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Preliminary Remarks

the reader

This manual is intended for the manufacturers of machine tools using SINUMERIK 810
(basic version 2) and SINUMERIK 820.

The Guide describes in detail the program structure and the operation set of the PLC, and
explains precisely how basic PLC software and user programs, which comprise data blocks,
function blocks and organization blocks, are constructed.

The SINUMERIK documentation is organized in three levels:
e User documentation

® Manufacturer documentation and

e Service documentation

The Manufacturer Documentation for SINUMERIK 810 basic version 2 (GA2) and
SINUMERIK 820 is divided into the following:

® Instruction Manual
® |nterface

Part 1: Signals

Part 2: Cables and hardware
® PLC Programming Guide

Additional SINUMERIK publications are also available for ali SINUMERIK controls (e. g.
publications on the Universal Interface, Measuring Cycles, CL 800 Cycles language).

Please contact your Siemens regional office for further details.

This documentation applies to:

Control Software version
SINUMERIK 810T/ TE (GA2)
SINUMERIK 810M/ ME (GA2)
SINUMERIK 810G/ GE
SINUMERIK 810N/ NE
SINUMERIK 820T/ TE
SINUMERIK 820M/ ME
SINUMERIK 820G/ GE
SINUMERIK 820N/ NE
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1.1 Application

1 Introductory Remarks

1.1 Application

The PLC is a powerful interface controller. It has no inherent hardware, and is used as
"Software PLC" exclusively in the SINUMERIK 810 basic version 2 (GA 2) and
SINUMERIK 820.

The PLC is responsible for control of machine-related functional sequences such as
e Controlling auxiliary axes

® Controlling tool-changers

® Gathering the signals generated by the machine’s monitoring devices.

Special features:

On the SINUMERIK 810 basic version 2, all NC and PLC jobs are executed by a common
processor (Intel 80 186). A specially developed coprocessor (COP) is responsible for high-
speed execution of binary operations in the STEP 5 user program (e. g. A 13.0, S Q 8.1, etc.).
The single-processor structure calls for strict priority scheduling of NC and PLC jobs. NC
functions such as position control and block preparation, but also the PLC "Interrupt
processing” function (OB 2), have highest priority, while scanning of the cyclic program (OB 1)
is of less importance. The amount of processor time available to the PLC has been restricted
to a maximum of 20% in order to ensure that the NC can fulfill its primary objectives
(positioning accuracy, short block change times) even in extreme situations, e. 0. where an
exceptionally long STEP 5 program or frequent interrupt servicing is involved. It is also
possible to influence the manner in which the cyclic user program scanned via machine data
(see Section 1.3.4).

© Siemens AG 1989 All Rights Reserved  62BS 410-0BX02 1-1
SINUMERIK 810 GA2/820 (PJ)
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1.2 STEP 5 Programming Language

1.2 STEP 5 Programming Language

The operations available in STEP 5 enable the user to program functions ranging from simple
binary logic to complex digital functions and basic arithmetic operations.

Depending on the programmer (PG) used a STEP 5 program may be written in the form of a
contro! system flowchart (CSF), ladder diagram (LAD) or statement list (STL) (Fig. 1), thus
enabling the programming method to be adapted to the application. The machine code (MC5)
generated by the programmers is identical for all three. Depending on the programmer (PG)
used, the user program can be translated from one method of representation to another by
conforming to certain programming conventions (cf. Section 10).

Ladder diagram Statement list Control system
flowchart
Programming with Programming with Programming
symbols similar to using mnemonics with graphic
thoso used in sche- designating symbols
matic circuit dia- functions
grams
Complies with Complies with Complies with
DIN 19239 DIN 19239 IEC 117 - 15
(draft) (draft) DIN 40700
DIN 40719
DIN 19239
(drait)
LAD STL CSF
A —
EVEIEr o=
SN : — >
F— o 1 N |

Fig. 1.1 Methods of representing the STEP 5 programming language

1-2 ® Siemens AG 1989 Al Rights Reserved 62B5 410-0BX02
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1.3 Programming
1.3.1 Program structure

The PLC software comprises the operating system, the basic software and the user program.
The operating system contains all statements and declarations for internal system functions.
The basic software has a flexible interface to the operating basic functions (e. 9. generation of
data blocks, NC-PLC interface initialization, signal interchange with /O modules). The basic
software also contains pretested function blocks written in STEP 5 and assembled to form
function macros.

The operating system and the basic software are integral components of the PLC: they are
supplied on EPROMs, and may not be modified in any way.
The user program is the total of all statements and declarations/data programmed by the user.

The PLC structure makes structured programming essential, i. e. the program must be divided
into individual, self-contained sections called blocks. This method offers the following
advantages:

Easy, lucid programming, even of large programs
Easy standardization of program sections

Simple program organization

Fast, easy modification

Simple program testing

Easy start-up

A number of block types, each of which is used for different tasks, is available for slructuring
the user program:

¢ Organization blocks (OBs)
The OBs serve as interface between operating system and user program.

® Program blocks (PBs)
The PBs are used to break the user program down into technologically oriented sections.

® Function blocks (FBs)
The FBs are used to program frequently recurring complex functions {(such as individual
controls, reporting, arithmetic and PID control functions).

e Sequence blocks (SBs)
SBs are special forms of program blocks used primarily for processing sequencers.

e Data blocks (DBs)
DBs are used for storing data or texts, and differ in both function and structure from all
other block types.

With the exception of the organization blocks, the maximum number of programmable blocks
of each type is 255. The number of organization blocks may not exceed 64; of these, only
OB 1, OB 2 and OB 20 are serviced by the operating system (cf. Section 5).

The programmer stores all programmed blocks in arbitrary order in program memory

(Fig. 1.2).

© Siemens AG 1989 Ali Rights Reserved  6ZB5 410-0BX02 1-3
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1.3.2 Program Organization

1.3.2 Program organization

05.89

The manner in which the program is organized determines whether and in what order the
program, function and sequence blocks are executed. The order in which these blocks are
involved is stipulated by programming the relevant calls (conditional or unconditional) in
organization blocks (see Section 5.4, "Cyclic program”).

Like the other blocks, the organization blocks are stored in user memary.

PB1

PB2

FB1

DB1

S810

FX1

0oB1

Fig. 1.2 Storing the blocks in arbitrary order in
program memory

Different organization blocks are provided for
various methods of program execution (cf.
Section 5.2). Organization, program, function
and sequence blocks can invoke other
program, function and sequence blocks. The
user program cannot call organization
blocks. The maximum permissible nesting
depth for organization blocks is 12 (Fig. 1.3),
not including an accompanying data block, if
any.

PB PB FB FB

DB

B PB FB
yY__
PB
PB FB
y__ /
y
1 2

0B Organization block
PB Program block

FB Function block

DB Data block

Fig. 1.3 Typical program organization in STEP 5 nesting depth 8 (maximum nesting depth = 12)

14

© Siemens AG 1989  All Righls Reserved

6ZB5 410-0BX02
SINUMERIK 810 GA2/820 (PJ)



05.89 1 Introductory Remarks
1.3.3 Program scanning mothods

1.3.3 Program scanning methods
The user program can be scanned in three ways:

1) One-shot scan in the controller’s restart routine (following "Power up” or "RESET"). The
statements to be executed must be programmed in OB 20.

2) Cyclic scanning of the statements in OB 1 based on an NC MD 155-dependent timing grid.
When the default is in force, the operating system calls OB 1 every 66 ms; the following

alternative time grids according to the times shows: \
MD 155 Timing grid for OB1
0 60 ms
1 66 ms
2 72 mS
3 78 ms
4 84 ms
5 90 ms

NC MD 155 permits only the standard value 1.

3) Event-driven, one-shot execution of the statements in OB 2, e. g. in response to an
interrupt. Prerequisites for event-driven execution are as follows:

e Normal termination of the controller’s restart routine
& Interrupt enable via PLC MD 2002, bit 0 = 0
(no interrupt service)
® A change in the interrupt input byte specified per MD (PLC MD 0)

Cyclic scanning can be interrupted by the high-priority NC functions’ interrupt service routine
or delayed pending termination of OB 2 following execution of each STEP 5 command.

© siemons AG 1989 All Rights Resorvod ~ 6ZB5 410-0BX02 . 1-5
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1.3.4 Influencing factor: User program size

As mentioned in Section 1.1, execution of the STEP 5 program should not take up mare then
15 % of the total available CPU time, nor should the interrupt service routine in OB 2 take up
more time than necessary because of its high priority, as this would delay execution of
important NC functions.

Far this purpose, the execution times of both the cyclic user program and the interrupt service
routine are monitored at the hardware level. The permissible runtimes can be set in PLC MD 1
(maximum interpreter time OB 1+ OB 2) to 3 (maximum interpreter time PLC-interrupt service),
whereby confirmation of the defaults ensures that the "integrated PLC” will not take up more
than the admissible amount of CPU time. When these values are exceeded, the PLC goes to
the state specified in bit 0 or 1 of PLC MD 2003; when the defaults are used, the "integrated
PLC” always enters the Stop mode.

When the user programs exceed the permissible execution times only slightly, program
scanning can be upheld by modifying these machine data bits, but this may adversely affect
the NC functions.

There are two ways of ensuring the executability of large cyclic user programs (max. 6K
words) without placing an excessive load on the CPU:

¢ Fragmenting cyclic execution through autonomous interrupts
® Allowing cyclic execution to be interrupted by higher-priority program blocks only

The mode is set in PLC MD 2003, bit 6 (fragmenting of S5 program execution). The
percentage in MD 1 thus assumes the following meaning as regards the scan time:

e No fragmenting (bit 6 of PLC MD 2003 = 0 = default):
15% of the cyclic program's timing grid (66 ms) results in a permissible runtime of 9.9 ms,
when the default is used as basis.

e Fragmenting (bit 6 of PLC MD 2003 = 1)
Using the default as basis, 156% of 1/3 of the cyclic program’s timing grid (66 ms) results
in a runtime of 3.3 ms. The cyclic program then interrupts itself autonomously, and
resumes execution in the next third.

1-6 ® Siomons AG 1989 All Rights Reserved  6ZBS5 410-0BX02
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Graphic overview of the two methods for cyclic program scanning:

Priority o | No fragmenting PLC program is executed within the 60 ms grid.

o
D
E-N

2
0B 1 2 0B 1 66 VYms

call end The PLC operating
system (OB 1)

recalls the cyclic user program

Priority T | Fragmenting

DI

0B 1
call

k\‘*

Higher-priority NG and PLG program blocks

Cyclic user program scanning (OB 1)

Low-priority NC program blocks

When the OB 1 (cyclical user program) is too large to be executed within a 66 ms grid,
fragmenting must be selected.

© Siemens AG 1989 All Rights Reserved  6ZB5 410-0BX02 1-7
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1.3.4 Influencing factor: User program size

As already mentioned, the timing grid, based on the default, is 12 - scanning time (12 - 5.5 ms).
The admissible execution time of the cyclic program for both variants can also be increased by
augmenting PLC MD 1 (CPU load in %).

The admissible runtime for the interrupt service routine (PLC MD 3), regardless of the cyclic
execution mode, may not exceed 2000 ps (standard value) in an interval of 4 - scanning time
(4 - 5.5 ms =22 ms).

The entire runtime may either be used for one-shot execution of the statements in OB 2 or, in
an extreme situation, for 4-shot execution of OB 2, as the interrupt input byte is scanned for an
edge change on the basis of the scanning time. If the default runtime for OB 2 proves
insufficient, PLC MD 3 (maximum interpreter time PLC-interrupt service) must either be
incremented (to max. 2500 ps) or the PLC set to the Stop mode when OB 2 exceeds the
allotted time by modifying bit 1 in MD 2003. The example on the next page emphasizes the
difference between the two variants for a cyclic user program with a runtime time of 25 ms.

No fragmentation:

The cyclic user program may be interrupted by higher-priority NC and PLC program blocks
only ( e. g. position control, interpalation, monitoring functions, programming and test
functions, interrupt service routine (OB 2)). It is otherwise continued until it has terminated and
all signals it generated have been forwarded to their destinations (NC, 1/Os). Only then can the
low-priority functions execute.

1-8 © Siemens AG 1989  All Rights Reserved 6ZB5 410-0BX02
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Depending on the size of the STEP 6 program in OB 1, the remaining interval may be quite
short, as the operating system recalls the cyclic program when 66 ms have passed. The con-
sequence is that too little time is available for the low-priority functions, a fact which becomes
immediately apparent in a sluggish "operator interface”. Display construction is extremely
slow, as is the controller's reaction to keyboard entries. In extreme situations, the low-priority
functions are allotted almost no time at all to execute.

In the example, the CPU load caused by the STEP 5 program alone would escalate to value x,
where

x = 23MS . 4909 = g7 %, assuming that cyclic execution
66 ms

is terminated within 66 ms. If this is not the case, execution will terminate in the next interval
and be restarted immediately if no higher-priority functions are pending. In the example, no
regard was paid to the 5% basic load resulting from data transfers prior to and following the
OB 1 call.

It is obvious that a CPU load of almost 42% for the controller alone is not acceptable.

Fragmenting

When this variant is used, the cyclic program interrupts itself autonomously. If the default is
used, the CPU load, refered to the cyclic program timing grid, would be:

x = 228400 9%=15%

The basic load for the cyclic program, about 5%, must be added to this, so that the cyclic
program load on the CPU would always be < 20 %. It is less than 20% when cyclic execution
is not terminated within one timing period. Extremely long cyclic user programs may cause the
cycle time monitor to response (defauldt: 300 ms).

By selecting the diagnostics function (MD 2003, bit 7 = 1), the user can obtain a general view
of the anticipated run time for STEP 5 programs as well as the required cycle time. On the
basis of these data, he can optimize the configuration of his MD as regards his job requests
and the purpose for which the controller is to be used.

© siemens AG 1989 All Rights Reserved  6ZB5 410-0BX02 1-9
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Options for initiating the diagnostics function:

1) One-time-only display via the "STATUS VARIABLE" programmer function

STATUS VARIABLE

DB 1

DW 0 KF = <current cycle time in ms>

DW 1 KF = <interpreter runtime in OB 1 and OB 2 in us> *

DW 2 KF = <cyclic interpreter runtime in ps> *

DW 3 KF = <interrupt-driven interpreter runtime in ps> *

DwW 4 KF = <number of interrupts serviced > *

DW 9 KH = 8000

Note: The initiate bit in DW 9 is set once via the programmer, and is reset by the PLC

operating system at the start of the cycle when the current values are transferred
to DB 1.

* Values relate to the current scan time

2) Periodic display via the "STATUS” programmer function and a corresponding initiation
routine in OB 1.

0OB1
C DB1
A F 07 Initiation routine
) in dependence on the flashing frequency (F 0.7)
= D 9.15
Actual
user program
BE
Note: This enables a fairly accurate estimation of the fluctuations in the runtimes (cycle

time and interpreter runtime are not constant values!), and is the only way to show
the interrupt-driven interpreter runtime (OB 2) and the number of interrupts
serviced (e. g. by simulating a change in the interrupt input byte at the hardware
level).

Representation of the number format must be changed from KF to KH

when the interpreter runtime exceeds 32768 s, as the display would '
otherwise be incorrect.

1-10 © Siemens AG 1989 All Rights Reserved 6285 410-0BX02
SINUMERIK 810 GA2/820 (PJ)




05.89 2 Program blocks
2.1 Progranuning program blocks

2  Program blocks

21 Programming program blocks

The information presented in this Section applies to the programming of organization, program
and sequence blocks. These three block types are all programmed in the same way. Section 3
gives information on programming data blocks and section 4 information on programming
function blocks. Program, organization and sequence blocks can be programmed in all three
STEP 5 modes of representation using the basic operations.

The first step in programming a program block (PB) is the specification of a program block
number between 0 and 255 (example: PB 25). This is followed by the actual control program,
which is terminated with a "BE" statement.

An S5 block comprises two parts:

e Block header
e S5 operations (block body)

The block header, which the programmer generates automatically, takes up five words
program memory.

A program block should always be a self-contained program.
Logical links to other blocks serve no practical purpose.

PB2s

-~ Block header
A 157 .

- STEP 5 program
BE i

Fig. 2.1 Structure of a program block

© Siemens AG 1989 All Rights Reserved  6ZB5 410-0BX02 2-1
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2.2 Calling program blocks

2.2 Calling program blocks

Block calls are used to release the blocks for execution (Fig. 2.2). These block calls can be
programmed only in organization, sequence, program or function blocks.

(Only organization blocks may not be invoked by the user program).

A block call is comparable to a "subroutine branch”, and may be both conditional and
unconditional.

A "BE” statement is used to return to the block that contained the block call. No further logic
operations can be carried out on the RLO following a block call or a "BE”". The RLO (result of
the logic operation) is passed to the "new block”, and can be evaluated there.
Unconditional call: JU xx

The program block is executed without regard to the RLO.

Conditional call: JC xx

The program block is executed in dependence on the RLO.

PB 1 PB 5 PB 10
A 110 A 120

JU PBS

A 153 JC PB10
BE BE
PB 6
O 130

A 115

JC PB6

A 132

BE BE

Fig. 2.2  Block calls for enabling execution of a program block

2-2 © Siemens AG 1989 Ali Rights Reserved  6ZB5 410-0BX02
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3 Data blocks

3.1 Programming Data Blocks

The data required by the user program is stored in data blocks (DBs). No STEP 5 operations
are programmed in these blocks.

Data may be:

Arbitrary bit patterns, e. g. for plant status indications

Numbers (hexadecimal, binary, decimal), e. g. for times and resuits of arithmetic operations
Alphanumeric characters, e. g. for message texts

Generation of a data block on the programmer begins by specifying a data block number
between 1 and 255. Each data block (example: DB93) may comprises as many as 256 data
words (of 16 bits each) (Fig. 3.1). The data must be entered by word, beginning with data word
0.

One word is reserved in program memory for each data word. The programmer also generates
a block header for each data block; the header takes up five words in program memory.

The operating system generates data blocks DB 1 (diagnostics DB), DB 36 (read/write job
status for NC data) and DB 37 (initialize the two V.24 (RS232C) interiaces) in the controller's
restart routine. The programmer (PG) prevents deletion of these blocks (message 70: DB in
EPROM).

For test purposes, however, the user can invoke the "Force Variable” programmer function if
he wants to view or modify data words.

D]
B - Block header

DWo 0 3

DW1 1__F 4 A

DW2 [01100100 00001111

DW3 2 U

DwW4 0

DwWs 0

| Dala words
110 255
Y
DWa2s5 N

Fig. 3.1 Structure of a data block
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3.2 Calling Data Blocks

3.2 Calling data blocks

Data blocks can be called unconditionally only. Once called, a data block remains in force until
the next is invoked.

User data blocks must not conflict with those required by the system.

A data block call can be programmed in an organization, program, function or sequence block.
The "C DB xx” command calls a data block.

Example 1

Transferring the contents of data word 1, data block 10 to data word 1, data block 20
(Fig. 3.2).

. DB 10
:C DB10 DWO
L Dwi DW1
:.C DB20
T Wi
DW25s5
DB 20
DWO
DW1 -

Fig. 3.2  Calling a data block

When a program block (function or sequence block) in which a data
block has already been addressed calls another program block that

addresses another data block, the latter is valid only in the program
block that was called. The original data block is again
valid following return to the calling block (Fig. 3.3)
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3.2 Calling Data Blocks

Example 2

Data block 10 is called in program block 7, and the data in this data block are subsequently
processed.

Program block 20 is then called and executed. Data block 10 is still valid. Only when data
block 11 has been selected or opened is the data area changed.
Data block 11 is now valid until program block 20 has terminated.

Data block 10 is once again valid following the return to program block 7.

PB7 PB 20
c _DB10
JU PB20 4 C__DB1N1
BE BE
| DB 10 is open
I DB 11 is open

Fig. 3.3 Validity range of a selected data block
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4 Function Blocks

4.1 General Remarks
Function blocks are used to implement frequently recurring or extremely complex functions.

Functions blocks (FBs) are as much a part of the user program as, for example, program
blocks. There are three basic differences between function blocks and organization, program
or sequence blocks;

e Function block can be initialized, i. e. a function block's formal parameters can be
replaced by the actual operands with which the function block is called.

® In contrast to organization, program and sequence blocks, an extended operation set
comprising the STEP 5 supplementary operations (see also Section 9.4) can be used to
program function blocks, and only function blocks.

e The program in a function block can be generated and logged in statement list form
only.

The function blocks in a user program represent complex, self-contained functions. A function
block programmed in the STEP 5 language can be programmed by the user himself, or may
be purchased from Siemens as a software product. In addition, a number of pretested,
technology-specific function blocks can be assembled to form function macros and linked into
the basic program. The user can call these macros as he would a function block, but he
cannot modify them. These blocks are written in assembly language and are also referred to
as "resident” or integral function blocks” (cf. Section 6.1).
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4.2 Structure of Function Blocks

A function block comprises a block header, name and parameter declaration, and the block
body (Fig. 4.1).

[~ Block header

| Name and paramoter
declarations

Block body with STEP 5
| program or assembly
language statements

Fig. 4.1 Structure of a function block

4.2.1 Block header

The block header contains all information which the programmer needs in order to display the
function block in graphic form and check the operands when the function block is initialized.
The user must enter the header (using the programmer) before programming the function
block.

4.2.2 Block body

The block body contains the actual program, i. e. describes the function to be executed in the
STEP 5 language. Only the block body is processed when the function block is called.

The programmer echoes the block name and parameter declaration when integral assembly-
language function blocks are called.

When the "first executable statement” in the block body is the "ASM” STEP § command
(switch to assembly code), the processor executes the subsequent assembly language
statements immediately.
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4.3 Calling and Initializing Function Blocks

4.3 Calling and Initializing Function Blocks

Function blocks (FBs) are present only once in memory. They can be called once or more
than once by a block, and different parameters can be used for each call.

Function blocks are programmed or called by specifying a block number (FB 0 to 2585).

A function block call can be programmed in an organization, sequence or program block or in
another function block. A call comprises the call statement and the parameter list.

4.3.1 Call statement

JU FB n Unconditional call
JC FB n Conditional call

Unconditional call:
The function block is executed without regard to the RLO.
Conditional call:

The function block is executed only when the RLO = 1.

