DirectLOGIC PLC from Koyo

Supplied by AutomationDirect.
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BASIC BOOLEAN LOGIC XE "BASIC BOOLEAN LOGIC" 
A Switch

A switch is a mechanical device with two positions.  It can be open or closed. When the switch is open, no current can flow and everything after it will be off, but when the switch is closed current can flow through it and switch everything on after it.

With this switch in its normal position, the position where no external influences are acting on it, and its open, we call it a normally open (N/O). On the other hand if the switch was closed with no external influences acting on it, we would call it normally closed (N/C).

Boolean logic is made up of 1s and 0s. So in Boolean logic we say that when a switch is open it = 0 but when the switch is closed it = 1.

The Series Circuit
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               Boolean Table
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	L1
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	0

	
	
	1
	1


When the S1 is open, current can’t flow and the light is off. With Boolean Logic S1 = 0 and  L1=0. Now when the S1 is closed current can flow and the light turns on. With Boolean Logic  S1=1 and L1=1.

Two N/O switches in Series  (THE “AND” CIRCUIT)







               Boolean Table
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When S1 is closed on its own, the light will not turn on, but when S1 AND S2 are closed the light will turn on, hence the AND circuit.

Two N/O switches in Parallel  (THE “OR” CIRCUIT)
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               Boolean Table
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Now S1 can be closed and the light will turn on  OR S3 can be closed and the light will turn on, hence the OR circuit.

Combination Circuits
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Either S1 OR S2 must be closed AND S2 before the light will turn on. We can build huge networks with AND & OR circuits to create a Logic control system.

These N/O, N/C switches can be limit switches, proximity switches, pushbuttons or even control relays.

The Control Relay

These are also switches, N/O or N/C or even both, but that are energised by a magnetic coil which when power is applied changes the state of its N/O or N/C contacts. If we have a proximity switch in the field and we need 4 N/O contacts from it switching 10 amps each, we have a problem as it only has 1 contact that can switch 0,2 amps. Here is where control relays work great, their coil only needs 0,1 amp to pull the switch in and it can change state on 4 contacts simultaneously.
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In the good old days before PLCs (Programmable Logic Controllers) this is the way hundreds of switches and relays were wired up in AND and OR circuits to build a control system for plants and machinery.

Today, using Boolean logic tables in a PLC, the PLC does all the control, makes the decisions. The PLC looks at all the conditions of the switches, gives them “0” or “1”, and then turns the lights on or off wherever needed.

Benefits of using the PLC

We no longer need huge panels that take many hours to wire with hundreds of different types and sizes of mechanically wearing relays. To change the circuit you don’t need to see where you can fit another relay and wire it in, or keep replacing them as they wear out.

In 1969 the programmable logic controller was invented. Inside it has hundreds of relays, timers and canters, each having hundreds of N.O./N.C. contacts. Now if that’s not amazing, it fits into the palm of your hand,  when we need another relay we just type it in with a keyboard.

What are Inputs? XE "What are Inputs?" 
(X’s)

Just as the proximity switch powered up the relay in the earlier section, that very same proximity switch can be used to power up the PLC input.
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When the proximity switch passes power onto the input to the PLC, it powers up a small optical isolator.  All we are doing here is lighting up an LED which is seen by a photo transistor sensing light. The CPU on every scan looks at which inputs have been made and which are still off.

Again, as before with the proxy and the relay, we now program the CPU to control different relays inside the PLC when the different inputs are made.

What are Outputs? XE "What are Outputs?" 
(Y’s)

When the proxy is turned on the control relay,  the contacts of the control relay changed to turn  the different lights on or off. After all the internal relays have been looked at in the PLC and it knows which lights it must turn on and off, the CPU does this using output points.

[image: image10.wmf]Direct
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General Structure of the PLC

The Central Processing Unit (CPU) is the heart of the Micro PLC. Almost all PLC operations are controlled by the CPU, so it is important that it is set up correctly.
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	Scan Time XE "Scan Time" 
What happens inside the PLC to the CPU when we switch it on?

Initialises Hardware

Power is given to the CPU, input points or cards and output points or cards.

Initialise Retentive Memory (Non volatile RAM)

Retentive memory is used to store information inside the PLC when power is turned off. If you were counting chip packets along a conveyor belt that fell into a box and you can only fit 10 per box. Lets say the power went off when 6 packets of chips had already been loaded. Now when the power is returned, you can’t load 10 packets, the PLC must remember that there are already 6 packets in the box and know to add only 4. All values not in retentive memory will be set back to 0’s on the Boolean tables.

Now the PLC can start with the cyclical scan activities.

Updates Inputs X’s

The CPU looks at all the input addresses, sees which of them have been turned on, “1”s and which of them are off,  “0”s . This information is then loaded onto the X table.




	[image: image12.png]o @




Service Peripherals

The CPU updates the laptop running DirectSOFT, operator interfaces, touch screens etc.

Updates Special Relays

Updates all the special relays in the program which could be used for timing, communication etc.


	

	Status?

At this point the CPU checks to see which mode the PLC is in. Program mode or Run mode. If the CPU is in Program mode it will not execute the program and update the outputs, simply move on to do diagnostics. If the PLC is in Run mode the CPU will execute the program

Execute Program

Depending on what has been written in your program, the CPU executes the logic rung by rung until it gets to the second command.

Update Outputs

Depending on what the program logic tells the CPU to do, it will load “1”’s and “0”’s into the output table and turn on the output addresses been called for by your program.

Do Diagnostics

The CPU checks on itself to see that everything is still alright. If no errors are present, it starts the process again from the top updating the inputs. This is called one scan. The PLC does about 250 scans in one second.

Report Error

If there is an error in the PLC, like comms error or a battery going flat, it will set a flag and turn on the LED. The program will still scan and start again from updating the inputs.

Fatal Error

If a fatal error occurs, the CPU is forced into Program mode and each time a scan is done the program will not be executed and the outputs not updated.


	


The  X Table and the Y Table
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PLC Numbering System TA \l "PLC Numbering System" \s "PLC Numbering System" \c 1 
As any good computer does, PLCs store and manipulate numbers in binary form: just ones and zeros. Most modular PLCs allow you to add 1/0 points in groups of eight. It’s easier for computers to count in groups of eight than 10 because eight is an even power of two.

	0
	1
	1 Bit = 2 Value    (2¹)


	0
	0
	1
	1
	2 Bits – 4 Values  ( 2²)

	0
	1
	0
	1
	


	0
	1
	0
	0
	1
	0
	1
	1
	 3 Bits = 8 Values   (2³)

	0
	0
	1
	0
	1
	1
	0
	1
	

	0
	0
	0
	1
	1
	1
	1
	0
	


	Bits
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16

	Values
	2
	4
	8
	1
	3
	6
	1
	2
	5
	1
	2
	4
	8
	1
	3
	6

	
	
	
	
	6
	2
	4
	2
	5
	1
	0
	0
	0
	1
	6
	2
	5

	
	
	
	
	
	
	
	8
	6
	2
	2
	4
	9
	9
	3
	7
	5

	
	
	
	
	
	
	
	
	
	
	4
	8
	6
	2
	8
	6
	3

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	4
	8
	6


Octal means simply counting in groups of eight things at a time.

All inputs, outputs, control relays, timers and counters are addressed and numbered in this way.

	Decimal
	0
	1
	2
	3
	4
	5
	6
	7
	
	8
	9
	10
	11
	12
	13
	14
	15

	Octal
	0
	1
	2
	3
	4
	5
	6
	7
	
	10
	11
	12
	13
	14
	15
	16
	17


All PLC elements are numbered in octal there are no 8’s or 9’s, 80’s or 90’s and 800’s or 900’s.

V Memory

Variable memory stores data for the ladder program and for configuration settings.  All V-memory locations are also numbered in Octal. Each V-memory location is one data word wide, meaning made up of 16 bits.

V-memory address  (Octal)

	V2017
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	1
	0
	1
	1
	0


The data stores in the V-memory address V2017 is binary, ones and zeros.

Each 16 bit word can store 4 numbers as we know them. Now break the V2017  16 bit word up into 4 nibbles at a time and we can see the decimal number stored there.

Binary Coded Decimal Numbers  (BCD)

A BCD digit ranges from 0 to 9, and is stored as four binary bits (a nibble). Therefore each V-memory location of 16 bits stores four BCD digits from 0000 to 9999.

0 =  0000
1 = 0001

2 = 0010

3 = 0011

4 =  0100
5 = 0101

6 = 0110

7 = 0111

8 = 1000
9 = 1001

	BCD no.

V2017
	4
	9
	3
	6

	
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	1
	0
	1
	1
	0


Hexadecimal Numbers

Hexadecimal numbers are similar to BCD numbers, except they utilise all possible binary values in each 4 bit digit.

0 =  0000

1 = 0001

2 = 0010

3 = 0011

4 =  0100

5 = 0101

6 = 0110

7 = 0111

8 = 1000

9 = 1001

A = 1010

B = 1011

C = 1100

D = 1101

E = 1110

F = 1111

Hex Number:
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V2020
	A
	7
	F
	4

	
	1
	0
	1
	0
	0
	1
	1
	1
	1
	1
	1
	1
	0
	1
	0
	0


Looking at the memory map for the DirectLOGIC PLC (05) from the first word starts at V0 to V177 are reserved for Timers, from timer 1 to 177.  Variable memory words V0 to V7777 are reserved to be used as hole words only for storing numbers in BCD, HEX, Real and so on.  Therefore the hole 16 bit word V0 is used to store the accumulated time of timer 0 in the PLC.

Words from V40000 to V40177 are reserved for Global inputs.  Variable memory words V40000 to V41147 are reserved for use as bits only, on or off control.  So timer 0 status bit in word V41100, bit 1 will close when it reaches the specified accumulated Value in V0.
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The following table show how words are used to store all the input and output addresses in the 205 PLC range.
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I/O addressing uses the Octal numbering system for inputs and outputs.

Example:

X0, X1, X2, X3, X4, X5, X6, X7, X10, X11

Y0, Y1, Y2, Y3, Y4, Y5, Y6, Y7, Y10, Y11      

Brick PLCs have fixed I/O and slots for additional I/O cards.  The fixed I/O addressing starts at X0 and Y0 and the slot addressing starts at X100 and Y100 and follow on in sequence.

Rack PLCs like the 205 and 405 range PLCs have no fixed I/O, only slots into which selected cards can be plugged.  Addressing for these cards starts at X0 and Y0 and follows in sequence.  Each card has a different point allocation so it is important to check this before trying to address all the I/O in a rack.  Any I/O card of any size, input or output can be placed in any order in the PLC rack. 
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Please note that when using 4 point modules:

Slot-1   Slot-2

	X0

X1

X2

X3
	X10

X11

X12

X13


Four point modules consume 8 points but only the first 4 points are actively used.

Please note that when using 12 point modules:

Slot-1   Slot-2

	X0

X1

X2

X3

X4

X5

X10

X11

X12

X13

X14

X15
	X20

X21

X22

X23

X24

X25

X30

X31

X32

X33

X34

X35


Twelve point modules consume 16 points, but only 12 points are actively used.  The first six points are used, and the next two skipped, then the next six points are used and the last two points skipped.

Never leave an empty slot to the left of an I/O module for spare I/O at a later stage.  When you finally install a module there, the CPU will automatically re-address all the modules and you will have to go along and change your whole ladder program to suite the new addresses.  Always leave the spare slots to the right of the last module.  These empty slots can be filled with blanks called filler (D2-FILL / D4-FILL).

Using the table that follow, and the PLC cards below, create a system and address all the inputs and output on the sheet provided on page 16.

D2-09B-1
9 SLOT BASE

D2-250-1 
CPU

D2-08ND3 
8 POINT 24V DC INPUT CARD

D2-16ND3-2 
32 POINT 24V DC INPUT CARD

D2-12TR 
12 POINT RELAY OUTPUT CARD

D2-32TD2-2 
32 POINT 24V DC OUTPUT CARD

F2-08AD-1 
8 CHANNEL 4-20MA INPUT CARD

F2-02DA-1 
2 CHANNEL 4-20MA OUTPUT CARD

[image: image31.png]



The table to the right

shows how many points

each module consumes.

	7
	
	
	
	
	
	
	

	6
	
	
	
	
	
	
	

	5
	
	
	
	
	
	
	

	4
	
	
	
	
	
	
	

	3
	
	
	
	
	
	
	

	2
	
	
	
	
	
	
	

	1
	
	
	
	
	
	
	

	0
	
	
	
	
	
	
	

	SLOT
	CARD
	I/O POINT
	IN/OUT
	8
	16
	24
	32


Calculating The Power Budget. XE "Calculating The Power Budget." 
After having chosen the number and type of modules you need in your system, we need to look at the amount of power that each module draws from the power available in the base.

The following table shows us the power supplied by each base.
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The following table shows us a list of all the modules and the power needed by each.
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Power Budget Example. XE "Power Budget Example." 
[image: image34.png]



Using the same system you did the addressing for on page 14, now do a power budget in the table provided below.

	Base No. ?
	Card type
	5 V dc (mA)

	Available Base Power
	 
	 

	CPU
	 
	 

	Slot 0
	 
	 

	Slot 1
	 
	 

	Slot 2
	 
	 

	Slot 3
	 
	 

	Slot 4
	 
	 

	Slot 5
	 
	 

	Slot 6
	 
	 

	Slot 7
	 
	 

	
	
	

	Total Power Required
	 

	Remaining Power Available
	 


Protocols Supported. XE "Protocols Supported." 
K - Sequence (Slave only) 
In-house protocol used to program the unit and talk to operator interfaces.

