
signals: “Drilling tool 1 is set”, “Drilling tool 2 is set” and “Drilling head rotates”.
The drilling head is ready for operation and can be moved up or down when a
drilling tool is set and the drilling head rotates (motor is turned ON).

The drilling tools can be set when the support is in the home position and the
drilling head does not rotate.

The air cylinders from the feeder, clamp device, work ejector and support are
equipped with a spring, which ensures the removal of cylinders to their home
positions, when the input from PLC is equal to zero.

For the performance of the program sequencer the following conditions have to be met:
General conditions:

1) The automatic system of the drilling machine has been switched on with the
main switch.

2) The starting of the operational (drilling) cycle is performed by the start
button.

3) When the automatic drilling machine is stopped with the main switch then the
drilling machine parts have to be set to their home position and a complete
new drilling cycle will be started if the main switch is on again.

4) You have to feed a work piece, clamp it and than make the drilling head ready
for operation before you can start the drilling by moving the support in the
working position. After drilling and moving the support in the home position
you can unclamp and eject the work piece.

Special conditions:

1) Drilling cycle can only be started when the supply bin is not empty and the
finished pieces bin is not full.

2) Feeder goes to the home position after the clamp device has clamped the
work piece

3) The work piece can be fed only when the supply bin is not empty and it can
be ejected only when the finished pieces bin is not full.

4) When the drilling cycle is interrupted because the supply is empty or the
finished pieces bin is full then the switching ON the start button continues the
operation after filling the supply bin / removing the finished piece.
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2.2 Initial state
The initial state of the automatic drilling machine is defined as follows:

- The support with the drilling head, feeder, clamp device and work ejector are in
their home position.

- The the drilling tools are unset and the drilling head motor is stopped.
- There is no work piece on the working platform.

2.3 Student’s Task

Create a program for a sequence control in the environment of SIMATIC Manager and
Step 7 (S7-GRAPH) for automating of the drilling machine that is described in the
chapter 2.1. Please carry out:

1) Description of the SIMATIC S7-300 workstation

2) A concept of dividing the drilling operation into individual steps,
accepting the given number of variants as well as the general and the
special conditions exposed in the previous chapter.

3) Table of Input and Output signals
4) Flowchart of the drilling process.

5) Program of sequencer S7-GRAPH with Steps and Transitions (Petri Net)
with programme in LAD (Ladder logic; a representation similar to relay
logic diagrams).

6) Printing the program

The following variants are prepared for the students:

Variant 1

The drilling cycle of the variant comprises the drilling of only one work piece with a
rough drill as the drilling tool 1. The following operation is finishing with a parallel
reamer, which is considered as the drilling tool 2.

Variant 2
The drilling cycle of the variant comprises the drilling of one work piece with the
drilling tool 1 and the second work piece with the drilling tool 2.

Variant 3

The drilling cycle of the variant comprises the drilling of one work piece with the drilling
tool 1 and the second work piece with the drilling tool 2 (similar to the variant 2).

It is necessary to wait 2 seconds in the working position before ejecting the work piece.

Variant 4
The variant is similar to the variant 3 but it is necessary to calculate how many work
pieces have been made since the time when the main switch was switched ON.

Variant 5
The drilling cycle of the variant comprises the drilling of 10 work pieces. After 4
pieces have been drilled, the drilling tool 1 has to be changed for the drilling tool 2.
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3 Programmable Controller SIMATIC S7-300

In this chapter the structure of the programmable controller is described. We decided to
deal with S7-300 Station, the addressing of signals and variables and the functional
diagram.

3.1 S7-300 Station

SIMATIC S7-300 is a modular programmable controller — S7 station comprises the
following components: Rack, Power supply (PS), Central processing units, Interface
modules, Signal modules (SMs), Function modules (FMs), Communication processor
(CPs) and Subnets. Generally, the programmable controller may consist of several
racks, which are linked to one another by a bus cable. The power supply, CPU and I/O
modules are plugged into the central racks. The rack contains 8 slots for modules.
Every slot has a fixed address in the S7 station. This slot address consists of the
number of the mounting rack and the number of the slot.

