Chapter 4 Programming the Application

This chapter deals with the steps to creating a working program from both the Siemens and A-B
platform. In the last chapter, we dealt with linking the computer to the PLC and establishing the
project or file for the PLC to begin programming. This chapter deals with the creation of
programs for the PLC.

Background Program

Allen-Bradley and Siemens go about storing programs in a main file that runs continuously in
the background of the processor. Allen-Bradley refers to this program as Main while Siemens
refers to it as OB1 (Object Block 1). The method of storing logic looks slightly different for the
two. At the left is Allen-Bradley’s program format. It resembles a scroll. At right is the
Siemens approach. Siemens allows the programmer to use one line or rung of logic per Network
or place multiple lines of logic in the same network. An advantage of placing more than one line
in the same network is that the logic is not as spread out and can be more easily read.
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The following shows the path logic is solved by both manufacturers’ PLC. The logic solves left
to right, up to down and down to up. Never does the logic flow right to left. There may be a
circuit that, if copied as is, would require right to left logic but this logic must be modified to not
allow the flow right to left.
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Discussion of entry of the logic for both processors is given.
First with Siemens:
Organizing the Program in S7

The S7 PLC uses “program containers” called Organization Blocks to separate programs into
areas of execution.

OBs are numbered and divided into different classes based on function. The quantity of OBs of
a particular class vary by CPU model. OBs are added by the application programmer as desired.
OB1 contains the main application program for the PLC. Other OBs can be thought of as
interrupt handlers or subroutines (function blocks).

What Are Organization Blocks?

Organization Blocks (OBs) are the interface between the operating system of the CPU and the
user program. OBs are used to execute specific program sections:

* At the startup of the CPU

* In a cyclic or clocked execution

* Whenever errors occur

* Whenever hardware interrupts occur
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During a warm restart, the first step carried out by the operating system is to delete the non-
retentive bit memories, timers, counters, interrupt stack, and block stack; to reset all stored
hardware interrupts and diagnostic interrupts; to write the status of the outputs to the PIQ table
(Process Image of Outputs); and to start the scan cycle monitoring time. In the second step, the
operating system writes the values from the process-image output table into the output modules.
In the third step, it then reads the status of the inputs and writes them to the P11 Table (Process
Image of Inputs). In the fourth step, it then executes the user program with the respective
instruction. The operating system starts the cyclic operation again and continually monitors for
interrupts.

Startup:

A startup program is carried out before the cyclic program execution after a power recovery or a
change of operating mode (through the CPU‘s mode selector or by the PG). OB 100 is available
in every PLC model, whereas 101 and 102 are only available in the S7-400. In these blocks you
can, for example, preset the communications connections or execute initialization routines.

The Program Editor

Work Area

n

Instructions
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Fig. 4-1 View of Base Page — Program Editor

The Editor has the following components:

Instructions

This area shows all instructions available for use in the program. To implement an instruction,
select the “rung” (network) you wish to add the instruction to, then “drag and drop” the
instruction onto the “rung”.

Work Area
The code section contains the program itself, divided into separate networks (rungs) if required.
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Fig. 4-2 Cross-Section of Instructions
Programming instructions are separated into groups based on functionality.

Basic Instructions — these are the “standard instructions” that can be used with all standard data
types. Instructions include Bit Logic Operations, Math functions, Move Operations, and so on.

Extended Instructions — these are instructions that can either be used on complex data types, or
that perform specific functions not associated with “traditional” program control functions.

Favorites — you can add frequently used instructions to the Favorites group. Instructions in the
Favorites group appear in the upper area of the Program Editor.

Communications — these are instructions used to program communications tasks, such as peer-
to- peer PLC communications, open communications over supported networks, and so on.

Technology — these instructions are associated with technology functions supported by the PLC
in question. Examples include PID Control.

Addressing Program Elements
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Fig. 4-3 Addressing a Function
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As instructions are added, any address the user MUST fill in are shown in a red italic font. The
program editor prompts you for the general data format of the instruction as follows:

* 7?2.7 —abit address
« 77?7 —an address other than a bit (e.g., byte, word, etc.)

Addresses that can be defined but are not required to be addressed are shown with a black font
as an ellipsis (...).

Allowing the mouse pointer to “hover” over an address field will reveal the required data type(s)
for the instructions operand. Blocks can be saved without addresses filled in, but the program
will not compile until all required addresses are defined.

Programming with Tag Names
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Fig. 4-4 Tag Selection from Menu

You can select configured tags using a pull-down accessible from the instruction. Double
clicking will bring an icon into view that can be clicked on to open a list of all tags in the
program that have the required data type. You can also start typing and the tags that appear will
be filtered based on the text entered to that point. Select the desired tag from the list to assign the
tag to the instruction. Autocomplete must be turned on to use this feature.
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Statement Element Description

<Toc> Tag that you access. The tag must be of the "Bit string” data type. In the case of
9 | activated |EC check, the access to tags of the “Integer” data type is also possible.

X | 1D for the access width "Bit (188)"

B 1D for the access width "Byte (8 Bit)"

w | 10 for the access width “Word (16 i)

D \ 1D for access width "DWord (32-bit)"

<BIT number> Bit number within <tag> that is accessed. Number 0 accesses the least signficant BIT.
Byte number within <tag> that is accessed.

<BYTE nusmber> The number O accesses the least significant BYTE
Word number wathin <tag> that is accessed.

<WORD number> The number O accesses the least significant WORD.

ber: DWord number within <tag> that is accessed.
<DWORD The number O accesses the least significant DWORD.

Fig. 4-5 Table of Memory Designators for Tags

In many cases, it is necessary to access portions of contiguous data that is “embedded” in a larger
tag element. An example would be evaluating or changing a bit address within a word of data.
To access a smaller segment of data by a Bit, Byte, Word or Double word, the syntax is as
follows:

BIT <Tag>.x<Bit number>, e.g., “Status Long Word”.X4

BYTE <Tag>.B<Byte number>, e.g., “Status Long Word”.B2

WORD <Tag>.W<Word number>, e.g., “Status Long Word”.WO0
DOUBLE WORD <Tag>.D<Double word number>, e.g., “Status Long Word”.D1

Changing an Operand
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Fig. 4-6 Operand Choices

Often it is required to change an operand to a different one. To accomplish this, double click on
the instruction, then click on the pull down to select the new operand.
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The same feature can be used for many of the math instructions where the data type of the
instruction can be changed using the same method.