DirectNet (Slave / Master) 

In-house protocol used to network the PLCs.

MODBUS RTU (Slave / Master)

DeviceNet (Slave only)

Profibus (Slave only)

Ethernet (TCP / IP and IPX)

DL205 and DL405 PLCs only.

ASCII

Programming XE "Programming Methods" .

The following 4 different software packages are available:

	Bin No.
	Catalogue/Part No.
	Which PLC Series

	88417
	PC PGM-105
	DL05 Series only

	89036

88560
	PC-PGM-BRICK

PC-PGM-205
	DL05 & DL06 series

DL205 Series only

	88418
	PC-PGMSW
	All the Direct Logic PLCs

	
	
	


Sinking & Sourcing XE "Sinking & Sourcing" .

Only used with d.c. inputs and output being (+) and (-).

[image: image35.png]



With either sinking or sourcing, current can only be conducted in one direction.

Sinking Inputs.

Always breaks the input circuit between (+) and the PLC.

Sinking Outputs.

The load is always located between the (+) and the PLC.

Sourcing Inputs.

Always breaks the input circuit between (-) and the PLC.

Sourcing Outputs

The load is always located between the (-) and the PLC.

Example of sinking with one common 4 inputs.
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RS232C / RS422 / RS485 XE "RS232C / RS422 / RS485" 
The Electronic Industry Association wrote the industry standards for the RS232, RS422 and RS485 data communication.  

RS232C:

RS
Recommended Standard

232 Standard Number

C
Revision

This recommended standard defines the electrical and mechanical details of the interface and not the protocol.

Although not specified by RS232C, the DB-25 connector (25 pin, D-type) has become so closely associated with RS232 that it is the de facto standard.  Any male and female connector adhering to the electrical and mechanical standards may be used.

RS232C:

· Point-to-point communications.

· Up to 15 metres.

RS422:

· Multi-drop network communications.
· Up to 1200 metres.
· 4 Wire plus ground, screen cable.
RS485:

· Multi-drop network communications.
· Up to 1200 metres.
· 2 Wire plus ground, screen cable.
Signal Converters. XE "Signal Converters." 
Most PLC communication ports are RS232C, point-to-point communications, between laptop, handheld or operator interface and the PLC.  Now for these RS232 ports to be connected to a network, a signal converter is needed.

Signal Converters:

Convert RS232C signal levels to RS422/RS485 signal levels or RS422/RS485 signal levels to RS232 signal levels. 

Should the PLC you are using only have an RS232 port, by using a signal converter you can connect to a multi-drop network.
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Starting The Windows Programming Software XE "Starting The Windows Programming Software" 
From the Windows desktop view, go to the task bar with your mouse and click on the Start button. Follow the menu up to the programs. In the next menu that opens to your right, find DirectSOFT 32.

Timeout  There are two ways to start the software, from the launch window if the PLC is 


connected, or from DirectSOFT 32 if it is not.

For now click on the DS launch in the third menu across.

This area is used to create and manage PLC programs and the communications between your personal computer and the PLC

[image: image38.wmf]
· Applications
These are the applications currently installed in DirectSOFT 32.  Files that 

make up this DirectSOFT package.

· Utilities
Here you will find the Version check. This utility allows you to easily 

examine the software files and revision levels for the various applications.
· Projects
These are created in DirectSOFT32. A project is the name given to 

your program and all its documentation
· Comm Links
The ‘Links’ are for communication links between your personal 

computer and one or more PLC’s. We can see which links have been used in the past and which links are available right now.

· DL05 Link
Depending on the status of the link we can see if it is active or not.

Project Information Window XE "Project Information Window" 
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· Project Path
Tells us where this program is saved on the computer.

· Description
Shows the description you give the program when saving it.
· PLC Type

Tells us which CPU was used in the project.
· Created On
Gives the time and date of when this program was first created.

· Last Saved On
Tells us the time & date when we last saved the program to the computer
· Comm Link
Tells us which comm link in our comm link folder was used to write 


the program to the PLC.
· Version
You can give your program a version number, so if you change 


something on it, you can change the version number.
· Company
Allows you to put the company’s name down for whom you wrote the 

Program.
· Department
Which department was this program for, the Paint Shop or the Pump 


Station section.
· Programmer
Finally we can put the programmers name in to help us identify who 


wrote the program.
Link Information Window XE "Link Information Window" 
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· Name
Gives us the name of the link we are looking at

· Description
Gives information like which protocol is being used, what address and from 

which port on the computer the link is operating from

· Status
Green (link is active and ready for use)


Yellow (this link is disabled, no selected PLC detected on it)

Red (inactive, will show error, but not with the link, simply to say that the PLC is not responding or disconnected)

· Last Error
If there was an error with the link, is shows the last error that occurred

· Comm Rate
Here we see how many communications take place every second

· Completed
Shows us how many times the computer has communicated and changed 


information with the PLC

· Errors
Tells us how many errors have taken place up to now with this comm link

· Retries
Shows us how many times after a communication break the computer has


 tried to re-establish this link

Creating a New Comm Link XE "Creating a New Comm Link" 
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1.
Right click on the Comm Links icon and select “Add Link”.
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2.
First, select the port where the PLC is connected. After making your choice, click on Next>
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3.
Select the PLC family you will be programming. If you are not sure of which PLC you are 

programming  then click “Not Sure”. The link wizard will automatically detect it for you. Click on the Next> when you are finished.
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1. Select either DirectNet or K-Sequence protocol. You must check to see if the protocol is supported by the port you are talking to on the PLC. DirectNet protocol cannot write to individual bit locations.  (You will not be able to force devices from the laptop like you can with K-Sequence)  If the PLC you would like to talk to is part of a network, select the node address other than Click Next> when finished.

DirectSOFT32 will now use the information you have selected to establish a communication between your computer and the selected port. A combination of baud rates and parities are tried when establishing the link. If however DirectSOFT32 is not successful, the following window will be displayed. You can use Link Editor to go back and change your choices and try again

[image: image45.png]Standard Coriact

Descipton

Box Coil | Contact 0K
Contact Class Contects Carcel
Help

1 Normaly Open Contact
The Store (STR] nstuction begins  new ung or an
aciiional branch in a ung with a nomall open cortact,

The And (AND) instuction logially ands a nomaly open
contact n seies with ancther cortact i a un.





5.
Should the link be established, you will be prompted to enter a name and 

description for your link. Having done this click ‘finished’ to return to the setup link screen.
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The Menus XE "The Menus" 
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File Menu XE "File Menu" 
[image: image47.png]tandard Col

Dessiptor:

Box Coil | Contact [
Coi Class -
Help

[OUT - 0w Cal
The Out instruction eflects the status ofthe ung fan/alf] and
vt the disrete [on/off state to the specifid mage
registe point o memory location. Muliple Out nstctions
eferencing the same discrete locaton should ot be used
since orlp the last Dutnstuction nthe program wil coniol
the physical output point. See 01 Dut (OROLT)

]




New Project

· Offline

Toolbar: 

Hotkey: CTRL+N

Creates a new offline project.
· Online
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Creates a new online project.

Open Project

Toolbar: 

Hotkey:  CTRL+O

Opens a window where you can choose to open a number of different projects you have saved on your computer.

Close Project


Close the current project.

Save Project

· To Disk



Hotkey: CTRL+S

Saves the entire current project to the file name you have chosen.

· To PLC


Loads the entire current project from your computer files to the PLC.
Save Project As

Saves the current project to a different name.  You will first be prompted to enter the name of the new project and then the project will be saved under this file name in the same way that the File save to disk menu option works.
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Read Program

· from Disk

Toolbar:

Hotkey: CTRL+F12
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Read the saved program from the computer file into the internal computer buffer to be viewed and/or edited by DirectSOFT.

· from PLC

Toolbar: 

Hotkey: CTRL+F9

Reads the program from the PLC into the internal computer buffer to be viewed and/or edited by DirectSOFT.

[image: image51.png]


Write Program

· To Disk

Toolbar: 

Hotkey: SHIFT+F12
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Writes the program from the internal computer buffer to the hard disk file.

· To PLC

Toolbar: 

Hotkey: SHIFT+F9

Writes the program from the internal computer buffer to the PLC.

Import

Import non-DirectSOFT32 programs which where written in “Tisoft”, a DOS type software.  This will open an Import program window where you can select the Tisoft VPU files you would like to use. Import documentation allows you to import files from Excel or text files which may have the documentation you would like to use with your program that you are writing.

Export

Export projects and documentation to non-DirectSOFT32 formats.  This can be an Excel file or a text file.

Print Preview

Preview the current view of the current project with your selected printing options.  Shows you what the pages you are going to print out will look like.  
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Range: Select which rungs are to be printed.

Documentation: Selects what documentation will be printed.

Zoom: Sets the size of the program on the page.

Columns: Sets the number columns the program will be printed in.

Printer: Select the printer you would like to us.

Header: Give your header a comment.

Title Page: Type any other info you would like to see on the front page.

Date: Select the date to be shown on

the page.


Begin Page: Where your pages will start their numbering.


Font: What type of font would you like to use.

Print

Print works the same as the Print Preview except that it sends all the info to the printer for printing.

Print All

You can select the views you would like printed by checking the check box for the relevant sections.  The following views can be printed by the print all feature:


Documentation, Ladder, V-memory, Monics, Stage, Cross reference.
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Documentation

This window control will be printed out in your documentation Editor.

Elements: Select the elements you would like printed in the documentation view.  Double click on an element to select the range you would like printed.
Edit: Allows you to print out unassigned bits,  Bytes and whole words.

Set All: Checks all the box options.

Clear All: Un-checks all the box options.
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Memory

Elements: There is only one element available here, V-memory.

Edit: Opens a box prompting you to select the different ranges.  This box also has its own Edit, this allows us to select a smaller range than offered in the previous window.

Offline/Online values: We can choose which values we would like printed in the V-memory location, Offline or Online.

Formatted: When this box is checked, we only print out the value in the V-memory location as a Dec, if not checked, we see the value printed out in Hex, BCD, Octal and ASCII.

Nicknames: Shows the V-memory address with its nickname and not as V-memory number.
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Mnemonic

All the Boolean commands, OR’s and AND’s can be printed out here in the same way we would enter them in with the handheld programmer.

Range: Select from which address to which address you would like the Boolean commands printed.
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Stage

Sets up the size and documentation of the stage flow chart which is printed out if you checked this box.
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Cross Reference

Here you can select the elements and range within those elements you would like to have printed in your cross reference and/or Usage view.

Print Setup

Setup printer options such as printing resolution, paper size, font and paper orientation, landscape or portrait.  This window will differ depending on which printer you are using.

Properties
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Project path: Where the program is stored on the computer.

Save date: The date the program was last saved.

Creation date: When the program was written for the first time.

PLC type: The CPU size.

Link name: Which link was used to talk to the PLC.

Description: The description of the program if you gave it one.

Version: If you gave it one.

Company: The company you wrote the program for.

Department: Which department was the program written for.

Programmer: Who wrote the program.


Recent File

This is a list of recently opened projects which can be reopened by simply selecting the number allocated to it.

Exit

This is used to exit from the current project and close the DirectSOFT32 programming application.

Edit Menu XE "Edit Menu" 
Undo


Hotkey: CTRL+Z

Use this to undo the changes you have last made while you are still in edit mode and before you accept the changes.
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Cut


Toolbar: 

Hotkey: CTRL+X

Use this to cut the current selection to the Clipboard.  The original selection is deleted after it is copied to the Clipboard.  You can then use Paste to move the selection to another location(s).

If you wish to copy the original selection without deleting it, use the Copy command.

Tip:  Before selecting a rung(s) to be cut to the Clipboard, first Accept (Compile) the rung(s).
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Copy


Toolbar: 

Hotkey: CTRL+C

Use this to copy the current selection to the Clipboard.  You can then use Paste to duplicate the selection in another location(s).

If you wish to delete the original selection after copying it, use the Cut command.

Tip:  Before selecting a rung(s) to be copied to the Clipboard, first Accept (Compile) the rung(s).

[image: image62.png]i Ladder View

Aevates Vale 1by ouputom e PLC o
Ruling n¥1 St Healor
EeN Sk 105
Vane 1 Hetor o

S i
't ot )

Activates Valve 2 by
pulling in Y1
Blue 475
Vatve 2
X1z
f
it

Starts the heater which
will run for the value in Turns offthe heater after
timer 1 given time value
Yellow 352 Nz
Start Hoater Heater imer
bl i

ot )

R
Turns offthe heater after
given time value
Nz
Heater imer
kil
Heater Data
vano




Paste


Toolbar: 

Hotkey: CTRL+V


Use this to paste the contents of the Clipboard at the current location.  

If you are pasting to a different project, the Paste Options dialog box allows you to specify how you want to paste your Element Documentation.

Note:  Paste will overwrite any rungs that are currently selected.  Otherwise, if there is nothing selected, paste inserts before the cursor.

Delete


Hotkey: DELETE

If rung(s) are currently selected, Delete removes the selected rungs from the Program.  

Otherwise, if there is an instruction under the cursor (e.g. contact, coil, box), Delete removes the instruction from the rung.

Tip: To delete the current rung, press Delete once or twice until the Delete Rung dialog box is displayed. Select OK to delete the current rung.

Tip:  Use the BACKSPACE key to delete the previous instruction without deleting wires.
Insert


Hotkey: INSERT
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Insert Rung: Use Insert Rung to insert one or more empty rungs before or after the current rung.  Rung Comments will be preserved.