The 1/0 modules can be separated from the central rack when expansion racks are
connected to the central rack by interface modules.

The preparing and programming of a control system for an automated machine is
performed in a programming device - a PC with Windows. The program of control uses
the Central processor unit CPU of the SIMATIC Station S7. The programming device
contains off-line data. A project must be created for every task on the programming
device. This consists of hardware configuration, user program off-line and symbol
tables. The on-line data consist of the user program and the system data in the CPU,
which are stored in the load memory, the work memory and the system memory.

Generally the load memory consists of a user program including configuration data that
are loaded from programming device.

Work memory is a high speed RAM integrated in the CPU. The relevant control program
is executed in the work memory.

System memory contains the addresses of variables that the executed program
accesses. The addresses are accommodated in these areas: input area (E), output area
(A), bit memories (M), Timers (T), counters (Z) and temporary local data.

There are 8 I/0 modules that can be plugged into the central rack of the S7-300 station
with a single wire configuration. Our laboratory task uses the S7-300 Station. It is
equipped with:

CPU 314 C - 2PN/DP

Input and output module: DI 16/DO 16xDC 24V
Addresses of Input: E136.0-E137.7
Addresses of Output: A136.0-A137.7

This hardware configuration doesn't have any assembly racks and neither the slots.
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3.2 Defining the System Signals

The switches and the contactor of the automatic drilling machine are controlled via the
inputs and outputs of the digital input/output module of the programmable controller
SIMATIC S7- 300 with the Station CPU314. The input/output module has 16 inputs and
16 outputs. The default values of input addresses to the PLC are E136.0 to E137.7 and
the outputs from PLC are A136.0 to A137.7 (in our laboratory task we are using only
Al137.0 - Al137.7). These addresses are described as Absolute Addresses. It is
possible to use Symbolic Addresses, for example X1 or “Clamp_in _home”.

A list of INPUT (feedback signals) and OUTPUT signals can be made from the
technological scheme on the figure 2.1 (See the Tab. 3.1 and 3.2). We decided to use
the Symbolic Addresses X0 to X14 for Inputs and Y9 to Y15 for Outputs.

Symbolic INPUT explanation Absolute

Address Address
X0 Feeder - Indication of home position E136.0
X1 Clamp device - Indication of home position E136.1
X2 Support - Indication of home position E136.2
X3 Work Ejector - Indication of home position E136.3
X4 Feeder - Indication of working position E136.4
X5 Clamp device - Indication of working position E136.5
X6 Support - Indication of bottom limit (working) position E136.6
X7 Work Ejector - Indication of working position E136.7
X8 Drilling head rotates E137.0
X9 Supply bin is not empty E137.1
X10 Finished pieces bin is full E137.2
X11 Start button is ON E137.3
X12 Drilling tool 1 is set E137.4
X13 Drilling tool 2 is set E137.5
X14 Main switch is ON E137.6

Tab. 3.1: Input signals (Feedback signals) to the PLC

Symbolic OUTPUT explanation Absolute

Address Address
Y9 Set Drilling tool 2 Al137.1
Y10 Set Drilling tool 1 Al137.2
Y11 Turn ON motor of drilling head A137.3
Y12 Remove the work piece to finished pieces bin Al137.4
Y13 Move support in the working position Al137.5
Y14 Clamp work piece Al137.6
Y15 Insert work piece from the supply bin Al137.7

Tab. 3.2: Output signals (Feedback signals) from the PLC
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3.3 Sequential Function Chart (SFC)

Before creating a program for the sequencer in the S7-GRAPH FB it is necessary to
divide the drilling machine operation into individual steps. The result is a Sequential
Function Chart (SFC). The basis for creating the Sequential Function Chart is the
technological scheme of the drilling machine. After that you can create the program for
the Sequential Function Chart..

A Sequential Function Chart represents a sequence of simple
steps and transitions (see figure 3.1). The steps are executed
in a fixed order and the transitions consist of conditions that
control how the process moves to next individual step.

To specify the structure of the Sequential Function Chart, follow the steps outlined
below:

1) Divide the drilling process into steps and specify the order of the steps!

2) For each step specify the actions that must be performed in the step!