A first contact is chosen and added to the first network, Network 1:

Project21 » PLC_1 [CPU 1214CDCUDTDC] » Program blocks » Main [OB1] — i Bl X

ik E s i AER8 @] @6 == & T =

=« T =

—HF i = — Fig. 4-6 Choosing LAD as a
Programming Language

+ Block title: “Main Prograr Sweep (Cycle)”

* 4Network 1:

Comment

| <7 T
] | A1

11 4
‘ Fig. 4-7 Network 1

Notice the <??.?> above the contact. This signals that an address must be selected for this
contact, much as a name was required for each contact in a ladder diagram. Move to the tree
area PLC tags and choose Show all tags. This area is blank to begin and must be added before the
contact above is complete. Bit, byte and word length tags may be created here. Some care must
be given to the addressing since tags can be programmed over other tags, a problem that will
cause errors later in debugging.

Project21 » PLC_1 [CPU 1214C DUDUDC] » PLC tags

Devices |<ﬂ Tags || = User constants ||>E| System constants
O Q@ B | #2 B3H ax =
PLC tags
vh_m PLC_1 [CPU 1214C DO/D... Name Tag table Data type Address Re
[h' Device configuration 1 | <Add news E

% Online & diagnostics
- I?ﬂ: Program blocks
ﬁl‘f\dd new block
3 Main [OB1]
¥ [ Technology objects

] External source files
':i PLC tags

%5 showall tags

E ~dd new tag table

.:?'a’ Defaulttag table [.. — Flg 4_8 Addlng Tags

» (& PLC data types

To start, tags will be given generic names such as “al”, “a2”, etc. This is not a good practice but
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will be done to start the process of naming variables. Tags should be given meaningful names
that give the user an idea as to the meaning behind the contact or other instruction. Below,
when the first tag is entered, an address appears of %10.0. If your tag is to be addressed to the
first input %10.0 then all is well. Usually, this variable needs to be changed. Here it is changed to
an M identifier. M bits and bytes are used for internal storage, not for inputs or outputs from the
PLC. The first bit of the M table is M0.0. Since this table is addressed in bytes, the succeeding
bits are M0.1, M0.2, M0.3, M0.4, M0.5, M0.6, M0.7, M1.0, etc.

Devices < Tags " & User constants "@ System constants | Options
YY) 2| = B m = =
PLC tags b | Find and replace

~ [ PLC_1 [CPU 1214C DCID... Name Tag table Data type Address Re]
[If Device configuration 1 < al Defaulttag table B Boaol Iji %10.0 Find:

L
=
%/ Online & diagnostics | 2 <Add new>
Operand denser: [ -

V!;:: Program blocks
B Add new block Operand type: | |v
& Main [08B1] Address: |D
3 p_*qTechnoIogyobjects

sAse | it

Bit number: |0

] External source files
~ 4 FLCtags
45 showall tags

<]
x|

ﬁf\dd new tag table
% Default tag table [.. =
» [ PLC data types
» %‘Nﬂtth and force tables

(<[ w | 2

o Program info

Fig. 4-9 Using M for Internal Data Storage

Thus, the first address is entered as Mo0.0.

Project21 » PLC_1 [CPU 1214C DUDCDC] » PLC tags

|@I Tags || = User constants ||>E| System constants

Y =
PLC tags
Marne Tag table Data type Address Re
1 <30 a1 Default tag table B Bool E %000 YI
2 <Add new>

Fig. 4-10 We Entered M0.0

And we proceed back to the ladder diagram for Network 1 and add the tag to the contact:
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¥ 4Network 1: ..

Comment

1 "al" Ecal 0.0 ~[————F

Fig. 4-11 Completed Tag

The final result resembles the following:

- Network 1: ..

Comment

W00
a1

Fig. 4-12 Continuing with Network 1

Next, we would like to add an input to the logic. The input is tied to the input point 10.0. In the
PLC tag table, we begin with the name “Input0”. We proceed across with default tag table, Bool
and then see an address of %Mo0.1 picked. This must be changed. The tag table will
automatically roll to the next available address but we will be using an internal bit for an input
but rather an “I” bit, 10.0.

Project21 » PLC_1 [CPU 1214C DUDCDC] » PLC tags

|@ Tags || = User constants ||>E System constants |

=LA "
PLC tags
MNarne Tag table Data type Address Re
1 <30 a1 Default tag table Bool %MO0.0
2 <4 Inputd Default tag table BBDDI %601 E
3 <Add news

Fig. 4-13 Adding the Input

After changing the M address reference to an | address, and entering the correct bit offset, the
table appears as follows:
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Project21 » PLC_1[CPU 1214C DOUDCDC] » PLC tags

|+ﬁ| Tags || = User constants ||£| System constants

= D =
PLC tags
Marne Tag table Data type Address Re
1 <0 al Default tag table Bool %00
2 <00 Inputd Default tag table B Bool El %I10.0 B

<Add news=

Fig. 4-14 Completing the Tag for the Input

Do not forget that a real device needs to be wired to an input for this input to perform its correct
function. Usually the input wired is through a NO (normally open) contact. This may change
from time to time but NO is usually chosen.

PB

O O

24 0
VDC VDC Fig. 4-15 Wiring the Input

[0

L+tMGL+tMIMO .1 .23 456.70.1.234L5
24VDC 24VDC Dla DI b
Input Output

In the Program Block, the contact is added and the tag Input0 chosen.

* .4 Network 1:

Comment

51" | |§|
‘ : : < "al" Bool %h0.0

‘ W00

<0 “Input0” Bool %10.0

Fig. 4-16 Adding the Tag for the Input

Our program now has a normally closed contact labeled “Input0” address 10.0 in series with a

normally open contact labeled “al” address M0.0. Next, we would like to add a parallel contact
to the NO contact “al”. Start with an arrow from the left ladder.
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- Network 1:

Comment
@00 W0 .0
"al" “Inputd”
| | /1 »
- "al” MO0
“Inputd® 0.0

Fig. 4-17 Adding a Parallel Path

Add a tag to the tag table ”a2”. Note that we want this address as an M bit so the next available
M bit is mMo.1.