Insert Row: Use this to insert one or more empty rows into the current rung.  You may insert them before or after the current row.  Insert rows to create parallel branches of ladder logic, or additional outputs. Vertical wires are stretched through newly inserted row(s) to preserve parallel connections. Box instructions with multiple inputs stretch when rows are inserted to preserve input connections.

Insert Column: Use this to insert one or more empty columns into the current rung. You may insert them before or after the current column.  Use insert column(s) to insert a new contact before an existing contact. Horizontal wires are stretched through newly inserted column(s) to preserve serial connections.

If you wish to insert more than 1 Rung, Row, or Column, type the desired number in the "How Many?" field.

Tip:  To insert a new row before the current row, place the cursor at the beginning of the current row (next to the power rail), and press ENTER.

Tip:  To add a new row after the current row, place the cursor anywhere on the current row except at the beginning, and press ENTER.  Or just press CTRL+ENTER.

Merge

· Previous Rung

Use this to merge the previous rung with the current rung.  The rung comment from the previous rung will be used as the rung comment for the newly merged rung.

If you haven't yet compiled the merged rungs, use Undo to restore the original rungs along with their individual rung comments.

· Next Rung

Use this to merge the next rung with the current rung.  The rung comment from the current rung will be used as the rung comment for the newly merged rung.

If you haven't yet compiled the merged rungs, use Undo to restore the original rungs along with their individual rung comments.

Select

· Up

Hotkey: SHIFT+Up

Use this to select rungs upward through the program.  The first time, Select Up highlights the current rung.  Each successive use adds the previous rung to the selection.

· Down

Hotkey: SHIFT+Down

Use this to select rungs downward through the program.  The first time, Select Down highlights the current rung.  Each successive use adds the next rung to the selection.

· Home

Hotkey: CTRL+SHIFT+HOME

Use this to select all rungs from the current rung to the beginning of the program.

· End

Hotkey: CTRL+SHIFT+END

Use this to select all rungs from the current rung to the end of the program.
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Contact


Ladder Palette: 

Hotkey:
F4
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Use the Contact Browser to view and select the contact instructions that are available for the current PLC.

To select a Contact instruction to edit you can either:



Mouse:  Left-double-click its symbol in the Contacts list.


Keyboard:  Use the TAB and Arrow keys to select the desired contact and press ENTER.

This places the selected instruction onto the ladder, ready for you to edit its parameters...

To exit without selecting an instruction:


Mouse:  Click "Cancel"

Keyboard: Press ESC

Contact Classes: Lists the different types of contacts groups available for the PLC you are using.  These could be Comparative, Differential, Immediate, Program Controls or Standard Contacts.

Contacts: Lists the contact instructions that are included in the currently selected group in the Contact Classes list.

Description: Displays a short description of the currently selected instruction, with tips on how to program it.
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Note:  Keyboard users can also use the TAB, SHIFT+TAB, and Arrow keys to navigate from field to field and make your selections.

Coil


Ladder Palette: 

Hotkey:

F5
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Use the Coil Browser to view and select the coil instructions that are available for the current PLC.

To select a Coil instruction to edit

Mouse:  Left-double-click its mnemonic in the Coils list.

Keyboard:  Type its mnemonic in the Coil Name field and press ENTER.

This places the selected instruction into ladder, ready for you to edit its parameters...

To exit without selecting an instruction


Mouse:  Click "Cancel"

Keyboard: Press ESC

Coil Name: Displays the currently selected instruction.  You may type the mnemonic for the desired instruction in this field and select "OK" to create or edit that instruction.

Coil Classes: Lists the different types of coil groups available for the PLC you are using.  These could be Immediate, Interrupt, Program Controls, RLL Plus or Standard Coils.

Description: Displays a short description of the currently selected instruction, with tips on how to program it.
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Note:  Keyboard users can also use the TAB, SHIFT+TAB, and Arrow keys to navigate from field to field and make your selections.

Box
Ladder Palette:

Hotkey:
F7
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Use the Box Browser to view and select the instructions that are available for the current PLC.

To select a Box instruction to edit

Mouse:  Left-double-click its mnemonic in the Box list.

Keyboard:  Type its mnemonic in the Box Name field and press ENTER.

This places the selected instruction into ladder, ready for you to edit its parameters...

To exit without selecting an instruction


Mouse:  Click "Cancel"

Keyboard: Press ESC

Box Name: Displays the currently selected instruction.  You may type the mnemonic for the desired instruction in this field and select "OK" to create or edit that instruction

Classes: Lists the different types of box groups available for the PLC you are using.  These could be Accumulator, Bit, Clock/Calendar, Conversion, Drum Sequencing Interrupt, Logical, Math, Message, Network I/O, Program Controls, RLL Plus, Table or Timer/Counter/SR.

Description: Displays a short description of the currently selected instruction, with tips on how to program it.

Note:  Keyboard users can also use the TAB, SHIFT+TAB, and Arrow keys to navigate from field to field and make your selections.

Wire
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To Output

Ladder Palette: 

Hotkey: CTRL+W

[image: image71.png]


Use this to add or remove the wire to the coil or box at the end of the ladder.

· To Stage

Ladder Palette: 

Hotkey: CTRL+SHIFT+W

Use this to draws a wire from the current row of input logic down to the next Stage instruction found on the power rail.

Tip:  Place the Stage instruction on the power rail before using Wire To Stage.  Cursor over Stage instruction, hit carriage return to insert wire to stage instruction.

· Right

Hotkey: CTRL+Right

Moves the cursor to the right and places a wire under the new cursor position.  Will not delete an instruction and replace it with a wire.

· Left

Hotkey: CTRL+Left

Moves the cursor to the left and places a wire under the new cursor position.  Will not delete an instruction and replace it with a wire.

· Up

Hotkey: CTRL+Up

Draws a vertical wire up on the left side of the cursor and moves it up to the previous row.

· Down

Hotkey: CTRL+Down

Draws a vertical wire down on the left side of the cursor and moves it down to the next row.

· Delete Right

Hotkey: CTRL+SHIFT+Right

Deletes the instruction or horizontal wire in the current cursor location and moves the cursor to the right.

· Delete Left

Hotkey: CTRL+SHIFT+Left

Moves the cursor to the left, and deletes the instruction or horizontal wire in the previous column.

· Delete Up

Hotkey: CTRL+SHIFT+Up

Deletes the vertical wire up and moves the cursor up to the previous row.

· Delete Down

Hotkey: CTRL+SHIFT+Down
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Deletes the vertical wire down and moves the cursor down to the next row.

Accept


Toolbar: 

Hotkey: F8

Use this to accept all rungs that have been edited.  All rungs which currently have a yellow line in the margin will be verified and compiled.  Each rung that compiles successfully will then be displayed in the Unsaved to PLC colour (if Online) or in the Unsaved to computer colour, as a reminder to save your program changes to the PLC and/or computer.  

Rungs that contain compilation errors will continue to be displayed with a yellow line in the margin.  Any errors will be reported in the Output Window.
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Tip:  It is not necessary to compile after each rung edit.  Editing your program is free-form.  Go ahead and make all of the rung changes to your program, then select Accept (or F8) to compile the ENTIRE ladder logic program at once.
Edit Mode


Toolbar: 

Hotkey: CTRL+E  (also ALT+E+E)

Use this to toggle Edit Mode on or off.  You must be in Edit Mode to make modifications to your Program.  You can also exit edit mode by pressing the Esc key.

Search Menu XE "Search Menu" 
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Find Again


Toolbar: 

Hotkey: CTRL+SHIFT+F
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Find Again is used to repeat the last Find operation from the current location in the view.

[image: image76.png]] =10l
e =1 S el ECI

Element 0123456769ABCDEF [
40 - 17  —— |
bon-37 )
o - 57 Oyl
b0 - 77 )
o0 - 117 Oyl
120 - 137 Oyl
<140 - 157 | ————




Find


Toolbar: 

Hotkey: CTRL+F
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The find dialog is used to locate an item in the current view.  To find an item, enter it into the edit field or select it from the most recently used list and press "OK" to perform the search or "Cancel" to abort the operation. If the item is found, the view will be scrolled to the item.

Replace

Hotkey: CTRL+R
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Replace is used to replace or swap one element with another element or a whole range of elements with another range of elements.

Object section: Find What - Enter the element reference to find.  (Or the beginning of a range of elements to find)

thru - Optionally enter the end of a range of elements to be found

Replace / Swap - Choose replace to perform a simple replace (example replace X1 with X2), or choose swap to swap the elements (example: X1 with X2 and X2 with X1)

With - Enter the element to replace the found element with (or the beginning of a range of replacements)

thru - This field is read only and will be filled in as the end or a range of replacements if the ranged replacement feature is being used.
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Add to table - This is used to add the current Object to the table.  The table is used to perform multiple replacements at one time.

Update in table - This button is enabled if you are editing an object which is in the table.  This will allow you to replace the object in the table with the newly edited object.

Search range section: All - Selects entire program as replacement range.

Rung - Enter a range of rungs to be used to perform replacement.

Address - Enter a range of addresses (will be converted to rung boundaries) to be used to perform replacement.

Documentation section: Move - Documentation is moved from source element to destination element.  

Copy - Documentation is copied from source element to destination element.

Leave - Documentation is left with the source element.

Object Table section: The object table shows all objects which have been added to the table of replacements.  Selecting an object from the table will place the object in the object section to be edited.

Delete from table - Use this to delete an entry from the replacement table.

Goto


Hotkey: CTRL+G

[image: image80.png]ForHelp, press F1 00023/02560 (240 [0001:001:001





Use this to goto a specific rung number or address.   Enter the desired number or address to goto and select the units (Rung Number or Rung Address).  
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Element Browser


Toolbar: 

Hotkey: F9  (A double click on token editor also brings up element browser)
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The Element Browser provides a quick overview of valid element ranges and nicknames for the current context as well as a convenient way to document an element. When a program view is in normal display mode (not Edit or Status) the Element Browser can be invoked by double-clicking on an element or highlighting it with the cursor and pressing "Enter".  

The Element Browser is divided into 3 main areas: Element Detail, Valid Ranges and Nicknames. The element field of the Element Detail section always displays the currently selected element. If the element is an unassigned nickname, the element field will be blank.

Element Detail: The element detail shows the documentation for the currently selected element. If the element is not being edited elsewhere in the system, the Nickname, Wiring Info and Description fields are enabled and you may edit them. If you have changed a field, the "Write Detail" button will be enabled. Pressing it will write the current element's documentation into the database. If a field has been changed and the record exists in the database, the "Read Detail" button will also be enabled. Pressing it will read the record from the database and reload the element detail.

Ranges: The Valid Ranges list shows the valid ranges for the current context. If the browser has been called from the ladder editor, the ranges will be correct for the current instruction. When called from the editor, the browser is in "Select" mode so a valid element must be entered before pressing "Select". When called from the menu or toolbar, the browser is in "Browse" mode. It shows all ranges for the current PLC and instead of the "Select" button there is an "Exit" button.

Nicknames: The Nickname list shows the nicknames which fall in the ranges in the Valid Ranges list. When in "Select" mode double-clicking on a nickname selects that nickname and exits the browser. Highlighting a nickname makes it the currently selected element. The System Nickname checkbox enables/disables the display of nicknames defined by the system. The "Assign Nicknames..." button displays the Assign Nicknames dialog where you can associate an unassigned nickname with an element.

View Menu XE "View Menu" 
Ladder View
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The Ladder View allows you to view and edit your program using relay ladder logic.  Each ladder view can also be split into two panes using the splitter window icon located just above the vertical scroll bar.  Each of the two views can be scrolled independently.  Use the Options to change from rung addresses to rung numbers for the rung ids.  You can also use the zoom in and zoom out features to see more, or less, of the view at one time.

Stage View
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Stage view is used to view the program flow of any RLL Plus (Stage) instructions, which are in the current program.  The stage view shows all stages and their relationships to other stages.


The following symbols are used in the stage view:

[image: image85.bmp]
Represents the definition of an initial stage.  The definition of a particular initial stage will appear once in the diagram, and all other times it will appear as a reference to the initial stage.
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Represents a reference to an initial stage.  The definition of the stage will appear elsewhere in the diagram.
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Represents the definition of a stage.  The definition of a particular stage will appear once in the diagram, and all other times it will appear as a reference to the stage.
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Represents a reference to a stage.  The definition of the stage will appear elsewhere in the diagram.
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Represents a stage which is referenced by a set, reset, or jump but was not defined in the diagram.
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Represents transition logic 
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Represents a Set stage coil
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Represents a Reset stage coil
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Represents a Jump to stage coil
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Represents non-stage output logic which, appears on a rung with a set, reset, or jump.

Mnemonic View
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Mnemonic View is used to view your program in PLC mnemonic form.  This gives us a list of the instruction set as we would need to enter it using a handheld programmer.  You can also use the zoom in and zoom out features to see more. or less, of the view at one time.  The colour setup dialog is used to set the colours for the different screen elements.

Cross Reference View

[image: image96.png]Options

| DataView | Global | Ladder

I

Stage

DefaultView

Ladcer View

I Display Aliases
[ Display Nicknames

[ Cancel

Help




[image: image97.png]Data View

Global Ladder Stage |

Apply options to: 7 Curet View [~ All Open Views [~ New Views

Numbe rungs.
€ by Address

@ byRung

Documentation
¥ Elements

I Nicknames
¥ Witng Infa
¥ Desciptions

Misc. Options
7 3D Tokens

| Comments

[

Cancel

Help





The Cross Reference View provides a table showing us how many times an element is used in our program and where we have used it.  We can view the whole program in this way or see one element at a time.