3) Decide which conditions must be met for every step so that the process can
move on to the next step!

S1 Step 1
Stepl [T Action 1
Action 2
Conditions 1 |-.__________ 4T
Transition
S2 Step 2
Step2 | T Action
Conditions 2 [ _._________. . )
Transition

Figure 3.1: Structure of the SFC

It is possible to use alternative branches (see figure 3.2a) and jumps (see figure 3.2b).
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Step 1
ST T — Action 1
Stepl Action 2
Conditions 1 | -_._________ T1
Conditions 2 — T2
Step 2
SSZ 5 Action 1
tep Action 2
Conditions 3 | | _______ —1— T3
s4 Step 4
Step4 Action
Conditons 4 | ___________ ——Ta
Figure 3.2a: Structure with alternative branches
— T3
Step 1
S fee Action 1
Stepl Action 2
Conditions 1  |-____.____ —_
T1
S2 Step 2
Step2 | ] Action
Conditions 2 | __________. — T2
S3 Step 3
step3 | Action
Conditions 3 | ... __ —_T3
S1

Figure 3.2b: Structure with jumps
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4 Creating the Program in the SIMATIC Manager

The SIMATIC Manager (figure 4.1) is a software tool working with objects in STEP 7
environment.

.'—,n SIMATIC Manager E@

Eile PLC View QOptions Window Help
O |82 |7 @ w2

Press Fl to get Help.

Figure 4.1: SIMATIC Manager

These logical objects correspond to real objects in the technological equipment.

A project may contain several stations (programmable controllers) connected to one
another. A station contains a CPU that consists of a program in STEP 7. This program
is a “container” for other objects such as the “Blocks”, which contain other compiled
blocks.

To select an object means to click on it once with the mouse so that it is highlighted.
To name an object means to click on the name of the selected object or select the item
“EDIT”. To open an object means to double click on that object.

In this laboratory manual is not possible to describe in detail the SIMATIC Manager, the
programming in S7 — Graph and other tools. We only intend to offer the information
necessary for the students to be able to create a sequencer for the control of the
automatic drilling machine.

The basic procedure for using the STEP 7 programming for a new project is the
following:

Set up a new project
> Configure the Hardware
> Configure the communications
> Create a user program
> Test the Program

In our laboratory task the communication configurations are set. It is not necessary to
carry out the complete configuration.
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4.1 Creating a project and an S7 program

In the SIMATIC Manager it is necessary to create a new project folder. There are two
possible ways: without and with the “Project Wizard”. We use the way without the
wizard because we have to make some changes in the hardware configuration.

There are the following steps to do:

Start SIMATIC-Manager (figure 4.1)

"Options" ->"Customize" -> Path of own USB-Stick or "C:\TUL" -> "OK"

F
e — |
Columns | Message numbers I Archiving
Language General | Date and Time of Day | Wiew
— Storage location for projects/multiprojects
Browse... |
— Storage location for libraries
IC:\F‘rogrclm Files" Siemens" . Step 7.5 Alibs Browse. .. |

[~ Open new object automatically

[~ Archive automatically on opening project or library

¥ Save window amangement and contents at end of session

¥ Offine window [ Online window

[~ Show access control symbols

| Deactivated system messages: Activate |
Carcel |t |

"File" ->"New" (Ctrl+N) -> Name -> i.e. "SCD_G1" (max 8 Letters) -> OK

Ilzer projects | Librariesl Multiprniectsl

CREN

Marne | Storage path

[ Add to curent muliproject

MName: Type:
[sc0_G1 | Project |
™ F Librany
Storage location [path):
IC:HTuI Browse. .. | I
Cancel Help | i
. _———————
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"Insert" -> "Station" ->"SIMATIC 300 — Station"

File Edit [Insert| PLC View Options Window Help

0@ i  Station 4 1 SIMATIC 400 Station or >
= Subnet b| 2 SIMATIC 300 Station
_____ B o Program r 3 SIMATIC H Station
57 Software , 4 SIMATIC PC Station
57 Block . 5 Other Station
M7 Software 3 6 SIMATIC 55
1PG/PC

Symbol Table
Text Library 3
External Source...