4.3.2 Parameter list

The parameter list immediately follows the call statement (Fig. 4.2), and defines all input
variables, output variables and data. The parameter list may contain no more than 40 variables.

The variables from the parameter list replace the formal parameters when the function block is
executed. The programmer (PG) monitors the order in which the variables are entered in the
parameter list.

The programmer automatically generates, but does not display, the jump statement that follows
the FB call.

The FB call reserves two words in program memory, and each parameter one additional word.

The identifiers for the function block's inputs and outputs and the name of the function block
are displayed on the programmer when the user programs the function block.

This information is in the function block itself. It is therefore necessary that all required function
blocks either be resident as function macro in the PLC's basic software, be transferred to the
program diskette, or be entered directly into the programmable controller’s program memory
before function block programming can begin (for details, refer to the Operating Instructions).
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4.4 Programming Function Blocks

PB 3
Call
l(;gfgrf\:\aé?led by tho pro- —_ jtjj F+B g . FB 5 Block header
' 2.4 =PAR 1
Parameter list ; :5; -
: =PAR 2~ formal
NQ gg =PAR3— 1~ parameders
Call Al 51 ~PAR 4
Is generated by the pro- __ jg F+B g
grammer : 25
- T 7
Parameter list F 36
F 5.0
BE

Fig. 4.2  Calling a function block

4.4 Programming function blocks

In keeping with its structure, a function block is generated in two parts:
the block header and the block body.

The block header must be entered before the block body (STEP 6 program). The block header
contains:

- The library number

- The name of the function block

- The formal operands (the names of the block parameters)
- The block parameters

4.4.1 Library number

The library number may be a number between 0 and 65635. The function block is assigned
this number without regard to its symbolic or absolute parameters.

A library number should be assigned only once to permit unique identification of a function
block. Standard function blocks have a product number.
4.4.2 Name of the function block

The name that identifies the function block may comprise no more than eight characters, the
first of which must be a letter.
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4.4.3 Formal operand (block parameter name)

A formal operand may comprise no more than four characters, the first of which must be a
letter. A maximum of 40 parameters can be programmed per function block.

STL

WU FB 201
NAME :E-ANTR——————— Name of the function block
ZU-E : DW1
RME : | 3.5
ESB F 25
UEZ T 2
ZEIT KT010.1
ZU-A Dw2
BEA Q 23
LSL Q 6.0

N

Formal operands (names of the block paramclers)

LAD/CSF

FB 201
DW 1 — DWW 2
| 3.5 — Q 23
F 2.5 — Q 6.0
T 2
KT010.1

Formal operands (names of the block paramelors)

Fig. 4.3 Sample tunction block call
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4.4.4 Block parameter types

A block parameter may be of type "I”, "Q", "D", "B", "T", or "C".

| = Input parameter
Q = Output parameter

D = Data

B = Block

T = Timer

C = Counter

In graphic representation, parameters of type "1”, "D", "B” and "C" are shown at the left of

the function symbol and those of type "Q” at the right. Operations to which parameters are to
be assigned (substitution operations) are programmed in the function block with formal
operands. The formal operands may be addressed at various locations within the function
block.

STL

U FB 202
NAME :EXAMPLE
ANNA : I 135
BERT : F 17.7
HANS : Q 23.0
LAD/CSF

FB 202

I 135 —]ANNA HANS —Q 230
F 177  —|BERT

Program in the function block

NAME :EXAMPLE

ID :ANNA 11Q/D/BITIC: | BI/BY/W/D: Bi
ID :BERT 1/Q/D/B[T/C: ) BI/BY/W/D: Bl
ID :HANS | 1/Q/D/B/T/C: QI IBIIBYN\I/D: Bll
(A = ANNA
A = BERT
:= = HANS
Formal operand Parameler typo Parameler type

Program executed

A I 135
A F 177
L= Q 23.0

o

Actual operand

Fig. 4.4  Example: Calling a function block
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5 Organization Blocks

5.1 General Remarks

The organization blocks form the interface between the operating system and the user
program,

The organization blocks (OBs) are as much a part of the user program as are program blocks,
sequence blocks and function blocks, but only the operating system can invoke them. A user
can only program organization blocks; he cannot invoke them (Fig. 5.1).

0B PB FB

BE BE BE

OB PB FB

BE BE BE
| | | J

| I

Operaling system User program
OB Organization block
PB Program block
FB Function block

Fig. 5.1 PLC program
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5.2 Cyclic Scanning

Appropriate programming of the organization blocks enables the following:
o One-shot execution following PLC restart (OB20)

e Cyclic execution (OB 1)
(see "Programming the cyclic program”)

e Execution of the interrupt service routine (OB 2)
(see "Programming the interrupt service routine”)

OB 2 must be available when interrupt processing is enabled (MD 2002, bit 0=0), otherwise
the PLC will stop. OB 20 and OB 1 can be installed in the PLC as required. If one of these two
OBs is missing this fact is ignored by the operating system.

The organization blocks are programmed in the same manner as program or sequence blocks,
and can be programmed and documented in all three methods of representation (statement list
STL, control system flowchart CSF, ladder diagram LAD).

5.2 Cyclic scanning
5.2.1 Interrupt capability

The cyclic user program can be interrupted after each MC 5 instruction. The last instruction is
executed in its entirety and pending interrupts (caused by a process interrupt or higher-priority
sections of the NC program) are enabled when the instruction been executed.

If the interrupt was caused by detection of an edge change in the interrupt input byte, all MC5
registers, as well as flag bytes 224 to 255, are saved; these registers and flag bytes are
recovered following termination of the interrupt service routine. The data block open prior to
the interrupt is thus once again valid.
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5.2.2 Response Time and Scan Time

5.2.2 Response time and scan time

a) Response time:

The response time to a process signal or a signal from the NC is defined as follows:

The PLC operating system forwards the signal to the user interface (I, F area), invokes and
executes the cyclic user program (OB 1) and transfer the process output image updated
by OB 1 to the I/Os and the NC.

The response depends on:
1) Type and length of the cyclic user program in OB 1

2) Execution mode of the cyclic user program (MD 2003, bit 6: fragmentalion,
no fragmentation)

3) Timing grid for the cyclic user program (MD 155: scanning time)

4) Execution time of the higher-priority NC program blocks and of the interrupt
service routine (OB 2) where applicable

5) Instant: Process image updating by the PLC operating system and actual
signal status change (I/Os, internal NC-PLC interface)

b) Cycle time:

The cycle time is the period between two updatings of the process input image by the PLC
operating system. Because the PLC invokes the cyclic user program in accordance with a
specific timing grid (NC MD 155-dependent) rather than restarting it immediately after it
has terminated, the cycle time can never be less than 60 ms (default: 66 ms).

Like the response time, the cycle time is dependent on the conditions listed in 1-4 (above).
It can be ascertained by invoking the diagnostic function (MD 2003, bit 7 = 1), and is
monitored to ensure that it does not exceed a maximum value (PLC MD5 default is 300
ms). If it does, the PLC will stop.

5.23 Programming the cyclic program

A programmable controller's program is "normally” scanned cyclically (Fig. 5.4). The
processor starts at the beginning of the STEP 5 program, scans the STEP 5 statements
sequentially until it reaches the end of the program, and then repeats the entire procedure.
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5.2.4 Interface between operating system and cyclic program

Organization block OB 1 is the interface between the operating system and the cyclic user
program. The first STEP 5 statement in OB 1 is also the first statement in the user program,
i. e. is equivalent ta the beginning of the cyclic program.

The program, sequence and function blocks comprising the cyclic program are called in
organization block 1. These blocks may themselves contain block calls, i. e. the blocks can be
nested (see Section 1, "Program organization”).

- Qperating system OB 1 PB n
[l [zl
Y PB call \
OB 1 call olc.
i
(=] ; [
| Ly BE BE
1 J i I
i 1
Operating system User program

Fig. 5.4  Cyclic program scanning

B B

]

Gl
]

First statement in the STEP 5 program.

First PB call. The block called may contain additional calls
(cf. Section 1, "Program organization”).

Return from the last program or function block executed.
The organization block is terminated with BE.

Return to operating system.

The user program’s runtime is the sum of the runtimes of all blocks called. When a block is
called "n" times, its runtime must be added to the total "n” times.

5-4
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5 Organization Blocks

5.2.5 Basic Program Organization

Organization block OB 1 contains the basic structure of the user program. A diagram of this
block shows the essential program structures at a glance (Fig. 5.5) and emphasizes program-
interdependent plant sections (Fig. 5.6).

0B 1

JuU

Ju

Ju

BE

PB "A”

PB an

PB "C"

PB nAu FB
Operating Hall,
mode program emergency
shutdown
BE
FB
/ Bring lo initial
slate
BE BE
PB "B” FB SB
Sequence Sequencer Sequenco slep
control control
BE
SB
Sequence step
BE BE BE
PB "C" FB DB
Individual Group control Interface flags
control level BE for the
individual
conlrol modules|
FB
Unit control
BE
FB
Unit control
BE BE

Fig. 5.5  Breakdown of the user program based on the progam structure
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5.2.5 Basic Program Organization

05.89

0B 1

PB Y

Ju PB"X"

Ju PBTY"

Ju PB"Z"

BE

Plant
section” X"

BE

N\

FB

Individual
control

BE

FB

Closed-loop
control

BE

FB

Message
control

BE

PB Ny

FB

Plant
seclion”"Y”

BE

Sequence
control

BE

NN N N

FB

Message
control

BE

PB ng

FB

Plant
soction”Z”

BE

Closed-loop
control

BE

AN

FB
Anthemelic

BE

N\

FB
Logging

BE

Fig. 5.6

Breakdown of the user program based on the plant structure
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5.3 ° Interrupt Processing
5.3.1 Programming the interrupt service routine

The PLC has interrupt-processing capabilities.

In this mode, the cyclic program is interrupted and an interrupt service routine (OB 2)
executed. Once the interrupt service routine has terminated, the processor returns to the point
of interruption and resumes execution of the cyclic program.

The interrupt service routine is initiated when the signal state of specific input bits changes
(edge-triggered).

Interrupt service routines allow the user to react immediately to process signals. An edge
change in these signals is thus registered before the process image is updated, thereby
minimizing the response time to time-critical functions in the process.

Because the PLC operating system does not transfer the process image to the I/0Os when

OB 2 terminates, the user must himself influence the process peripherals with STEP 5
commands T PB/T PW.

Over the interrupt service routine, signals can be forwarded at high speed to the NC in output
bytes QB 90 (program override channel 1) and QB 99 (program override channel 2); the NC
then transfers these signals in a 22 msgrid (in dependence on NC-MD 155) to the internal
NC PLC interface.

Note: No further processing takes place on the NC end up to this point.

5.3.2 Interface between operating system and the interrupt
OB 2 is the interface between the operating system and the interrupt service routines.
OB 2 is always invoked when the signal state of a bit in the interrupt input byte changes.

The user may select the input bit and it via machine data (PLC MD 0: maximum value 31).
MD 2002, bit 0 must also be set to 0 to enable interrupts.

When one of the selected bits changes from *0” to "1” (positive edge) or from "1” to "0"
(negative edge), the interrupt service routine is invoked, i. e. the operating system calls OB 2,
which contains the user's interrupt service routine.

The operating system checks the interrupt bytes every 5.5 ms (in dependence on MD 155),
and invokes an interrupt service routine when required.

The type of signal change (positive or negative edge) is entered as input parameter in flag
bytes FB 12 and FB 16.

The PLC operating system resets flag bytes FB 12 and FB 16 when OB 2 terminates.
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5.3.3 Response time

The following factors influence the interrupt service routine’s response time to an edge change
in the interrupt input byte:

1. Whether the interrupt input byte is a global or local I/O byte

2. The sampling time (NC MD 155)

3. The instant at which the edge change takes place in the interrupt input byte and
that at which the PLC operating system scans that byte

Approximate response times:
Global interrupt input byte:

The response time is between 2 ms and 7.5 ms.

Local interrupt input byte:
The response time is between 3.5 ms and 9 ms.
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6 Integral Function Blocks

6.1 General Remarks

Function macros are function blocks that are written in assembly language and integrated in
the operating system.

The user can invoke and initialize these blocks in the same way as STEP 5 blocks. They are
used for time-critical functions, and execute much faster than comparable STEP 5 blocks. The
user should therefore give the integral blocks preference over the conventional STEP 5 blocks.

Note the following when linking the blocks into the user program:

1. These blocks can be called by other blocks when the user program is generated ON-LINE
(entered direct in the PLC from the programmer). The corresponding parameter table is
displayed on the PG screen, and the user can make all required entries.

2. When programming direct on diskette, the function macros to be called must be disk-
resident, i. e. the user must transfer the macros from the PLC to a workdisk. Only the
block headers with parameter block are transferred.

When these FBs are called in the user program, the user need only initialize the parameter
table. The block headers must not be transferred when the user program is transferred to
EPROM.

Loading the PLC blocks:

& STEP 5 function blocks that have the same numbers as function macros cannot be
transferred to the PL.C (PG message: "Block already in EPROM").
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6.2

FB ldentifiers

10.90

FB call

Parameter type

Data type Permissible actual operands

FB Name

1,8l
8l -/

D,.. T

Q- QB

I- QBl

$F...

$OW...

— $F...

"DW...

— -

[ - %1

- %vi

Q Output

Input

Bl Operand with bit

| n.m Input
address Q
F

n.m Output
n.m Flag

BY Operand with B
byte address

Input byte
Output byte
Flag byle

Data byte left
Data byte right
Peripheral byte

-
o2]
>3 D233 33

W Operand with
word address

Input word
Output word
Flag word

Data word
Peripheral word

-
-3
> 32D 2

Block

Data block
Function block
Program block
Sequence block

Not applicable

— $DW...

Timer

Not applicable T n No. of the timer

Counter

Not applicablo Z n No. of the counter

[~ ‘DW...

Data

KM
KY
KH
KS
KT
KC
KF

Bit paltern, 16 digits

Two absolute values (1 per byte) from 0 to 255
Hoxadecimal number, max. 4 digits

Two alphanumeric characlers

Time (1.0 0 999.3)

Count (0 to 999)

Fixed-point number (-32768 to +32767)

1,8l
1Bl
1Bl

§l,..

Static input signal
Input signal acknowledged by FB
Input signal whose rising edge is evalualed

DW not allowed as parameter
Input signal which must be supplicd pror to calling the FB
Fixed input signal which need not be generated

Q.Bl
Q,Bl

Q.8

% 1

%vi

Stalic oulput signal

Output signal which must be acknowledged by the user
Output signal for one cycle (pulse)

Output signal at defined flag word or data word which can
be evaluated immediately following the FB

Defined output signal, e. g. NC signal

Error code ACCU 2 on system stop (STS); ACCU 1
error code

Aux. spec.: No. of tho interface byle in ACCU2's HIGH
byto
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6.3 Function macros

FB no. FB ID FB NAME Payo
1" EINR-DB Generale data blocks
60 FB BLOCK-TR Block transfer
61 FB NCD-LESE Read NC data
62 FB NCD-SCHR Wrile NC dala
65 M-STACK Transfer flags - flag stack
66 STACK=-M Flag slack - lransfer flags
80
81
82
83
84
85
86
87
88
190 K-LEITPC Dala interchange with masler PL.C
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FB 11 EINR-DB
Generate data blocks

1. Description

The EINR-DB function block is used to generate data blocks for variable data in the PLC’s
RAM.

EINR-DB generates the specified data block, e.g. in the cold restart routine (OB 20), but only
when the DB is not yet in the address table and a valid data word number (DWNR < 255) is
specified.

The interface flags (FW 246 and FW 248) are evaluated when parameter AN = 0.

255 < DW number < 0

Data block number > 255

Data block number = 0

Not enough RAM available in PLC

Data block already in PLC and lengths are not identical

A detailed error identifier is entered in ACCU 2 (ACCU 1 contains the block number). The dala
block is initialized to zero.

Note: The data blocks for the basic software (interface data blocks) are generated
automatically in the cold restart routine.
2. Block data

Lib.-No. :
FBs to be loaded : None
DBs to be loaded : None

Type of FB call : unconditional or conditional (JU FB11 or JC DB11)
DBs to be entered : None
Error messages : %2 DB no. > 255

%3 Spec. DWNR < 0

%4 Length of DBto be generated not identical with length of DB in PLC
%5 Not enough RAM available in PLC

%6 Spec. DWNR > 255

%7 DBO cannot be generated

6-4 © Sjemens AG 1989  All Rights Reserved  6ZB5 410-0BX02
SINUMERIK 810 GA2/820 (PJ)




05.89 ’ FB 11: EINR-DB
Generale Data Blocks

3. Block call
. FB EINR-DB
D, KY -| DBAN
D, KF -| DWNR
—————— 1 %2
- %3
$ FW 246 -| DBAN - %4
- %5
- %6
$ FW 248 -| DWNR - %7
4, Signals

DBAN Number of data blocks to be generated and their numbers.

Special case:

When parameter AN is 0, the function block can be initialized over tlag words
FW 246 and FW 248.

‘ High-Byte : DB number
Low-Byte: Number of data blocks {minimum of 1)

DWNR No. of the last DW

5. Example
‘ FB EINR-DB
160,2 - | DBAN
Data blocks 150 and 151 are generated from data
word 0 to data word 250.
250 - |DWNR
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FB 60 BLOCK-TR Block transfer

1. Description

Function block BLOCK-TR transfers the specified number of data words from a source DB
located in RAM or EPROM to a destination DB in RAM.

The user may specify both the start of the source DB block to be transferred and the start
data word in the destination DB.

Prior to initiating the transfer, the PLC checks to make sure that:

the source DB in the PLC has the required length

the destination DB in the PLC has the required length

the destination DB is located in RAM

the number of data words to be transferred is > 0 and < 128.

The PLC enters the Stop loop when an error is detected. A detailed error identifier is entered
in ACCU 2 (ACCU 1 = block number). Flag words FW 250-254 are scanned when the

"DB QZ" paramaeter is zero.

(Initialization: 0,1 1,0 or 0,0).

2. Block data

Lib. no. :
FBs to be loaded : None
DBs to be loaded : None

Type of FB call : Absolute or conditional (JU FB 60 or JC FB 60)
DBs to be entered : None
Error messages + %1 No. of DWs to be transferred > 127

%2 No. of DWs to be transferred = 0
%3 No source DB

%4 No destination DB

%5 Destination DB too short

%6 Destination DB is in EPROM

%7 Source DB too short

3. Block call
FB BLOCK-TR

D, KY -} DBQZ

D, KF -| DWQ

D, KY -| DZ/A
$FwW 254 - | DBQZ - %1, %2,
$Fw 250 - | DWQ - %3,
$FW 252 - | pz/A - %5,

- %7

6-6 © Siemens AG 1989 All Rights Reserved  62B5 410-0BX02
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4, Signals

DBQZ Source DB and destination DB numbers

High-Byte : Source DB

Low-Byte : Destination DB

DWQ Start of the data block to be copied in the source DB

FB 60: BLLOCK-TR
Block Transior

DZ/A Start of the data block in the destination DB and number o dala words o be

transferred

High-Byte : Start of the data block

Low-Byte : Number of data words to be transferred
5. Example
FB BLOCK-TR
10,11 --| DBQZ 5 data words, beginning with DW 8, are copied
8 --| bwaQ from DB 10 to DB 11; the first destination data
12,05 --| DZ/A word is DW 12,

6. Data transfer diagram

Source DB "
(high byte of DBQZ)

AN

DW Q

Destination

(low byte of DBQZ)

N

High byte
of DZ/A /l&m Low byte

/ N
y; W| of DZ/A

/

N\

pemeent

N
N

N
A

1) The "source” data block may bo located in either RAM or EPROM

© Siemens AG 1989  All Rights Reserved
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FB 61: NCD-LESE, FB 62: NCD-SCHR 05.89
Read NC Data; Write NC Data

FB 61 NCD-LESE Read NC data
FB 62 NCD-SCHR Write NC data

1. Description

Function blocks FB 61 and FB 62 are used to read NC data from/write NC data to the PLC.
Prerequisite is that the job-controlled data interchange between NC and PLC has been enabled
by an option bit (error 8 is output when this is not the case).

Parameters must be initialized to inform the function blocks of the data source in the NC or
PLC and of the data destination in the PLC or NC. The function blocks must be assigned a
byte in the interface data area (DB 36) over the NBSY parameter; this byte informs the
function blocks of the current state of the data transfer.

The NC/PLC data transfer function is described in detail in Section 7. NC interrupt 3016 is
issued when the NC's data type is unknown.

2. Block data
Lib. no. FB61
FB62 :
FBs to be loaded : None
DBs to be loaded : None
Type of FB call : Unconditional or conditional
DBs to be entered : None
Error messages :ACCU 1 (FB no.) = 61 or 62
ACCU 2, high byte, = No. of the interface byte, i. e. the number of
the job that produced the error (exception: error 8).
ACCU 2 low byte = detailed error code:
0 : ANZ >1 not allowed
1 : Invalid interface byte
2 : Addressed data word missing / DB missing or DB no. / FW no.
invalid
3 : Invalid data type
4 : "ANZ =< 0 or >80
5 : lliegal read / illegal write
6 : Invalid number format
7 : Value 3 (WERS3) not 0 (ZOA) or 1 (ZOFA)
8 : Read /write NC data not enabled by option bit
* Refer to the exceptions for the ANZ parameter
6-8 © Siemens AG 1989  All Rights Reserved  62BS 410-0BX02
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3. Biock call

FB 61: NCD-LESE, FB 62: NCD-SCHR
Read NC Data; Write NC Data

FB 61: NCD-LESE FB 62: NCD-
SCHR
, Bl -4 LESE , Bl -4 SCHR
, BY -4 NSBY 1, BY -4 NSBY
D, KF -{ ANZ D, KF -4 ANZ
D,KS -4 DTY1 D,KS -4 DTY1
D,KS -4 DTY2 D, KS -4 DTY2
D,KS -1 DTY3 D,KS -4 DTY3
D, KF -1 WER1 D, KF -4 WER1
D, KF -4 WER2 D, KF -4 WER2
D, KF -4 WERS3 D, KF -4 WER3
D, KS -1 ZFPN D,KS -4 ZFPN
D, KY -1 ZIEL D, KY -4 QUEL
$FB 242 --| NSBY - %0 $FB 242 -] NSBY - %0
$FB 243 .| ANZ - %1 $FB 243 -] ANZ - %1
$FW 244 --| WER1 - %2 $FW 244 -} WER1 - %2
$FW 248 --| WER2 - %3 $FW 248 -] WER2 - %3
$FW 250 -| WER3 - %4 $FW 250 -1 WERS3 - %4
$FW 252 - ZFPN -~ %5 $FW 252 -1 ZFPN - %5
$FW 254 -| ZIEL -~ %6 $FW 254 --| QUEL - %6
- %7 - %7
- % 8
4, Signals
LESE Command for data transter
SCHR The parameters are transferred to the FIFO bufier (job buffer) when the LESE (read)
or SCHR (write) signal = 1.
In case of an unconditional block call, the user has to reset the LESE or SCHR
signal at the end of the data transfer.
On an unconditional block call, the signal must be set to "1” (F 0.1) (sece also timing
diagrams). Data transfer can be activated only when the initialized interface byte’s
(NSBY's) DATA TRANSFER ENABLED signal is 0.
NSBY The function block must be assigned a byte in the interface data area (DB 36) from

© sSiemens AG 1989  All Rights Reserved

which it can ascertain the current state of the data transfer.