Project21 » PLC_1 [CPU 1214C DUDCUDC] » PLC tags

|@ Tags || = User constants ||>E| System constants

=2 B oo H
PLC tags
Marne Tag table Data type Address Re
1 <30 a1 Default tag table Bool %000
2 <0 Inputd Default tag table Bool %10.0
3 <0 a2 Default tag table B Bool El Th0.1 B
- <Add news

Fig. 4-18 Adding the Tag for the Parallel Path

We finish the contact by choosing the normally closed contact and adding the “a2” tag from the
tag list:
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- Network 1:

Comment

W00 40 .0
"al" “Inputd”

| | /1

b

0.1
IEEI

* "al” Moo
“Inputd® o0
"a2" o

Fig. 4-19 Adding the Contact for the Parallel Path

The up arrow is chosen to tie the circuit right of “a2” to the circuit above. The circuit is now
complete except for an output coil.

HF Hi- = s

w Block title: “Main Frogram Sweep (Cycle)”
Comment

- Network 1:

Comment

W00 40 .0
"al" “Inputd”

| | /1

L

0.1
IEEI

* "al” Moo
“Inputd® o0
“a2” o

Fig. 4-20 Tying in the Parallel Path

The output coil is chosen from the instruction list and the tag is added.
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* .4 Network 1:

Comment

00 0 0
"al” "Inputd” 217 T

| | /1 —{ __—g

Mo
IEEI

w "al® 0.0
“Inputd® 0.0
“a2" WMo

Fig. 4-21 Adding the Coil

The tag is chosen from the internal M bits again, this time Mo.2.

Project21 » PLC_ 1 [CPU 1214CDUDCDC] » PLC tags

|@ Tags || & User constants ||>E| System constants

= & D om =
PLC tags
Marne Tag table Data type Address Re

1 <40 a1 Default tag table Bool %000
2 < Inputd Default tag table Bool %10.0
3 <3l a2 Default tag table Bool %01
- <l b Defaulttag table BBDDI %6002 B
5 <Add news

Fig. 4-22 Adding the Tag to Finish the Coil

Ch. 4 Programming the Application 13



At this time, our circuit is complete. The next rung or circuit is to be programmed in the next
available location. The programmer has a choice of moving to the next network, Network?2, or
continuing in the present network. The program will solve the same either way. Usually, the
programmer will continue in the same network for compactness on the screen. More can be seen
at the same time when troubleshooting if more rungs are grouped into the same network.

- Network 1: ..

Comrment
0.0 0.0 W02
"al” "Inputd” *h1"
| | /1 { }
MO 1
a3
/1
- "al” Y00
Inputd” W00
“az" 01
B1" 02

Fig. 4-23 Completed Circuit (Rung)
The following shows a second circuit input in the same network as the first. This circuit is not
completed but illustrates the ability of the programmer to stack several ideas or circuits into one
network.

¥ 4Network 1: ..

Comment

Y00 W0 .0 02
"al”" “Inputd” “b1"
] | |
1 T |/= { :

0 1
IEEI
|
/1
] | I 1
1 I 1 I

Fig. 4-24 Where to Add Another Circuit (Rung)
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The following shows the same circuit but entered in a second network. Here the ideas are more

spread out, usually a less attractive alternative but available as desired.

- i = —_

0.1
Iazl

* .4 Network 2:

Comment

o0
0.0

WMo
o2

Fig. 4-25 Alternate Place Add Circuit (Rung)

When defining a Boolean variable, the choice of local or global is to be given. The only time
that a variable is to be defined as a Local variable is when the information is only to be passed to
a later rung in the same scan but lost after this. The local variable does not return after the end of
the scan. Care must be taken to not choose ‘Local’ because it is the default choice. It is not the
preferred choice in most cases.
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Next, Allen-Bradley

Starting with the project tree, the first program to enter is MainRoutine under MainProgram. This
program is equivalent to OBL1 in that it is always on and scanning in the background. Execution
occurs as often as possible when other programs are not pre-empting the cpu’s time. This

program is programmed in Ladder. Subroutines and other programs may be programmed in FBD

and STL.
B File Edit View Search Logic Communications Tools Window Help - [ =] =
Bl & ¥ w3 sequencer - éﬁ‘ g&p % @ @7 @l Gl Select 2 Language... ~- 9
Offline 1. ™ RUM E Fath: |<n0ne> v|@
Mo Forces b, = oK q}
No Edits a Fﬁ;;T CH AF A A F Aoy A 3
@ 4 \ Favorites A4 Add-On £ Alarms A Bit A4 Timer/Counter £ Input/Outp
Controller Organizer > 01X sbed b —
=5 Controller test - "
&9 Controller Tags -
----- 3 Controller Fault Handler
----- 3 Power-Up Handler
=123 Tasks
553 MainTask (End)
= ﬂ MainProgram
Program Tags
E MainReoutine
----- 3 Unscheduled Programs / Phases
-1 Motion Groups E
.27 Ungrouped Axes
----- [ Add-On Instructions =
=] Data Types
C% User-Defined
+Cﬂ, Strings
- Add-On-Defined . o
3 O Predefined Fig. 4-26 Beginning a New Rung
4 Module-Defined
----- [ Trends
=1 /0 Configuration
= ompactlogixd323E-QBFCL System
{0 1769-L23E-QBFCY test
—" 1769-L23E-QBFCL Ethernet Port Log
o == Ethernet
S| CompactBus Local
To choose a NO contact, either of the following tabs may be chosen.
« H o 1k HF R Ao AL >
i P _\ Favorites 4 Add-On A Alarms A Bt A Timer/Counter A Input/Outr
Choose either the Favorites tab above or the Bit tab below to show a
NO contact. NC contact and coil are found in both as well.
« H i S O (N {u%s D3R 0SF N
4 + % Favorites £ Add-On A Alarms b Bit A4 Timer/Counter £ Input/Out
Fig. 4-27 Alternate Tabs for NO Contact
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Tags are given the same generic names as with the Siemens processor but care must be taken to
be meaningful to the process being represented. Names generally are less than 30 characters in
length and may have underscore ( _). The more well commented, the better in the long run.