1

Inserts SIMATIC 300 Station at the cursor position.

File Edit Insert PLC View Options Window Help

D& (2 F | % By @ |2 % %o B E

"SIMATIC 300" -> "Hardware" -> open (double left click)

File Edit Insert PLC View Options Window Help

D 226 | % =R dallo S 2o 3
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->
& SIMATIC Manager - SCD_61 [= ==
File Edit Inset PLC View Options Window Help
[ER=2 2 25 % < No Fitter > W EE BEDIN
5P 5CD_G1 -- CATuNSCD_GL
=P 5C0_G1 2l Hardware
-l SIMATIC 300(1)
% HW Config - [SIMATIC 300(1) (Configuration) -- SCD_GL] (=B ==
Bl) Station Edit Inset PLC View Options Window Help - ==
hEsE B & sl g ([fh 28 k2
o b=l
L £ ]— FHET
Fuofie:  [tandard |
PROFIBUS DP
A PROFIBUS-PA
2 PROFINET IO
= SIMATIC 200
< I, b SIMATIC 400
Press Fl to get Help. SIMATIC PC Based Cortrol 300/400
== | simaTic 300i1) B, GIMATIC L Station
Slot | Designation | FROFIEUS-DF slaves for SIMATIC 57, M7, and 7 E¢
1‘ [distibuted rack) =

Press F1 to get Help.

"Insert" -> "Insert Object" -> "SIMATIC 300" -> "RACK300" -> "Rail"

& SIVATIC Manager - SCD_GL [=r=r=]
File Edit Inset PLC View Options Window Help
SIS oo |1, & [ ome> % | V@ BEM|
@ SCD_G1 -- C\Tul\SCD_G1
-5 5c0_G1 il Hardware
SIMATIC 30001]
B HW Config - [SIMATIC 300(1) (Configuration) -- SCD_G1] ===l
E“] Station Edit [nset PLC View Options Window Help
b8 & & s g ||fh 0| 55 w2
gPHDFIEUS P ‘il ol
PROFINET 10 — | Find i onj
SIMATIC 3N )
SIMATICP [ 07 Profile: [ Standard =]
DG:alfv'uigin PROFIBUS DP
@F v - 58 PROFIBUS P4
! A2 PROFINET 10
5 SIMATIC 300
T v IMATIC 400
Press F1 to get Help. SIMATIC PC Based Control 3004400
:I:I s -8 SIMATIC PC Station
Slot | Designation I FPROFIBUS-DP slaves for SIMATIC 57, M7, and C7 E
’J; [distributed rack) E
Press F1 to get Help. Chg
n n n H n n n
Insert" ->"Insert Object" ->"Power Supply PS 307 5A
IS = |
@l HW Config - [SIMATIC 300(1) (Configuration) -- 5CD_G1] [ = =]
E“l Station Edit Inset PLC View Options Window Help
DEs59 & L =
- b=l
S e |
PS5 307 104 Profile:  [Standard |
@ Ps 307108 _F
PG 907 104 | :ﬂl FROFIEUS DP
Pe 307 2 32 PROFIBUS P4
P a7 o8 | 22 PROFINET IO
P 207 e L = SIMATIC 300
S| b SIMATIC 400
P35 307 54 SIMATIC PC Based Control 300/400
’7‘ PS 307 B4 Outdoar v B SIMATIC PC Station
GEST 307-1EA01-0AAD; Load supply voltage 120/230 VAC: §
24VDC/2A Firmware | MPl address | | addiess | O addiess CJ PROFIEUS-DF slaves for SIMATIC 57, M7, and 07 £ ¢
T ] T - [distributed rack) -
2 | | 2
Press F1 to get Help. Chg
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"Insert" -> "Insert Object"” ->"CPU: 314C-2 PN/DP" ->"V3.3"

E“] Station Edit  Insert PLC

% HW Config - [SIMATIC 300(1) (Configuration) -- 5CD_G1]