The Usage View shows us which of the elements we have already used, and which are still available.  We can do this in 8, 10 or 16 points at a time.

Toolbar
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Offline ToolBar:


Toolbar enables and disables the toolbar for the window that you have open at the time.  

Online ToolBar:
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This tool bar is only available when you have the PLC connected to the computer.

Status Bar
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Message Area: This is the first section of the status bar where the program can post messages to us.

Program Memory Used/Available: 00023/02560 we have used 23 words out of the 2560 available on this PLC.


Current PLC Type: This is the CPU we are writing the program for.


Cursor position in current view: Rung 1, Row 1, Column 1.

Palette
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The Ladder Editor Palette is used to create instructions in the current rung. You may  “move” the Ladder Editor Palette anywhere on your desktop for easier access.  To create a contact, first place the block cursor where the contact should be, then left-click the desired contact on the palette.  To create an output box or coil, first place the block cursor anywhere on the row where the output should be, then left-click the Box Browser or Coil Browser on the palette.  This opens the Instruction Browser where we select the element we would like to use.
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Toolbar:

Hotkey:  F2
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Creates or edits a normally open contact.

Toolbar:


Hotkey:  F3 ( or / )

Creates or edits a normally closed (not) contact
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Toolbar:


Hotkey:  CTRL+F2

Creates or edits a normally open immediate contact
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Toolbar:


Hotkey:  CTRL+F3

Creates or edits a normally closed (not) immediate contact
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Toolbar:


Hotkey:  =
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Creates or edits an equal comparative contact


Toolbar:

Hotkey:  !
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Creates or edits a not equal comparative contact

Toolbar:


Hotkey:  >
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Creates or edits a greater than or equal comparative contact

Toolbar:


Hotkey:  <
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Creates or edits a less than comparative contact

Toolbar:


Hotkey:  F4

Invokes the Contact Browser
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Toolbar:


Hotkey:  F5

Invokes the Coil Browser
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Toolbar:


Hotkey:  F7


Invokes the Box Browser
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Toolbar:


Hotkey:  F9
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Invokes the Element Browser

Toolbar:


Hotkey:  CTRL+W

Creates or edits a Wire to Output
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Toolbar:


Hotkey:  CTRL+SHIFT+W

Creates or edits a Wire to Stage

Options

The options dialog is used to configure options globally and for individual views within the programming package.  
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Toolbar:

Global Options:
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Default View- Allows you to determine which view will be created initially for a NEW project.

Display Aliases - Turns on or off the display of element aliases throughout the programming package.

Display Nicknames - Turns on or off the display of nicknames throughout the programming package.

Ladder Options:
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Apply options to: Current view changes the selections for only the views in your current project.  All Open Views changes the selections for any program open at this time, and New Views sets your default to be your current selections.

Number Rungs: Determines whether rung numbering in the ladder views will be by rung number or by the address of the first element in the rung.

Documentation: Determines which documentation elements will be enabled/disabled for NEW ladder views.

Misc. Options: 3D Tokens: Enables or disables the three dimensional effects on the ladder display.  Uncheck this feature for monochrome monitors and monochrome laptops.

Stage Options:
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Misc. Options

Auto Rebuild Diagram - If enabled, the stage diagram will be automatically rebuilt after each program memory change.  If disabled, the stage diagram will be rebuilt only by selecting the 

"Rebuild Diagram" option from the stage edit menu. This option is used primarily to increase performance on slower machines or if the stage diagram is very large.

Ladder Tracks Diagram - Determines whether or not the ladder view inside the stage window will track the stage cursor.  This option is used primarily to increase performance on slower machines.

3D Tokens: Enables or disables the three dimensional effects on the ladder display.  Uncheck this feature for monochrome monitors and monochrome laptops.

Documentation - Determines which documentation elements will be enabled/disabled for NEW stage views.

XRef Options:
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Display Mode: 

Full Xref: Displays Element, Rung, Address, and Instruction for each element.

Rung Xref: Displays elements for each rung.  Use the arrow keys to cursor through the rung numbers or

Reverse Usage - Displays usage info from low bit to high bit rather than from high bit to low bit.

Use PLC Ranges - Determines whether to use the current PLC's ranges or global ranges.

Usage Field Size - Determines the number of bits that will be displayed for each line of the usage display.

Colour Setup
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The colour setup dialog is used for configuring custom colours for various screen elements and views.

The items which may be configured are:

Normal background 

- Colour for unmodified items

Uncompiled background 
- Colour for items which are modified and uncompiled

Unsaved to disk background 
- Colour for items which are modified and unsaved to disk

Unsaved to PLC background 
- Colour for items which are modified and unsaved to the PLC


Disable background 

- Colour for views which are disabled

Selected background 

- Colour for items which are selected

Status background 

- Background colour for active elements

Status foreground 

- Foreground colour for active elements

Comment 


- Colour for ladder comments

Description 


- Colour for element descriptions

Wiring Info 


- Colour for element wiring info.

Nickname 


- Colour for element nicknames


Element 


- Colour for elements

Token 



- Colour for tokens and wires

To change the colour of an item, position the cursor on the item to be changed, and select the desired colour for the colour palette.  The sample in the lower right of the dialog shows how the foreground and background colours will look in the views.  

Restore Defaults button - Used to reset all colours back to their installation defaults.
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Zoom In


Toolbar: 
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Zoom in is used to make elements of the current view larger.  Less of the view is displayed when zoom in is used, but the display is often easier to read.

Zoom Out


Toolbar: 

Zoom out is used to make elements of the current view smaller.  More of the view is displayed, but it is often harder to read individual elements of the program.

Tool Menu XE "Tool Menu" 
Memory Editor


Hotkey: CTRL+Y
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To use the memory editor, you should first use find to position the display to the memory range which you want to view/edit.  You should then select an element (memory address/range) to be edited.
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Selected Element:
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Unselected Element:

The following formats can be used to view the selected element:


Binary - Base 2 number.  Valid Digits: 0,1

Octal - Base 8 number. Valid Digits: 0,1,2,3,4,5,6,7

Decimal - Base 10 number. Valid Digits: 0,1,2,3,4,5,6,7,8,9

BCD/Hex - Base 16 number. Valid Digits: 0,1,2,3,4,5,6,7,8,9,A,B,C,D,E,F

Text -  ASCII text. 


The following data sizes can be used to view the selected element:


Word - 16 Bit number

Double - 32 Bit number

Custom - Custom size used only for Text displays.

Apply - Click on the Apply button to apply the new data size to the select element.

Use Nicknames - Click on the Use Nicknames button to display nicknames instead of element references.
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Invokes the find dialog to find a particular memory location.
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Reads memory from the disk.
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Writes memory to the disk.
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Reads memory from the PLC.
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Writes memory to the PLC.
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Exits the memory editor dialog.

Documentation Editor


Hotkey: CTRL+D

[image: image133.png]Curent PLE Mode: RUN

New PLE Mode: & Run
€ Progiam
C Test

o] oo | o |





The Documentation Editor allows you to move quickly through the different elements typing in information like Nicknames, Wiring Info and Descriptions. 


"Find" or CTRL+F calls the Find Element dialog box up.

Following are the tape transport style controls:
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CTRL+HOME
Moves to the first documentable point. 
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Moves to the start of the previous element type. 
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PGUP
Moves 1 page back. 
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Moves 1 element back. 
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Moves 1 element forward. 
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PGDN
Moves 1 page forward. 
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Moves to start of next element type. 
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CTRL+END
Moves to the last documentable point.
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Find element/nickname in list
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Find next 

Press “Copy...” to invoke the Copy Documentation dialog box where you may copy or cut blocks of element documentation to the Windows Clipboard.  Then press “Paste” to paste element documentation from the Windows Clipboard starting at the left-most element displayed in the Documentation Editor.

Assign Nicknames

The Assign Nicknames dialog allows you to associate an unassigned nickname with an element, merging documentation from each. It will perform a replace on the program to change all reference to the unassigned nickname.


Select the unassigned nickname from the list and enter the element you wish

to assign it to in the element field. Wiring info and descriptions for the selected points will show up the their respective places. The wiring info and description radio button allow you to select which goes into the merged point. The result section shows what the new documentation record will look like. Press "Assign" to complete the assignment. Selecting a nickname and pressing "Delete" will remove the nickname if it is not used in the program.

You cannot assign an element of one size to an unassigned nickname of another size.  For example, if the unassigned nickname was defined with a size of WORD, then this nickname cannot be assigned to a discrete element like “X0”, but can be assigned to a word element like “V1400”.
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Comment Editor

· Stage Comment Editor

Hotkey: CTRL+K
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The comment editor is used to edit the comments for stages.  All the standard Windows editing keystrokes are available for cutting and pasting text into and out of the editor.

Next: Moves to the comment for the next stage

Previous: Moves to the comment for the previous stage

Goto: Moves to the comment for a specific stage

· Ladder Comment Editor

Hotkey: CTRL+K
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The comment editor is used to edit the comments for each rung in ladders.  All the standard Windows editing keystrokes are available for cutting and pasting text into and out of the editor.

Compare Programs
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Another Program - Selects the program from the PLC to be compared with one on disk.  Type in the name of the program to be compared; or use the Browse button to browse your project files to select a program to be compared.

What’s on Disk  - Select the program from the disk (currently displayed) to be compared with what is already in the PLC.
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Compare - Start the compare.  A listing of all differences will be displayed.  If there are no differences, a "no differences" message will be displayed at the bottom of the window.  User may send all of the differences to the output window for examination. A "double click" on the first entry of the output window will bring you to the first place in your program where your programs start to differ.

Close - Closes this window.

PLC Menu XE "PLC Menu" 
Connect
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Connect is used while offline to connect to a particular link.  The link selection dialog will appear and allow you to select the link you want to connect to.  The program from the link will then be read up and compared to the program in the internal memory.  If there are differences, the differences dialog will allow you to select whether to view the online program or the offline program.

Disconnect

Disconnect is used while online to disconnect the current link.  This will remove or disconnect the current link and place you in offline mode with the current program.

Link Setup
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This link Info window gives us information on the link we are using to talk to the PLC.  The name we gave this link and the description when creating it is displayed.  Status shows us that this link is active as we are using it.  

Xref rate/sec shows us how many times a second the computer communicates with the PLC.  Completed Xrefs shows us how many times the computer communicated to the PLC from when the Link last became active.  Retry Count shows us how many times the link was retried if there was an error communicating.  Error Count shows us the number of errors occurred during this link.

The time and type of error is recorded in the table on this window.  You can also enable or disable this link from the check box below the table.

Edit button allows you to see and change the following if compatible to the PLC you are talking to at the moment.

1) Select the desired protocol from the "Protocol" list

2) Select the port that the PLC is connected to from the "Device" list

3) Press the "Auto" button. The system will interrogate the PLC to determine the correct settings. If the selected protocol requires an address, it must also be set before pressing "Auto". Once "Auto" has completed, enter a unique name for the link and an optional description and press "Accept".

When a protocol is selected, the configuration options specific to that protocol will be displayed in the panel to the right of the list. Some protocols have an "Advanced" button that allows you change less common parameters.

Offline Setup
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The offline PLC setup dialog is used to configure the offline PLC and / or its memory size.  Select the desired PLC and memory size from the list boxes.

Memory Map

The memory map dialog is used to view the range of memory locations for each of the memory types in the PLC.

[image: image152.png]Global 1/0 Setup.
Slot 0] Siot 1] Slot 2| Slot 3] Slot 4] Slot 5] Siot 6] 5ot 7]
StationAddessfT

Start Ackre

Nanber o rputsf7
Norbe of Duputs T

Output contok

T~ Extended





[image: image153.png]Date.
01/08/06

Year [T
Mot [¢
Day[6

Time.
1857:18.86

Houe 12 |
Minute[57 |
Second15 |

Wite toPLC.

Cancel

Riead fiom PLC

et PE Time




PLC Modes


Toolbar: 

Hotkey: CTRL+SHIFT+R
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The PLC Modes dialog is used to set the current mode of the PLC.  Select the mode you would like your PLC in.

You can put the PLC in RUN, PROGRAM or TEST mode.

Configure I/O

[image: image155.png]™ System Variable Memory
™ 1/0 Configuraion
™ Vaiiable Memory

I Pause Bis
™ALL





This is used to view and configure (if supported) the I/O Configuration for the current PLC.

Select the base to be viewed/configured by entering the number for the base in the Base field.  When the base is changed, the data in the rest of the dialog is changed to reflect the data for that base.  If the current PLC supports manual I/O Configuration, the edit fields will be enabled, and you will be able to enter the manual I/O Configuration on a slot-by-slot basis.  The "A" and "M" buttons are used to designate that the edit field to the left is set for "Auto" or "Manual" configuration.  

Press the read from PLC button to read the I/O Configuration from the PLC.  Press the read from disk button to read the I/O Configuration from the disk.  Select the Write to PLC to save the current I/O Configuration to the PLC.  Press the write to disk button to save the current I/O Configuration to the disk.

Select "Old" to view the old I/O configuration Id's and descriptions, or "New" to view the new I/O configuration Id's and descriptions.

Password
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The Set Password dialog is used to change the current PLC Password.  To change the password in the PLC, type in the new password in the "New Password" field, and re-enter it in the verification field.  Pressing the "OK" button will write the new password to the PLC.  Pressing "Cancel" will abort any changes, and pressing "Clear" will remove any password from the PLC.