Exception: Variable initialization; refer 1o the overview on the next page.

Note:

When byte DL 32 (= number 65) is used as interface byte, the specified job request
is serviced on an "interrupt-driven” basis, i. e. it is "sandwiched” between the job
requests that are already in the request buffer. With job number 65 and ANZ > 1,
the interrupt job is executed completely.

62B5 410-08X02 6-9
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FB 61: NCD-LESE , FB 62: NCD-SCHR 10.90
Read NC Data; Write NC Data

ANZ Number of data words to be transferred. If more than one word is transferred
(ANZ > 1), both source and destination addresses are incremented. If this results, for
example, in addressing of a data word that is no longer available, the PLC goes to
STOP with % 2.
Note that a different number of data words is required for each value transferred,
depending on the ZFPN parameter.
Exceptions:

When ANZ is O or 128, the NSBY, ANZ, WER1-WER3, ZFPN and ZIEL/QUEL
parameters are initialized over flag words. The information presented in 5. below
(Variable initialization) discusses the difference between ANZ = 0 and ANZ = 128.
DTY1 2 to 6 ASCIl characters; CLBOO mnemonics.
DTY3 The values must be input, beginning with DTY1.

Note:
Unused positions must be padded with blanks. Refer to the table in Section 7.

ZFPN PLC/NC number format
Refer to Section 6 for details on the PLC/NC number format

ZIEL Data destination in the PLC (FB 61)
QUEL Data source in the PLC (FB 62)

High byte : DB number (2-255), exception: 0 = flag
Low byte : - Word number {for data blocks)
- Byte number (for flags), (136-255 permitted)

Note:

1. The number of bytes required must accord with the ZFPN parameter.

2. If, for example, a 16-bit word is to be passed to the NC, the value, when transferred, must
be written from data words into the initialized word k_+ 1 when number formats FO-FF are
needed.

The parameterized word k has to be set to 0 (see Section 6).

5. Variable initialization

When the variable initialization option is used, the values must be written into the flag words in
the same format as for direct initialization in the FB.

Example:

The following must be programmed to initialize the ZFPN parameter with F1:

L KSF1

T FW252
6-10 © Siemens AG 1989 Al Righls Reserved 6285 410-0BX02
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05.89 FB61: NCD-LESE , FB 62: NCD-SCHR
Read NC Data; Write NC Dala

Exception:
The NSBY parameter can be initialized in one of two ways.

e When ANZ = 0, the number of the interface byte must be entered in FB 242 (reter to
Section 1.5, Interface Description).

No. of lttm)e interface Byte number
yte
1 £ DLO
2 = DRO
64 2 DR31
65 (interrupt-driven) = DL32

Example:
The following must be programmed when DL15 is to be used as NSBY:

L KB31
T FB242

® When ANZ = 128, the OP-code?), with parameters from L DL xx/L DR xy, must be
entered in FW _241. This method of initialization is particularly suitable, for example, when
FB 61 is called as a subroutine of a function block or when NSBY parameter was declared
in "I/BY” data format in the calling FB. The programmer generates the right code in the
parameter table when the calling FB is initialized, thus enabling it to be passed to
FB 61/FB 62 with the statement sequence.

LW = ABCD is a parameter (data type: I/BY) of the calling FB.
T FW2a#1

an den FB 61 / FB 62 (ibergeben werden kann.

Sample OP-code:

No. of the interface | Byte OP-code
byte No. (hexa)
31 DL15 220F
32 DR15 2A0F
© siemens AG 1989 All Rights Resorved ~ 6ZB5 410-0BX02 6-11
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FB 61: NCD-LESE, FB 62: NCD-SCHR
Read NC Data; Write NC Data

Example:

FB 140

NETWORK 1

NAME
D
D
iD
D
D
D
ID
iD
ID
D
ID

NAME
LESE
NSBY
ANZ
DTY1
DTY2
DTY3
WER1
WER2
WERS3
ZFPN
ZIEL

6-12

PRIV
Ear4 —15—1 5

p=d
0
o

: STAZ
: DBZW

: BEAR
: ZEAB
: FEHL

:TIM

: SOSP
: AADR
L IST

: NSBY
: P-NR

ar9rr

-
z

SPRM-A

IVQ/D/B/T/C:
VQ/D/B/T/C:
IVQ/D/B/T/C:
I/Q/D/B/T/C:
I/Q/D/B/T/C:
I1Q/D/BIT/C:
I1Q/D/B/T/C:
I1Q/D/B/T/C:
I/Q/D/B/T/C:
I/Q/D/BIT/C:
I/Q/D/B/T/C:

TT T T TOoOOoOT T W

=DBZW |

FB 254 ZIEL, DB No.

KB40 !
FB 255
KSF5 |

Fw 252 | ZFPN

=NSBY |

FW 241 | NSBY
KB1 !

FB 243 | ANZ
=P-Nr. |
FW250 | WER3
DR 54 |

FW 244 | WER1
DR 51 |

FW 248 | WER2
FB 61
LESE
FO0.1
FB242
KF+128
KSTO
KSS

KS
KF+0
KF+0
KF+0
KS00
KY0,0

05.89

LIB = 14050

BI'BYW/D .
BI/BY/W/D :
BI/BY/W/D :
BI/BYW/D :
BI/BYMW/D :
BI/BYW'D :
BI/BY/W/D :
BI/BY/W'D :
BI/BYMW/D :
D KM/KH/KY/KS/KT/KS/KG: : KF

=<

[ssjoelRveive o lioslucs IRseiRee)

PARAMETER INITIALIZATION

FB 61 TOS COMMAND

(Read tool correction)

! ZIEL, DW No.

The OP-code of the "NSBY” parameter from
calling FB 140 is stored in FW 241,

(all other addresses are valid)

© Siemens AG 1989 All Rights Reserved

6ZB5 410-0BX02
SINUMERIK 810 GA2/820 (PJ)




05.89 FB 61: NCD-LESE, FB 62: NCD-SCHR
Read NC Data; Write NC Data

6. Overview of NC/ PLC number formats

The format of the numbers to be passed to the PLC is specified with the "Number format”
parameter. The number formats permissible for all data types are listed in the data type table.
The PLC recognizes the following number formats.

Bit pattern
BI
Structure:
DWn DL DR
MWn
unassigned 10111010
Example:

R100 = 10111010
The "Number format” error is reported when the R parameter contains individual digits.

BCD number with sign and decimal point
BO

B9
BG

Structure:

DL DR

DWn/ unassigned | Sign:1 | 8  |Sign=0 Positive
FWn Sign =1 Negative

DWn +1/FWn+2 7 6 5 4

DWn +2/Fwn +4 E 3 2 1

Example:

R100 = - 87654.321
ZFPN parameter = B4

Note:

The first letter in the parameter (in this case B) indicates that the data source or data
destination in the PLC is in BCD. The second character in the parameter (4 in this case)
indicates that the BCD number is stored in the PLC with three decimal places (FB 61).
On a data transfer from PLC to NC (FB 62), the parameter specifies the location of the
decimal point in the NC, regardless of where it is located in the PLC.

If PLC data words contain the value 1234.45, the ZFPN parameter is initialized to B2 for a
transfer from PLC to NC, and the number 1234.5 entered in R100.

© Siemens AG 1989  All Rights Resorved ~ 6ZB5 410-0BX02 6-13
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FB 61: NCD-LESE , FB 62: NCD-SCHR 05.89
Read NC Data; Write NC Data

The table below prasents an overview of permissible parameters.

ZFPN Description

BO/FO | Value without decimal point {e.g. 1234)
B1/F1 | Value with decimal point (e.g. 1234.)
B2/F2 |1 decimal place

B3/F3 |2 decimal places

B4/F4 |3 decimal places

B5/F5 |4 decimal places

B6/F6 |5 decimal places

B7/F7 |6 decimal places

B8/F8 |7 decimal places

B9/F9 |8 decimal places

FA Linear-axis position value *
F8 Rotary-axis position value *
FC Linear-axis feedrate *
FD Rotary-axis feedrate *
FE Rotational feedrate *
FF Rotational speed value *
BG Value as stored

Bl Bit pattern

*  Depending on the input system (which is set via machine data), these number tormats
determine only the position of the decimal point within the R parameter value without
physical unit.

No checks are made for range violations.

FO  32-bit fixed-point number

FF
Structure:
DL DR
DWn/FWn 231, ..216
DWn + 1/FWn +2 215, .20
Example:

if ZFPN = F4, R100 = 1234.567 produces a PLC value of 1234567,

i. e. in contrast to BCD, the decimal point is masked (FB 61).

For a data transfer from the PLC to the NC (FB 62), the parameter specifies where the
decimal point is to be located in the NC.

PLC data = 121457 and ZFPN =F2 produces NC data item 12145.7.

6-14 © Siomens AG 1989  All Righls Reserved  6ZB5 410-0BX02
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FB 61: NCD-LESE, FB 62: NCD-SCHR
Read NC Data; Write NC Data

10.90

7. Table for data transfer NC/COM « PLC data words/flags

Functional description [Data type Rangeo Value | Number Number Max.
(DTY1-DTY3) (WERT - | formal formatl valug of
WER3) | (ZFPN) (ZFPN) ﬁf:’a'“c'
FB 61 *1 FB 62 "1 ANZ "2
Machine data
Machine data NC MDN < Address > 0...4999 1 BO,FO (*3) BO,FO (*3) 80
Machine data NC MDNBY 5000...9999 1 B! BI 80
bytes <Address >
Setting data
Setling data NC SEN <Address> 0...4999 1 BO,FO ('3) BO,FO (*3) 80
Setting data NC byles | SENBY <Address> | 5000...9999 1 Bi Bl 30
Tool offsets
Tool offset TOS <range> 0 1 BG BG
<D No.> 1-99 2 B0-B9 B0-B9 10
<P No.> 0-9 3 |FO-Fo FO-F9
Tool offsel add. TOA B0-B9 1
<D No.> 1-99 FO-F9
<P No.> 0-9 2 BG
Zero oftsets
Settable zero offset Z0A <Group> 1-4 1 B0-B9,FO-F9 | BO-BY,FO-F9 1
(G54 - G57) < Axis No. > 1-4 2 BG
coarse/fine <clf> 0/1 3
Programmable zero ZOPR <Group> 1-2 1 B0-B9,FO-F9 | BO-BY,FO-F9 1
olfset (G58, G59) < Axis No.> 1- 4 2 BG
Settable zero offsol, ZOFA <Group > 1-4 1 B80-B9.FO-F9 1
additive, write only, < Axis No. > 1- 4 2 BG
coarseffine
<clf> on 3
External zeoro offset ZOE <Axis No.> 1- 4 1 B0-B9,FO-F9 | BO-B9,FO-F9 1
from PLC BG
PRESET offset ZOPS <Axis No. > 1-4 1 B0-B9, B0-89,BG,F4 1
BG,FO-F9
Total offset Z0S <Axis No.> 1-4 1 B0-B9,BG,FO 1

1)

specified

line containing the WERT value parameter that is incremented.
A number > 1 is possible only under the following conditions:
- Data block in the NC is closed

- PLC source or destination address of sufficient lengih

Three words per value for BO/B9/BG
Two words per value for FO-FF
One word per value for Bl

specification.

Apply from SW 2 onwards

© giemens AG 1989  All Rights Reserved
SINUMERIK 810 GA2/820 (PJ)
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*1 The relevant FB cannot execute a data transfer unless a number format has been

*2 For data types with more than one parameter, the number ot parameters is located in the

*3 Inputoutput is carried out in accordance with the format of the machine/setting data
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Read NC Data; Write NC Data

10.90

Functional description Data type Range Value Number Number Max.
(DTY1-DTY3) (WER1 | format format value of
- (ZFPN) (ZFPN) parame-
WER3) |FB61 "1 FB62 1 ter
ANZ ‘2
Actual values
Axis position ACPW<AxisNo.> | 1-4 1 B80-B9/BG. 1
Workpiece-related FO
Axis position ACPM<AxisNo.> |1-4 1 B0-B9/BG, 1
Machine-related FO
External setpoints V)
External contour feedrate | EXBF 1-2 1 B4, F4 B4, F4 1
< Chan.no. > on 2
<linfrot>
Program data !
Program pointer for PP <Chan. no.> 1-2 1 Bo, FO 14
current block <Level> 0-3 2
Program selection
Selection of an NC INITMP 1-2 1 B0, FO 1
program < Chan.no. >
Selection of an NC INITSP 1-2 1 B0, FO 1
subroutine < Chan.ngo. >
R parameters
R parameter, NC RPNC<Chan.no.> [1-2 1 B0-89,F0-FF | BO-B9,F0-FF
channel <Paramet. > 0-499 2 BG, Bl BG, B! 80
R parameter, global RPNC <Chan.ng.> |0 1 B0-B9,FO-FF | B0-BS,FO-FF
< Paramet. > 900 - 999 2 BG, Bl BG, Bl 80

specified.

in the line containing the WERT parameter that is incremented.

A number > 1 is possible only under the following conditions:

- Data block in the NC is closed

- PLC source of destination address of sufficient length:
Three words per value for B0-B9/BG
Two words per value for FO-FF
One word per value for Bl

input resolution.

ANZ = 1:

- Level 0: Program type

- Level 1 and up:

(0 = no program selected, 1 =

main program,

The relevant FB cannot execute a data transfer unless a number format has been

For data types with more than one WERT (value) parameter, the number of parameters is

The value is passed as it is defined internally on the basis of the NC machine data for

Three items of information are provided on reading out the program pointer when

2 = subroutine), program number and block number
Subroutine number, number of passes and block number

1) Apply from SW 2 onwards

6-16
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8a) Timing diagram for the
interface signals

FB 61: NCD-LESE , FB 62: NCD-SCHR
Read NC Data; Write NC Data

8b) Conditional block call

? 2.9

) \ o
T \ - Ll |
[ 1
1y 1
1y 1
oy )
1

-

Q

@
el PR X A

_
,_”
U [

|

® i

Q

tz
® | |® s
1 READ/WRITE 1 READ/WRITE
2 DATA TRANSFER REQUESTED 2 DATA TRANSFER REQUESTED
3 FIFO FULL 3 FIFO FULL
4 DATA TRANSFER IN PROGRESS 4 DATA TRANSFER IN PROGRESS
5 DATA TRANSFER BLOCK BUSY 5 DATA TRANSFER BLOCK BUSY
6 DATA TRANSFER TERMINATED 6 DATA TRANSFER TERMINATED
+ ERROR, if any + ERROR, if any
7 Signal change initiated by FB 7 . Signal change initiated by FB
8 Signal change initiated by user 8 : Signal change initiated by user
9 Signal change initiated by FB, 9 : User no longer needs block
not applicable if FIFO not yet full 10 : Signal change initiated by FB,
to Data transfer block is using not applicable if FIFO not yet full
internal interface t, PLC cycle time
tp Data transfer block is using

© Siemens AG 1989 All Rights Reserved
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FB 61: NCD-LESE, FB 62: NCD-SCHR 05.89
Read NC Data; Write NC Data

9. Sample parameters for FB 62:
Transferring R parameter 50 from FW 160 and FW 162 to channel 1.

PLC number format:  Fixed point

NC number format: 2 decimal places

FB NCD-SCHR

F130.0 —]SCHR

DR 1 —| NSBY

+1 —| ANZ

RP —{DTY1

NC —|DTY2

—|DTY3

+1 —| WER1

+50 — WER2

+0 ——| WERS3

F3 —ZFPN

0,160 — QUEL
6-18 9 Siemens AG 1989 All Rights Reserved  6ZB5 410-0BX02
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(Blank page)

6-19



FB 65: M= STACK 05.89
Transfer Flags 10 Stack

FB 65 M->STACK
Transfer flags to stack

1. Description

FB 65 is used to save flag area FB 224 - FB 255 in the flag stack to protect intermediate
results and transfer flags of the function blocks against overwriting, e. g. when using nested
calls (one FB calls another FB which uses the same flag area). FB 65 can be called in
conjunction with FB 66 only.

2. Block data

Lib. no. :

FBs to be loaded : None

Type of FB call : Unconditional or conditional

DBs to be input : None

Error messages 1 %1 Stack pointer overflow on flag entry
3. Block call

FB M-STACK

4. Signals

6-20 © Siemens AG 1989 All Rights Reserved ~ 6ZB5 410-0BX02
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05.89 FB 66: STACK-M
Flag Stack to Transfer Flag Area

FB 66 STACK-M
Flag stack to transfer flag area

1. Description

Function block FB 66 writes flag bytes FB 224- FB 255, which were saved in the flag stack by
FB 65, back to their original locations, thus ensuring that the function block currently executing
has the correct historical values at its disposal.

FB 66 can be called only in conjunction with FB 65.

2. Block data

Lib. no. :

FBs to be loaded : None

Type of FB call : Unconditional or conditional

DBs to be input : None

Error messages 1 %1 Stack pointer underflow on flag removal
3. Block call

FB STACK - M

bt et o et of

- %1

4, Signals

© Siemens AG 1989 All Rights Reserved  6ZB5 410-0BX02 6-21
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FB 190: K - LEITPC 10.90
Signal Interchange with Master PLC

FB 190 K- LEITPC
Signal interchange with master PLC

Note: Requires CPU version 6FX 1132-8BA01C or
6FX 1132-8BB01 D
1. Description

Function block FB190 transfers a specifiable number of words from a programmable data block
to an interface block to which the master PLC has access.

The direction of signal flow (to the interface block or from the interface block to the 810 basic
version 2 or 820 data area). Can be specified by the RI/A parameter.

The error message is written into a selectable output byte. .

DB interface area

0 assigned

not assigned

126
127 assigned

The user interface is a selectable data block on both the SINUMERIK and SIMATIC sides.
2. Block data

Lib. No.:

FBs to be loaded: None

DBs to be loaded: None

Type of FB call: Unconditional or conditional (JU FB180, JC FB190)

DBs to be input: None

6-22 © Siemens AG 1989  All Rights Reserved  6ZB5 410-0BX02
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Signal Interchango with Master PLC
3. Block call
FB190
Name: K-LEITPC
D, KH ADPR
D, KY DBDW
D, KY ——Ria
MELD A, BY
4. Signals
ADPR Starting address in the dualport RAM; is not evaluated (used only for
compatibility reasons with FB 190 on the SIMATIC side).
DBDW High byte: Data block number
Low byte: No. of the first word and, at the same time, starting
address in the interface area
RIVA High byte: Transfer direction
0 = Transfer to interface area
1 =Transfer to data block
Low byte: Number of words to be transferred (< 127)
MELD Error messages:
1 Interface fault
2 DB does not exist
3 DB too small
4 DB in EPROM
5 lllegal data word (0<sDW <127)
6 Wrong direction
255 No error
© Siemens AG 1989 All Rights Reserved  62BS 410-0BX02 6-23
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Signal Interchange with Master PLC

5. Example
DB33 Dualport-RAM DB45
o v WA/
FB190 0 FB190 0
0 - ADPR % 0 - ADPR 7
33.10 - DBDW 45.10 - DBDW //
0.21 - RIA 1.21 - RIA
o R o —— T
MELD |- AB7 / MELD |- MB122 //
30 % 30 %
ADPR ADPR /
DBDW DBDW
11 RIA .~ RI/A -— I
MELD |- MB200 MELD |- MB123 /1
120 120 120 %
127 222 107 7222
DBx DBy
l SINUMERIK | SIMATIC S5 |

As can be seen from the diagram, an FB 190 standard function block on each side transfers
data frame marked | from DB 33 on the SINUMERIK side to DB 45 on the SIMATIC side and
data frame marked Il in the opposite direction.

The desirerd frame length is defined by the RI/A parameter.

The location of the data frame in the interface area is determined by the initial words of the
data block. DW 0 and DW 127 must not be used. The data frame can be positioned
anywhere between these data words.

The user is responsible for writing data to the data blocks. He can fill data frame | of DB 33,
using load and transfer statements and define which functions and messages are to be sent to
and processed in the SIMATIC S5 side.

The SIMATIC S5 system replies via data frame |I.

The internal PLC of the SINUMERIK system should never be replaced by the SIMATIC S5
PLC interfaced to it. In transfer lines, the S5 PLC performs the functions of a master PLC. On
system power-up, for example, all SINUMERIKcontrols should be switched from the central
control desk to "Reference point approach” mode; the "Automatic™ program of the
SINUMERIK controls can then be selected and started.

The diagram above illustrates the data flow between the function macro on the SINUMERIK
side and the function block on the SIMATIC side via the interface area.

Important:

The number of data words to be transferred (both in the case of the FB190 function macro on
the SINUMERIK side and function block FB 190 on the SIMATIC side) must be the same for
both FB190 function blocks communicating with each other.