JE
1L

L1011

(End)

Fig. 4-28 Entering the NO Contact

The tag may be entered by right clicking the contact. The new tag will then be entered from the
following screens:

&
0 : _ﬁ Mew Tag... |
= &% CutInstruction Ctrl+X
(End} Copy Instruction Ctrl+C
Paste Ctrl+V
Delete Instruction Drel
Add Ladder Element... Alt+Ins

Edit Main Operand Description  Ctrl+D

Save Instruction Defaults

Clear Instruction Defaults

Toggle Bit Ctrl+T
Force On

Force Off

Remowve Force

Go Tou. Ctrl+G
Instruction Help F1

Fig. 4-29 Entering the Tag
The screen below will be entered with Name as a1. A description may be entered if desired.
Since the contact was chosen, the Data Type is Bool. Other options are listed but usually left as
is.

When the tag name is successfully entered, the contact and tag appear as one unit.
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It is worth noting that the A-B tag database has no M offsets similar to the Siemens architecture.
The variables’ offset is hidden from the user. This is more like a computer language in which
the value of a variable’s address may not be known.

Mame: B 0

Drezcription: - Cancel

41

Help

Usage: <romal:

Type: Base - | Conechon,..

Aliaz For:

Diata Type: BOOL _

Scope: Eﬂ; b ainProgram -

Edtemal [ Roadwite v

Shyle: | Diecimal = |
Constant

O pen Configuration

L
ard

1

Fig. 4-30 Addressing a Tag using A-B

Tags may also be entered from the Program Tags option from the project tree. Here, they are
entered in the Edit Tags mode (see tab at bottom of page). This mode must be properly set to
enter tags or monitor tags. Use the Monitor Tags mode when online and changing variables to
verify the program or enter data to try for a specific result. This tag will be discussed more in the
troubleshooting section.
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Scope:; Eﬂ,MainF‘ngram » Show Al Tagsz * -

Marme =z| o | Alias For Basze Tag Data Tyupe Deszcrip =
al BOOL 7|
= General -
| Description |=|
3 Data
-
4| » |\ Monitor Tags } Edit Tags / | lme »

Fig. 4-31 Tag Entry from the Program Tags Option

Input and output tags are already defined and may be entered using their address. The addresses
for these devices can be found under the controller tab Controller Tags. This table is set for the
L23E. Other controllers with stacked cards will vary with the card type and number of each. For
our processor, the following 1/0 list is standard.

=23 Controller test - -
E = Hame =z|a | Value | Force Mask €| Style
----- 3 Controller Fault Handler - Loesni ==zl tosch
----- [ Power-Up Handler + Local T {...1 {o..}
-5 Tasks + Local2C [...} f---1
B% MainTazk + Local 2| [...} ...}
- C8 MainProgram + Locat2:0 f...1 foccl
----- 3 Unscheduled Programs / Phases + Local3.C feeal {oeal
=23 Motion Groups + Local 3 Hocol {...1
o | Ungrouped Axes + Local3:0 [...] Sea!
-2 Add-On Instructions + Lozald:.C [enal [ennl
[‘Ja Data Types B + Local 41 [...1} [...}
Cﬁ, User-Defined + Lacald:D [...} [oo2}
Cﬁ, Strings
., Add-On-Defined
-, Predefined
-5 Module-Defined

Fig. 4-32 1/0O Tags Configured for the Processor

Expand the Input tab to find the specific input point to be used. For input point 0, Local:1:1.Data.0
is used.
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Scope: @ berst »  Show &l Tags -
Mame =z| & | Walue * | Force Mask, €| Style
+- Local:1:C [...] [...]
—| Local1:1 [...] [...]
+ Local:1:.Fault 240000_00... Binary
— Local1:.Data 240000_00... Binary
Local:1:.Data0 0 Decimal
Local:1:1.Datal 1] Decirnal
Local:1:l.Data 2 ] Decimal
Local1:1.Data 3 ] Decimal
Local:1:1.Data 4 ] Decirnal
Local:1:1.Data 5 ] Decimal
Local:1:l.Data b ] Decimal
Local:1:.Data. 7 0 Decimal
Local:1:1.Data 8 1] Decirnal
Local:1:1.Data 9 ] Decimal
Local1:1.0ata 10 ] Decimal
Local:1:1.Data 11 ] Decirnal
Local:1:l.Data 12 ] Decimal
Local:1:l.Data 13 ] Decimal
Local1:l.Data 14 0 Decimal
Local:1:1.Data 15 1] Decirnal
+- Local:2:C eaa eaa
+- Local:2:1 aaa aaa
+- Local:2:0 | |
+ Local:3:C [.na] [.na]

Fig. 4-33 Expanding the I/0O Table to get Actual Tag

m

This data address may be copied into the contact directly and used for the address.

al Local1:1.Data.0

———

L1012 R

Fig. 4-34 Copy/Paste of I/O Tag into Rung
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Adding a parallel branch involves the following:

L | H bl b= dAF 4+ 4 F U 4Lk [
4 '\ Favorjtes 4 Add-On A Alarms A Bit A Timer/Counter A Input/Outr

o i 2

al Local1:1.Data.0

E 3 E
L 1 C

L1 O 1 (I U1 )

(End)

From the Favorites, choose the loop (second choice) and place the loop
before the contact to be branched around. Then drag the cursor around
the contact. Then move the cursor just before the contact to be added.

/L-:n:ﬂlﬂ I.Cata. 0

al
| =M=
1 =

M M 0 M M M D

(End}

al Local:1:1.Data.0

M 3

M M W @ D P D

(End}

Fig. 4-35a Adding the Parallel Path
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& al Local:1:1.Data.0
0 g 1€ 3/ E
e 1E 2E
: az
g EI
e
(End})
Fig. 4-35b The Completed Path
al Local1:1.Data.0 b1
0 ] F 3/ E P
1L i A
az
—3

Fig. 4-35¢c Adding the Output

Once the rung has been completed, it is wise to verify the rung for completeness. Right click on
the rung at left. The following will appear. Choose Verify Rung and the eee’s should disappear.

.1

-
A

|| ail Local:1:1.Data.0 b
ar b P ~
N

¥ CutRung Ctrl+ X
Copy Rung Ctrl+C

Paste Ctrl+V

Delete Rung Del
(End) Add Rung Ctrl+R

Edit Rung Enter

Edit Bung Comment Ctrl+D

Impeort Rungs..,

Export Rungs...

Start Pending Rung Edits Ctrl+5hift+5
Accept Pending Rung Edits
Cancel Pending Rung Edits

Assemble Rung Edit

Fig. 4-36 Verify Rung Chosen

iCancel Rung Edit _—
Verify Rung /

o Tou. Ctrl+3

Add Ladder Element... Alt+Ins
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To start a second rung, simply click on the new rung button. The following will appear.