If a password is in the PLC, the PLC will be locked upon exiting the programming session. If the PLC is locked when a programming session is started, the Enter Password dialog is presented and you are required to enter the password to unlock the PLC and go online.

Diagnostics

· [image: image157.png]


System Information

Toolbar: 

The System Information dialog is used to view PLC type and version information as well as memory types and error information.
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Syntax Check

Toolbar: 

This dialog is used to display the syntax or duplicate I/O errors in the program in the current PLC.  To view the syntax errors, press the "Syntax Check" button.  To view the Duplicate I/O errors, press the "Duplicate I/O Check" button.  The selected errors will be displayed in the list box, and in the output window.
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· I/O Diagnostics

This is used to perform the PLC's I/O Diagnostics function.   When the dialog first pops up, the PLC diagnostics function is performed, and any diagnostic errors are displayed in the list box along with the I/O base and slot where the error is.
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Scan Time

This is used to view the Current, Minimum, and Maximum scan times from the current PLC. The scan times are continuously updated while the Scan Time dialog is visible.

· [image: image163.png]


Messages

The System / Fault / History message dialog is used to view the current user Fault or History messages and System Error messages.  To view the system error log, press the "System Errors" button.  To view the user Fault Messages, press the "Fault Message" button.

Setup

· Pause Bits

[image: image164.bmp]
If an output pause bit has been set, you can turn that bit on in the field when in Test Pgm mode.  If the output bit is not set, you will see it closing on the computer but as its pause bit is not set, it will not close in the field.  This is good for testing outputs when in test mode.

The list box lists all pausable elements, and the ones with the pause attribute are selected.  To change the select state of an element, click the element with the left mouse button, or press the space bar.  Press the "Set All" button to set the pause attribute for all of the outputs, or press the "Clear All" button to clear the pause attribute for all of the outputs.  Press the Read from PLC button to read the paused elements from the PLC.  Press the Read from Disk button to read the paused elements from the Disk.  Press the Write to PLC button to write the paused attribute for the currently selected elements to the PLC.  Press the Write to Disk button to write the paused attribute for the currently selected elements to the disk.

· Overrides

[image: image165.bmp]
Add: Sets override bit for a given point.  Overrides for points may also be set in Data View. 

Remove: Clears override bit for a given point.  Also done from Data View.

Force On: Forces on status of one or more selected override points.  Be sure you have at least 1 point highlighted.

Force Off: Forces off status of one or more selected override points.  Be sure you have at least 1 point highlighted.

Select All: Selects all override points in list

Deselect All: De-selects all override points in list.

· Memory Cartridge Name
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The Memory Cartridge dialog is used to set the name in the current memory cartridge in the PLC.  To change the memory cartridge name, enter the desired name in the edit field.  

· Retentive Ranges
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This is used to configure retentive memory for the current PLC.  Press the read from PLC button to read the retentive range data from the PLC.   Press the read from disk button to read the retentive range data from the disk.  To change the data, select a memory type, and enter the "From" and "To" ranges for the memory type.  Press the write to PLC button to save the current retentive range data to the PLC.  Press the write to disk button to save the current retentive range data to the disk.

· Watch Dog Timer
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This is used to view/edit the watch dog time-out value for the current PLC.  The watchdog time-out value is used to halt the system if the program scan time ever exceeds its value.  The program can reset the watchdog timer for the current scan in certain situations such as FOR-NEXT loops by using the RSTWT instruction.

Press the read from PLC button to read the current watch dog timer value from the PLC.  Press the read from Disk button to read the watch dog timer from the Disk.  Press the write to PLC button to write the current watch dog timer value to the PLC.  Press the write to Disk button to write the current watch dog timer value to the disk.

· Initialize Scratch Pad
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This is used to Initialise the scratch pad memory of the given PLC.  Press the "OK" button to initialise the PLC scratch pad memory, or press the "Cancel" button to abort the operation.

Warning!  Initialising the scratchpad memory resets the operating parameters of the PLC back to their factory default settings.  Program memory is retained but user defined parameters such as secondary communications port settings, manual I/O configuration, retentive range

modification, etc. will be reset to their factory defaults.  If you have changed any of these parameters you must reconfigure these settings after initialising the scratchpad.
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I/O Config Selection

This is used to determine which I/O Configuration will be read from the PLC on power up.   Select "Old" or "New" and press the "OK" button to perform the operation, or press "Cancel" to abort the operation.

The PLC maintains 3 versions of the I/O configuration, “New”, “Old”, and “Working” versions.  The Working version is the one the PLC is currently using.  When you write the I/O configuration to the PLC, this becomes the Working version.  The Old version represents the last Working version before power was turned off.  The New version is the I/O configuration when power is turned on.  You can set the Working version to be the New version or the Old version upon power-up.  These 3 versions are necessary in order to handle module replacement properly.  When modules are replaced, the I/O numbering may have changed.  If you replaced one module with a module of the same type, the New, Old, and Working will be the same.  If you replace one module with a different module type, your New version will change - but the Old configuration will have the old module type in its configuration.  At this point, you may want to run the PLC with the New configuration, or you may want to run it with the Old configuration.  

Warning!  Make sure the I/O Configuration will work properly with the CPU program.  Possible changes to the I/O configuration include re-numbering of wired I/O points, or I/O configuration errors.  You should always check your I/O configuration for any possible errors before you place the CPU into Run mode.

· I/O Config Check

This is used to turn on or off the I/O Configuration check when the PLC powers up.  [image: image171.png]DirectSOFT32 - Programming

‘ DitectS0FT32 - Frogramming Version 3,06 (Buid 52)

Copyight © 19342000 Koyo Electiorics Industies Co., LTD.

This copy of DiectSOFT32 Progiamming s registered to:
CHI
CHI Control

Supportinstalled for




It’s always a good idea to say yes here, if someone is changing cards and puts them back in the wrong order, the PLC will see this on power-up and force itself into STOP mode.  This could 

cause a problem with wrong output to go on when they should be off.

· Setup Secondary Comm Port
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The port configuration is based upon PLC type.  Consult the user manual that relates to the PLC type you are using to get information on pin-outs, protocols, devices, interfaces, and signal types.

· Setup Global I/O
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This is used to setup Global I/O for the current PLC.  Press the read from PLC button to read the current Global I/O data from the PLC.  Press the read from disk button to read the current Global I/O data from the Disk.  Press the write to PLC button to write the current data to the PLC.  Press the write to Disk button to write the current data to the disk.

· Calendar
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The Calendar dialog is used to change the date and time in the PLC.  When the dialog first comes up, the time is read from the PLC and displayed in the edit fields.  To set the time and date, enter the Year, Month, Day, Hour, Minute, and Second in the edit fields.  

Read PLC button: Reads the time from the PLC.

Get PC Time: Get the time from your computer.

· DV1000

This menu will be covered in the advanced class.

· PID View (450 only)

This menu will be covered in the advanced class.

· Memory Type

Sets memory type for either the memory cartridge or flash memory.  Allows you to copy memory to or from flash or memory cartridge.

Switch Use the checkbox to change from the memory cartridge or flash memory.

No Copy - Do not copy memory after changing from Flash ROM or Memory cartridge.

Copy Memory Cartridge to Flash ROM. rereads the program from Memory Cartridge.  Apply allows reread.

Copy Flash ROM to Memory Cartridge. rereads the program from flash.  Apply allows reread.

Verify - verifies memory is the same for Flash ROM and Memory Cartridge.

Cancel - cancels this dialog box.

Help - brings up this help information.

· Intelligent I/O

Used to set up intelligent modules. Will be covered in the advanced class.

Clear PLC Memory
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The PLC Clear PLC Memory menu item is used to clear memory in the PLC.  The following types of memory are cleared by this operation:

Program Memory, System Variable Memory, I/O Configuration, Variable Memory, Tmr/Cnt Accumulator Memory, Pause Bits and All which selects all the options for you.

Copy PLC to Disk
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The PLC Copy PLC to Disk menu item is used to copy memory from the PLC to the computers disk.  The following types of memory are copied by this operation:

System Variable Memory, I/O Configuration, Variable Memory, Pause Bits and All, selecting all the options for you.

Copy Disk to PLC

The PLC Copy Disk to PLC menu item is used to copy memory from the computer Disk to the PLC.  The following types of memory are copied by this operation:
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I/O Configuration, Variable Memory, Pause Bits and All, selecting all the options for you.

Debug Menu XE "Debug Menu" 
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Status


Toolbar: 

Hotkey: CTRL+SHIFT+S

The PLC Status menu item is used to turn status on or off for the CURRENT view.  If status is not currently on in the current view, this item will turn the status on for that view.  If status is already on for the current view, this item will turn the status off for that view.

All Status On

The PLC All Status On menu item is used to turn status on for all views which are currently open.

All Status Off

The PLC All Status Off menu item is used to turn status off for all views which are currently open.
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Data View

· New

Toolbar: 

Hotkey: CTRL+SHIFT+F3

To create a new data view, choose the Debug\Data View\New option from the menu.  A new data window will appear.
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Data view offers you a table where you can enter an element, monitor the status or see the value of that element, and edit the status or value of that element.

You will only be able to change bit status if you have enabled the override bits in the Options menu, in the Data View display.  The type of value and memory can be change using the pull down options.  You can send one change at a time to the PLC or all at once.

· Open

To open a data view which has be previously saved to file, choose the Debug\Data View\Open option from the menu.  The open file dialog will pop up to allow you to specify the data view to be opened.

· Save 

To save the current data view, choose the Debug\Data View\Save option from the menu.  If the data view has previously been saved, then the current watch data will be written to the previously specified file.  If the data view has not been previously saved, then the SaveAs dialog will pop up and allow you to specify a save name.

· Save As

To save the current data view to a different file, choose the Debug\Data View\Save As option from the menu.  The SaveAs dialog will then pop up to allow you to specify the new save name.
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Change Value


Toolbar: 

Hotkey: CTRL+SHIFT+F2
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The change value dialog is used to change the value of various types of memory in the PLC. Type in the element to change in the element field, or select the browser button to pull up the element browser dialog.  Select the format to view the element as from the choices in the view as section, and select the size from the size section.  After the element is entered, the current value of the element will be continuously read from the PLC and displayed in the current value field.  The new value field will be set to what is first read from the PLC after each change is made to the element field (if the view as is bit, then the new value will be set to the opposite of what is read from the PLC). To change the value, type in the new value in the new value field (if the view as is bit, select either Off or On).   

Test Mode Operations


The following operations are used with the PLC Test Mode:
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· Start Scan

Hotkey: SHIFT+CTRL+G

Start Scan is a test mode operation which will start the execution of the PLC.  This places the PLC into Test Run mode. The PLC will continue executing until the Stop Scan menu item is invoked.  This item is only available when the PLC is in test mode.  Use PLC - PLC Modes to change the PLC mode into test mode

· Stop Scan

Hotkey: SHIFT+CTRL+X

Stop Scan is a test mode operation which will stop the execution of the PLC.  This places the PLC into Test Program mode. Use Start Scan to start the PLC executing in Test Run mode.

· Single Scan

Hotkey: SHIFT+CTRL+1

Single Scan is a test mode operation which will start the execution of the PLC program for one scan and then stop execution of the program.  Use this when the PLC is in Test Program mode (see Stop Scan).  Single Scan will place the PLC into Test Run mode for one scan and will then return the PLC to Test Program mode.

· Multiple Scans

Hotkey: SHIFT+CTRL+N

Multiple Scans is used to execute the PLC program in the PLC for a given number of scans. Use this when the PLC is in Test Program mode (see Stop Scan).
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Enter the number of scans in the entry field, and press OK.  The PLC will change to Test Run mode until the given number of scans have been executed at which time the PLC will change to Test Program mode.

· Single Step (Only available in the DL405 PLC.)

Hotkey: SHIFT+CTRL+A

Single Step is a test mode operation which, will start the execution of the PLC program for one step and then stop execution of the program.  Use this when the PLC is in Test Program mode. Single Step will place the PLC into Test Run mode for one step and will then return the PLC to Test Program mode.

· Breakpoint (Only available in the DL405 PLC.)

Hotkey: SHIFT+CTRL+B (only when PLC is in Test Program mode)

Specify an instruction address at which to stop the PLC.  

OK executes the program until it gets to the address and then the PLC is placed into Halt Mode.  

Use this when the PLC is in Test Program mode. Breakpoint will place the PLC into Test Run mode until the specified address is executed then returns the PLC to Test Halt mode.

· BREAK instruction (Only available in the DL405 PLC.)

The Break instruction changes the operational mode of the CPU from Run to the Test Program mode. This instruction is typically used to aid in debugging an application program. The Break instruction allows V memory and image register data to be retained where it would be normally cleared with the Stop instruction or a normal Run to Program transition.

Stack Monitor (Only for the DL405 PLC.)

Monitors PLC accumulator and data stack.  Use the Debug->Test Mode Operations->Breakpoint dialog or the BREAK instruction to monitor the PLC accumulator and data stack at a specific address.

Trap Monitor


Traps element values at specific addresses rather than after a scan.
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Window Menu XE "Window Menu" 
New Window

Use this command to open a new window with the same contents as the active window.  You can open multiple document windows to display different parts or views of a document at the same time.  If you change the contents in one window, all other windows containing the same document reflect those changes.  When you open a new window, it becomes the active window and is displayed on top of all other open windows.

Cascade

Use this command to arrange multiple opened windows in an overlapped fashion.