The number of the first data word on the SINUMERIK side must be identical to the number of
the first data word on the SIMATIC side.
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7

7 Transfer Paramelers and OS Maching Data
7.1 Transfer Parameters

Transfer Parameters and Operating System
Machine Data

7.1 Transfer Parameters
Specific bits are set in flag bytes FBO to FB24 in the restart routine and during program
scanning.
FB) Bit: 7 | Bit6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 | Comments
0 [Fashing Channel | Channel One Zero | Basic signal
itiiad no. no.
1 OB no. of the current scanning level
2 OoB2 | OB1 Initial state
3 0B 2 OB 1 OB 0 | Cold restart
4
5
Processing
6 OB 2 delay
Faul
8 group bil Ready
! :
Negative edge Alarm
12 | En7 | En.6 | En.5 | End | En3 | En.2 I En.1 l Eng | MPulbyle
]
) ]
| }
Positive edge Alarm
16 | En.7 l En.6 | En.5 | En.4 I En.3 | En.2 | En.1 l En.O input byte
]
i |
! i
20
21 NC Ready
22
23 V.24
running
24 gg;sm :r\lgla'x:' NC-BB2 [ NC-BB1 | Battery [ NGC- Watchdog
probs 1 | probe 2 N 2) fault alarm
1) NC alarm with shutdown
2) NC alarm with cancellalion of readin enable
n = alarm input byte (defined via PLC MD 0)
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7.1 Transfer Paramelers

Flashing frequency

The operating system provides a flashing signal with a frequency of 0.5 Hz. its on-off ratio is
1:1.

Initial state

The initial state signals are set following a cold restart, and are reset when the cyclic user
program or interrupt service routine has run a complete cycle.

Cold restart

Cold restart signals F3.1 to F3.7 signal initiation of a cold restart during the initial pass, i. e.
they remain set until the relevant OB has executed in its entirety for the first time following a
cold restart.

0OB20's F3.0 cold restart signal is zero when OB20 is called in the warm restart branch. If an
OB20 warm restart is interrupted by a power failure, OB 20 is re-executed in its enlirely over a
cold restart; F3.0 = 1 in this case.

Processing delay

If the interrupt service routine is reinvoked before it has terminated, the appropriate bit is set in
FB6. In this case, the PLC stops and no entry is made in FB6. All bits are reset on a cold or
warm restart.

Negative or positive edge

When the signal state of one of the input bytes selected for process interrupt servicing
changes, the corresponding bit is set in flag byte FB12 on a positive edge (signal state change
from 1 to 0) and in FB16 on a positive edge (signal state change from 0 to 1).

Monitoring

The relevant bits are shown in the following situations:

e Actuation of measuring probe 1 (F24.7)

e Actuation of measuring probe 2 (F24.6)

e NC alarm with shutdown (F24.5)

® Temperature error (F24.2)

e Battery failure (F24.1)

e NC alarm (F24.0)
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7.2 PLC Machine Data SINUMERIK 810 basic vorsion 2/820

7.2 PLC Machine Data SINUMERIK 810 basic version 2/820

PLC-VALUES
MD no. Description E::Ii:“ Max. value refsr:)?::ttion
0 No. for interr. input byte 7 31
1 Max. interpreter runtime (PLC cyclic) 15 % 20 % 1%
2 Reserved for Sinumerik 810
basic version 1
3 Max. interpreter runtime 2000 2500 us
(PLC interr.-driven)
4 Reserved for WD 510 P
. 5 Cycle time monitoring 300 320 1ms
6 No. of the last active MC 5 timer 16 31
7
81) Interface for DB 37 1 2
9
10
‘ 11
12
13
14
15
. 16
17
18
19
@
’ 1) Not used wilth 810G/820G
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7.3 PLC Machine Data Bits SINUMERIK 810 basic version 2/820

10.90

7.3 PLC Machine Data Bits SINUMERIK 810 basic version 2/ 820
PLC - BITS
MD
7 6 5 4 3 2 1 0
no.
2000 | PLC MD 1007 | PLC MD 1006 | PLC MD 1005 | PLC MD 1004 { PLC MD 1003 | PLC MD 1002 | PLC MD 1001 | PLC MD 1000
B8CD B8CD BCD BCD 8CD BCD BCD B8CD
2001 { H No. T No. S No. M No. Reserved Reserved Reserved Reserved
Channel 172 Channel 172 Channel 172 Channel 172 810 basic 810 basic’ 810 basic 810 basic
8cop BCD B8CO BCD version 1 version 1 version 1 1) | version 1 1)
2002 | M decod. Interface Fecdrate/ Interface Transler Reserved 2nd axis No mlerrupt
with Master PLC | Rapid distributed machine seluct switch | sewvice
expanded \raverse VOs controt panel available rouline
address from process | 810 basic (0B 2)
input to version §
process
oulput image
2003 | Enable Fragmenting | DEMO Enable STEP Stop Stop when Stop when
diagnostics (STEP 5 mode 5 system Distributed 081 oB 2
DBt prograin) commands 103 faulled uxceeds exceeds
tunlime runtune or on
0B2 delay
1 Spindle 151 spindle
) 810G/820G only overnde override
switch lor 5P | switch lor
availuble S1 and 82
dctivi
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05.89 8 Error Analysis
8.1 Types of Error

8  Error Analysis

8.1 Types of Error

The PLC operating system can detect internal errors, user programming errors and invalid
machine data.

Errors may occur in the restart routine or during cyclic scanning. Errors may result in a PLC
stop, or the user receives two kinds of error message:

1.} Over an error display on the NC screen in the form of a PLC interrupt

2.) By the setting of a group bit in the basic signal flag area (F 8.0) and of a detailed
error code bit in DB1. The user can then react to the error at the software level.
The PLC operating system does not automatically reset these bits on completion
of a cycle, the user must reset them himself as required.

bw
2 1 0
Master 0B2 0Bt
DL8 PLC runtime runtime
failure exceeded | exceeded
DR8 Modifi- Tempera- | Distrib. No
' cation of | ture rise in | transfer reaction
distributed | expansion | faulted from
1/0s unit expansion
unit
When no higher-priority interrupt is pending (NC, PLC), the PLC fault message,
which comprises the alarm number and an accompanying text, is displayed on the
uppermost screen line, The alarm can be acknowledged, and the fault message is
then erased from the screen. When higher-priority alarms are pending, the user
can request information about the fault by pressing the "PLC alarms” menu key.
Alarm number 3 and the text "PLC Stop” are always displayed on the uppermost
screen line when the fault resuits in a PLC stop.
The three methods of detailed analysis while the PLC is in the STOP mode are
discussed in Section 8.2 and 8.3.
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8.2 Interrupt Stack

8.2 Interrupt Stack

The programmer’s "Output ISTACK” function can be invoked to help analyze errors, This
function displays the control bits. Some PG software releases display a bit identifier in the
otherwise unused display locations; this identifier is of no relevance for the PLC105W. On the
other hand, identifiers marked with * (for unused) may have a special meaning for the
PLC105W.

CONTROL BITS

@ NB BSTSCH SCHTAE ADRBAU SPABBRI NAUAS NB \
NB NB NNN* PERUNKL* NB NB NB NB
STOZUS STOANZ NEUSTA  WIEDAN BATPUF NB NB NB
KEINPS* UAFEHL MAFEHL EOVH NB NB OBWIED NB

*NB NB KOPFNI NB WECKFE PADRFE ASPLUE RAMADFE
EAADFE* SYNFEH  NINEU NIEWIED RUFBST QVZNIN SUMF URLAD
NB NB STS* STP* TBWFEH LIRTIR NB NB

@ LPTP* NB NB NB NB NB NB /

The control bits in detail:

BSTSCH  Coordination bit for block shift

SCHTAE  Memory compression facility active

ADRBAU  Successful address table generation following cold/warm restart
SPABBR Memory compression aborted

NAUAS Decentralized mains power failure

NNN llegal OP-code/invalid command parameter

PERUNKL 1/QOs not ready (in expansion unit)

STOZUS . PLC in STOP mode (may be set/reset by OS only)

STOANZ  STOP status flag

NEUSTA  Cold restart flag

WIEDAN Warm restart flag

BATPUF Power supply unit is battery-backed

KEINPS No user program memaory or user data memory submodule
UAFEHL STOP status 15 due to interrupt event.

MAFEHL  Restart error flag (PLC could not go into normal operation)
EOVH Input bytes available for process alarms (four successive inputs)
OBWIED Organization block for warm restart (OB20) active

KOPFNI Block header in user memory cannot be interpreted

WECKFE  Group flag for user program runtime error (OB1, OB2)
PADFRE Bad EPROM

ASPLUE User memory addressing not contiguous

RAMADFE Bad RAM

EAADFE Error in I/O area

SYNFEH Invalid block length in user memory or bad block synchronization word

8-2 © Siemens AG 1989 All Rights Resorved ~ 6ZBS 410-0BX02
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8.2 Interrupt Stack

NINEU No cold restart possible (bootstrapping required)

NIWIED No warm restart possible (cold restart required)

RUFBST  Non-existent block called

QVZNIN Timeout

SUMF Sumcheck error

URLAD Overall reset and subsequent bootstrap loading of user memory required

STS Direct STOP initiated via STS

STP Interrupt condition code following STP

TBWFEH  Timeout, block transfer operation

LIRTIR Timeout, LIR or TIR operation

LPTP Timeout, direct access to /Os via user statements
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05.89

8.2 Interrupt Stack

The following can be called to screen as the next display:

ACCU1:

GTERRUPT STACK \

DEPTH: 01
BEF-REG: 0000 SAZ: 0000 DB-ADR: 0000 BA-ADR: 000
BST-STP: 0000 XX-NR.r: DB-NR.: YY-NR.:

VEK-ADR: 0000 UAMK: 0000 UALW: 0000
0000 0000 ACCU2: 0000 0000 ACCU3: 0000 0000 ACCU4: 0000 0000

RESULT COND. CODES: CC1 CCO OVFL OVFLS ODER STATUS VKE ERAB

CAUSE OF FAULT: STOPS STUEB NAU QVZ ZYK BAU SUF STUEU ADF PARI TRAF

REL-SAZ: DBL-REG:

_/

Bits ACCUS3 and ACCU4 are irrelevant to the PLC, as it is not equipped with these
accumulators. Like the cantrol bits, the bits marked with ”-" may show an irrelevant bit
identifier. Refer to Section 9.2 for details on the result condition codes.

DEPTH
BEF-REG
SAZ

DB-ADR
BST-STP
XX-NR.
DB-NR.
YY-NR.
REL-SAZ
DBL-REG
VEK-ADR
UAMK
UALW

STOPS
STUEB
NAU

Qvz
ZYK
BAU
SUF
STUEU
ADF
PARI
TRAF

8-4

The latest interrupt event (DEPTH = 01) is always shown for the PLC
Operation representation (hexadecimal)

Step address counter

The operation representation is ascertained by accessing user program memory
via the step address counter (SAZ). Since the step address counter always
points to the next operation to be executed, the operation that is interpreted is
the one located at the next lower address. The information shown in the
BEF-REG is thus incorrect when double-word operations are involved as well as
immediately following jump commands.

Block start address

Block stack pointer

Current block whose execution was initiated by the interrupt

Current data block

Block that called the current block (XX)

Relative step address counter in the current block

Register containing the data block length

Vector address for external storage

Control register 1 (hexadecimal)*

Control register 2 (non-existent)

* for details, see chapter 8.3.1

Irrelevant

Block stack overflow (max. 12 entries allowed)

Mains power failure {controller remains in the STOP mode until power is
recovered)

Timeout

Cycle scan time exceeded

Battery failure

Substitution error

Interrupt stack overflow (max. 2 levels possible)

Addressing error

Parity error

Transfer error
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8.3 Detailed Error Code

8.3 Detalled Error Code
8.3.1 Display on programmer
Using the programmer’s info function, the user can display additional information for interrupt

analysis by entering pseudo address FO00hex. The following is displayed on the programmer
screen:

/ ADR VAL ADR WERT ADR WERT ADR WERT \
FO00 00xx FOO1 61yy FO02 xxx1 FO03 xxx2
F004 xxx3 FO05 zob2 Fo06 0000 F007 0000
F008 0000 F009 0000 FOOA 0000 FOOB 0000
FOOC 0000 FOOD 0000 FOOE 0000 FOOF 0000
FO10 0000 FO11 0000 F012 0000 FO13 0000

\FOM 0000 FO15 0000 FO16 0000 B )

Addresses FOOC to FO11 are described in detail in Section 9.1.2; subsequent displays are
irrelevant.

The following applies to addresses F000 to FO05:

XX = Internal detailed error code (ERRCODE for PLC STOP)
61yy = NC alarm number 6100 - 6163

xxx1 = Auxiliary error info, word 1

xxx2 = Auxillary error info, word 2

xxx3 = Auxiliary error info, word 3

zob2 = Event counter, processing time-out in OB 2

The auxiliary error info enables more precise analysis of the reason for a timeout or parameter
initialization error. All auxiliary error info is deleted on a cold restart.

1. PLC-QVZ:

The OP-code of the command that caused the timout errors is entered in word 1 (xxx1).
xxx2/xxx3 contain the following:

® Timeout caused by LIR, TIR, T NB or T NW:
xxx2 Offset address
xxx3 Segment number
of the non-addressed memory

® Timeout caused by substitution operations:
xxx2 Substitution operation

e Timeout caused by LPB, LPW, TPB, TPW operations:

xxx2 = 000E (Timeout during loading of the input modules)
= Q000A (Timeout during transport to the output modules)
xxx3 = Byte address (BCD) of the operation parameter

2. Parameter initialization errors

xxx3 = Number (BCD) of the invalid operation parameter (peripheral byte no.,
segment no., block no., timer/counter no.)
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8.3.1 Display on Programmer

Control register UAMK (binary):

Data bit
151413121110 9 8 7 6 5 4 3 2 1 0

Function

DB 0| Trigger watchdog - This bit is stored in the register Watchdog
is not triggered
0| Retrigger watchdog

D1 Software clear watchdog (CLR-WD)
X X XXX XX X XXX X X X 0 X| Resetwatchdog (watchdog disabled) - *RDYIN inactive,
LED on
XX XXX XXX X X X X X X 1 X]| Enablewatchdog

D2 Ready internal disable (RDYIN) - No effect on error LED
RDYIN circuit dependent on hardware watchdog RDYIN
X X XXX XXX X X X X X 0 X X| circuit inactive (High)

D3 Enable system NMI (AUX 0)
XX XXX XXX XXX X 0X X X] NMI-WF effective for own CPU only
X X X XX XX XX XX X 1 X X X| NMI-WF signalled to other CPUs as system NMI (AUX 0)

DB4 Not used

DB5 System initialization (CSINI)
X X X X X XX XX X 0 X X X X X| Initialization mode passive ("CSINI = HIGH)
X X X X X X X X X X 1 X X X X X]| Intalization mode active (‘{CSINI = LOW)

DB6 Reset request (RESREQ)
X X X XX XX XX 0 X X X X X X| Noresetrequest (RESREQ = LOW)
X X X X X X X X X 1X X X X X X| Resetreguest (RESREQ = LOW)

DB7 MPC mode
XX XXX XXX 1 XX X X X X X| MPCbyte mode

DB8 MPC PERI (peripheral error)
XX XXX XX 0X XX X X X X X|PERlIinput =0
XX XXX XX 1 XXX X X X X X|PERIinput =1
D9 MPC device number
X X XXX X 0 X X X X X X X X X| Device number = EH
XX XXX X 1 XX X X X X X X X| Davice number = FH
D10 MPC flag 0
XXX XX 00X XX XX X X X X X| Flag =0Command output disable in EU
XX XXX 1 XXX X X X X X X X| Flagis controlled by “OUTDS
D11 MPC flag 1
X XXX OPXXXX XXX XXX X|FU=0
XX XX 1T XXX X XXX X X X X|FL =1MPCRESET in EU
MPC data length
D15 14 1312 Control DIL3-6
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8.3.2 Display on NC Screen

The "Event counter, timeout” shows how often the interrupt service routine (called over OB2)
was requested before it could terminate its original run.

The number of the organization block which caused the delay is entered in word 1 (xxx1) of
the auxiliary error info.

Internal detailed error code xx differs from NC alarm number 61yy as follows:

XX - Hexadecimal value between 100 and 163 (64hex - 13nex)
- Value # 00 always results in a PLC STOP

61yy - BCD value between 6100 and 6163 (on NC screen also)
A value # 0000 does not always result in a PLC STOP

The table below provides an overview of the error code allocated to an error event for both the
xx and 61yy identifiers:

Error identifier
XX 61yy

Error event
Error detected during 100-115 6100-6115
scanning of the STEP (64hex-73hex)
5 program
Error detected during 116-143 6116 -6143
Startup (74hex’8Fhex)
Error detected during 144-149 6144-6149
scanning of the cyclic (90hex-95hex)
program
Error messages output 150-163 6150-6163
by the interrupt service (96hex-A3nex)
routine

8.3.2 Display on NC screen

When the PLC stops, alarm number 3 and the text "PLC Stop” are always displayed as
highest-priority PLC alarm. The display appears on the alarm line unless a higher-priority alarm
is pending (e. g. EMERGENCY SHUTDOWN). In addition to the group fault message, detailed
information on the event that caused the fault or error can be obtained by pressing menu keys
"Diagnostics” and "PLC alarm”. An alarm number between 6100 and 6163 and an accom-
panying text inform the user of the reason for the nPLC STOP. The display may also include
user alarms, which are displayed in the order in which they occur. The operating system
interrupt normally appears last. Both alarm 3 and the detailed error interrupt can be delected
only over POWER - ON - RESET or by entering the PLC start command from a programmer,
but then only when the cause of error has been rectified. A list of operating system interrupts
is presented on the next page.
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8.4 Alarm List
8.4 Alarm List
SYSTEM 810 BASIC VERSION 2/820 ALARM LIST
PLC OPERATING SYSTEM AND USER ALARMS
:}z‘z Disabling of: Called by
A:]zz)r.m Description bl:;k/ Mq- NG NC- PLC-
quence chu- Start Rea- | PLC |respon-
ning dy 2 s6
6000 | User alarms Message
" Message
6063 | User alarms Messaga
6100 | No process interface module STOP
6101 | Invalid MCS code STOP
6102 | Invalid MCS parameter STOP
6103 | Transfer to non-existent DB STOP
6104 | Substitution error STOP
6105 | No MC 5 block sTOP
6106 | No DB STOP
6107 | Invalid segment LIR/TIR STOP
6108 | Invalid segment STOP
Block transfer
6109 |{ Block stack overflow STOP
6110 | Interrupt stack overflow STOP
6111 | MC5 command STS sToP
6112 | MCS command STP sToP
6113 | Invalid MCS5 timer/counter sTOP
6114 | Function macro STOP
6115 | System operations disabled sTOP
6116 | MD 0000: Alarm byte no, STOP
6117 | MD 0001: CPU load sToP
6118 | MD 0003: Alarm rout. stop
runtime
6119 | MD 0005: Cycle scan time sTOP
6120
6121 | MD 0006: Last MD5 timer sTOP
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84 Alarm List
SYSTEM 810 BASIC VERSION 2/820 ALARM LIST
PLC OPERATING SYSTEM AND USER ALARMS
Rela- Disabling of: Called by
Alarm ted to
Description block/ Ma- | o | NC PLC
no. so- chi- Rea- | PLC | respon-
. Start
quence ning dy 2 se
6122 | Wrong jumper setting Message
6123 | lnvalid sampling time sToP
6124 | Gap in MC5 memory sToP
6125 | Multiple input definitions sTOP
6126 | Multiple output definitions sTOP
6127 | No alarm byte sTOP
6128 | Incorrect /O jumpering sToP
6129
6130 | Sync. error, basic prog. STOP
6131 | Sync. error, MC5 prog. sSTOP
6132 | Sync. error, MCS5 data sToP
6133 | Invalid block, basic prog. STOP
6134 | Invalid block, MC5 prog. sTOP
6135 | Invalid block, MCS data STOP
6136 | Sumcheck error in MC5 sToP
block
6137 | Sumcheck error in basic sToP
prog.
6138 | No reaction from expansion .
unit
6139 | EU transfer error *
6140
6141
6142
6143 | No decoder DB STOP
6144 | Decoder DB not modulo 6 STOP
6145 | Wrong number of decoder STOP
units
6146 | Decoder DB too short sToP
6147 | Mod. in global I/Os .
" PLC response depends on MD definition (STOP or message only)
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SYSTEM 810 BASIC VERSION 2/820 ALARM LIST
PLC OPERATING SYSTEM AND USER ALARMS
Rela- Disabling of: Called by
Alarm ' ted to
Description block/ Ma- | o | NC PLC-
no. so- chi- Rea- | PLC | respon-
, Start
quence ning dy 2 se
6148 | Temperature rise in Message
expansion unit
6149 | STOP over PG softkey sSTOP
6150 | Timeout: User memory STOP
6151 | Timeout: Link memory sTOP
6152 | Timeout: LIR / TIR STOP
6153 | Timeout: TNB / TNW sTOP
6154 | Timeout: LPB/LPW /TPB STOP
| TPW
6155 | Timeout: Substitution STOP
command
6156 | Timeout cannot be sTOP
interpreted
6157 | Timeout: JU FBAJC FB STOP
6158 | Timeout on I/O transfer STOP
6159 | STEP 5 prog. runtime .
exceeded
6160 | OB2 runtime exceeded “
6161 | Cycle scan time exceeded STOP
6162 | Delay OB2 .
6163 | Master PLC failure Message
6164
7000 | PLC user status messages Message
" Message
7063 " Message

* PLC response depends on MD definition (STOP or message only)

8-10
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9.1 Memory Organization

9 STEP 5 command set with programming
examples

9.1 Memory organization

In order to be able to reach address areas outside the normal range for STEP 5 commands
(e.g. process image) with the "Address info” function of a programmer (such as PG675,
PG685), the so-called "segment switch” is needed. This is an auxiliary variable with which a
particular segment within the 1 Megabyte address area of the processor can be reached.

Each address then comprises the offset address (position in the segment) and the segment
address (depending on the position of the segment switch).