1 H o 1k 4t A F HuF HLF »
i F _'\ Favorites 4 Add-On A Alarms A Bt A TimerCounter A InputiOut

i

al Local:1:1.Data.0
0 ]

E 4/E
az

—

-
et

(End)

Fig. 4-37 Adding the next Rung
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Controller Organizer - 1 X
=451 Controller test -
& Controller Tags I
----- [ Controller Fault Handler 0
----- [ Power-Up Handler
255 Tasks
B Vintos,
2-£8 Main % MNew Program...
I Mew Equipment Phase...
- Import Program...
""" (3 Unsched Import Equipment Phase...
=5 Motion Gro
.3 Ungroup Cut Crl+X
----- [ Add-0On Inst Copy Ctrl+C
H'E" Data Types Paste Ctrl+V
Eﬁ US?F_DEf Delete Del
E@, Strings
Eﬁ: Add-On- Cross Reference Ctrl+E
-L@ Predefin
Eﬁ, Module- Print
----- [T Trends /
5-£3 /O Configu Properties Alt+Enter )
B3 Compactlogind323E-QBFCL System

- @ 1769-123E-QBFC] test
EI" 1788-1L23E-QBFC1 Ethernet Port Lo«
L.amm Ethernet

-6 CompactBus Local

= [& /]

% Task Properties - MainTask

General | Corfiguration | Program / Phase %edule | Monitor|

Type: [Corrtinuous / v]
K
W atchdog: 500.000 s

[7] Dizable Automatic Output Processing To Reduce Task Overhead
[ Inhibit T azk.

[ ok || Cancal Apply Help

Ch. 4 Programming the Application

Fig. 4-38 Main Task Properties

While your program may be set
to operate with no timing
problems, it is wise to check the
Task Properties for MainTask
as shown at left.

The setting of 500 ms is an
acceptable time for the
Watchdog timer. If the program
execution exceeds 500 ms or the
program isn’t allowed to
execute within 500 ms, the
WDT will shut down the
processor.
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You may alias a tag to another name as shown in the example below. Here Input0 is aliased to
Local:1:1.Data.0.

Scope: E&MainF‘rngram » Show: Al Tags - -
Hame =] & | Alias For Baze Tag Data Tepe Descrip * m
al BOOL
az BOOL
b1 BOOL
[mpLtd Local1:1.Data ﬂ DIMT
4 . + Show: Al Tags -
Mame :g|| Data Type Deszcription -
al BOOL
az BOOL
b1 BOOL =

-Lucal:1:l: ABEmbedde...
E|-L|:|-:E|I:1:I AB:Embedde... —
|_L|:u:al:1:l.Faurt DINT

i
L
f ' Localf:dData |INT
i
]

Hol1]2]z]¢ 6

H 8 | Used: ¥ 1213 |14 |15 -
mINTUSEd:N
[ Proarar ]

Fig. 4-39 Aliasing of a Tag

Scope:; Eﬂ;MainPrngram +  Show &l Tags - =
M ame z=| e | dlias For Baze Tag Data Type
al BOOL
a2 BoOoL
b1 BOOL
: Imputd Local1:1.Data 0 - BOOL
Ed
Input0
al =<Local:1:1Data. 0= b1
az

Fig. 4-40 How Aliasing Looks in the Program

Ch. 4 Programming the Application 25



Finally an A-B L16ER processor wired for inputs and outputs:

CompactLogix 5370 L1 Controller DC DC
with embedded I/0O Module Input Output

0-8

[EEN
o

g

[EN
'
(Vo]

N
1
=
o
N
'
=
o

<
9
(R
+
w
[y
=
w

-11

IS

-12
24VDC

(2}

-13

=
(@)
+

wu
[EEY
w

-
e/
+
(e)}
1
=
S

OEOOOO O
0000000000
0D00EOOAOO®O G

—OO0O0000000O0

-

B
~
[EnN
Ul

o

1

(;@

@]
@]

"%
C-C

DC 24 VDC pc2avbc 7N
Sink Source

Fig. 4-41 (From Ch. 3)
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Troubleshooting the Siemens Processor

Online mode

In online mode, there is an online connection between your programming device / PC and one or

more devices.

An online connection between the programming device/PC and the device is required, for
example, for the following tasks:

« Testing user programs

« Displaying and changing the operating mode of the CPU
« Displaying and setting the date and time of day of the CPU
« Displaying module information

o Comparing blocks

o Hardware diagnostics

= | 7] Project21
‘*b'ﬁ.dd new device
iy Devices & networks

~ i PLC_1 [CPU 1214C DO/D...

[l¥ Device configuration
% Online & diagnostics
- r:i:; Program blocks
ﬁ*"‘ﬁ.dd new block
3 Main [OB1]
b r:* Technology objects
] External source files
- r;i FLC tags
% showall tags
I Add newtag table

%’ Default tag table [

» Ui PLC data types

] Eg[‘.’u‘atch and force tables I
<] T

| Details view

]

PL
P

Marme

c_1
U 1214C

<|

/

L

/

[IY Device configuration
Change device

x Cut
22| Copy
:g Paste

% Delete

Renarme

& Go to Topology view

Highlight cennecticn partners

Compile
Download to device

& Goonline
5?' Go offline

Assignment list
& Call structure

&l Properties

Fig. 4-42 Choosing to Go Online
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Ctrl+C

Ctrl+W

Del
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N Slemens Project2]

Propect  Edt  View  Insert  Onhne

4 % seveprojec 2

Options  Tools
X uxDee: [ 20HER

window  Help

& Goonne ¥ o

oioe | fp I8 IR X | [

Project?7 » PLC_1 [CPU 1214CDCUDUDC] » Program blocks » Main [0B1)