View Options Window Help

| L|&3crunszop
(3 cPU 3152 PN/D
A|Cacrumsrzor

(T e e a

DEa-E & ain ol |0 22| %8 [ w2

- Find: |

1 PS5 307 5A ~
Profile: | Standard ﬂ

CACPU 314 1FM -
[ CPU 314C-2DP r -2 FROFIELUS DP
CACPU 314C-2 PN/MP -EE8 PROFIBUS-PA
Qcrusaczre [[vas %5 PROFINET 10

| |C3cPu 315 - B SIMATIC 300

« b SIMATIC 400

SIMATIC PC Based Contral 3007400

F-J8, SIMATIC PC Station

Slot M odule cirmware | MPI address | address | @ address | C. | PROFIBUS-DP slaves for SIMATIC 57, M7, andC7 ¢
1 PS 307 B4 - [distributed rack)] =
2 <
Press F1 to get Help. Chg
->
Properties - Ethernet interface PN-10 (R0/52.2) @
General  Parameters
If a subnet is selected,
the next available addresses are suggested.
P address: f52.168.0.1 iy
% Do not use router
Subnet mask: 255.255.255.0
" Use router
[~ Use differert method to obtain P address Address:
Address:
Subnet:
— ot networked — MNew
Delete
H
Cancel Help
-> n O K n
@ HW Config - [SIMATIC 300(1) (Cenfiguration) - SCD_G1] =n =R
E“] Station Edit Insert PLC  View Options Window Help = | &
heEs8 B &S s ol ||EY B3 | %8 | w2
a Bix|
UR X .
=0 Find: | dit #j
X2P2R Port 2 -
25 DI24/D078 Profie: [ Standard |
26 AlsAcz =
27 Cotad = ﬂl PROFIEUS DP
28 Postion B2 PROFIBUSPA
3 il % PROFINET 10
= - SIMATIC 200
'l 1 + SIMATIC 400
SIMATIC PC Based Control 300400
:I:I [0 UR B SIMATIC PC Station
Slat Module Order number Firnware | MPIl address | address | O address | C.. |
1 || PS 30754 EEST 307-1EAD1-0440 -
2 CPU 314C-2 PN/DP  |BESY 314-6EHD4-DABD V3.3 2
A MELEF pal ST
A FREG SRE =
A Pt A
A PP S
i DADGIE IR | AmaE
pall R AR | AN 8T
£ L FIELEF | SPELER
S P T M | & o PROFIBUS-DP slaves for SIMATIC 57, M7, and C7 ¢
5 [distributed rack]
) -

Press F1 to get Help.

Chg
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Close HWConfig (Save changes ->"Yes")

-

SCD_G1 - Message Mumber Assignment Selection

— e |
Settingsz for the current project / library
If you create a new praject or library, vou have to zelect ane of the fallowing options:

f* Azzign CPU-oriented unique meszage numbers

[az of WnCC %E, PraTool B or STEP 7%W5 2

It iz no longer pozzible to conwvert to project-oriented or STEP 7 W51
" Aszzign project-oriented unique messzage numbers

[Previous method]

Options >>
Help
—

->"OK"

.ﬁ SIMATIC Manager - [SCD_G1 -- CATulSCD_G1]
%Eile Edit Insert PLC View Options Window Help

O = | 87 ¥ By g || 2 g | oo |t EEOE

< Mo Filter =

El-£9 SCO_G1 fally Hardware [B] CPU 314C-2 PN/DP

el SIMATIC 300(1)

The result is the SIMATIC Manager with the new project and the S7-Program(1).
If you click through the entries we can see the folder for the SIMATIC 300 Station, the

folder for the CPU 314C-2 PN/DP and the folder for the S7 Program (1).

The OBL is already created.

.'—,a SIMATIC Manager - [SCD_G1 -- CATul\SCD_G1]
% File Edit Inset PLC View Options Window Help

O = &F ¥ By -

< Mo Filter =

El--% SCD_G1 % Syztem data o OB1
S SIMATIC 30001]
=-[§] CPU 314C-2PN/DP
E-{z1 57 Program(1]

Press F1 to get Help.

16



SCD: Sequence Control of the Drilling Machine by SIMATIC S7-300 17

Our task is to create a sequence program with GRAPH 7. The container for GRAPH 7 is
the Function Block (FB). Therefore it is necessary to create a Function Block. We
must select the folder “Blocks” and the required steps are the following:

Hinsert”“ > ,,S7 Block“ > ,,Function Block*

After that the window ,Properties” will be opened and it has to be filled.