Tile

Use this command to arrange multiple opened windows in a non-overlapped fashion.  You can tile vertical or horizontal.

Arrange Icons

Use this command to arrange the icons for minimized windows at the bottom of the main window.  If there is an open document window at the bottom of the main window, then some or all of the icons may not be visible because they will be underneath this document window.

Close All

Use this command to close all open windows without closing the current project.

Output Window
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Use this command to display the output window.  The output window is used to display various messages throughout the programming package.  In most cases, you can Double click left (or press Enter) on items in the output window to go to the location of the error.

Clear Output Window


Use this command to clear all messages / errors from the output window
Window List

DirectSOFT32 displays a list of currently open document windows at the bottom of the Window menu.  A check mark appears in front of the document name of the active window.  Choose an item from this list to make its window active.

Help Menu XE "Help Menu" 
Help Index


Use this command to go to the index of the DirectSOFT32 help database.

Getting Started 

Welcome to DirectSOFT32: PLC Programming and Documentation for Windows!

The DirectSOFT32: Programming Applet provides the tools you need to design, program, document, debug, and maintain your Control Applications.

Help On Help


Use this command for instructions about using Help.

About

Use this command to display the copyright notice and version number of your copy of DirectSOFT32. This command will also display the currently support PLC Classes.
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DL05 PLC Special Relays XE "DL05 PLC Special Relays" 
“Special Relays” are just contacts that are set by the CPU operating system to

show us a particular system event has occurred. These contacts are available for

use in your ladder program. Knowing just the right special relay contact to use for a

particular situation can save lot of programming time.  Here are a few contacts that you may find to be very handy:
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Entering Instructions XE "Entering Instructions" 
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Each time you enter an instruction, either from the contact collection or coil/box collection the following prompt window opens.  You are prompted to enter the element you would like to use.  If the element you type in is recognised as a valid element name, the red LED in the top right corner turns green, however, should the program not recognise your element name, the LED remains red.  Entering at this point opens a second window, here the program confirms that you would like to use an unassigned nick name for your element.  Should you be happy with what you have typed in, click the tick button, if not and you would like to cancel, click the cross button.  If you are not sure of what range of elements there are to choose from click the element browser button.

Example 1.

Normally Open Contact and OUT Coil instruction.

Goal: Activate an input to the PLC which, in turn, will turn on an output from the PLC.  We must use an END instruction at the end of our program to let the CPU know that it’s time to start reading the program at the top again.
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When X0 closes coil Y0 is turned on and the output turns the light on.  When the program gets to the end instruction, it starts scanning at the top of the program again.

Example 2.

NOT instruction.

Goal: Show how the NOT instruction inverts the status of all coil instructions after itself on the rung.
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When X0 is open Coil Y0 is turned on, but when X0 is closed, coil Y0 is turned on.

Example 3.

Goal: Show the D.O.L. latching circuit using inputs and outputs.
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When X0 closes, coil Y0 is turned on through X1 which is normally closed.  Y0 then holds itself on even when X0 is released through it’s own contact Y0 which changes state with it’s coil.  This circuit will remain in this condition until X1 becomes open, and Y0 is turned off.

Example 4.

The SET and RST instructions.

Goal: Show the SET and RST instruction and how it replaces the latching circuit for a number of coils.
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When X0 is closed Y0, Y1, Y2 and Y3 are set in the on position.  They will remain in this condition until X1 is closed at which point Y0, Y1, Y2 and Y3 will be turned off again.

Example 5.

OROUT instruction.
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Goal: Show the OROUT instruction and how it can be used in the program if you have more than one circuit controlling the same coil.  From time to time we find we have 14 contacts in parallel all controlling the same coil.  By using the OROUT coil we can use it in several places in the program.
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Rung 1 and 2 show how not to do things.  As the program scans from left to right, top to bottom, X1 is the only contact that  will control the coil.  Both rung 3 and rungs 4 and 5 are right and will work fine.  

Y0 can be repeated in many different circuits in the program using the OROUT instruction.  The CPU will look at both points in the same way as if X0 and X1 where in parallel to the output coil Y0.

Example 6.

The PAUSE instruction.

Goal: Show the PAUSE instruction and how it can be used to over-rite other instruction for coils you do not wish on.
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X1 will set on coils Y0, Y1, Y2, and Y3 on when it is closed, and X2 will reset them all open when X2 is closed.  When X0 is closed, it pauses Y0 and Y1 regardless of X1 been closed.

Example 7.

The TMR instruction.

Goal: Show how we can use the timer instruction to activate events after a given time period.  The timer instruction is a 0.1 second single input timer that times to a maximum of 999.9 seconds.
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This is a multiple parameter instruction, first asking for the timer number and then for the time value it will time to before changing status on it’s contacts.  You can jump from prompt to prompt with the Tab key.

This is timer 0 and will time as long as X0 is closed.  When the timer get to 10 seconds it will change the status of all it’s contacts.  We can use many open and closed contacts per timer.

The TMRF timer, works exactly the same as the TMR, but times in 0.01 seconds and to a maximum of  99.99 seconds.

Example 8.

The TMRA instruction.

Goal: Show how the accumulating timer works in a circuit where the value that the timer times to must not be reset every time the input is broken, simply stop timing until the input is made again.  The Accumulating Timer is a 0.1 second two input timer that times to a maximum of 9999999.9. 
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This is a multiple parameter instruction, first asking for the timer number and then for the time value it will time to before changing status on it’s contacts.  You can jump from prompt to prompt with the Tab key.
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When X0 is closed, timer 0 starts timing.  If X0 is opened, timer 0 stops timing, but does not rest to 0.  When X0 is closed again, the timer simply continues to time from where it left of.  The timer will do so until it reaches its preset value changes status on all it contacts or X1 is closed which will reset the timer.  As you can see the accumulator timer is a double word instruction and therefore used two 16 bits words, one after another.  Therefore the accumulator timer uses two timers for each instruction.  The next timer to follow T0 must be T2, and not T1.

The TMRAF timer, works exactly the same as the TMRA, but counts in 0.01 seconds and to a maximum of  999999.99 seconds.

Example 9.

The CNT instruction.
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Goal: Show the counter instruction in a circuit that counts up to a preset value and then changes status on it’s contacts.  This counter can count to a maximum of 9999.

This is a multiple parameter instruction, first asking for the counter number and then for the count value it will count to before changing status on it’s contacts.  You can jump from prompt to prompt with the Tab key.
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When X0 closes counter 0 counts 1.  Counter 0 will not count again until X0 opens and closes again.  The counter will carry on like this until it reaches the preset value of 10.  At this point the counter changes status on all it’s contacts.  When X1 closes the counter 0 is reset to zero.
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Example 10.

The UDC instruction.

Goal: Show how the Up Down Counter counts in both directions until the preset value is reached.  When this value is reached the counter changes status of all it’s contacts.  This counter can count



to a maximum of 99999999.

This is a multiple parameter instruction, first asking for the counter number and then for the count value it will count to before changing status on it’s contacts.  You can jump from prompt to prompt with the Tab key.

Each time X0 is opened and closed the counter counts up by 1.  Each time X1 is opened and closed the counter counts down by 1.  The counter will count up and down until X2 is closed at which point the counter resets to Zero.  As you can see the up down counter is a double word instruction and therefore used two 16 bits words, one after another.  Therefore the up down counter uses two counters for each instruction.  The next counter to follow CT0 must be CT2, and not CT1.

Example 11.

The SR instruction.

Goal: Show how the Shift Register instruction shifts data through a predefined number of control

relays. The control ranges in the shift register block must start at the beginning of an 8 bit boundary and end at the end of an 8 bit boundary.
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This is a multiple parameter instruction, first asking for the smallest of 8 coil numbers and then for the highest of the 8 coil numbers.  You can jump from prompt to prompt with the Tab key.

When X0 is closed, the binary 1 will be loaded into the first coil if X1 is closed.  When X0 is open the binary 0 will be loaded into the first coil if X1 is closed.  If binary 0 is loaded the first coil will remain off when X1 is closed, but if binary 1 is loaded when X1 is closed, the first coil will be turned on.  Each time X1 is closed and opened, the binary is passed from the lowest coil to the highest coil in the group, one by one.  This will repeat until X2 is

closed which will reset all the coils back to binary 0 and turn them off.

Example 12.

The STOP instruction.
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Goal: Show how the stop instruction puts the CPU into program mode when activated.  This can be used where the machine jams and you need to kill everything, including the PLC.

When X2 is closed, the PLC CPU is forced into program mode even if the PLC mode switch is in the run position.  The PLC will remain like this until the mode switch is placed into program mode and them into run mode again.

Example 13.

The LD and OUT Box instructions.

Goal: Show how the Load instruction can be used to load a value which is either a V memory location or a 4 digit constant, into the accumulator.  This instruction must be used together with the out box instruction which is where the accumulator passes the info out to.

[image: image210.wmf] 

 


When X0 is closed the constant value K100 is loaded into the V-memory location V2000.  We can use this V-memory all over in the program, in timers, counter and comparators etc.  The timer must now count to 100 before changing status on it’s contacts.  If we now open X0 and close X1, constant K200 is loaded into V-memory V2000.  Now the timer must time to 200 before changing status on it’s contacts.

Example 14.

The Comparative Contacts.
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Goal: Show how the comparative contacts change status when their logic is true.
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This is a multiple parameter instruction, first asking for the value to be compared, this may not be a constant, and then the value you are comparing to, this can be a constant.  You can jump from prompt to prompt with the Tab key.

SP4 is a special contact, it opens and closes every 1 second.  The counter 0 takes 12 seconds to count to it’s preset point.  It then resets itself with CT0 and starts counting again from the top.  While this is taking place the comparators are checking the counter O current value to all the constant value set in the comparator contacts.  Should any of the conditions become true the contacts close and turn on the outputs.  CTA0 is the alias for the counter 0’s current counts V-memory location.  You may see that when you type in CTA0 it changes to V1000, this is because you have your aliases off in your options menu, in the Global dialog.

Example 15.

The INC instruction.
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Goal: Show how with the increment instruction we can add 1 to an existing V-memory location each time we close a contact before the instruction.



This instruction is found in the box instructions, in the maths menu.
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You will be prompted to enter the V-memory location you would like to increment.  For this example we are going to use V1500.

Each time you close X0, IN/C instruction adds 1 to V1500 on every scan.  SP4 sends a count to

CT0 every second, and CT0 counts up to the value in V1500.  When CT0 reaches the value in V1500 it closes it’s contacts and resets itself.  The problem you will see here is each time you close X0, the CPU does about 200 scans and therefore increases V1500 by a lot more than 1.  To fix this you will now meet the Positive Differential Contact.

Example 16.

The Positive Differential Contact.
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Goal: Show how the positive differential contact can be used to allow only one pulse through each time you close a contact.

To get the value in V1500 back to zero, go to PLC menu and select clear memory.  Click the box that says Variable memory and “Ok.”  Now each time you close the X0 contact, only 1 is added to the V1500.  Although you close X0 and hold it in the closed position, it only sends one pulse through the moment it closes.  You will now need to open and close the contact each time you want to add 1 to V1500.

Example 17.

The Negative Differential Contact.
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Goal: Show how the negative differential contact can be used in the same way as the positive but now the pulse only goes through when the contact is opened.

Now when you close X0 nothing happens, but when you open X0 the pulse goes through and 1 is added to V1500.

Example 18.

The PD Coil.
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Goal: Show how the positive differential coil can be used to pulse it’s contact when turned on.

When you close the X0, coil C0 is turned on.  As this is a positive differential coil, when turned on all it does is pulse it’s contacts as if they where positive differential contacts.  Again you can now control the increment of V1500 by 1 each time you close X0.

Example 19.
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The DEC instruction.

Goal: Show how with the decrement instruction we can subtract 1 from an existing V-memory location each time we close a contact before the instruction.

As before, each time X0 was closed, we added 1 to the V-memory V1500, in the same way, each time we close x1, we subtract 1 from the V-memory V1500.  Using both increment and decrement we can increase or decrease a value in the PLC in a timer or counter without using a programming device.

Example 20.

The ADD and SUB instructions.

Goal: Show how we can use the add and subtract instruction in our programs to add or subtract two or more constants or variables.
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Once you have entered your program, open your data view and enter the V-memory locations you would like to see been added and subtracted each time you change the value in V1500 by closing and opening X0.

Example 21.

The MUL and DIV instructions.

Goal: Show how we can use the multiply and divide instruction in our programs to multiply or divided two or more constants or variables.
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Again here the data view can be used to see the end results of the maths as we change V1500 by closing and opening X0.  If you still have the old values in the PLC, clear them by clearing V-memory only in the PLC as we have done earlier.  The DL05 PLC does not support floating point maths, therefore when dividing you will see the CPU rounds the value in V1601 to the nearest 1.  Adding, subtracting, multiplying and dividing using the Double instructions, works in the same way, but uses 2 16 bit words, so we can work with 8 digit numbers, but remember that when you select an out V-memory location using double instructions, will use both the V-memory location you entered and the one that follows.

Example 22.

The DRUM instruction.

Goal: Show how we can set a number of different coil bits all at once and change them using a constant time bases. 
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Each drum instruction uses 4 counters per drum, therefore should you be using two drum instructions in you program, and your first drum instruction starts with counter 0, your second drum instruction will start with counter 4.

You are first prompted to enter DRUM counter number. This counter counts the value in each step which must be reached before the next step can be enabled.

Step Preset value of the step you would like the drum to restart from each time it is reset.  