Devices
00 - i F & B RS 57) @@ 'm's & T
Interface
w ] Progectll Name Data type Comment
" Add new deace I Qv Temp
th Dewsces 2 networks 2 - 8
w [ PLC_1 [CPU 1214C DGDCOC)
BY Device configuration LB e
Y% Onhine & diagnostics A il =P (1] = P
w v Frogram bloc Jock tith - - .
B 444 new bloch w Block title:  “Mam Frogram Sweep (Cpcle)
& lain lo“l Comment
» Technology objects
~ ) v  Network 1:
» 9 External source hles "
Comment
v @ PLitags
& Show alltags . X
I ~dd new tag table e “Inputd® “b1*
ref.
ste ault tag table [18] = : :/: { }
b g FLC datatypes
P oo Watch and force tables ;
% Frogram indo ‘..‘
&) Taxthists 11
- i
» @ Local modules
» 'k Commen data
» L Documentation setungs
| » ia Languages & resources T
» g Online access Tnpad”
» [ SIMATIC Caed Reader W W
v
Fig. 4-43 May Choose Go Online Here as Well
Load preview
9 Check before loading
Status ! Target Message Action
W & -~ P Ready for loading
w Softwars Download software to device Conzistent devinload

w Overwrte onli
Tags
KMan [OB1]
» Delate onlins
Counterl [
IEC_Counte

(< J<J<T<J<J<J<)

Objects that exst online and wall be sverantten

Cbjects that only exist online and wall be delsted

@ Qrrenwrite

m Delets

Delete

Refresh

Load || cancel |

Fig. 4-44 Choose “Load”
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Several changes appear when in the online mode. Among them are the following:

1.

2.

The title bar of the active window now has an orange background.

The title bars of inactive windows for the relevant station now have an orange line below
them.

An orange, pulsing bar appears at the right-hand edge of the status bar. If the connection
has been established but is functioning incorrectly, an icon for an interrupted connection

is displayed instead of the bar. You will find more information on the error in
"Diagnostics"” in the Inspector window.

4. Operating mode symbols or diagnostics symbols for the stations connected online and
their underlying objects are shown in the project tree. A comparison of the online and
offline status is also made automatically. Differences between online and offline objects
are also displayed in the form of symbols.

5. The "Diagnostics > Device information" area is brought to the foreground in the

Inspector window.

Fropect  Edt eew
(W Saveprojeat S

Insert  Onbns  Opton:  Tools

vandew

Help

X e BLER S

rine ¥ Coofine Jo AR x - ||

+ g Frogram Blocks
B ~dd new block
& Main |[DB1]
b g Technalogy objeans
b g External source files
L FLC tags
a Show ol Tags
B ~dd new tag table
5 Defaul tag table (18]
k L5 FLC data types
¥ o Watch and force tables
5§ Frogram info
K Testhisns
F Ll Lecal modules
» g Comman data
b 00 Documenganion atmng:
B LD Langusge: L rezounces
B O Onling adoess
b SIMATIC Card Reader

Fig

L]
- Block title:

“Hain Frogeadn Sweep (Cpcle)®
Commment

- Hetveork 1:

Coammnent

“an® “Inputd

11

Devices
-~ 2 Wi pli B A= EE B E TR A s
Interface
- Frogect2l ] Harne Data bype Cornrnent
I Addnew deace I 4~ Temp
g Denoes & networks 2 a
= [pg PLC_1 [CPU 12740 DODODE] ]
I peice conbgueation =
Y Online & duagnostics == =i == ] = =%

“b1"

LR

Tnpuad”

LI
i

. 4-45 Online Siemens Display
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oA Project?l » PLC_1 [CPU 1214C DODODC] » Program blocks » Main [081]

Deviges
%00 R IFT T EDEE B A E L I il
Inteiface
'_]fﬂg,.q_ﬂ o laene Diata type (Corareded.
W nen deoe 1w Temp
Do Bretands Bl = -sddee | IC]
O =T e [oPu 1204C DODOD] ]
E B Geace conbgurstion / ——r—
B Onlne & deagratis E e R
| #;?::‘:ﬂ g w Black tithe:  "Miwn Frogram Saeep (Cche)”
= bain [081] g comment
» [ Techoabogy chyects A
» g Evtermad squrce bz e cm L
L@ Nictage ™ v
‘m ‘l‘!‘l Tl G d O Tl 3
I £ new tag able 51 “tgan® w1
R L e L T g
» U P dsta tpes
¥ 2 Watch and force Lables B
=] Frogram inde g2t
) Testbezna R —
b [ Lecal modules
» gl Comeenn data
¥ Derumenkation Lethng:
| :"Wlm - wino
[ Conbeer accea: g’ w0
¥ [ SRIATC Card Faadar wr WA 1
B w2

/

Fig. 4-46 Click on the Glasses to see Monitor Mode

Gole Optiena -
i x et ABEEO F coonies Joaslen AR x )
L

¥ [gp BsBernal tousca Has
Gty
o the slnes
[ 5 e Eag takds
8 Corilt Lag tabibe 18]
v [ C st s
= [l Wakch and forcw Eabler
W i fre o akich Bable
p raroe nabie
o WaRCh Talle |
B reogram mdd
& Tetloans
b [ Lol enadhates

Fig. 4-47

Build a Watch Table to Monitor Variable Status
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e 'a’ 4f~|°°‘ = BOE
v | CPU operator panel g
Carmant als
FLC_1 [CAU 1 214€ DODOTC] 1
'H' W RN STOP (10T | |
EFFOR [ smor | =B
e =
MARIT WFES -]
)
=
~ -
— hall
v | Call environment _‘:’
T 1|
| Mo trgger applied ! i
—
-5t E
————————————————————————— { F-—-a ]
-1
-]

~ | Breakpoints
Rl A s

Are you sure you want toe change the

CPU ta STOP made? -
This device dees not support breakpoints L

ok Becenciend

w | PLC registen

ee EF cco o B
ov B os B O o
ol 5™ 3 mwo re B

|E3

Fig. 4-48 Starting and Stopping the Program

Troubleshooting the Allen-Bradley Processor

s RSLogix 5000 - test [1769-L23E-QBFCT 19.11]* - [MainProgram - MainRoutine]

W Fle Edt View Search Logc Communcations Tooks Window Meb

AEH & B oo v 286 bV QAQ v @
Aem Run 8 ™ RunMode LN B pon [28_ETHIP 113118318 223\ B ackplane 0" v [
No Forces » | I Cortroles OK | e et e et
o 17 Batery OK
NoEdits 2 muoor « H »

(0) < 3]\ Favornes {TTTo X s K B K TeoRorior K1

Access Who either from Communications or from the symbol here:

Fig. 4-49a Downloading to the CompactLogix Processor
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20 Power-Up Handier <ocat 1] Data O o1