The following segments can be selected by the user via a segment number either with the
"Address info" diagnostic function of a programmer or with special STEP 5 system commands
(c.f. Section 9.4.13):

Segment | Designation | Segment Oftset address Remarks
number address (word-oriented)
1 PSEG 1000 hex 0000 ||Qx'15FF hox Read and write
2 NCPERSEG | 1000 pox 0000 1,6x-3000 ;,ox | Read and write

from 2000 h, else
probably PLC-Timeout
along with

PLC-Stop status

3 BSEG 0000 pox-801 pox Read and write
4 VSKSEG 0000 ,0x-230 j10x Read and write
5 AWPSEG 3000 pox 0000 ex-17FF hox | Read and write
6 AWPSEG 3300 pex 0000 jx-C9F pox Read and wrile
7 SY1SEG 0000 pox-7FFF pox | Read
8 SY2SEG 0000 1,0x-2000 pex Read
no Program Read
information function
no Program Read
9 PPWSEG information function

If another value is defaulted for the segment switch or segment number, it is either ignored
(with the programmer Info function) or causes an error message (with STEP 5 system
commands LIR, TIR, TNB, TNW).

On cold restart the AWPSEG user program segment is automatically selected with position 5
of the segment switch by the PLC operating system.
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Memory organization:

10.90

Seg- Segment contents Notes
ment
number
PLC system data: Process images, block lists, memory .
1 administration, BSTACK, ISTACK
etc. (X )
) Hardware components: I/0 interface module, processor register,
IPC link memory for global 1/0s ()
Internal NC-PLC-Interface: axis-specific signals, channel-specific *
3 signals NC-control panel signals etc.
4 Spindle Interface Spindle-specific signals *
5 User data memory: Max. 12 k bytes for Step 5 user program * %
(OB, PB, SB, FB)
User data memory: Max. 6 k bytes for Step 5 user data blocks .
6 and 0.3 k bytes for data blocks initialized
by the PLC operating system on startup
7 PLC-systemprogram Programming and testing function, * Ko
interpreter etc. (X 50 kB)
8 Integral function macros Fb 11, FB 60 etc. (X 16 kB) e
9 Part program memory
A Dedicated to WF-option data
* Internal RAM area is stored on the CPU module

bl Buffered RAM area is stored on machine data card
*** EPROM areais stored on a separate memory module (Module 2)
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9.1.1 Changing the Segmoent Swilch

9.1.1 Changing the segment switch
The following sequence applies to the PG675 programmer:

Call the information functions with the F7 key
Call any memory areas with the F8 key
Enter the pseudo-address E000ey

Press the Enter key and then

Press the Abort key immediately

The first word shown is the current setting of the segment swilch.

®  Press the correction key

® Enter the new segment address

9.1.2 Block lists

The start addresses of the block lists can be output by entering pseudo-address FOOOhex (see
Section 8.2 for the significance of addresses F000 to FO09):

Fo0OC Start address of the OB block list
FOOD Start address of the FB block list
FOOE Start address of the DB block list
FO10 Start address of the SB block list
FO11 Start address of the PB block list

The following should be observed with regard to output of the block lists via the address list:

® The first address of the address list entry is the offset address; the second one is the
segment address.

e High and low bytes are interchanged in the specified address.

® The offset addresses are word-oriented.

Exception: The entries of the DB list are byte-oriented; these must be divided by two after
the high/ low swap.

If the blocks are output via the directory function of the programmer, blocks which are not
located in the user program segment appear with an offset address increased by 8000y
(applies to data blocks and resident function macros).
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9.2 General Notes

9.2 General notes
The STEP 5 operation set is subdivided into basic operations and supplementary operations.

The basic operations are intended for the execution of simple binary functions. As a rule, they
can be input/output in the three methods of representation (LAD,CSF and STL) of the STEP §
language on the programmer.

The supplementary operations are intended for complex functions (e.g. control, signalling and
logging); they cannot be represented graphically and can only be input/output in the statement
list (STL) on the programmer.

Most of the STEP 5 operations use two registers (each 32 bits wide) as the source for the

operands and as the destination for the results: Accumulator 1 (Accu 1) and Accumulator 2
(Accu 2). Since these registers are not always used or affected in their full width, they are

subdivided into smaller units for the following descriptions, as shown below:

Bit significance: 23 .. 216 215 20
Accu H Accu L

Load and transfer commands use the contents of Accu 1 as follows, depending on the
addressing (byte, word or double word-oriented):

Byte by byte: Accu 1L, _Transfer

Bit 27 to 20 - Addressed byte
Load
Word by word: Accu 1 L, _'———_“ Addressed word
Bit 20t 215 -
word by word: Accu1 g Addressed double word
Bit 20 to 231 L+H

For load operations, the bit positions of Accu 1 which are not involved are always filled with
zeros. For all load commands, the content of the address is first loaded in Accu 1. For transfer
commands, Accu 1 and Accu 2 remain unchanged.

9.2.1 Numeric representation

Numbers in different types of representation are allowed as operands for the STEP 5
commands which operate on or change or compare the contents of Accu 1 and Accu 2.
Depending on the operation to be executed, the content of Accu 1 or Accu 2 is interpreted as
one of the following representations:

I) Fixed-point number: +0to .. 32767
-1 to .. 32768
This is located in Accu L and is interpreted as a 16 bit binary number (most significant
bit = sign bit).
Negative number: two's-complement representation.
I) Fixed point double-word:  + 0 to .. 2147 483 647
-11t0 .. 2147 483648

This is located in Accu L and is interpreted as a 16 bit binary number (most significant
bit = sign bit).
Negative number: two's-complement representation.
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9.2.1 General Noles

ll) Floating-point number: m x 2%
m = Mantissa 10.1701412 x 10%
exp = Exponent 0.1 469 368 x 103

This is represented as follows in the accumulator (exception: see " Arithmetic
operations”):

Bit significance : 231 .., 224 223, 20

Sign exp Sign m

The exponent is an 8-bit binary number in two’s complement representation:
- 128 < exp < 127

The mantissa is 24 bits wide and normalized::
0.5 < positive mantissa < 1;
-1 < negative mantissa < 0.5

IV) BCD word-coded number with sign + 3 digits:
Assignments in Accu L

Bit significance: 215« 21”2 211 . 24 27 . 24 23 . 2u
N~ N~ N~ N
Sign 102 10t 100

The individual numbers are positive 4 bit binary numbers in two's complement
representation.

Sign: 0000 if the number is positive
1111 if the number is negative

V) BCD double word-coded number with sign +7 digits:
Assignments in the accumulator

Bit significance: 231 - 228 227 . 224 223 . 220
M N~ N
Sign 106 105

219. 216 2156. 212211 . 28 927 . 24 925 . 2
U VI i W N
104 103 102 0 100

Note:

This internal representation need not comply with the format in which the numbers are entered
via the programmer when creating a program. The programmer generates the above
representations.
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9.2.2 Condition Codes of the 135W PLC

9.2.2 Condition codes of the 135W PLC

There are commands for processing individual bit information, and there are commands for
processing word information (8, 16 or 32 bits). In both groups, there are commands which set
condition codes and commands which interpret condition codes. For both command groups
there are "condition codes for bit operations” and ”condition codes for word operations”. The
CC byte for the 135 PLC is as follows:

27 CC for word operations | CC for bit operations 20

CC1 cco|l ov 0S OR RLO |ERAB

Condition codes for bit operations:

ERAB: ERAB signifies first interrogation. This is the start of a logic operation. ERAB is set at
the end of a logic operation sequence (memory operations).

RLO: Result of logic operation; result of bit-wide operations.Logical value for comparison
commands.

OR: This informs the processor that the following AND operations must be handled before
an OR operation (AND before OR)

Condition codes for word operations:

ov: OVER,; this indicates whether, for the arithmetic operation just terminated, the valid
numeric range has been exceeded.

0s: OVER LATCHING; the over-bit is stored; in the course of two or more arithmetic
operations, this serves to indicate whether an overflow error (OVER) has occurred at
some time.

CCH1, CCo are condition codes whose interpretation can be found in the following table.

Condition codes for word | Fixed-point Boolean | Comparison Shift Floating-point
operations calculation result Contents of shifted bit calculation
cc1 |ccz |over |Resut , Acc 1 + Accu 2 Resul
Mantissa=0;
0 0 0 Result = 0 =0 Accu 2 = Accu 0 Exp. allowed
Mantissa <0;
0 1 0 Result < 0 - Accu 2 < Accu - Exp. allowed
Mantissa >0;
1 0 0 Result > 0 =0 Accu 2 > Accu 1 Exp. allowed
) Mantissa =0;
0 0 1 Over-Null") . - - Exp. allowed - 128
Mantissa <0;
0 1 1 0 from pos.range . . - Exp. allowed + 127
Mantissa > 0;
1 0 1 0 from neg.range - . - Exp. allowed + 127
1 1 1 Division by zero - . - Division by zero

*) Special case: Greatest negative number added to itself

Jump operations are available for immediate interpretation of the condition codes (see
"Supplementary operations”).
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9.2.3 STEP 5 Command Representation

9.2.3 STEP 5 command representation

A statement is structured as follows:

Control statement

N

Operation part Operand part

Identifier Parameter

The operation part describes the function to be executed. It defines what the processor is to
do. :

The operand part contains the information necessary for the operation to be executed. It
specifies what the processor is to do something with. The Step 5 programming language has
the following operand areas:

Inputs | These constitute the interface from the process to the
programmable controller (process image),

Outputs Q These constitute the interface from the programmable controller to
the process (process image),

Flags F These are for storing binary intermediate results,

Data D These are for storing digital intermediate results,

Timers T These implement timer functions,

Counters C These implement counting functions,

Peripherals P, Q The process I/Os (input/output modules) are addressed directly,
Constants K Represent a fixed predefined number,

Blocks Serve to structure the program.

OB,PB,FB,DB

The designation of the operand areas is the (Operand) identifier. The parameter must be
specified to address a certain operand in an operand area.

The parameter specifies the address of an operand. The operand areas inputs |, outputs Q
and flags F are addressed byte-by-byte, i.e. the specified number refers to a specific byte of
these operand areas (byte address). These operand areas can also be addressed bit-by-bit.
The bit address is separated from the byte address with a fullstop.
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9.2.3 STEP 5 Command Representation

|
Q
E d2
Blt address
Parameter
Byte address Operand
0]

perand identifier

The peripherals P operand area is also addressed byte-by-byte but has no bit address.

Example: PY U150,

Byte address = Parameter
B Operand
Operand identifier

The timers T and counters C operand areas are addressed word-by-word (word address).
These operand areas have no bit address.

Example: T 15
C 7

T

Word address =Parameter
Operand

Operand identifier
The data D operand area can be addressed word-by-word and bit-by-bit .

Example: DW 127

Bit address

Word address
Operand identifier

} Parameter Operand

The parameter of the constant K operand area represents the number which is to be
processed as a digital value. The parameters of the OB, PB, FB and DB operand areas specify
the number of the operands in this area.

Example: K 1047

FB QIZ,
T Digital value number } Parameter

Operand identifier Operand
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9.3 Basic operations

9 STEP 5 Operalion Sel with Programming Examples
9.3 Basic Operations

Basic operations are programmable in program, sequence, organization and function blocks.

They can be input and output in program, sequence and organization blocks in the three

methods of representation (LAD, CSF and STL).

Exceptions:

1. Load, transfer and code operations. These can only be programmed graphically, indirectly
and with limits in conjunction with timing and counting operations.

2. Arithmetic operations and the Stop command (STL) can only be programmed in a
statement list.

9.3.1 Logic operations, binary

Operation Parameter Function
) Right parenthesis
A( AND operation with parenthesized expressions
Of OR operation with parenthesized expressions
0] OR operation on AND functions
A 0o AND operation with
0 oo OR operation with
A ?
1 |0.0to127.7 Scanning an input for logic 1
Q | 0.0t0 127.7 Scanning an output for logic 1
F | 0.0 to 255.7 Scanning a flag for logic 1
D | 0.0to 255.15 Scanning data for logic 1
NI 0.0 to 127.7 Scanning an input for logic 0
N Q | 0.0to127.7 Scanning an output for logic 0
NF | 0.0to0255.7 Scanning a flag for logic 0
N D | 0.0 to 255.15 Scanning data for logic 0
T {1to127 Scanning a timer for logic 1
NT [1to127 Scanning a timer for logic 0
C | 1to127 Scanning a counter for contents >0
NC |1to127 Scanning a counter for contents =0

Binary logic operations produce the "RLO” (result of the logic operation)

At the beginning of a logic sequence, the result depends only on the type of operation
(A = AND, AN = AND NOT, O = OR, ON = OR NOT) and the queried logic level.
Within a logic sequence, the RLO is formed from the type of operation, previous RLO
and scanned signal state. A logic sequence is terminated by a limited-step command
(e.g. storage operations).
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nz

05.89
9.3.1 Logic Operalions, Binary
AND operation
Given circuit STEP 5 representation

Statement Ladder diagram Control system

list flowcharl
111317 | Al i 13 g Q3s it —

I Ym A | 13 < : &
Al 17 n3 =
\n.a = Q35 n7 _| e
] \

g

Q3s

A logic 1 appears at output Q 3.5 if all inputs are simultaneously at logic 1. A logic 0 appears
at output Q 3.5 if at least one of the inputs is at logic 0.
The number of scans and the order of programming are arbitrary.

OR operation

Given circuit STEP 5 representalion
Statement Ladder diagram Conlrol syslem
list flowchart
2171 TP PP 0 1 1.2 i12 Q32 na =
I nz\nz\us | O | 17 C C P
= Q 32 ns | l— Qa2
|
ns
| Q3.2
Q32

A logic 1 appears at output Q 3.2 if at least one of the inputs is at logic 1. A logic 0 appears
at output Q 3.2 if all inputs are simultaneously at logic 0.
The number of scans and the order of programming are arbitrary.

© Siemens AG 1989  All Rights Reservod

6Z85 410-0BX02

SINUMERIK 810 GA2/820 (PJ)




05.89 9 STEP § Operation Set with Programming Examples
9.3.1 Loyic Operations, Binary

AND before OR operation

Given circuit STEP 5 representalion
Statement Ladder diagram Conlrol syslom
list flowchart
ns N6 114 N3 Al 15 N5 _ 116 3.1 ns — &
| | 1.5 11.4 A 1 18 N4 13 .6 — — > -1
0 £
& & 1.6 1.3 A | 14
A | 13 n4 = «
= Q 31 n3 —f | — l—aQ31
’—Lz—iJ_‘ Q3
Q3.

A logic 1 appears at output Q 3.1 if at least one AND condition is fulfilled. A logic 0 appears at
output Q 3.1 if no AND condition is fulfilled.

OR before AND operation

Given circuit STEP & representation
Stalement Ladder diagram Control system
list flowchart
6o 182 €3 1 O | 6.0 )]0 Q2 >t
o 7 160
I fo i | [ —
\ A | 61 6.2 _ 164 ’ &
A( g2 —]>:1
O | 62|63 6.3 —
16.1 .
"j ;) I 63 g3t
= Q 21

A logic 1 appears at output Q 2.1 if input [ 6.0 or input | 6.1 and one of inputs | 6.2 and | 6.3 at
logic 1.

A logic 0 appears at output Q 2.1 if input | 6.0 is at logic 0 and the AND condition is not
fulfilled.
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9.3.1 Logic Operations, Binary

Given circuit STEP 5 representalion
Statement Ladder diagram Control system
list flowchart
114 115 120 121 A( 14_ 120 30 na =1 =21
\‘11.4 inAs 8 : :g .53}.12_—2 s = | &
. o \ 2.0 Jm ) _
- A( 12.0 =1
O | 20 121~ L —Q3.0
O 1 21
| 2 |03.o )
= Q 30
————ee
Q3.0

A logic 1 appears at output Q 3.0 if both OR conditions are fulfilled. A logic 0 appears at output
Q 3.0 if at least one OR condition is not fulfilled.

Scanning for loqic 0

Given circuit STEP 5 representation
Statement Ladder diagram Control system
list flowchart
n 116 —T— A 1 15 us_ 116 %3‘0 ns —
, &
i J) AN | 16 H ne = —0Q3.0
= Q 30

I Q3.0

Q3o

A logic 1 only appears at output Q 3.0 if input | 1.5 is at logic 1 (N/O contact closed) and input
1 1.6 is at logic 0 (N/C contact opened).

9.3.2 Storage operations

Operation Parameter Function
S a Set
R O Reset
= I_:l]A_ Assign
I 0.0to 127.7 an input
Q 0.0 to 127.7 an output
F 0.0 to 255.7 a flag
D 0.0 to 255.15 a data word
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9 STEP 5 Operation Set with Programming Examples

RS Flipfiop for latching signal output

9.3.2 Storage Operations

Given circuit STEP 5 ropresentalion
Stalement Ladder diagram Conlrol system
list Howehart

na 127 14 127 A lo27 pr. (B8 ik
S Q35 127
A | 14 14 1na

R : s R Q 35
14 Q35
10
Q35

A logic 1 at input | 2.7 causes the flipflop to be set. If the logic level at input | 2.7 changes to
0, this state is retained, i.e. the signal is stored.
A logic 1 at input 1.4 causes the flipflop to be reset. If the logic level at input | 1.4 changes to
0, this state is retained. If the set signal (input | 2.7) and reset signal (input | 1.4) are applied
simuitaneously, the last programmed scan (Al 1.4 in this case) is effective during processing of

the rest of the program.

RS Flipflop with flags

Given circuit STEP 5 reprosantation
Statement Ladder diagram Conlrol sysicm
list flowcharnt

na 1 I.,,;, Ilz,a A I 26 s F17 i
S F 17 T3 R4
A 1 13 | 3

R‘ :'S R F 1.7
F1.7
1o
F1.7

A logic 1 at input | 2.6 causes the flipflop to be set. If the logic level at input | 2.6 changes to
0, this state is retained, i.e. the signal is stored.
A logic 1 at input 11.3 causes the flipflop to be reset. If the logic level at input | 1.3 changes to

0, this state is retained.

If the set signal (input | 2.6) and reset signal (input | 1.3) are applied simultaneously, the last
programmed scan (Al 1.3 in this case) is effective during processing of the rest of the

program.
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9.3.2 Storage Oporations :

Simulation of a momentary-contact reiay

Given circuit STEP 5 representation
Statement Ladder diagram Control system
list flowchart
n7 | A | 17 17_ FAQ_ F20 Fa0 n7 =1 & | g2
| nz AN F 4.0 E3/—@—s Fa0 —G 5
V' ka0 = F 20 = R Q n7—qd g aof
J._L | A F 20
V] S F 4.0
I \ F2.0 AN | 17
F2.0 R F 4.0

The AND condition (Al 1.7 and AN F 4.0) is fulfilled with each leading edge of input | 1.7; flags
F 4.0 ("signal edge flag”) and F 2.0 are set when RLO = 1.

With the next processing cycle, the AND condition Al 1.7 and AN F 4.0 are not fuifilled
because flag F 4.0 has been set.

Flag F 2.0 is reset. Flag F 2.0 is therefore at logic 1 during a single program run.

Binary scaler (trigger circuit)

Given circuit STEP 5 representation
Statement Ladder diagram Control system
list flowchan
no A | 1.0 10 F1. Fl1.1 no —
[ AN F 1.0 4 A E—— 8
\V/ = F 11 11 F1.0 F1.0 - —F11
F1.0 = . :
1.0 A F g | ETs F10
M. e 1.0 ]
| an | o | Bk A
Qa0 R F 1.0 F1.1 3.0 F2.
T A F 14 E S‘
! A Q 30 F1.1 30, F20_ Q30 ]
20 IR eI ||
. ) Q30 = —1-2 0
Q3.0 A F 11 F2.0 "
AN Q 30 |[H E——18 94
OO OO0 | anF o e — g
1o 2 :.:) 3.0 Q30 — Q3.0
2.0 , .
ol 1 1 [ | A Fo20 20 s
Fa0 — B _Q}]—

The binary scaler (output Q 3.0) changes its logic state with each change of logic level from 0
to 1 (leading edge) of input | 1.0. Half the input frequency therefore appears at the output of
the flipflop.
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9.3.3 Load and Transfer Operations

9.3.3 Load and transfer operations

Operation Parameter Functions
Loo Load
T ? l? Transfer
I B 0to 127 an input byte fram Pl 2)
I W 01to 126 an input word from the PII
1 D 0 tos 124 an input double word from the PII
QB 0to 127 an output byte from the PIO 3)
Qw 0to 126 an output word from the PIO
Qb 0to 124 an output double word fram the PIO
FB 0to 225 a flag byte
Fw 01to 254 a flag word
F D 0 to 252 a flag double word
DR 0 to 255 an item of data (right byte)
DL 0 to 255 an item of data (left byte)
DW 0 to 255 a data word
DD 0 to 254 a data double word
T2 01to 127 a time (binary)
c2 0to 127 a count (binary)
PB 0to 255 an /0 byte of the digital inputs/outpuls
P W4) 0to 126 an /O word of the digital inputs/outputs
KM1) 16-bit pattern a constant as bit pattern
KH?Y) 0 to FFFFpex a constant in hex code
KF 0 to +(216-1) a constant as fixed point number
KY1) 0 to 255 for a constant, 2 bytes
each byte ’
KY1) 0 to 255 a constant, 1 byte
KS 2 alpha a constant, 2 ASCII characters
characters
KGMY +0.1469368 x 10-38 a constant as floating point number
to
£0.1701412 x 10+39
KT 0.0 to 999.3 a time (constant)
KCY 0 to 999 a count (constant)

1) Not for transfers

2) Pll Process input image
3) PIO Procass output image
4)  Only even parameters are allowed; error NNP is signalled for odd paramelers.

The load and transfer operations are unconditional commands, i.e. they are executed

irrespective of the result of the logic operation.
The load and transfer operations can only be graphically programmed indirectly in conjunction
with time or counting operations, otherwise only in statement lists.

@ Siemens AG 1989  All Rights Reserved

SINUMERIK 810 GA2/820 (PJ)

6ZB5 410-0BX02

9-15



9 STEP 5 Operation Set with Programming Examples
9.3.3 Load and Transfer Operations

Example: Load and transfer function

(DR 5) (DL 5) DWS LDDS
bW 6 \
(OW 5) Accu 1 -H
TDW10 Accu 1-L
(DW 6)
(OW 6) oW10 44—
FBO
LMBO
Z 4 Accu 1 -H
TMD25 g FB 2 | Accu 1-L
[4 FB 25
2 FB 26
a FB 27
(FB &) FB 28
B5
186 wA
z # | Accut-H
(QB5) (IB6) Accu 1-L
T AB 54
(18 6) QB 64

05.89

Accu 2 -H
Accu 2-L
(DW 5) Accu 2 -H
" (DW 6) Accu 2-L

& g |Accu2-H

& (FB8 2 | Accu 2-L

Loading and transferring a time, also timing and counting operations, Page ....).