F ™
Properties - Function Block @

General - Part 1 | General - Part 2| Calls | Attributes |
Name: IFE1 r
Symbolic Mame: |
Symbol Comment:: |
Created in Language: GRAPH -
Project path: |
St locati
oot [C-\TuNSCD_GH
Code Interface
Date created: 02/11,/2015 01:05:39 PM
Last modified: 02/11/2015 01:05:39 PM 024112015 01:05:39 PM
Comment: !

-> uOK“

.'—; SIMATIC Manager - [SCD_G1 -- CATul\SCD_G1]
% Eile Edit Insert PLC View Options Window Help
[ =& | &Y & gl |2 T | fo |- EEEE < No Fiter >
=& SCD_GT 15 System data = OB1 P FET
C-E# SIMATIC 30001)
El--- CPU 314C-2 PH/DP

=-{=2] 57 Program(1)
-{E] Sources




SCD: Sequence Control of the Drilling Machine by SIMATIC S7-300 18

4.2 Creating a Symbol Table

In the chapter 3.2 we introduced symbolic address-variables. If we want to use these in
our program we have to create a Symbol table.

It can be carried out by the following steps:
1. Open the “S7 Program(1)” folder by a double left click on it

.ﬂ; SIMATIC Manager - [SCD_G1 -- CATulSCD_G1]
%Eile Edit Insert PLC View Options Window Help

O = | & & D g | fa | BEEH | < No Fiter >
E--% SCD_G1 (B Sources [£H Blocks #9 Symbols
R SIMATIC 30001
El--- CPU 214C-2 PM/DP
H-{z5] 57 Program{1)

2. Open the symbol table in the “S7 Program(1)” folder by a double left click on
“Symbols”.

3. Edit the table
4. Save the symbol table using the menu command “Table” > “Save” and exit.

By editing of the table you match the required symbolic representation, the Address (for
Example E136.0) and the Data type of the input or output (BOOL).

GF‘; Symbol Editor - [57 Program(l) (Symbols) -- SCD_GINSIMATIC 300(1)WCPU 314C-2 PM/DP]
@ Symbol Table Edit  [nsert View Options Window Help

=M & & 2 |All Symbols =% N2
Status | Symbol Address Data type Comment
1 Cycle Execution o 1 o 1
2 X0 E 13560 BOOL Feeder - Indication of home position
3 X1 E 1361 BOOL Clamp device - Indication of home position
4 Y9 A 1374 BOOL Set Driling tool 21
5

Press F1 to get Help.
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4.3 Creating an S7 — Graph FB and Programming the SFC

For the programming of the Sequential Function Chart (SFC) with Steps and Transitions
it is necessary to create an S7-GRAPH FB.

By a double left click on the FB1 icon (S7 Program(1)\Blocks, see) the system inserts
the first step and the first transition. To display conditions and actions, activate the
menu command

“View” > “Display With” > “Conditions and Actions”.

i8] Graph - [FB1,DB1 (Sequencer 1) -- 5CD_GI\SIMATIC 300(1)\CPU 314C-2 PN/DP\...]
IF File Edit Inset PLC Debug View Options Window Help

=== b B M gip | & PN [io0n -] relaT B O-B & A
| =
8

— Permanent instructions before sequencer
-] FH-2% Sequencer 1 |
' Permanent instructions after sequencer

Block comment |

3°

T: Graphic EE Sequencer 'T:: Variables
ﬂ Compile: SCD G1\SIMATIC 300 (1)\CPU 314C-2 PN/DP\...\FB1l, DBl - <Offline> *
Compile / Decompile Messages Variables j, Addresses }, Forward Cross References }, Backward Cross References

Press F1 for help.

2 offline Abs  Ins Chg. Interface

Figure 4.2: Window S7 GRAPH - SFC FB1

The Sequential Function Chart has a toolbar on the left side of the window. It includes
icons for inserting a step and a transition, opening and closing of alternative branches
and also for jumps. There are two ways of creating a Sequential Function Chart and
they are described bellow.