0.01 sec/Count: This is the constant count pulse which your drum is going to use in all its steps.  If this value is 100, counter 1 will pass 1 count value to counter 0, which counts up to the value you enter in each step.

In the top right we have 16 rectangles which is where we enter the events the drum is going to control.  The drum can control Xs, Ys and Cs.  Keep in mind here that RLL reads from top to bottom and left to right as it updates its Boolean tables.

Count: As mentioned above counter 0 will count down from the value you enter here for each step and then move to the next step.

Lastly you can darken the event you would like on in each step and leave black those you would like off.  This instruction is great where you have a machine that repeats a process over in the same way with the same time durations each time.

When X0 is closed the drum starts all its counters and step by step through all 16 steps controls all the elements you have set and reset by darkening them in the relevant steps.  When the drum gets to the last step, it will wait there until the reset contact is made.  In the example above CT0 was used as its own reset, so each time it completes the drum sequence it will automatically reset itself.

Example 23.

The EDRUM instruction.

Goal: Show how the event drum instruction work in the same way as the drum instruction, but now waits for an event before starting the counter to move to the next step.
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Two things have change with the event drum controller, there is now an extra input to the drum, and we have an events column.

If X0 is closed, as before the drum will do its job through all the steps and then wait for the reset.  The reset in this case is X2.  X1 is a new input that can be used to jog the drum on 1 step each time it is closed.

Event: Where you enter an instruction like X, C or Y, the drum will be forced to wait until this instruction is closed before starting its count down to the next step.  You do not have to enter any instruction in this column.  If left open the drum simply moves from one step to another by the count value alone.

See what you have learnt.

Test your self (Project 1). XE "Test your self (Project 1)." 
Start and stop one motor using only one push button.  On the first push the motor will start, on the second push the motor will stop.  You can use any inputs or outputs you like, but clearly document the I/O you us in the program.
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Test your self (Project 2). XE "Test your self (Project 2)." 
Use all the above instruction to design a basic robot control program where

Y0 = Red light robot 1

Y1 = Orange light robot 1

Y2 = Green light robot 1

Y3 = Red light robot 2

Y4 = Orange light robot 2

Y5 = Green light robot 2

X0 = Override switch for traffic officer on point duty, both the red lights from robot 1 and 2 will be on continuously and none of the other lights.

The red light on robot 1 must stop the traffic for 17 seconds while the green light on robot 2 must let traffic go for 10 seconds.  Then the orange light on robot 2 cautions the traffic for 5 seconds.  Both red lights will then stop the traffic for 2 seconds before the program repeats the robot control in the other direction.

There is no right way or wrong way to design this program, as long as it works.  You must enter all documentation into the program, save it to your computer as robot and download it to the PLC.  Once in the PLC you must make sure it is working right.  You have 15 minutes for this project.
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Test your self (Project 3). XE "Test your self (Project 3)." 
You have a pump station with three motors, only one motor will run at a time.  The other two motors are standby.  Each time the float switch is closed, a different motor must be selected to pump the water out.  The float switch can be bypassed by a start stop push button station.  
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Analogue Inputs. XE "Analogue Inputs." 
Special V-memory Locations

The DL05 series has two special V-memory locations assigned to the analog input

module.

These V-memory locations allow you to:

· Specify the data format (HEX or BCD)

· Specify the number of channels to scan (4 channels for the F0--04AD--1)

· Specify the V-memory locations to store the input data

The table below shows the special V-memory locations used by the DL05 PLC for

analogue input modules.

The DL05 PLC allows the use of bits 8 to 15 for identifying the number of input

channels and the data type (HEX or BCD). The F0-04AD-1 module actually uses

only bits 10 and 15, as shown in the diagram bellow. Bit 10 identifies the module as a

4 channel analogue input module. This bit should be set to 1 for the F0-04AD-1

module. Bit 15 is used to distinguish BCD (= 0) and binary (= 1).


Loading a constant of 0400 into V7700

puts a “1” in bit 10. This identifies a

4 channel analog input module in the

DL05 option slot, and stores the input

data values as BCD numbers.

Loading a constant of 8400h into V7700

puts a “1” in bit 15 and bit 10. This identifies

a 4 channel analog input module in

the DL05 option slot, and stores the in-

put values as binary numbers.

The DL05 PLC uses V7701 as a pointer to a V-memory location used for storing

analogue input data. The value loaded in V7701 is an octal number identifying the first

word in a contiguous range of V-memory locations. For the F0-04AD-1 module, you

will identify the first of four V-memory locations since it is a 4 channel module. For

example, loading O2000 causes the pointer to write channel 1’s data value to

V2000, channel 2’s data value to V2001, channel 3’s data value to V2002, and

channel 4’s data value to V2003.

Since the module has 12-bit resolution, the analogue signal is converted into 4096 counts ranging from 0 to 4095.


To measure a motor’s current that can draw up to 800 amps, you would need a 5 to 800 amps CT.  This would then be connected to a transducer which takes the 5 amp signal and converts it to 0-20 or 4-20ma.  This signal could now be taken into the analogue card on the PLC.  If the motor was drawing no current we would read 0 in the PLC, but if it was drawing full current of 800 amps we would read 4095 in the PLC.

What value would I see in the PLC if the motor was drawing 346 amps?

4095 X 346 = 1771.0875

800

As the DL05 PLC can’t work with decimal points it rounds the value of to 1771.

You can now use comparative contacts in your program to activate different outputs in relation to the different input values from the analogue input module.  By using the calculation below we can work out at what 12-bit value we need to sound an alarm should the motor draw more than 750 amps.

4095 X 750 = 3839.0625

800


As maths is available for us in the PLC we can also do the calculation inside the PLC and use actual current values to control our outputs.


Test your self (Project 4). XE "Test your self (Project 4)." 
You have a pressure switch in an air line, using the DL05 PLC with its analogue card, control a compressor motor Y0.  The maximum pressure in the system is 600 kpa and the minimum is 0 kpa.  If the pressure falls below 200 Kpa turn Y0 on.  If the pressure climbs above 500 Kpa turn Y0 off.  Should the pressure ever be greater than 550 Kpa open a release valve Y1 until pressure falls below 500 Kpa again.  Please provide program with documentation and check all V-memory values in the data window.










	
	Motor
	Solinoid
	

	600
	
	Turn Solinoid on
	600

	550
	
	Turn solinoid off
	550

	500
	Turn motor off
	
	500

	200
	Turn motor on
	
	200

	0
	
	
	0


Networking Two PLCs XE "Networking Two PLCs" .

The DL05 PLCs can be networked using one of two different protocols, Modbus RTU or DirectNet.  These networks allow for a single master and up to 99 slaves on Modbus RTU and 90 on DirectNet.  The master is the only member of the network that can initiate requests on a network.  Network two PLCs together with their RS232C ports, point to point communication.  The cable used here can be a maximum of 15m and the pin configuration is as follows:

If you would like to connect up more than two PLCs you will need a signal converter, from RS232C to RS422 or RS485.  

DirectNet Port Configuration

If you are just networking two PLCs the port configuration is only nesesary in the master and not the slave.  Port 1 or 2 can be used on the slave when only two PLC are networked.  When more than two are networked only port 2 can be used on the slaves.  In DirectSOFT, choose the PLC menu, then Setup, then “Secondary Comm Port”.

Port: From the port number list box, choose “Port 2”.

Protocol: Only mark the DirectNet protocol.

Timeout: Amount of time the port will wait before logging an error.

RTS ON / OFF Delay Time: The RTS ON Delay Time specifies the time the DL05 waits to send the data after it has raised the RTS signal line.  The RTS OFF Delay Time specifies the time the DL05 waits to release the TRS signal line after the data has been sent.

Station Number: When setting up the master, the station address is always 1, the slaves can be anything from 1 to 90.

Baud Rate: There are baud rates from 300 to 38400 to choose from, initially choose the fasts and then come down should you be getting data errors or noise.  All the PLCs on the same network

must be set to the same baud rate.

Stop Bits: Choose 1 or 2 stop bits for this protocol.

Parity: Choose none, odd or even parity for error checking.

Format: Choose between hex or ASCII formats.

When you have finished selecting all options, send the info to the PLC.

In the master PLC simple relay ladder logic instruction are used to initiate the request for information.  
Two new “Special Relays”


Typically network communications will last longer than 1 scan.  The program must wait for communications to finish before updating the memory tables.  SP116 is used to open the circuit and stop updates to the tables when the CPU is reading or writing information.

SP117 is used to indicate a problem with communications.  When communications are broken, SP117 closes and we can use this to stop a process or alert us of the problem.


If there is a communications problem SP117 will close and alert us with Y0.

When ever communicating SP116 opens and the ladder logic is not read until the communication is done.  Only then will SP116 close, the ladder logic after it read and the memory tables updated.

The first Load (LD) instruction identifies the communications port number on the network master (DL05) and the address of the slave station.

“f2” indicates the right port of the master PLC, port number 2.

“01” indicates the slave address in BCD (01 to 99)

The second Load (LD) instruction determines the number of bytes that will be transferred between the master and the slave.  This is a BCD value from 1 to 128 bytes.

Word dependent instructions like timer and count current values must be transferred in 2 byte increments minimum, where single bit instructions like X, Y, C, etc can be transferred in 1 byte increments.  Therefore transferring X0 to X27 would need K3 loaded as number of bytes.

The third instruction is a Load Address (LDA) instruction, and specifies the master memory area to be transferred if writing to a slave or copied into if reading from a slave.  As you are entering a V-memory address this is an octal number.  O40500 points to the V-memory address for Y0 to Y5 in the master.

The last instruction is a Read from Network (RX) instruction, causing the master device on a network to read a block of data from the slave device on the same network.  Inside this instruction box is the memory area to be read off the slave.

If you were writing to the slave the first three instruction work the same, but the fourth instruction becomes a Write to Network (WX) instruction, causing the master device on a network to write a block of data to the slave device on the same network.

Read and write interlocks.

If you are using multiple reads and writes in the RLL program, you have to interlock the routines to make sure all the routines are executed.  If you don’t use the interlock, then the CPU will only execute the first routine.  This is because each port can only handle one transaction at a time.


After RX instruction has executed and the communication is finished, C100 is set.

Now with the C100 closed the WX instruction executes and when the communications are finished C100 is reset.

When using stage programming you can put the two routines in different stages to create an interlock. 

Test your self (Project 5). XE "Test your self (Project 5)." 
Make a network using two PLCs.  In the master PLC, start motor 1, (Y0) using X0 and 10 seconds after motor 1 on the master PLC has started, motor 2, (Y0) on the slave PLC must start.  Then stop both motors from X0 on the slave PLC.

Stage Programming. XE "Stage Programming." 
Stage Programming provides a way to organize and program complex applications

with relative ease, when compared to purely relay ladder logic (RLL) solutions.

Stage programming does not replace or negate the use of traditional Boolean ladder

programming. This is why Stage Programming is also called RLL PLUS .

Stage programming simply allows you to divide and organize a RLL program into groups of ladder

instructions called stages.

· Large programs can become almost unmanageable, because of a lack of structure.

· In RLL, latches must be tediously created from self-latching relays.

· When a process gets stuck, it is difficult to find the rung where the error occurred.

· Programs become difficult to modify later, because they do not intuitively resemble the application problem they are solving.
The secret to understanding stage programming

Let look at a simple motor that must be started and stopped.  There are two main stages here, ON and OFF.

By drawing the diagram to the left we have already solved the control problem.  There are two basic states and they depend on two basic events.  If X0 is closed we move to the ON stage and if X1 is closed we move to the OFF stage.

In ladder logic the program would look something like this.


Now using stage programming you create two stages, the ON and OFF stages and your program will look as follows:

There are also three new instructions learnt here:

Example 24

The ISG instruction.

Goal: Show how we use this instruction as the first part of the program that will be scanned when the PLC goes into run mode.

The SG instruction.

Goal: Show how we use this instruction for those stages you do not want to come on when the PLC goes into run mode.

The JMP instruction.

Goal: Show how we can use this instruction to jump from one stage to another.


Unlike standard ladder logic where the PLC always scans from left to right, top to bottom, when using stages the CPU only scans the active stages.  When you jump to another stage the CPU stops scanning that stage and starts scanning only the next stage.  ISG instruction is the initial stage and is the only stage that will be scanned when the PLC goes into run mode.  Therefore the motor will be off and X0 is all that is scanned.  If you would like the motor to turn on when the PLC goes into run mode, simply change stage 1 to be the initial stage.  The Stage JMP instruction we have used deactivates the stage in which the instruction occurs, stage 0, while activating the stage in the JMP instruction, stage 1.

The inline stage boxes on the left power rail divide the ladder program rungs into stages. 

Some stage rules are:

Execution: Only logic in active stages are executed on any scan.

Transitions: Stage transition instructions take effect on the next occurrence of the stages involved.

Octal numbering: Stages are numbered in octal, like I/O points, etc.  “S8” is not valid.

Total Stages: The DL05 offers up to 256 stages (S0 to S377 in octal).

No duplicates: Each stage number is unique and can be used just once.

Any order: You can skip numbers and sequence the stage numbers in any order.

Last Stage: The last stage in the ladder program includes all rungs from its stage box until the end coil.

Some Jump rules are:

· The jump instruction resets the stage bit of the stage in which it occurs.  All rungs in the stage still finish executing during the current scan, even if there are other rungs in the stage below the jump instruction!

· The reset will be in effect on the following scan, so the stage that executed the jump instruction previously will be inactive and bypassed.