Given circuit STEP 5 representation
Statement Ladder diagram Control system
list flowehart
Tio | A I 50 150 - —
~\Load L waea2 L P
N SP T 10 w22 — w ou wee —{ TW
2 —Qw64 w2 LU f—Qwe4
' T QW64 DEf— ot f—
—q{ R Q p— - Q
Tronsler
AW64

With graphic input, QW 64 was assigned to output DU of the timer. The programmer then
automatically inserts the appropriate load and transfer command in the user program. Thus the
contents of the memaory location addressed with T 10 are loaded into the accumulator

(Accu 1).

The accumulator contents (Accu 1) are then transferred to the process image addressed with

Qw 64.
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9.3.4 Timing and Coun ting Operations

9.3.4 Timing and counting operations

Timers T 0-T 16 and counters C0-C31 are enabled as standard. If a larger parameter is
programmed the interpreter outputs the error message "illegal MC5 type timer/counter”.

The number of counters can be increased to a maximum of 31 via PLC MDS. For this purpose
MD6 must be used to specify the number of the last "active” MCS5 timer (i.e. the one taken
into acount by the operating system). This number is efffective from the next cold restart.

The way in which the operating system updates time cells means that programming of the
0.01 time grid is not expedient (e.g. LKT 10.0).

As timer cell updating is also dependent on the "servo-scanning rate”, i.e. is dependent on
NC MD 158, timer inaccuracies occur which are shown in the table below.

Programmed time grid
MD 155 100 ms 1s 10 s
0 0% 0% 0%
1 +10% -1% +0.1%
2 +20% 4% +0.4%
3 +30% +4% +0.1%

In order to load a timer or counter with a set command, the value must be loaded in the
accumulator beforehand.

The following load operations are expedient: 1)

For timer: LKT, L IW, L QW, L FW, L DW
For counter: LKC, L IW, L QW, L FW, L DW

1) Timing or counting operations do not change the contents of Accu 1.
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9.3.4 Timing and Counting Operations

Operation | Parameter | Function

Time operation | g p T 1 to 127 Start a timer as a pulse
SET 1to 127 Start a timer as an extended

pulse

SDT 1to 127 Start a timer as an ON-delay
SF T 1to 127 Start a timer as a latching ON-delay
SF T 1to 127 Start a timer as an OFF-delay
R T 1to 127 Reset a timer

Count operation | S C 110 127 Set a counter
R C 110 127 Reset a counter
cucC 1to 127 Up counting
CDC 1to 127 Down counting

1) Timing or counting operations do not change the contents of Accu 1.

Important note:

Since the timer and counter commands are supported by the COP, and the latter has no
parameter check, it is possible for the signal edge flags to be affected by timers or counters
which are not programmed in this command.

Example:

As a result of a DO FW command, command SD TO (substituted SD T 33) is to be processed,
With RLO = 0: Bits ZWG, ZKS, FMS with T 1 are deleted.
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9.3.4 Timing and Coun ling Operalions

Pulse
Given circuit STEP 5 representation
Statement Ladder diagram Control system
list flowchart
13.0 A 1 3.0 50 T o
- G 7T | e o
13.0 ou |—
R S \ é T by b—
10s = Q40 102 — W 1w2~—tw e[~
1 JL T oe
_) T Q4.0
[j a ) —r a |-awe
Q4.0 Q4.0

With the first execution, the timer is started if the result of the logic operation is 1. If execution
is repeated with RLO = 1, the timer is unchanged.

If the RLO = 0 the timer is set to zero (cleared).

Scans AT and OT result in a logic 1 as long as the timer is still running.

DU and DE are digital outputs of the timer. The time is present with the timebase, binary-
coded at output DU and BCD-coded at output DE.

B r——__
Q4.0 |
>l 1l

KT10.2:

The specified value (10) is loaded in the timer. The number to the right of the point specifies
the timebase:

1=0.1s
2=1s
3=10s
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9.3.4 Timing and Counting Operations

Extended pulse

Given circuit STEP 5 representation
Statement Ladder diagramn Control system
list flowcharl
13.1 T2 T2
A | 31 13.1 o
)\ 121 ) L IWis it v 130 —{1JLv
SE T 2 IV o
A s |TF A T2 oy |—
= Q 4.1 w15 —1 TW W1t —1 1w DE [
DE |—
e By
Q4
Qa1 —R a |—C —n a [—a41
Q4.1

With first execution, the timer is started if the result of the logic operation is 1.
If the RLO = 0 the timer is unchanged.

Scans AT or OT result in a logic 1 as long as the timer is still running.

B
Qi

->ITI<' —>|T|<-

IW 15:

The timer is loaded with the value of operands |, Q, F or D present in BCD code (example
IW15). The time reference is determined by bit nos. 12 and 13.

W 15
A
r 1B 15 B 16 h
AL A
s ' N

Bitno.. 4544 13 1211110 9 87 6 5 4|3 2 1 0
kv: [x]xT1Jo[oJoJoJolofo]1]o]o]ofo]o]

VkYnyz\Y__/

time 102 10! 100
base
1=0.1s l { —
2=1s
3=10s time
1]
KH: | L2 0 2 0

The programmed delay is 2x10x1.0s =20s
X = any value (0 or 1)
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05.89 9 STEP 5 Oporation Set wilth Programming Examples
9.3.4 Timing and Coun ling Operations

ON-delay
Given circuit STEP 5 represenlation
Statement Ladder diagram Control system
list {lowcharl
135 13 T3
A | 35 13.5
H L KT 9.2 = — 1—lo 195 =] T——u
R s \135 SD T 3 by [~
A T3 bu |—
= Q4.2 K92 — TW K92=— tw DE
o - o |—
| E e
~r a () R Q (—aé2
Q4.2 Q4.2

With the first execution, the timer is started if the result of the logic operation is 1. If execution
is repeated and the RLO = 1, the timer is unchanged.
If the RLO = 0 the timer is set to zero (cleared).

Scans AT or OT result in a logic 1 if the time has elapsed and the result of the logic operation
is still present at the input.

BE ——1__r.
2| r—

> TI('

KT 9.2:

The specified value (9) is loaded in the timer. The number to the right of the point specifies
the timebase:

1=0.1s
2=1s
3=10s
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9.3.4 Timing and Counting Opcrations

OFF-delay
Given circuil STEP 5 representalion
Statement Ladder diagram Conlrol system
list fliowchart
13.4 AN | 34 a4 TS 15
L Fwi3 L/ E—fo— T 154 —O— T
13.4 SF T s
bu [—
R S na |[A T 5 ou |—
= Q 44 FW13 —{ TW FWis — TwW oE
pDE |—
0 1|15
T Ly
Q4.1
Q44 —1° a <o —R Q [—Q4s
Q4.4

With the first execution, the timer is started if the result of the logic operation is 0. If execution
is repeated and the RLO = 0, the timer is unchanged.
If the RLO = 1 the timer is set to zero (cleared).

Scans AT and OT result in a logic 1 if the time is still running or the RLO is still present at the
input.

13.4_—
- T T |-

FW 13:
Setting of the time with the value of operands |, Q, F or D present in BCD code (flag word 13
in the example). The timebase is determined by bit 12 and bit 13.

FW13
A
r FY13 FY14 A
AL AL
/ v N

Bitno.: 1514 13 1211110 9 8|7 6 5 4|3 2 1 0
km: [x[x]1JoloJofo[olo]o]1]0fo]o]o]o]

vx A A J
Y~ Y’ \a

Time 102 10! 100
base [ [ |
1=0.1s
2=1s
3=10s Time
]

KH: | HE 0 2 0

The programmed time equals 2x10x1.0s =20s.
X = optional (0 or 1)
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Latching ON-delay

9 STEP 5 Operation Set with Programming Examples
9.3.4 Timing and Coun ting Operations

Given circuit STEP S representation
Statement Ladder diagram Control systom
list llowchart
132 133
A 1 33 ||us L 1
L  Dw21 H s 133 —|—s
133
SS T 4 ou
R S T4\ A | 3.2 oy t—
R T 4 bw21 —1 W bwat =1 1w DI e
20s 0 T4 5.2 Ii ’g 4 DE —
| {-\T4 = 4.3
E3.2 3
4 F—r a -~ B2 R Q [—a43
Q43 Q4.3

With the first execution, the timer is started if the result of the logic operation is 1.
If the RLO = 0 the timer is unchanged.
Scans AT and OT result in a logic 1 if the time has elapsed.

The logic level only goes to 0 when the timer has been reset with function RT.

Dw21
I N

T
154
1

@E&a— —

Timebase

DW 21:

~
3 0 | 7 4 3 0 I—Bil number

N

102 10! 100

I_l._l

Time

Setting the time with the value of operands I, Q, F or D present in BCD code (data word 21 in

the example).
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9 STEP 5 Operation Set with Programming Examples 05.89
9.3.4 Timing and Counting Operations

Setting a counter

Given circuit STEP 5 representation
Statement Ladder diagram Contro! system
list flowchart
141 1w20 A 1 44 — Z1 — Z1
I | | L Iw20
R_S ZE 8 Cn —co — %R
JL 14.1
SR —] s 141 —s
1]
—p-| Binary w20 w oy f— w20 — zw U |—
ZAJ 16 b
l DE [— oE —
] QlF— — R oafl—

With the first execution, the counter is set if the result of the logic operation is 1. If execution is
repeated, the counter is unchanged (irrespectively of whether the RLO is 1 or 0). With
repeated first execution with RLO = 1, the counter is set again (signal edge decoding). DU
and DE are digital outputs of the counter. The count is present in binary code at output DU,
and BCD-coded at output DE.

The flag required for signal edge decoding of the set input is aiso present in the count word.

Byte 20 Byte 21
/_)\ A
nVal D\
I 3 0 l 7 4 3 OI

~N |7

102 10 100

Count value

W 20:
Setting a counter with the value of operands |, Q, F or D present in BCD code (input word 20
in the example).
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9.3.4 Timing and Coun ting Operalions

Resetting a counter

Given circuit STEP 5 representation
Statement Ladder diagram Control system
list flowcharl
C1 C1
12 Al a2 —Tw —Iw
|| R Gl
A C1 —— cn — cD
R_S ZE
gL = Q 24
. —s —s
]I} . W20 ——{ 2w — e 4 —
o - | Binary 20 bu w DU
zal16b
l , DE — DE p~——
14.2 Qza
Q2.4 n o—(ﬁ 42— R al—aza
If the result of the logic operation is 1 the counter is set to zero (cleared).
If the result of the logic operation is 0 the counter is unchanged.
Up counting
Given circuil STEP 5 representation
Statement Ladder diagram Control system
list flowchart
14.1 C1 C1
| | | A | 44 —] E—{cu w1 — cy
] CuU C 1
R_S ZE —1 cp —1 cD
JL
— —1 S b
i ,
—3| Binary — 2w by — — zw ou p—
ZAl16b
| DE =~ DE [—
R Qr— —— R Qr—

The value of the addressed counter is incremented by 1. Function CU (count up) is only
executed with a positive-going edge (from 0 to 1) of the logic operation programmed before
CU. The flags required for signal edge decoding of the count inputs are also contained in the
count word.

A counter with two different inputs can be used as an up/down counter by means of the two
separate signal edge flags for CU (count up) and CD (count down).
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9.3.4 Timing and Counting Operations

Down counting

Given circuit STEP 5 ropresentalion
Statement Ladder diagram Control system
list flowchart
14.0 ci C1
| | | A 1 a0 —] F—{co 140 —— cb
CD C 1
— cu —cu
R_S ZE
Ju
40 — - —s —s
mey |
¢~ | Binary — zZw o]0} e A by F—
ZAl 160
0E [— DE [——
—R ar— —R ar—

The value of the addressed counter is decremented by 1. The function only becomes effective
with a positive-going edge (from 0 to 1) of the logic operation programmed befare CD. The
flags required for signal edge decoding of the count inputs are also in the count word.

A counter with two different inputs can be used as an up/down counter by means of the two
separate signal edge flags for CU (count up) and CD (count down).

9.3.5 Comparison operations

The comparison operations compare the content of Accumulator 1 with the content of
Accumulator 2. The values to be compared must therefore first be stored in the accumulators,
e.g. with load operations.

The accumutator contents remain unchanged during the comparison.

Operation | Parameter | Function

Test if equal

Test if not equal

Test if greater

Test if greater than or equal to
Test if less

Test if less than or equal to

Ay

oen>O000000

AAV VY
]

Two fixed-point numbers
Two floating-point numbers
Two fixed-point double-word numbers
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9.3.56 Comparison Operalions

Test if equal

Given circuit STEP 5 reprosentation
Statement Ladder diagram Conlrol system
list flowchart
1819 1820
L B9
L 1820 1819 —{ Ct F g — G F
c1 c2 I= F . .
= Q30 o ‘
= Q30
1820 —| c2 a B20 —| c2 Ql—aqio
Q3.0

The operand first specified is compared with the next operand according to the comparison
function.

The comparison results in a binary result of the logic operation.

RLO = 1: Comparison is fulfilled, Accu 1-L = Accu 2-L

RLO = 0: Comparison is not fulfilled, Accu 1-L # Accu 2-L

Accu 2-H and Accu 1-H are not involved in the operation with the fixed point comparison. The
numeric representation of the operands (fixed-point calculation) is taken into account in the
comparison.

Test if not equal

Given circuit STEP 5 representalion
Statement Ladder diagram Conlrot system
list flowchant
1821 1822
L IB21
—_ 815 —{ ct
7 L DWs 1821 (o] F $—¢C F
¢ c2 ><F >< >
= Q3.1
Q3
o pw3 —| c2 [ g ow3s — c2 Q a3
i
Q3.1

The operand first specified is compared with the next operand according to the comparison
function.

The comparison results in a binary result of the logic operation.

RLO = 1: Comparison is fulfilled, Accu 1-L = Accu 2-L

RLO = 0: Comparison is not fulfilled, Accu 1-L # Accu 2-L

Accu 2-H and Accu 1-H are not involved in the operation with the fixed point comparison. The
numeric representation of the operands (fixed-point calculation in this case) are taken into
account in the comparison.

Accu 1-L
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9.3.5 Comparison Operations

Test if greater

Given circuit STEP 5 representation
Statement L.adder diagram Control system
list flowchart
w3 FDS
L ws w3 — C1 D w3 —{ c1 D
L FD5
c1 c2 > D > .
2 = Q 3.2 Q3.2
= FD5 — C2 a FD5 — C2 Q l—a32
> = <
Qa2

The operand first specified is compared with the next operand according to the comparison
function.

The comparison results in a binary result of the logic operation.

RLO = 1: Comparison is fulfilled, Accu 2 > Accu 1

‘RLO = 0: Comparison is not fulfilled, Accu 2 < Accu 1

Accu 2-H I 0 | 0 I l 183 I 1B4 |Accu 2-L

Accu 1-H | FB5 I FB6 I I FB7 I FBS |Accu 1-L

The numeric representation of the operands is taken into account in the comparison, i.e. the
contents of Accu 1 and Accu 2 are interpreted as fixed-point numbers with double-word
width.

Test if less

Given circuit STEP 5 representalion
Statement Ladder diagram Control system
list flowchant
DD2 187
L DD2 .
op2 —| c1 [ pp2 —{ C1 D
L 187
cl c2 < D < <
> = Q34 Q34
= 187 —c2 al< 187 — c2 Q Q34
<
> = <
Q3.4

The operand first specified is compared with the next operand according to the comparison
function.

The comparison results in a binary result of the logic operation.

RLO = 1: Comparison is fulfilled, Accu 2 < Accu 1

RLO = 0: Comparison is not fulfilled, Accu 2 = Accu 1

Accu 2-H I Dw2 J | DW3 J Accu 2-L

Accu 1-H I 0 I 0 | [ 0 I 187 |Accu1—L

The numeric representation of the operands is taken into account in the comparison, i.e. the
contents of Accu 1 and Accu 2 are interpreted as fixed-point numbers with double-word
width.
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9.3.5 Comparison Operations

Test if greater than or equal to

Given circuit STEP 5 representation
Statement Ladder diagram Control system
list flowchart
nnlm oolzo
L DDi10
- o L  DD20 obio ~{ c1 G D010 cl G
> »=0G >z N
< = Q33
op20 —| c2 Qi DD20 cz Ql—aq33
> = <
Q33

The operand first specified is compared with the next operand according to the comparison
function.

The comparison results in a binary result of the logic operation.
RLO = 1: Comparison is fulfilled, Accu 2 = Accu 1
RLO = 0: Comparison is not fulfilled, Accu 2 < Accu 1

Accu 2-H Accu 2-L

Accu 1-H I DW20 l I owa1 I Accu 1-L

The numeric representation of the operands is taken into account in the comparison, i.e. the
contents of Accu 1 and Accu 2 are interpreted as a floating-point number.

Test if less than or equal to

Given circuit STEP 5 representation
Statement Ladder diagram Control system
list flowchart
DD2 187 L
DD2 — pp2 — ct D
I l L 187 po2 —{ c1 D
cl c2 <=G <. <
> = Q34 Qa4
= 187 — c2 a s —=ce Q—aqu4
> = <
Q34

The operand first specified is compared with the next operand according to the comparison
function.

The comparison results in a binary result of the logic operation.

RLO = 1: Comparison is fulfilled, Accu 2 < Accu 1

RLO = 0: Comparison is not fulfilled, Accu 2 > Accu 1

Accu 2-H I w2 1 I Dwa IAccu 2-L

Accu 1-H Lo I 0 II 0 I 187 IAccu1-L

The numeric representation of the operands is taken into account in the comparison, i.e. the
contents of Accu 1 and Accu 2 are interpreted as a floating-point number.
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9.3.6 Block Calls

9.3.6 Block calls

05.89

Operation Parameter Function

JUu 00 Unconditional jump

JC 00O Conditional jump
T T (depending on the RLO)
PB 1 to 255 to a progam block
FB 1 to 2585 to a function block (type FB)
SB 1 to 255 to a sequence block

Cc DB 1to 2585 Data block call

BE Block end

BEC Block end, conditional (depending on RLO)

BEU Block end, uncondilional

Command C DB (data block call) is explained under "Calling data blocks” (Chapter 3.1).

Commands BE (block end) and BEC (block end, conditional) result in a return to the previously

nested block.

Command BE must be programmed at the end of each data block (excep! for DB, DX).

Example:
PB PB 20

/

! AF15.1
l/ Al 20.0
‘\\ JU PB20 BEC
\

\ 1

' |

]

[}

}

)

¥
BE BE

If the result of the logic operation is 1, the return to PB 7 already takes place with processing

of the BEC command.

If the result of the logic operation is 0, processing of PB 20 continues up to the BE command,
which then initiates the return to PB 7 when PB 20 has been fully processed.

9-30
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05.89 . 9 STEP 5 Olperation Sot with Programming Examples
9.3.6 Block Calls

Unconditional call for a function block

Given circuit STEP 5 representation
Statement- Ladder diagram Control system
list flowchart
PB 101 FB 72 . FB 72 FB 72
JUFB 72
JU FB72
8E BE

The unconditional function block call is entered at the desired program point. With graphic
methods of representation LAD and CSF, the called block (FB, FX) is represented as a box.

Conditional call for a program block

Given circuit STEP 5 ropresentation
Slalement- Ladder diagram Conlrol syslem
list flowchart
PB 135 FB 83
. FB 83 FB 83
JC Fegy K ;
JC FB 83
BE BE

(Previous logic operation given as example only.)

At the desired program point, the conditional block call is entered after the appropriate logic
operation. If the result of the logic operation is 1, a jump to the specified block takes place. If
the condition is not fulfilled the jump is not executed. With graphic methods of representation
LAD and CSF, the called block is represented as a box.
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9.3.7 Code Operations

9.3.7 Code operations

The code operations allow a time or count which is present in binary from, to be loaded as a
code in the accumulator; the corresponding value is still available in BCD form for further
processing.

Operation | Parameter Function

LC %1 Load as code
T 1to 127 times
C 1to 63 counts

Loading a time (coded)

Given circuit STEP 5 representation
Statement- Ladder diagram Control system
list flowchart
T10 Tio
T10 = A 1 50 15.0
*~ Load L w22 E—— 1L 150 —1dL
\
\ SP T 10 wee — 2V pul— w2z — ZW |-
; LC T 10 DE }— QW50 DE [—QW50
T Qwso —1R Q — 1R Q =
Trans-
fer
AWS50

The content of the memory location addressed with T 10 is loaded as a code in the
accumulator. .

The subsequent transfer operation transfers the content from the accumulator to the memory
location of the process images addressed with QW50. With the graphic metheds of
representation LAD and CSF a coding operation can only take place indirectly as a result of
the assignment of output DE of a timer or counter. With method of representation STL,
however, this command can be isolated.
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9.3.8 Arithmetic Operations

9.3.8 Arithmetic operation

Arithmetic operation can only be represented in the statement list.

They process the contents of Accumulators 1 and 2. Suitable load operations, for example, are
required.

Operation | Parameter | Function

+
O

Addition
Subtraction
Multiplication
Division

..,‘.
o000

of two fixed-point numbers
of two floating-point numbers

By means of two load operations, Accumulators 1 and 2 can be loaded according to the
operands of the load operations. Arithmetic operations can then be executed with the contents
of both accumulators.

Example:
IAccul I—)(Accuz ]
LIwA1
—{wr | ( |
LIw2 \
(w2 | fwr ]
- F IW1-1W2 =Result

[Accut [¢— w1 |

The subsequent transfer operation transfers the result stored in Accu 1 to the operand issued
for the transfer operation.

If, during calculation with fixed-point numbers, an overflow occurs (OV = 1) Accu 1-H is
cleared.

In the multiplication and division of floating-point numbers, only a 16-bit mantissa is used for
the calculation. The result is reduced precision:

Multiplication: At least 12 bits of the mantissa are exact
Division: At least 11 bits of the mantissa are exact

In the subtraction of floating-point numbers, Bit 2-24 may be incorrect if the difference between
the two exponents is greater than 24.
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9.3.9 Other Qperations

9.3.9 Other operations

The following operations can only be representated in the statement list

Operation Parameter Function

STP Stop

NOP O No operation (all bits cleared)
NOP 1 No operation (all bits set)
BLD 0 to 255 Screen command

The STOP command is used, for example, when the PLC is required to go to the stop state in
the event of certain critical states of the system or when a device error occurs.