1) Direct mode
Start the S7-GRAPH editor by a double click on FB1
Select the menu command “Insert” > “Dlrect”

Select a transition and click with a mouse on this icon and as a result
I:_Fl you will Insert a step und a transition
(or “Insert” > “Step + Transition”

Select a step and press this icon and you will Open an alternative

1 branch (or “Insert” > “Alternative Branch” > “Open”)

é‘ Select this icon and then select a transition and you will Close the
IZ;:I alternative branch (or “Insert” > “Alternative Branch” > “Close”)
% Select a place from where the jump starts and then click this icon.

S Then select the place where the jump is directed.

This is the way how you can Insert a jump (or “Insert” > "Jump")
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2) Drag-and-Drop
Start the S7-GRAPH editor by a double click on FB1
Select the menu command “Insert” > “Drag/and-Drop”

Select the icon “Insert step + transition” with the mouse and
I:_Fl click on the last transition of the individual element.
- Select the icon “Open an alternative branch” and open an alternative
1 branch by clicking on the appropriate step.
: Select the icon “Close an alternative branch”. First select the
:é" transition 1 and then the transition 2. The transition 1 defines “from”
[:I which point the connection has to start, the transition 2 defines, “where”

the branch should be connected.

% Select the icon “Insert a jump”. First select the transition
S from where the jump starts and then select the step, where
the jump is directed.

$% 57 Graph - [FBL,DBL (Sequencer1) -- SCD_GI\SIMATIC 300(1)\CPU 314C-2 PN/DP\...]
IF File Edit Inset PLC Debug View Options Window Help

D2l &« - # i | & 2 0% - 2 | aTED-E S S
| ]
B —=

=5 Permanent instructions befare sequencer
F-%% Sequencer 1 |

—R= Permanent instructions after sequencer

R

"~ %= Graphic |33 Sequencer | I Variables

ﬂcorrpile: SCD_G1\SIMATIC 300(1)\CPU 314C-2 PN/DP\...\FB1l, DBl - <Offline> *

Compile / Decompile Messages A Variables A Addresses Forward Cross References Backward Cross References /

2 offline Abs  Ins Chg. Interface

Press F1 for help.

Figure 4.3: Creating of an example
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4.4 Programming a Step Action

We will use and illustrate only the Drag-and-Drop method. We have to select the menu
command

“Insert” > “Drag-and-Drop”
1. Select “Insert” > “Action”.
-> Result: The mouse pointer appears in the position as shown below:

N @
[T ]

(It is possible to exit the mode by hitting the ESC-key)

2. Insert an empty action line by clicking in the action box of a step.

Very easy way: Click with the right mouse button in the step action box
”Insert New Element” > ,,Action*

3. Enter the action:

The action consists of an instruction and an address. The following steps are
necessary for our action:

e S Set the output
e R Reset the output
e N Non holding: As long as the step is activated, the signal

state of the address is 1.

e D Delay. The address is set to 1, after the defined delay it is
deactivated and the value of the address changes to 0.

Very easy way: Click with the right mouse button in the step action box
”Insert New Element” > ,,Action*

7 Graph - [FE1,DB1 (Sequencer 1) -- SCD_GINSIMATIC 300(1)\CPU 314C-2 PN/DPY...]
TF File Edit Insert PLC Debug View Options Window Help

LEE & -~ $ B2 M gy | 6 N2 [oo% -2 Fre|laT B O-E e

P E
—R= Pemanent instructions before sequencer
k F | [EF% Sequencerl | |<' T6
t: t —"R= Pemmanent instructions after sequencer 51 LS tepl
= Stepl |R|n‘£gn """""""""""""
e ﬁ, . |
T1
BEL e —:I ansl
oo .
= 52 |S tep2
Stepd

£ N = Graphic |§§ Sequencer | = Yariables ]

ﬂCorr.pile: SCD_GJ.\SII"TATIC 300 (1)\CPU 314C-2 PN/DP\...\FB1l, DBl - <Offline> *
[t Compile / Decorpile Messages A, Variables A, Addresses j, Forward Cross References }, Backward Cross References [