· The stage bit of the stage named in the Jump instruction will be set immediately, so the stage will be executed on its next occurrence. 


If the stage jumped to is below the stage you are coming from, it will be scanned in the same scan as the jump, but if the stage jumped to is above the stage you are coming from, it will only be scanned on the next CPU scan.

There are 4 basic steps which help to make stage programming a breeze.

1. Write a Word Description of the application.

Describe all functions of the process in your own words. Start by listing what happens first, then next, etc. If you find there are too many things happening at once, try dividing the problem into more than one process. Remember, you can still have the processes communicate with each other to coordinate their overall activity.

2. Draw the Block Diagram.

Inputs represent all the information the process needs for decisions, and outputs connect to all devices controlled by the process.

Make lists of inputs and outputs for the process.

· Assign I/O point numbers (X and Y) to physical inputs and outputs.

3. Draw the State Transition Diagram.

The state transition diagram describes the central function of the block diagram, reading inputs and generating outputs.

· Identify and name the states of the process.

· Identify the event(s) required for each transition between states.

· Ensure the process has a way to re-start itself, or is cyclical.

· Choose the power up state for your process.

· Write the output equations.

4. Write the Stage Program.

Translate the state transition diagram into a stage program.

· Make each state a stage. Remember to number stages in octal. Up to

256 total stages are available in the DL05, numbered 0 to 377 in octal.

· Put transition logic inside the stage which originates each transition (the

stage each arrow points away from).

· Use an initial stage (ISG) for any states that must be active on power up.

· Place the outputs or actions in the appropriate stages.
Lets put this all to work in an example.

2. Write a Word Description of the application.

Our garage door controller has a motor which raises or lowers the door on command. The garage owner pushes and releases a momentary pushbutton once to raise the door. After the door is up, another push-release cycle will lower the door.


In order to identify the inputs and outputs

of the system, it’s sometimes helpful to

sketch its main components, as shown in

the door side view to the right. The door

has an up limit and a down limit switch.

Each limit switch closes only when the

door has reached the end of travel in the

corresponding direction. In the middle of

travel, neither limit switch is closed.

The motor has two command inputs: raise

and lower. When neither input is active,

the motor is stopped.  The door command

is just a simple pushbutton. Whether wall

mounted as shown, or a radio-remote control,

all door control commands logical OR together as

one pair of switch contacts.

3. Draw the Block Diagram.

The block diagram of the controller is

shown to the right. Input X0 is from the

pushbutton door control. Input X1

energizes when the door reaches the full

up position. Input X2 energizes when the

door reaches the full down position. When

the door is positioned between fully up or

down, both limit switches are open.

The controller has two outputs to drive the

motor. Y1 is the up (raise the door)

command, and Y2 is the down (lower the

door) command.

3. Draw the State Transition Diagram.
· When the door is down (DOWN state), nothing happens until X0 energizes. Its push and release brings us to the RAISE state, where output Y1 turns on and causes the motor to raise the door.

· We transition to the UP state when the up limit switch (X1) energizes, and turns off the motor.

· Then nothing happens until another X0 press-release cycle occurs. That takes us to the LOWER state, turning on output Y2 to command the motor to lower the door. We transition back to the DOWN state when the down limit switch (X2) energizes.

4. Write the Stage Program.
The down state is where we would like the CPU to stay each time we power up, so this becomes the initial stage.  In the initial stage we place the event which is going to start the door opening.  When X0 is closed we jump to stage 1.

In stage 1 we wait for the operator to release the button X0 and then jump to stage 2.

SP1 is a special relay that is always on, so the raise motor starts as soon as this stage is scanned.  When we reach the top limit X1, we jump to stage 3.

Stage 3 waits for the operator to push the button X0 again to bring the door down.  When X0 is pushed we jump to stage 4.

Stage 4 waits for the operator to release the button and then jumps to stage 5.

SP1 is a special relay that is always on, so the lower motor starts as soon as this stage is scanned.  When we reach the bottom limit X2, we jump to stage 0 where the cycle starts all over again.

Now that we have the basics of our garage door working and tested we are going to build on them.  The goal here is to see how easy it is to edit and change an existing stage program, and learn more about stage programming and the use of SET, RST and timers in stage.  Again we follow the 4 basic steps.

4. Write a Word Description of the application.

We will now add a security light feature to the door which, will come on when the X0 button is in and remain on for 3 minutes after door operation.  This light will be on Y3 output.


5. Draw the Block Diagram.

To control the light bulb, we add an output

to our controller block diagram, shown to

the right, Y3 is the light control output.

Whenever the operator presses the 

door control switch and releases, the RAISE

or LOWER state is active and the LIGHT

state is simultaneously active.
6. Draw the State Transition Diagram.

We can think of the Light state as a parallel process to the raise and lower state. The paths to the Light state are not a transition (Stage JMP), but a State Set command. In the logic of the Light stage, we will place a 3 minute timer. When it expires, timer bit T0 turns on and resets the Light stage. The path out of the Light stage goes nowhere, indicating the Light stage just becomes inactive, and the light goes out!


4. Write the Stage Program.
The down state is where we would like the CPU to stay each time we power up, so this becomes the initial stage.  In the initial stage we place the event which is going to start the door opening.  When X0 is closed we jump to stage 1.

In stage 1 we wait for the operator to release the button X0 and then jump to stage 2 as well as set stage 6.

SP1 is a special relay that is always on, so the raise motor starts as soon as this stage is scanned.  When we reach the top limit X1, we jump to stage 3.

Stage 3 waits for the operator to push the button X0 again to bring the door down.  When X0 is pushed we jump to stage 4.

Stage 4 waits for the operator to release the button and then jumps to stage 5 as well as set stage 6.

SP1 is a special relay that is always on, so the lower motor starts as soon as this stage is scanned.  When we reach the bottom limit X2, we jump to stage 0 where the cycle starts all over again.

SP1 is a special relay that is always on, so the light is turned on as soon as this stage is scanned.  The timer will also start timing out and reset stage 6.  When the stage is reset the light will turn off.
Lastly we look at installing an emergency stop for when the door is coming down and something is in its path.  The emergency stop could be a photo eye and breaking the beam will stop the door coming down and open it again.

Write a Word Description of the application.

Into the existing program add an X3 emergency stop which stops the door coming down and sends it back up again.

Draw the Block Diagram.

X3 is a normally open and will close when

the beam is broken by an obstruction.

Next, we make a simple addition to the state transition diagram, shown in shaded areas in the figure below. Note the new transition path at the top of the LOWER state. If we are lowering the door and detect an obstruction (X3), we then jump to the Push-UP State. We do this instead of jumping directly to the RAISE state, to give the Lower output Y2 one scan to turn off, before the Raise output Y1 energizes.

Write the Stage Program.

X3 must be added into stage 5 to stop the program from jumping to stage 0 and make it jump to stage 2 so the door will start up again.
Now that you understand how stage programming works it is important that you also understand that you can have different stage programs all running at once in the PLC.  Depending on the inputs these different stage programs can control and influence one another.

Most all instructions work just like they do in standard RLL. You can think of a stage just like a miniature RLL program which is either active or inactive.

Output Coils: As expected, output coils in active stages work exactly the way they would in normal ladder logic.  However, note the following:

· Outputs work as usual, provided each output reference (such as “Y3”) is used in only one stage.

· An output can be referenced from more than one stage, as long as only one of the stages is active at a time.

· If an output coil is controlled by more than one stage simultaneously, the active stage nearest the bottom of the program determines the final output status during each scan. Therefore, use the OROUT instruction instead when you want multiple stages to have a logical OR control of an output.

One-Shot or PD coils: Use care if you must use a Positive Differential coil in a stage. Remember that the input to the coil must make a 0 to 1 transition.  If the coil is already energized on the first scan when the stage becomes active, the PD coil will not work. This is because the 0 to 1 transition did not occur.

As SP1 is a special contact which is always on, the coil 0 is on before the stage is scanned and does not make a 0 to 1 transition.  You will see that no matter how many times you go from stage 0 to stage 1 the counter will not count.

We could make this circuit work by changing a few things, copy the next circuit and try again.


When scanning stage 0, X0 changes from 0 to 1 and C0 pulses the counter.  X0 also activates the jump instruction, which turns off stage 0 and on stage 1.

Lastly we look at the importance of where X0 changes from an 0 to 1 in the stage.


As X0 is both closing the coil 0 and jumping to stage 1, could we not use it to do both once.  The jump instruction must be the last instruction in the stage as that instruction leaves the stage and nothing after it is looked at.  The counter will therefore never be pulsed.

You will see that you can only close X1 in stage 0 to reset the counter.  When in stage 1 X1 no longer resets the counter, but now turns an output on, Y0.  This can become a problem if you need to reset the counter from another stage.

Counter: In using a counter inside a stage, the stage must be active for one scan before the input to the counter makes a 0 to 1 transition. Otherwise, there is no real transition and the counter will not count.  The ordinary Counter instruction does have a restriction inside stages: it may not be

reset from other stages using the RST instruction for the counter bit. However, the special Stage counter provides a solution.

Stage Counter: The Stage Counter has the benefit that its count may be globally reset from other stages by using the RST instruction. It has a count input, but no reset input. This is the only difference from a standard counter.


The stage counter dose not have a reset input as can be seen on the left.  It can be reset remotely from a reset instruction.  In this example the reset has been put into a supervisor stage, stage 2, which is always active when the counter starts counting and will allow you to reset the counter in any stage.  The reset also resets stage 2 so that it is only active when needed.

Drum: Realize that the drum sequencer is its own process, and is a different programming method than stage programming. If you need to use a drum with stages, be sure to place the drum instruction in an ISG stage that is always active.

Power flow transition.

When jumping from one stage to another, and the second stage directly follows the first, you can use the jump instruction as we have done in the previous examples or use a power flow transition method shown on the right.  All rungs used in the stage must be above the power flow transition.  Making program changes latter using the power flow method is not as easy as when you use the jump instruction.


Parallel stages

We have already seen how we can have parallel stages running together using the jump instruction, jumping to more that one stage at once or jumping to one stage and setting another.  


If you would like both stage 2 and 4 to become active on the same scan, they must both be located in the program under stage 1.

What happens now when we need to go from parallel stages back to a single stage?

Converging stages


If you would like to bring to parallel stages into one stage line, we have a new instruction called the convergence stage CV.  This instruction waits for both stage 2 and 4 to be active before stage 5 can become active.  






Rules when using this instruction:






No logic is permitted between CV stages.

All CV stages must follow on another.

X3 is in the last CV stage and will wait until stage 2 and 4 are active before jumping to stage 5.  You can’t use a normal jump instruction here, the CVJMP instruction must be used which will turn off all CV stages and activate stage 5.

The maximum number of stages that can be converged into one is 16.

Test your self (Project 6, 7& 8). XE "Test your self (Project 6)." 
Use stage programming to solve project 1, 2 and 3. 

 Appendix 1.

Address
A normally unique designator for location of data or the identity of a peripheral device which allows each device on a single communications line to respond to its own message.

Analogue
A continuous real time phenomena where the information values are represented in a variable and continuous waveform.

ASCII
American Standard Code for Information Interchange.  A universal standard for encoding alphanumeric characters into 7 or 8 binary bits.  Drawn up by ANSI to ensure compatibility between different computer systems.

Asynchronous
Communications where characters can be transmitted at arbitrary, unsynchronised points in time and where the time intervals between transmitted characters may be of varying lengths.  Communication is controlled by start and stop bits at the beginning and end of each character.

Baud
Unit of signalling speed derived from the number of events per second (normally bits per second).  However if each event has more than one bit associated with it the baud rate and bit per second are not equal.

Bios
Basic Input / Output system.

Bipolar
A signal range that includes both positive and negative values.

Bit
(Binary Digit) Derived from “Binary DigiT”, a one or zero condition in the binary system.

Bus
A data path shared by many devices with one or more conductors transmitting signals, data or power.

Byte
A term referring to eight associated bits of information; sometimes called a “character”.

CPU
Central Processing Unit.

Digital
A signal that has definite states (normally two).

EEPROM
Electrically Erasable Programmable Read Only Memory.  Non-volatile semiconductor memory.

Ethernet
Name of a widely used LAN, based on the CSMA/CD bus access method (IEEE802.3).  Ethernet is the basis of the TOP bus topology.

Jumper
A wire connecting one or more pins on the one end of a cable only.

LAN
Local Area Network.  A data communications system confined to a limited geographic area, typically about 10 kms, with moderate to high data rates (100kbps to 50Mbps).

Multi-drop
A single communication line or bus used to connect three or more points.

Network
An interconnected group of nodes or stations.

Node

A point of interconnection to a network.

Noise
A term given to the extraneous electrical signal that may be generated or picked up in a transmission line.  If the noise signal is large compared with the data carrying signal, the latter may be corrupted resulting in transmission error.

PLC
Programmable Logic Controller.

Point to Point
A connection between only two items of equipment.

Port
A place of access to a device or network, used for input/output of digital and analogue signals.

Profibus
Process FieldBus developed by a consortium of mainly German companies with the aim of standardisation.

Protocol
A formal set of conventions governing the formatting, control procedures and relative timing of message exchange between two communicating systems.

RAM
Random Access Memory.  Semiconductor read/write volatile memory.  Data is lost if the power is turned off.

Repeater
An amplifier which regenerates the signal and thus expands the network.

RTU
Remote Terminal Unit.  Terminal unit situated remotely from the main control system.

Word
The standard number of bits that a processor or memory manipulates at one time.  Typically, a word has 16 bits.
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