L

& ursad [¥] Auscbrowse "
25 Motion Gred % B 131.163.18.104, 1769-123€ QOFC Ethernet Port, 17692 A [ GoOniee |
(&1 Unrod & W 131,183.18.105, 1769-L236-QEFCH Ethernat Port, 17691236
3 AdsCn Ind H W 131,183,18.107, 1769-L23€-GRFCE Ethernet Poct, 1769-L2€
29 Dt Typed & B 131.183.18.108, 1769-L236-QBFC! Ethernat Poet, 176923
R User-O) 3 W 131.183.18.115, 1769-L236-QBFC Ethernat Poct, 1769-L23€
# (g srings @ W 131.183.18.116, 1769-L32F Ethernet Port, 1763-LCE Etherns
A0 @ W 131,183.18.117, 1769-L32E Ethernat Poet, 1769-L32E Etharn Update Famware.
@ Ot Predefd @ P 131,183.18.221, 1769-L23€-QBFCI Ethernat Port, 1269123
© Cif Modubel @ W 131.183.18.222, 1769-L236-QEFCH Ethernet Port, 1769-123€
23 Trends = W 131,183.18.223, 1769-L23E-QBFCH Ethernat Port, 1769-L23€
= 1J0 Coefip = [ exchplare, Compactioghx System
= @5 Corps] = ] 00, 17694236-QEFCI Compactiogix Processce, mlte:
1 17¢ @ a5 Channel 0, OF1
= 7 W 01, 17691236-Q8FCL Ethernet Port Download
= 0 Cod . ' Dowrdoad olfire proct Yest' to the contsober.
= 51 Path AB_ETHIP-1\131.18318 227\ ackplane\) { Cord Gt
Path in Project <none> Naee: muRplexers
Type: 176323 0BFCT CompacLogini32:€ QBFC
Path AB_ETHIP-1\131,18318 223\Backplane\0
R | BV A e Sedal Number  COIDEIC3
3 Securty No Protection
== Tmmm_ f\ The contiober s in Remote Run mode. The mode vl bs changad 1o
V'E;" i Remote Program pece to download.
n - Marfrogam 4\ DANGER: U d hazasdous molin of machinety Mg GEOL.
ser of Rurgs i

Same devices mantan ndepend Sgueation soltings that ae
not loaded 1o the device dung the downlosd of the controler.
Verly thase devices [dives, network devices, 3rd panty products)
have been propedy loaded before placing the contsolier into run mode.

Fabue Iobfdp_wu configuration could sesull n misaligned dats and

[Dowiosd | [ Cocel | [ Hew |

Fig. 4-49b Downloading to the CompactLogix Processor

i Who Active

Autobrowse Refresh

)  131.183.18.104, 1769-L236-QBFC1 Ethernet Port, 1769126 A [ GoOnine |
¥ M 131,183.18.105, 1769-L23E-QBFC1 Ethernet Port, 1769-L23E

@ W 131,183.18,107, 1769-L23€-QBFCI Ethernet Port, 1769-L23€
@ M 131,183.18.108, 1769-L23E-QBFC1 Ethernet Port, 1769-L23E

RSLogix 5000

l: Done downloading. Change controller mode back to Remote Run?

o-8-&-8-B-.

J e

| ves Mo

&5 Channel 0, DF1
¥ 01, 1769-L23E-QBFCI Ethemnet Port

3] - |

[

| %

Path: AB_ETHIP-14131.183.18.223\B ackplane\0 Set Project Path

Path in Praject: <none>
Clear Project Path

Fig. 4-49c Downloading to the CompactLogix Processor
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2 RSLogix 5000 - test [1769-L23E-QBFC1 19.11]* - [MainProgram - MainRoutine] |
B File Edt View Search Logic Communications Tools Window Help - 8 X

=B > o

2 ™ FunMode
p_| I Controller OK
= [T Battery DK

2 m 0 o

eEE &

v 2B G (B Y QR | [ v
£ Path: [AB_ETHIP-1\131.183.18.223\Backplane\0" ~|[Z]

@ & )I\Fmriles me Tmer. er A1
H G5 G5 (3 @B (e :
=4 Controller test P

A Controller Tags
[ Contraller Fault Handler al
2

Mo Forces
Mo Edits

WK YR Wk

Ingut A
/B

<Locati:l.Data 0= b1

It

(23 power-Lip Handler i
= Tasks
= 5a MainTask
= £8 MainProgram
/] Program Tags
MainRouting
23 Unscheduled Progr ams | Phases
=3 Motion Groups
23 Ungrouped fxes
[23 Add-On Instructions
= £ Data Types
L) User-Defined
@ L strings
[ Add-On-Defired

Fig. 4-50 The A-B Program in Run Mode

¥a RSLogix 5000 - test [1769-L23E-QBFC1 19.11]* - [MainProgram - MainRoutine]

B Fle Edt View Search Logic Communications Tools Window Help - 8 X
ECEEE L v 283 B FY QQ | [weoow v @
Rem Run 08 ™ Run Mode 2 Path: [AB_ETHIP-1\131.183.18.223\Backplane\0" v [z
No Forces Go Offline ’ 1
No Edits « H = s £
l _l\!""“"' A Zaaon £ A Lo L e L
poganmoce  P| 1t GSEE (3 B [sd er w | LD WX WK YK W S
=& Controller te 52 A —
Controll¢ Inputo A
(23 Controllé Test Mode al <Local1:| Data 0> b1
(23 Power-L 0 F 3 E {>—
=-E3 Tasks
= €8 MainTas 82
= C§ Mair
A | Controller Properties
1.
(23 Unscheduled Programs { Phases (End)
= £ Motion Groups
(23 Ungrouped Axes

(23 Add-On Instructions
= &5 Data Types
Cj User-Defined
@ Cpp strings
[ Add-On-Defined
& (g Predefined
* CQ Module-Defined

Fig. 4-51 Changing from Run to Program Or Test Mode
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s RSLogix %000 - fest [1769-L23E-QBFCY 19.11]* - [Program Tags - MainProgram]
A Fla Edt Wew Sesch Loge Comewmicstiors Took ‘Window Help

el & "mP o T TR

Fem Aun 8 W i Mode B P [A6_ETHIP 13118318 227 Bockplane' -
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= |40 0K
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() Corntrober Favak Haralos o Decamal
(5 Peweser Ly Huarcher o Diecaral
o | Dicarnal
0

5 Tacks
Docanal

"Eh'.'.i

= 58 ManTask: =
= CR ManProgram —
Program Tags
Moo
(5 Unechwadulind Programs | Phases
55 Hotion Groups
[ Unegroapesd foves
[ adid-on Irestructions
3 Data Types
Cif User-Deffrd
= O Strngs
L Add-on-Defined
i Cpg Predefined
i L, Mschube-Ceef i
[ Tewnds
=55 [0 Condigur stion
= B CompactLogSIE-GBFCL System
Mo 1PeoLow-CRCL bast
= i} 1765123 -0BFC 1 Ethernet Port LocsE
o5 Etheiret
= CompactBug Local
= 5 Embeddad [JO
W [1] Esbedted IUGF Discrats_
W [2)Embedded 0816 Discrete £
i [3) Embeddad IFANCF2 Analog o

< >
% ¥ || AT T monitor Tags fEdil Tags < ¥

Fig. 4-52 Monitoring the Variables using Monitor Tags
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Exercises

1.