The no-operations serve, for example, for keeping memory locations free or overwriting them.
The screen command governs the subdivision of progam parts into segments within a block. It

is automatically stored in the program by the programmer and is treated as a no-operation by
the interface controller,.

9.4 Supplementary operation (FB only)

Function blocks can be programmed with an operation set which is extended compared to the
program blocks. The full operation set for function blocks comprises the basic operations and
the supplementary operations.

With the function blocks, the operations are only represented in a statement list. The programs
of the function blocks therefore cannot be programmed in graphic from (CSF or LAD).

Described in the following are the supplementary operations. Possibilities of combination of the
substitution commands with the actual operands are also given.
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9.4.1 Logic Operations, Binary
9.4.1 Logic operations, binary
Operation Description
A = | AND function to test a formal operand for logic 1
AN= —1 AND function to test a formal operand for logic 0
0o = — OR function to test a formal operand for logic 1
oN= [ OR function to test a formal operand for logic 0
T—- Insert formal operand
The actual operands allowed are binary addressed inputs,
outputs and flags (parameters: [, O; parameter type DI) as
well as timers and counters (parameters T,C.)
Example:
‘A -ON
: AN -STOP
1 AN -END
:0 -AMNT
= -RUN
9.4.2 Setting operations
Operation Description
S = 1 Set (binary) a formal operand
rRB= [ ] Reset (binary) a formal operand
== 1 Assign the result of the logic operation to a formal
[ operand
- Insert formal operand
The actual operands allowed are binary addressed inputs,
outputs and flags (parameters: I, Q; parameter type DI)
Example:
Q1! 07 MSP
RB = MSP 10.7 ~—
Q = TIME
S = MSP
TIME—
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9.4.3 Timing and Counting Operations

9.4.3 Timing and counting operations

05.89

Qperation Description

RD= C—1 Reset (digital) a formal operand
(parameters: T,C)

SP= I Start a time, preset as formal operand, with the value
stored in the accumulator as a pulse
(parameter: T)

SR= [ Start a time, preset as formal operand, with the value
stored in the accumulator as an on-delay
(parameter: T)

sec= [ Start a time, preset as formal operand, with the value
stored in the accumulator as an extended pulse; or
set a counter, preset as formal operand, with the
following, specified count
( parameters: T, C)

ssv= [ Start a time, preset as formal operand, with the value
stored in the accumulator as a latching on delay, or
up-counting of a counter specified as formal operand
(parameters: T, C)

SFD= [ ] Start a time, preset as formal operand, with the value
stored in the accumulator as an off-delay, or
down-counting of a counter preset as formal operand

(parameters: T, C)
Insert formal operand (see Page 8)
The actual operands allowed are timers and counters;
exception: Timers only with SP and SR.
The time or count can be specified as follows, as for the
basic operations or as a formal operand:
Set the time or count with the value present in BCD code
of operands IW, QW, FW, DW (parameters: I; parameter
type: W) specified as formal operands, or as data
(parameter: D; parameter type: KT, KC)
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Examples (see Chapter 4.4.3):

9 STEP 5 Operation Set with Programming Examples
9.4.3 Timing and Counting Operations

Function block call Program in Program
function block executed
:JU FB203
NAME  :EXAMPLE
ANNA 110.3 A = ANNA A 1103
BERT T17 L KT 010.2 1L KT 010.2
HANS Q184 : 88U = BERT A T117
A = BERT A T117
= = HANS = Q184
:JU FB204
NAME  :EXAMPLE
MAXI : 1105 A = MAXI A 1105
IRMA 110.6 : 8SU = DORA :CU C15
EVA 110.7 A = IRMA A 1106
DORA C15 : SFD = DORA :CD C15
EMMA F 58.3 tA = EVA A 1107
;L KZ100 1L KC100
: SEC = DORA :S Ci15
:AN = DORA AN C 15
= = EMMA = F58.3
WJU FB205
NAME  :EXAMPLE
KURT 110.4 A = KURT A 1104
CARL T18 tL = EGON L w20
EGON w20 : SEC = CARL :SE T 18
MAUS F 100.7 = = MAUS = F100.7
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9.4.4 Enabling Operations for Timing and Counting

05.89

9.4.4 Enabling operations for timing and counting operations

Operation

Description

FR TOto 127

Enabling a time for a restart

The operation is only executed with a leading edge of
the result of the logic operation. It initiates a restart

of the time if the RLO present is 1 for the start operation.

FR C0 to 127 Enabling a counter
The operation is only executed with a leading edge of
the result of the logic operation. It initiates setting, up
or down counting of the counter if the RLO present is
1 for the corresponding operation.
FR= [_____] Enabling a formal operand a restart,

parameters (T, C)

Example:

A 1 10.0

'L KT 500.0

: SP T 10

A [ 10.1

:FR T10

P A T10

1= Q20

RLO 4 I (110.0)

forSPT | 1

' ]
] [}
LD !
Jor ER : : ﬁ : {1a.n
1 1 /] Jl
o L
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9.4.5 Bit Test Operations (FB only)

9.4.5 Bit test operations (FB, FX only)

Operation Parameter Function
T8 O Test the bit for logic 1
TBNO Test the bit for logic 2
sSU O Set bit unconditionally
RU ? Reset bit unconditionally

T 0.0 to 127.7 an input

Q 0.0 to 127.7 an output

F 0.0 to 255.7 a flag

C 0.0 to 127.15 a count word

T 0.0 to 127.15 a time word

D 0.0 to 255.15 a data word

Operations "P"” and "PN" are scans. They test a bit of the operand specified in the following,
and then insert the result of the logic operation irrespective of previous scans and the previous
status.

Operation | Logic level of the bit Result of logic operation
in the specified
operand
TB 0 0
1 1
TBN 0 1
1 0

The RLO formed in this way can be subjected to further logic operations. However, a bit test
operation must always be positioned at the beginning of a logic operation.

1st example
The logic level of the 10th bit of data word 205 is ANDed with the logic level of input 113.7.

:C DB 200

: TB D 205.10
A 1137
= F210.3

Operations "SU” and "RU" are executed independently of the result of the logic operation.
When this operation has been processed, the addressed bit in the specified operand is set to
logic 1 (for SU) or logic 0 (for RU).

2nd example
The third bit is to be set by DW55 and the 9th bit by DW103.

:SU D 55.3
:RU D 103.11
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9.4.6 Load and Transfer Operations

9.4.6 Load and transfer operations

Operation Description

L= [—1 Load a formal operand
The value of the operand specified as a formal operand
will be loaded into the accu (parameters: |, Q
parameter type: BY W, D).

LC= [ Load a formal operand as code
The value of the timer or counter specified as a formal
operand will be loaded into the accu in BCD form
(parameters: T, C).

tw= [ Load the bit pattern of a formal operand
The bit pattern of the formal operand will be loaded
into the accu (parameter : D; parameter type: KF, KH,
KM, KY, KS, KT, KC).

Low= [ ] Load the bit pattern of a formal operand
The bit pattern of the formal operand will be loaded
into the accu (parameter: D; parameter type: KG).

T = [C_1] Transfer to a formal operand
The accumulator content will be transferred to the
operand specified as formal operand (parameters: 1,Q;
parameter type: BY, W, D).

- Insert formal operand
The operands corresponding to the basic operations
are allowed as actual operands. The data allowed for
LW is in the form of a binary pattern, hex pattern, two-byte
absolute numbers, characters, fixed-point number, times and
counts.
For LD, a floating-point number is allowed as data.
Example:
Function block call Program in Program
function block execution
+ JU FB 206

NAME  : COMP.

C1 : KH 7F0A LW =C1 L KH7F0A

c2 : Dw20 L =C2 ;L Dw20

1=F :1=F
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9.4.7 Logic Operations, digital

9.4.7 Logic operations, digital

Operation Description

AW AND operation, digital, Accu 1 and Accu 2

ow OR operation, digital, Accu 1 and Accu 2

Xow Exklusive OR operation, digital, Accu 1 and Accu 2

Accu 1 and Accu 2 can be loaded according to the operands of the load operation, by means
of two load operations. The contents of both accumulators can then be subjected to a digital
operation.

Example:
[ Accu I—I = 4 I Accu 2 l
L Wi
—|w | |
L w2 \'
—|wz | [w ]
AW AND-operation
on IW 2 and IW 1
——)I Accu 1 | I w1 ]

The subsequent transfer operation transfers the result stored in Accu 1 to the operand
specified with the transfer operation. :

9.4.8 Shift operations

Operation Description

SLWOto 15 Shift left (zeros are shifted in from the right)

SRWO0to 15 Shift right (zeros are shifted in from the left)

SSWOto 15 Shift right with sign (the sign is shifted in from the left)

SLD 0 to 32 Shift left, double word (zeros are shifted in from the right)

SSD 0 to 32 Shift right with sign, double word (the sign is shifted in
from the left)

The shift functions are executed independently of conditions. The last bit to be shifted can be
scanned with jump functions. JZ can be used for the jump if the bit is 0, and JN or JC if the
bit is 1.

Example:

STEP 5 program: Contents of data words

L DW5s2 H = 14AF

SLw 4

T DW53 H = 4AFQ
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9.4.9 Conversion Operations

9.4.9 Conversion operations

Operation Meaning

CFW One's complement of Accu 1-L

Ccsw Twa's complement of Accu 1-L

CcsD Two's complement of Accu 1

DEF Decimal to fixed-point conversion

DUF Fixed-point to decimal conversion

DED Decimal to fixed-point, double word conversion

DUD Fixed-point double word to decimal conversion

FDG Fixed-point double word to floating point conversion

GFD Floating point to fixed point, double word conversion
Examples:

The contents of data word 64 are to be inverted bit for bit and stored in data word 78.

STEP 5§ program: Assignments of data words:
:L DWo4 KM = 0011111001011011

: CFW

:T DW78 KM = 1100000110100100

The contents of data word 207 are to be interpreted as a fixed-point number and stored in data
word 51 with the opposite sign.

STEP 5 program:  Assignments of data words:

:L DW 207 KF: +561
: CSW
: T DW 5t KF: - 51

9.4.10 Decrementing/ incrementing

Operation Description
D 1to 255 Decrementing
11 to 255 Incrementing

Accumulator contents 1 are decremented/incremented by
the number specified in the parameter. Execution of the
operation is independent of conditions. It is restricted to the
right byte (without carry).

Example:

STEP 5 program:  Assignments of data words:

:L DW7 KH = 1010

o 16

:T DWS8 KH = 1020

:D 33

:T DW9 KH = 10FF
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9 STEP 5 Operation Sot with Programming Examples
9.4.11 Jump Operations

9.4.11 Jump operations

The jump destination for unconditional and conditional jumps is specified symbolically
(maximum of 4 characters): The symbolic parameter of the jump command is identical with the
symbolic address of the statement to be jumped to. When programming, ensure that the
unconditional jump distance is not more than * 127 words. If should be noted that a STEP 5
statement must not comprise more than one word. Jumps may only be executed within a
block. Jumps extending beyond networks are not allowed.

Operation Description

JU = [ Jump, unconditional
The unconditional jump will be executed independently of
conditions.

Jc =[] Jump, conditional
The conditional jump will be executed if the result of the
logic operation is 1. if the RLO is 0 the statement will not
be executed and the RLO will be set to 1.

Jz = [ Jump if accumulator content is zero
The jump will be executed if the accumulator content is zero.
If the accumulator content is not zero the jump will not be
exacuted. The RLO will not be changed.

JN = [ ] Jump if accumulator content is not zero
The jump will be executed if the accumulator content is not
zero. If the accumulator content is zero the jump will not be
executed. The RLO will not be changed.

JP =[] Jump If accumulator content is positive
The jump will be executed if the accumulator content is
greater than zero. If the accumulator content is zero or
less than zero, the jump will not be executed. The RLO will not
be changed.

JM = [ ] Jump if accumulator content is negative
The jump will be executed if the accumulator content is
less than zero. If the accumulator content is zero or greater
than zero, the jump will not be executed. The RLO will not
be changed.

JO = [T Jump if overflow
The jump will be executed in the event of an overflow. If
there is no overflow, the jump will not be executed. The RLO
will not be changed.
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9.4.11 Jump Operations

Operation Description

JOS = [ ] The jump will be executed if "Overflow stored” is

A set (OS = 1)

Otherwise (OS = 0) the jump will not be executed.

"Qverflow stored” will be set for arithmetic operations

in the event of an overflow, and will remain stored until

the arithmetic operation is interrupted. An overflow exists when,
with numeric representation, the permissible range

is exceeded by an arithmetic operation.

Insert symbolic address (maximum of 4 characters).

The conditional jump operations (all except for JU) are executed in accordance with the RLO
and the indicators in the control unit of the PLC.

Note:

The jump statement and jump destination must be located in a network. Only one symbolic
address is allowed for jump destinations per network.

Example:
.U =FORT
FORT:A - STOP
‘A - END
ZIEL : 0 Q7.3
:0 F 16.6
.0 - BETR
.JC =ZEL

Example (comparison operations):

:L DW 67
. L DW 107
=F
:JC = GLCH (Jump if equal, JZ can also be programmed)
:JIM = KLNR (Jump if less)
1 JP = GRSS (Jump if greater)
KLNR :
GLCH:
GRSS:
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9.4.11 Jump Operalions

Example (arithmetic operations):

i L WERT
i L - MESS
(+F
2 JZ = ZERO (Jump if zero)
:JP = POSI (Jump if positive)
POSI :
ZERO:

Example (digital operation):

i L FW25
. L W10
: XOW
‘ 1 JZ = ZERO (Jump if accu content = KH 0000)
:JN = NONZ (Jump if accu content # KH 0000)
ZERO:
NONZ:

Example ( shift operations):

. L QW101

: SLW 10

1 JZ = NULL (Jump it last shifted bit = 0)

:JN = EINS (Jump if last shifted bit = 1)
NULL :
EINS :
Example (conversion operations):

i L PW169

 KZW

:JO = QVFL {Jump if overflow)

+JN = NONZ {Jump if accu content = KH 0000)
NONZ:
OVFL :
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9.4.12 Processing Operations

9.4.12 Processing operations

Operation Description

DO= [___1 | Process formal operand (type of parameter: DO)

’ Insert formal operand
-~ Only the following operations can be substituted:

C DB

JU PB

JU SB

JU FB

(See "Type of block parameter and allowed actual operand,
Chapter 6.2)

DO DWOto 254 | Process data word”
{Operation) The specified operation which follows will be combined with the
parameter given in the data word and executed.

DO FWO0to 254 | Process flag word*
The specified operation which follows will be combined with the
parameter given in the flag word and executed.

“Two-word commands can also be substituted. The following command sequences, for
example, are therefore possible:

C DB20 C DB100
or

DO FW240 DO DW21

T8 D 0.0 S Co0.0

The address of the bit actually addressed must be stored, as usual, in the corresponding
pointer word (FW 240 or DW 21 in the example). The byte/word address must be stored on
the right and the bit address on the left. Any bits which are beyond the bit address in the high
byte of the pointer will be deleted.

When substituting two-word commands in the process image, the following should be noted:

e The distinction between inputs and outputs is not made in the opcode but in the address
part of the command i.e. the specification must be made in the pointer word.

Example:

L KH 0104

T FwW 250

DO FW 250

SU10.0 (or SU Q 0.0)
->1 441 will be set

e If Q 4.1is to be set, the value KH0184 must stored in the flag word.
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9.4.12 Processing Operations

05.89

® In the specification of command F, the two expressions SU 1 0.0 or SU Q 0.0 are fully

equivalent.

® Any self-programmed bit address in the command (e.g. SU | 4.7) will be ignored.

Example: Process data word

The contents of data words DW 20 to DW 100 are to be deleted. The "index register” for the
parameter of the data words is DW 0.

i L KF 20

T DWA1
M1 L KFO

: DO DwWh

T DWO

i L DW1

L KF1

:+F

: T DW1

i L KF100

1 <=F

1 JC =M1

Assignment for "index register”

Reset

Increment the index register

Jump if the index is within the range
Other STEP 5 program

The following operations can be combined with DO DW or DO FW:

A, AN, O, ON Binary operations

SR, =. Storage functions
FRT,RT,SFT,SDT,SIT,SST,SET | Time functions
FRC,RC,SC,CDC,CUC Counting functions

L LD, T Loading and transfer function
JU,"JC, J2Z, JN, JP, UM, JO Jump functions

SLW, SRW Shift functions

D, | Decrementing, incrementing
C DB, JU, JC Block calls

The 670 programmer does not verify the validity of the combination. No two or three-word
commands and no operations with formal operands may be combined in function blocks.

Example: Process data word

The contents of data words DW 20 to DW 100 are to be set to logic 0. The "index register” for
the parameter of the data words is DW 0.

'L KF20 Assignment of "index register”
T Dwi1
Mt L KF0 Reset
: DO DW1
: T DWO
i L DW1 Increment the index register
:L KF1
t+F
' T DW1
1L KF100
1 <=F
:JC =M1 Jump if index is in range
..... Other STEP 5 program
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9.4.13 Slep 5 Commands with Direct Memory Access

05.89

9.4.13 STEP 5 commands with direct memory access

Operation Beschreibung

LIRO Load ACCU 1:

TIR 2 Transfer ACCU 2:

destination address in Accu 1

destination address in Accu 1

with the contents of the memory word addressed via Accu 1

to the memory word addressed via the contents of Accu 1
TNB 0 to 255 Block transfer byte by byte, source address in Accu 2,

TNW 0 to 255 Block transfer block by block, source address in Accu 2,

The LIR, TIR, TNB and TNW commands must first be enabled via machine data (MD 2003,
Bit4 =1) if thy are to be used in the user program. Otherwise an error message is output and

the PLC branches into a stop loop.

Only commands LIR 0 and TIR 2 will be executed. However the parameters will not be
verified, i.e. any value can be programmed. No error message appears.

In the case of commands with direct memory access (LIR, TIR, TNB, TNW) an offset and a
segment address are required. In this case the segment is specified by entering the segment

number in the high word of the accumulator.

The assignments are as follows:

Segment no. Segment

1 PLC system data

Hardware

n

Internal NC-PLC interface
Spindle interface

User program memory
User data memory

PLC system program

ONOO W

(e.g. process images, block address lists)

(e.q. EIA signal converter, MPC link memory)

Resident function blocks (e.g. FB 11)

Segment number 1-10 are permitted for read access (source). Only segments 1-6 are
permitted as destination for commands TIR, TNB and TNW. If other numbers are assigned the

PLC goes into the stop state and an error message is output.
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9.4.13 Step 6 Commands with Direct Memory Access

Example 1: Read access to particular address
LKB &6 Segment address for DWx- ACCU 1_H
TFW 250
L KH 0100  Offset address for DWx~ ACCU 1_L
TFW 252
L FD 250
LIRO Load DWx to ACCU 1_L

6 ACCU1-H
Address of desired DW
100 ACCU 1 - L
l LIRO
6 ACCU 1_H
DWx ACCU 1_L
Example 2: Wirite operation to particular address
L KB6 Segment address for value x
T FW 250
L KH 0100 Offset address for value x
T FW 252
L KHFFFF Load value x
L FD 250
TIR 2 Transfer value x—ruser data segment

9.4.14 Other operations

Operation Description
ADD BF -127 to Add byte constant (fixed-point)
+127 to Accu 1
ADD KF -32768 to Add fixed-point constant (word)
+ 32767 to Accu 1
STS Stop command
TAK Swap contents of Accu 1 and Accu 2
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9.5 Step 5 Command Execution Times

05.89

9.5 Step 5 command execution times
COMMAND OPCODE EXECUTION TIME (microseconds)

AAN O ON 0.6-1.1
SR = 1.6
0] 0.6
NOP 0 0000 0.6
NOP 1 FFFF 0.6
BLD 255 10FF 0.6
FRT 0400 1.1-1.6
FRZ 4400 1.1-1.8
A ( BAQO 0.6
0) BB0O 0.6
) BF0O 0.6
LFB 0AQ0 11.6
LIB/QB 4A00 14.6
L FW 1200 11.6
LIw/Qw 5200 11.6
L FD 1A00 15.2
LID/QD 5A00 15.2
TFB 0800 12.8
TIB/QB 4B00 12.8
TFW 1300 14.0
TIW/QW 5300 14.0
TFD 1B00 19.0
TID/QD 5B00 19.0
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9.5 Step 5 Command Execution Times

o
COMMAND OPCODE EXECUTION TIME (microseconds)
‘ L PB 7200 20.4
L PW 7A00 22.4
T PB 7300 25.8
TPW 7B00 28.8
L KB 2800 8.8
L KH 3000 0000 17.6
L KG 3800 0000 0000 21.0
L C 4200 14.6
. L T 0200 14.6
LC C 4C00 28.0 - 76.6
IC T 0Co0 30.4 - 79.0
L DR 2A00 17.2
L DL 2200 16.6
L DW 3200 16.6
‘ L DD 3A00 20.0
TDR 2B00 19.2
T DL 2300 17.2
T DW 3300 22.6
TDD 3800 26.8
‘ LIR 4000 17.0
TIR 4800 18.0
TNB 0300 38.0 - 323.6
TNW 4300 40.6 - 326.4
SRT 2400 1.35 - 36.6
SST 2C00 1.35 - 36.6
SP T 3400 1.35 - 36.4
SET 1C00 1.35 - 36.4
SFT 1400 1.35 - 36.4

‘ R T 3C00 1.35 - 12.6
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05.89

COMMAND OPCODE EXECUTION TIME (microseconds)
R C 7C00 1.35 - 12.6
S C 5C00 1.36 - 36.2
Cuz 6C00 .35 - 23.0
CDhC 5400 1.35 - 21.4
F T 0400 1.35
F C 4400 1.35
JU FB 3D00 71.6
JC FB 1D00 0.6 - 71.6
JU PB 7500 60.0
JC PB 5500 06 - 60.0
JU SB . 7D00 60.0
JC SB 5D00 06 - 60.0
BE 6500 16 - 45.6
BEA 6501 16 - 45.6
BEC 0500 06 - 45.6
Cc DB 2000 30.8
Ju = 2D00 12.2
JC = FAQ0 06 - 12.2
JM = 2500 96 - 15.6
JN = 3500 9.6 - 15.6
JP = 1500 96 - 15.6
JZ = 4500 96 - 15.6
JO = 0D0o0 96 - 15.6
SRW 6300 14.2
SLwW 6100 14.2
SSD 7100 15.2 - 223.2
SLD 2900 15.2 - 223.2
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9.5 Step 5 Command Execution Times