Presz F1 for help. D offline

Figure 4.4: Creating of the Step Action
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4.5 Programming the Transitions

The bit logic instructions “open contact”, “close contact’” and “comparator” are used to
enable the step conditions in the transitions. To program the transitions:

1. Setthe “LAD” view (“View” > “LAD”) and select the appropriate icons in the

“LAD/FBD” toolbar

4 F Insert normally-opened contact
% Insert normally-closed contact
ED‘ Insert comparator

22

2. Place the symbols at the appropriate points by clicking at the transition.

(It is possible to exit the mode by hitting the ESC-key)

3. Enter the addresses. Click on the position and select the required text field. Then

enter an absolute or symbolic address (for example E136.0 or “X0”).

]

L3
fs. 1

o
3 F
oa

==

ET
ik

§71 57 Graph - [FB1,DBI (Sequencer 1) -- SCD_GL\SIMATIC 300{1)\CPU 314C-2 PN/DP\...]
IF File Edit Inset PLC Debug View Options Window Help

bed & <~ S B M Eg|dr |13 (N2 oo <] FrealTE OB R S o
SE

—H= Pemanent instiuctions before saquencer |¢— T6

E-E¥ Sequencer 1 | [ 81 ] ----- Stepl
=5 Pemanent inshuchions after sequencer St T

] 'T:: Graphic EE Sequencer T:: ‘arables

Compile: SCD GINSIMATIC 300 (1)\CPU 314C-2 PN/DP\...\FBl, DBl - <Qffline> *

x|
Corpile / Decompile Messages Variables p Addresses p, Forward Cross References Backward Cross References

Press F1 for help.

2 offline

Abs Ins Chq.Interface

Figure 4.5: Programming transitions

Save the Block and exit.

The system will add some necessary Blocks automatically (FC72, DB1, SFC64).
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4.6 Programming OB1

After saving FB1 one has to program OBL1 (in the Mode “View” > “STL”) by opening
OB1 and typing in (in the space below the second comment) only the first line
“CALL FB 1, DB1” of the code in figure 4.6 and then “Enter”, the programming system
will add all the other lines. Save the Block and exit.

fi%; LAD/STL/FBD - [OBL -- "Cycle Execution” -- SCD_GI\SIMATIC 300(1)\CPU 314C-2 PN/DP\...\OB1] [ro| -2 | 3]
£} File Edit Insert PLC Debug View Options Window Help — ||& | =
DESE &S iR v din |2 |25 ]l a2
[EE Contents 0f: 'Environment‘Interface"'
E"@ Interface | Hame
B Mew network & TEMP & [ TEME
{8 FB blocks =
B-E8 FCblocks
{28 SFB blocks
[-{£8 SFC blocks -
_____ ‘ Multiple instances 0Bl : "Main Program Sweep (Cycle)™
‘“ Libraries Comment : ‘
m : Title:
[Comment = ‘
CALL FB 1, DBL
OFF_SQ :=
INIT_5Q =
ACK_EF =
S_PREV :=
S_NEXT :=
SW_AUTO =
SW_TRE :=
SH_MAN =
5 _SEL ==
5_ON =
5_OFF =
T _PUSH =
5_NO =
S5_MORE =
S_ACTIVE:=
ERR_FLT :=
AUTO_ON :=
TAE ON :=
Mew network E MRN ON :=
Program e... E_E Call struc... ‘, .
x|
|
| | » | M [\ 1: Emor }\ 2: Info f(\ 3. Crossreferences }\ 4; Address info. g\ 5: Modify }\ 6: Diagr
Press F1 to get Help. 2 |offline Abs <52 |Nwl Lnlé Insert |Che

Figure 4.6: Programming OB1

4.7 Downloading and Monitoring the Program

Go into the level “S7 Program(1)\Blocks” and download the Data into the PLC.
“PLC” > “Download”

Overwrite existing objects and quit requests for load, STOP and starting with "Yes" :

You can monitor the running of the Function Block; go into the block and

“Debug” > “Monitor”

These guidelines cannot describe all the details and specifics of programming a PLC.
They only provide the instructions that help the students with programming of the drilling
machine.
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