*In the program of Fig. 4-53, if input Catsup were changed from a NO contact to a NC
contact, how would the program have changed to not change the function of the push
button?

Would the program of Fig. 4-53 be significantly changed if the two N.C. contacts in the
third rung were removed?

Where in the program of Fig. 4-53 could the copy/paste function have been used
effectively?

Name the different processor modes for the Siemens S7-1200, the A-B L23E.
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Lab 4.1 The Hot Dog Counter
Project Description:

Fred and Rudy are making hot dogs at the ballpark. Fred dispenses mustard and Rudy dispenses
catsup. A hot dog is not sold without each Fred and Rudy putting both mustard and catsup on
the dog. As each pushes the button for their ingredient, a signal is fed to the PLC for the action.
Either button may be pushed first. Design a program to count the total number of hot dogs made.
Inputs should be wired to contacts and labeled as mustard and catsup. A display is kept in the
PLC showing up-to-date counts of hot dogs made by Fred and Rudly.

To complete the lab, enter the program shown later in the lab into the PLC and wire the two
inputs.

Watch the count accumulate in the counter as the two buttons are pressed in any order.
Get a listing from the listing software on the programming software package.
The documented listing of the program may be used as the final lab report.

Wire the PLC to the inputs for this lab and to inputs or outputs for other labs per the diagram on
the next page.

The next page shows the layout of the PLC on the trainer and the PLC wiring schematic. To
wire the two inputs, wire through the two pushbuttons selected so that 24 volts is at the terminals
of 1/0 and 1/1 when the two buttons are pushed.

catsup mustard

8 1l
0

Enter the following 4 rung program in both Siemens TIA Portal and A-B RSLogix 5000.
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Download both and wire the inputs. Demonstrate a working counter to your instructor:

Hotdog
Catsup (Internal bit) Catsup Remember

(Input) (Internal bit)
F—+—20
|| |

Catsup Remember
(Internal bit)

Mustard Hotdog Mustard R b
ustar (lnternal blt) ustar ememper

(Input) (Internal bit)
0
|| I

Mustard Remember
(Internal bit)

Catsup Mustard Hotdog
Remember Remember Catsup Mustard (Internal bit)
(Internal bit)  (Internal bit) (Input) (Input)
| | O
|| || | |
Hotdog

(Internal bit)

| ] Hot Dog Counter

Fig. 4-53 Program to be Entered
The count of hot dogs made is found in the accumulated value of the counter.
Both PLC platforms have instruction help features which may be used at this point to find how

the counter function above is programmed. RSLogix 5000 has this feature in its Help>Instruction

Help tab. Siemens has similar help features but has helps with the instruction to identify variable
types in the instruction itself.
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I e &6

Hide Back Prnt Options

Corterts | |ndex | Search Count Up (CTU)
Instruction Set . .
= EQI netniction = The CTU instruction counts upward.
Instructions
Common Attributes Available Languages
Function Block Attributes
CIP fods Attributes B Ladder Diagram
J;:az(:oncepts =
TLCILrES —— CountUp o —o
Counter —DN—
Preset
Aceurn
2 Function Block
This instruction is available in function block as
CTu.
Structured Text
This instruction is available in structured text as
CTu.
Operands
[ Ladder Diagram
Operand Type Format Description
Counter COUNTER tag counter structure
Preset DINT immediate how high to count
Accum DINT immediate number of times the counter has counted
initial value is typically 0
COUNTER Structure
bit cTu
JE
1 4 | Count Up T —
Counter counter_up
Preset G959 &~ DN —
Accum 0 #

Fig. 4-54 RSLogix 5000 Counter Instruction

Project21 » PLC_1 [CPU 1214C DUDTDC] » Program blocks » Main [OB1]

Devices Options

i 3 a T '
FHOQ i HH K’)f = = = & T =
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- S AmTE—
« | ] Project21 i
B Add new device T kel ki e - - - sy
8 Devices & netwarks e ~ | Basic instructions
'I";u PLC_1 [CPU 1214C DC/DC/.. Mame
u]‘ Device configuration DB b [ | General
. . “IEC_Counter_0_ = i :
Y% Online & diagnostics De" ¥ -] Bit logic operations
- ’?ﬂl Program blocks = e b [&] Timer operations
ﬁb'f\dd new block Int = | = [ Counter operations
28 Main [0B1] EC Counters
cu Q
w - System blocks falce — R o - .. E el
3 Program resourc... = PV E_Ja)
» ’—L_*Technologyobjects & Cup
¥ l@} External source files | IN: Int, Word, Byte, USInt, Sint } [¢] Comparator operatio

» (@ PLCtags
4 [\_ﬂ PLC data types
- .

-

[£] Math functions

-

[=] Move operations

[

Fig. 4-55 Siemens’ help with the PV Variable
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Project21 » PLC_1 [CPU 1214CDCUDC/IDC] » Program blocks » Main [OB1]
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Fig. 4-56 Siemens’ help with the CV Variable

In the example above, Figs. 4-51 and 4-52 show the type of inputs available for PV and CV. In
general, PV is short for process variable and CV is short for the controlled variable. For the up-
counter, PV is the count preset and CV is the active count. The PV may hold a constant as

shown below:

b =i = —_

DB 1
“IEC_Counter_0_
DE"
W0 .0 CcTu
"bit" Int
] |
1 | Cu Q
falze — R ov - |
9999 — PV

Fig. 4-57 Siemens’ CTU Instruction with PV Constant (=9999)
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