®
COMMAND OPCODE EXECUTION TIME (microseconds)
. >F (GRF) 2120 256 - 27.4
<F (KLF) 2140 256 - 28.0
> <F (UGLF) 2160 256 - 28.0
I=F (GLF) 2180 262 - 28.8
>=F (GGF) 21A0 26.2 - 28.8
< =F (KGF) 21C0 272 - 28.0
>D (GRD) 3920 26.0 - 28.0
<D (KLD) 3940 26.0 - 28.0
> <D (UGLD) 3960 26.0 - 28.0
. =D (GLD) 3980 26.0 - 28.0
> =D (GGD) 39A0 26.0 - 28.0
< =D (KGD) 39C0 260 - 28.0
>G (GRG) 3120 2.0 - 41.0
<G (KLG) 3140 29.0 - 41.0
. ><G(UGLG) | 3160 290 - 41.0
I=G (GLG) 3180 29.0 - 41.0
< =G (GGG) 31A0 29.0 - 41.0
> =G (KGG) 31C0 29.0 - 41.0
+F  (ADDF) | 7900 144 - 19.4
‘ -F  (SUBF) | 5900 156 - 20.6
D 1900 6.8
l 1100 6.8
ADD BN 5000 7.4
ADD KF 58 000 0000 16.6
@
@
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9.5 Step 5 Command Execution Times
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COMMAND QOPCODE EXECUTION TIME (microseconds)
'F (NULP) 6004 27.4 33.6
:F (DIVF) 6000 224 33.2
‘G (MULG) | 6007 35.0 55.0
.G (DIVG) 6003 18.8 55.0
+G (ADDG) | 600F 40.0 385.0
-G (SuBG) | 6008 40.0 400.0
JOS 600C 0000 27.6 33.6
CFW 0100 5.6
CsSwW 0900 13.6 15.0
AW 4100 14.2
ow 4300 14.2
XOW 5100 14.2
SSW 6801 24.4
CsD 6807 22.6 27.0
BDW 6808 36.0 112.4
BDD 680A 29.6 330.2
cBw 680C 40.0
DED 680E 22,2 90.6
GFD 6002 19.4 245.0
FDG 6806 300.0 380.0
TAK 7002 13.8
STP 7003 15.8
STS 7000 -

RU C 7015 0000 46.0
SU C 7015 4000 45.4
TBN C 7015 8000 47.6
B C 7015 C000 47.2
RUT 7025 0000 45.2
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9.5 Step 5 Command Execution Times
COMMAND OPCODE EXECUTION TIME (microseconds)
SUT 7025 4000 44.6
TBN T 7025 8000 46.6
BT 7025 C000 46.6
RUD 7046 0000 61.2
SUD 7046 4000 50.6
TBN D 7046 8000 48.6
B D 7046 C000 48.6
RU1/Q 7038 0000 47.2
suli/Q 7038 4000 43.0
TBN 1/Q 7038 8000 44.2
TB1/Q 7038 C000 43.8
RUF 7049 0000 47.0
SUF 7049 4000 43.0
TBN F 7049 8000 44.4
B F 7049 C000 43.6
A D 783F 0000 51.4
O D 783F 1000 51.4
AN D 783F 2000 51.4
OND 783F 3000 51.4
S D 783F 4000 53.4
R D 783F 5000 54.0
=D 783F 6000 60.4
DO FW 4E00 29.0 50.0 + execution time
DO bW 6E00 32.0 52.0 + execution time
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9.5 Step 5 Command Execution Times

05.89

COMMAND OPCODE EXECUTION TIME {microseconds)
S = 1700 23.2 + execution time
RB = 3700 23.2 + execution time
= = 1FQ0 23.2 + execution time
A = 0700 26.4 +execution time

= 0F00 27.2 +execution time
AN = 2700 27.2 +execution time
ON = 2F00 27.2 +gxecution time

= 4600 19.4 +execution time
T = 6600 20.2 +execution time
LC = OE00 23.6 +execution time
LW = 3F00 20.2 +execution time
LWD = 5600 25.0 + execution time
SP = 3600 22.4 + execution time
SR = 2600 22.4 + execution time
FR = 0600 24.2 +execution time
RD = 3E00 23.8 + execution time
SEC = 1E00 24.4 + execution time
SSuU = 2E00 24.4 +execution time
SFD = 1600 24.4 + execution time
DO = 7600 27.0 +execution time
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10.1 Gengral

10 Rules of compatibility between the LAD, CSF
and STL methods of representation

10.1 General

Each method of representation in the STEP 5 programming language contains limits. It
therefore follows that a program block written in an STL may not be output in an LAD or CSF
without restrictions; similarly, the LAD and CSF which are both graphic methods of
representation, may not be fully compatible. If the program was entered as a LAD or CSF, it
can be retranslated into an STL. The purpose of this section is to provide some rules which,
when observed, ensure full compatibility between the three methods of representation.

These rules are arranged as follows:

® Rules of compatibility for graphic program input (LAD, CSF)

With input in a graphic method of representation, the observance of these rules allows output
in the other methods of representation.

® Rules of compatibility for program input in a statement list

With input in the form of a statement list, the observance of these rules ensures output in the
other methods of representation.

STL

9

Fig. 10.1  Extent and restrictions of the methods of
representation in the STEP § programming language

:

Input Output

:

Fig. 10.2  Graphic input

:

Fig. 10.3 Input in statement list
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10 Rules of Compatibility between the LAD, CSF and STL methods of representation 05.89
10.2 Rules of Compatibility for Graphic Program input

10.2 Rules of compatibility for graphic program input (LAD, CSF)

Excessively deep nesting can result in the display limits (8 levels) being exceeded in the CSF.

LAD

ANPUT 1 -INPUT 2 -INPUT 4 -INPUT 6 -QUTPUT
a1 Ok i e ! ! ¢
Jd c—r—d F i el ey i 1  >—

INPUT 3
— -+ +

-INPUT 5
b [ N | l 4
d 1

AINPUT 7

—3 E—1 I i

CSF

ANPUT 1 — &
-INPUT 2 —] >=1

ANPUT 3 ™
AINPUT 4 &

-INPUT & ] >=1
INPUT 6 — |
AINPUT 7 — — -OUTPUT

Fig. 10.4  Example of maximum LAD nesting for output in CSF

Input in CSF: Output in LAD and STL

Rule 1: Do not exceed the display limits for LAD:
An excessive number of inputs at an CSF box results in exceeding of the LAD

display limit.

CSF

-INPUT 1
-INPUT 2
-INPUT 3
-INPUT 4
-INPUT 5
-INPUT 6
-INPUT 7

L

— —OUTPUT

LAD

-INPUT 1
E

| oy

AINPUT 2 -INPUT 3 ANPUT 4  -INPUTS -INPUT6 -INPUT7 -OUTPUT
1T 1 3 F—l—JF e B od e T o s N ¢

] !
1 c—r— a3+ a1 Jd L0 L

Fig. 10.5 Example of maximum AND-box expansion for output in LAD
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05.89 10 Rules of Compatibility between the LAD, CSF and STL methods of representation
10.2 Rules of Compatibilily for Graphic Program Input

Rule 2: The output of a complex element (storage element, comparator, timer or
counter) must not be ORed.

-Flag 1
-INPUT 1 —1 S
-INPUT 2 — R &
Q
<INPUT 3 —]

Fig. 10.6 Only AND-boxes are allowed. following a complex element

Rule 3: Connectors
o Connectors are always allowed with an OR-box.
o Connectors are only allowed at the first input with an AND-box.

(Connectors are intermediate flags which are used for economy with recurring logic
operations).

# Connector allowed
X Connector not allowed

#— &

#— &1 |— -outPuT
# e

X ——

X— & [— =OUuTPUT

Fig. 10.7  Example showing where connectors are allowed with OR and
AND-boxes
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10 Rules of Compatibility hetween the LAD, CSF and STL Methods of Representation 05.89
10.3 Rules of Compatibility for Program input in a Statement List
10.3 Rules of compatibility for program input in a statement list
Rule 1: AND operation:
(Test of logic state and AND logic).
LAD: Contact in series LAD: — ——
CSF:  Input to an AND-box CSF: -— &
STL: Statement A. ..
STL: A....
STL LAD CSF
A -INPUT 1 INEUT 1 | INPUT 2 INPUT 10— 4
iy -INPUT 2 4 Tk ANPUT 20— >=1
) 8 INPUT 3 INPUT 3
: = | {
A -INPUT 4 d ot INPUT 3 ——
T A -INPUT 5 INPUT INPUT 5
. |INEUL4 ANPUT 4] ¢
a4 -INPUT 5 — —
A JNPUT 1 ANPUT 1 -INPUT 2
LA -INPUT 2 4T/ kb INPUT 1—1 &
: 8 -INPUT 3 INPUT 3 -INPUT 2 >=1
- [ 1
c A -INPUT 4 put [ oy
CA -INPUT 5§ ANPUT 3 ——
-INPUT 4 -INPUT 5
! b I ol L s N
403 cC -INPUT 4—1 &
AINPUT 5=t -—
Fig. 10.8  Explanations of the rule for AND operations
10-4 ® Siemens AG 1989 All Rights Reserved ~ 6ZB5 410-0BX02
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05.89 10 Rules of Compatibility between the LAD, CSF and STL Methods of Represcniation
10.3 Rules of Compatibility for Program Input in a Statement List

Rule 2:  OR operation

(Test of logic state and OR logic).

LAD: Only one contact in a parallel branch LAD I_I |—| I_q }__J

CSF: Input to an OR-box CSE >=1
STL: Statement O . . .
STL O...
STL LAD CSF
LA JNPUT 1 ANPUT 1 | -INPUT 2 ANPUT 1—| &
I-%—'Wﬂl{—zl - b E -INPUT 2—— > =1
5 ANEYTD NPUT3
t A -INPUT 4 +—3 E— ANPUT 3 e
: A -INPUT &
) -INP
JNBUT4 | INPUTS ANPUT 4—] &
L -INPUT 5— —
Fig. 10.9  Explanations of the rule for OR operations
Rule 3: AND before OR operation 1st parallel branch next parallel branch(es)

(OR operation before AND functions) LAD l——-I — }——I l—[ — |-J

LAD: Two or more contacts in a
parallel branch — e — &
CSF _]

CSF: AND-box before OR-box

STL:Statements 2 . A 0
. : STL A )
A . . 2 .
STL LAD CSF
A ANPUT 1 ANPUT 1 -INPUT 2 INPUT 1—] &
r_A_LNE% 5 SBEUT == 4kt -INPUT 2— >=1
0 - “NPUT. 3
. 3 Cl
A -INPUT 4 g AINPUT 3 et
tA -INPUT 5
sINPUT 4 -INPUT 5 a
J B——3 — -INPUT 4——
- = -INPUT & —
Fig. 10.10 Explanations of the rule for AND before OR operation
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10 Rules of Compatibility between the LAD, CSF and STL Methods of Representation 05.89
10.3 Rules of Compatibility for Program Input in a Statement List

Rule 4: Parentheses Al
o ‘ prosmim ]
Covered in this rule are the parenthesized., - PRIOR e ~-i i
complex, enclosed b.lnary.operatlons or OPERATIOI\:COmmex:
complex elements with prior or subsequent i D)
erations. i i -® - SuUB-
operat ] i SEQuenT

a) Complex binary operation

This class of operation includes the OR before AND operations, the rules for which are as
follows:

e AND operation before OR functions
LAD: Sequencing of parallel cantacts in series

CSF: OR-box before AND-box

STL: Statements A(
OR OPERATION

)

The OR before AND operations are a subset of the complex binary operations in which two
parallel contacts form the simplest operation.

STL LAD CSF
: A -PRIOR OPERATION -PRIOR
OPERATION —| g
: Complex Al oot )
E] -PRIOR OPERATION— [Complex |— ~SUBSEQUENT @ .
tA SUBSEQUENT OPERATION
OPERATION -SUBSEQUENT —| [
OPERATION

Fig. 10.11 Explanations of parenthesized, complex binary functions

STL LAD CSF
Al [\
O 1 ||'_ > =1
== &
o ]
) —
A..
Fig. 10.12 Explanations of the rule for OR before AND operation
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05.89

b)  Complex elements (storage, timing, comparison and counting functions)

10 Rules of Compatibility between the LAD, CSF and STL Methods of Representation
10.3 Rules of Compatibility for Program input in a Statement List

The following rules must be observed for complex elements:

No subsequent operation, no parentheses
Subsequent operation AND: A (...)...
Subsequent operation OR: O (. ..) .. .( only for CSF, not allowed for LAD)
A complex element cannot have prior operations.

Complex
Function
element

IR

LAD / CSF

&

SUBSEQUENT
OPERATION

CSF

Complex
Function
element

=1

SUBSEQUENT
OPERATION

Fig. 10.13 Explanations of parentheses for complex elements

Example 1: LAD/STL

Case 1: AND (contact in series)

Case 2: OR (only 1 contact in a parallel branch)
Case 3: AND before OR (two or more contacts in a parallel branch)
Case 4: OR before AND (parentheses)

STL

_’ :

@%

L— :

>O0>T0O0~0P»>~2>PY00~2>—~>

-INPUT 1
<INPUT 5

-INPUT 2
-INPUT 3
-INPUT 6

-INPUT 7
-INPUT 4
-INPUT 8

-INPUT 9
-OUTPUT

Fig. 10.14 Example 1: LADISTL (continued on next page)

© Siemens AG 1989 All Rights Rosorved  6ZB5 410-0BX02
SINUMERIK 810 GA2/820 (PJ)

10-7




10 Rules of Compatibility between the LAD, CSF and STL Methods of Representation
10.3 Rules of Compatibility for Program Input in a Statement Lisl

05.89

-OUTPUT
1 ! I P
1 1 ] N/
-INPUT 5 -INPUT 6
b T s T Y N A
- E—1—3 1
: BE
-INPUT 7 B
b ) | ! iR
s B | 1
-INPUT 8 -INPUT 9
it N o T [ | 1
3 T3 T
-INPUT 2 -INPUT 3 -INPUT 4 -INPUT 8 <INPUT 9
Caso1:;_|___3rl T I | TR Y = [T N | [T N i |
=t —+T——aFct S+ "T—ac—r T3l
-INPUT 1 I-INPUTS I |-INPUT 7 I
Case 2; : i [ ol e Y | o i = ]
| m I - l 3 1 T T 1 1 1
ANPUT 2 -INPUT 3 -INPUT 8 -INPUT 9 |
Case 3: 9 —+—3 B+ — E——3 f f
1
-INPUT 1 -INPUT 2 -INPUT 3
| | L Y Y T O
O I TC
-INPUT 5 <INPUT 6
il =l
Case 4: L !
ANPUT 1 -INPUT 2 -INPUT 3
ac i I R T I =
o I J T3
-INPUT 6 | -INPUT 6
hug [ A i
m B d
-INPUT 7
e BN d L l
ps I memay | 1

Fig. 10.14 Example 1: LADISTL (continued)
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05.89 10 Rules of Compatibility between the LAD, CSF and STL Melhods of Representation
10.3 Rules of Compatibility for Program Input in a Statement List

NOP 0 must be applied to each unused input or output.
Exception: S and TW for timers, and S and CW for counters must always be used jointly.

For STL programming, the complex elements must be programmed in the same order as the
parameter assignment on the screen in the graphic method of representation.

Exception: Time and count; the corresponding value must first be stored in the accumulator by
a load command.

STL LAD CSF
T 100 T 100

- INPUT 2
: A -INPUT 2 3 B }W gu -INPUT2— 1 -V
e VIO bW 10 DE | DW 10 —{TW DU —
:NOP O DE =~
:NOP O —~R Q -— -%TT-
H P
: = -OUTPUT =R Q [ . BE
A -INPUT 1 "COUNTER
: CU  -COUNTER - INEUT 1
Y -INPUT 2 3 E—cu .COUNTER
:CD  -COUNTER INPUT 2
:A  -INPUT 3 -
L .COUNTER  T—3 E—}-cD INPUT1 —{CU
:S  -COUNTER INPUT ANPUT 2 —{CD
Nep o T s ANPUT3 =S
. NOP .COUNTER—| CW DU (=
:AO %OUNTER ~“COUNTER— cW DU |— DE [w=
i = -OUTPUT DE [— — _ .OUuT-

-OUTPUT R Q %%TT
—Hr a (A >
: BE

Fig. 10.15 Example of assignments for unused inputs and outputs

Important note: Only one complex function element is allowed per network.

The following examples show the four cases presented in a complex binary operation: In the
LAD and STL methods of representation and in the CSF and STL methods of representation.
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10 Rules of Compatibility between the LAD, CSF and STL Methods of Representation 05.89
10.3 Rules of Compatibility for Program Input m a Statement List

Examle 2: CSF:STL

Case 1: AND (input to an AND-box)

Case 2: OR (input to an OR-box)

Case 3: AND before OR (AND-box before OR-box)
Case 4 : OR before AND (OR-box before AND-box)

STL
—» A
TA(
0 ANPUT 1
: 0 INPUT S
0
@) A
C A JINPUT 2
A AINPUT 3
-0 JINPUT 6
)
: 0 -INPUT 7
be—» )
c A AINPUT 4
: 0
A ANPUT 8
DA [INPUT 9
;s -OQUTPUT
CSF
A

ANPUT 1— > =1
ANPUT 571 &

A/-INPUT 2—&

-INPUT 3 — >=1
>=1
INPUT 68—
-INPUT 7 / &
e 4 =1
-INPUT 47
INPUT 8 —]& .OUTPUT
AINPUT 9 — -
Fig. 10.16 Example 2: CSFISTL (continued on next page)
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05.89 10 Rules of Compatibility between the LAD, CSF and STL Methods of Representation
10.3 Rules of Compatibility for Program Input in a Statement List

Case 1: -INPUT 2=—— & — & [INPUT 8 =1 &
AINPUT 3 s -INPUT 9 ==
-INPUT 4 _T
Case 2: -INPUT 1 =——{ > =1 — > =1 —d>=1
-INPUT 5 ==
INPUT 6 — INPUT 7
Casa 3: -INPUT 2—1 & > =1
-INPUT 3 — — > =1 —]
<INPUT 8 /] &
' -INPUT 9 — |
Casc4: -INPUT 1— > =1
-INPUT §— L & — &
— 5 =4
-INPUT 6 — -

—_t > =1

— &
' -INPUT 7—

Fig. 10.16 Example 2: CSF/STL (continued)
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10 Rules of Compatibility between the LLAD, CSF and STL Methods of Representation 05.89
10.3 Rules of Compatibility for Program Input in a Statement List

Rule 65: Connectors

For the sake of clarity, the rules for connectors are listed seperately for the LAD and LOD
methods of representation. The following example s given for both.

LAD STL
F..
~(#)—

Fig. 10.17 The connector in LAD and STL

A FoL.
= F

a) Connectors with LAD

A connector registers, as an intermediate store, the result of the logic operation from the
operations programmed before it in its own circuit. The following rules apply:

e Connectors in series (in series with other connectors):
In this case a connector is treated as a normal contact.

e Connector in a parallel branch:
Within a parallel branch, a connector is treated as a normal contact. Additionally, the entire

parallel branch must be enclosed in parentheses of Type O (.. .).

e A connector may never be located immediately following the circuit (connector as first
contact) or immediately after the opening of a circuit (connector as first contact in a
paralle! branch).

LAD LAD
—”——H—-H——{ #)——“—— I 11 |l
—‘|I ul ‘ I
PA TL
STL A S I_( i
A A
1= F A
A F ) 2(
A N
AL
1= F
A F
1)
H)
AL
Fig. 10.18 Connector controller for LAD
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05.89 10 Rules of Compatibility between the LAD, CSF and STL Mcthods of Reprosentation
10.3 Rules of Compatibility for Program Inpul in a Stalement List

CSF STL
— #F. — :=F...
A F.

Fig. 10.19 The connector in CSF and STL

b) Connectors with CSF

A connector registers, as an intermediate store, the result of the entire binary operation
preceding this connector. The following rules apply:

e Connector at the first input of an AND or OR-box:
The connector is processed without parentheses.

¢ Connector not at the first input of an OR-box:
The entire binary operation preceding the input is enclosed in parentheses of
Type O (.. .).

e Connector not at the first input of an AND-box:
The entire binary operation preceding the input is enclosed in parentheses of
Type A (. . .). (Only allowed with CSF; not graphically representable with LAD.)

— #F —| & : = F..
A F...
-— — T A
LA,
: O...
S 20
P.O*
1 =F
PRIOR OPERATION # F— —— ‘A F..
)
DAL
- & A |
P.O*
PRIOR OPERATION # F— — " 'F:
1)
*PRIOR OPERATION
Fig. 10.20 Connector controller for CSF
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10 Rules of Compatibitity between the LAD, CSF and STL Methods of Representation

10.3 Rules of Compatibility for Program Input in.a Statement List

Examples for connectors:

Two examples are given: One without and one with connectors.

05.89

— -OUTPUT

-FLAG4  -OUTPUT

{ =)

STL CSF
A ANPUT 1 ANPUT T — &
A [INPUT 2 JANPUT 2 —
CA -FLAG 1 FLAG 1 —
A
| A -INPUT 3
A -1 T4
A &Z% ” ANPUT S — &
o INPUT 4 —
: -‘FLAG — =
tA -INPUTS 2 > =1
A -FLAG 3
0
LA -FLAG 4
;= -OUTPUT nPUTS — &
-FLAG 3 —
-FLAG 4 —
LAD
-INPUT 1 JINPUT 2 -FLAG 1 JNPUT 3 -INPUT 4 -FLAG2
oo T oo M N o | { e J | e L—{ \
1 B 1 ) s ) o | m O ™\ /
-INPUT 5 -FLAG 3
o T el | [ ) 1
o Il mamay \ )/ 1

Fig. 10.21 Example without connectors
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