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In situations where inattention could cause either personal injury or damage to
equipment, a Warning notice is used.

Caution

Caution notices are used where equipment might be damaged if care is not taken.

Note
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Preface

This manual describes the system operation, fault handling, and Logicma&eguré@ramming
instructions for the Series 90™-0 programmable controller. The Series 9070 PLC is a member of
the Series 90™ family of programmable logic controllers from GE Fanuc Automation.

Revisions to This Manual

The following changes have been made to this manual to reflect feature changes, corrections, and
updates to existing information:

« References made to CPX and CGR model CPUs, where appropriate, throughout the
y oo oe ud

- Value for Constant Sweep timer corrected (chapter 2, pg. 2-46).

« Note added after Table 2-18 regarding CPU Mode switch and description of privilege
level 1 updated in table. (chapter 2, page 2-79)

- Description of System Faults updated (chapter 3, pg. 3-2)

- Chapters 4 through 12 contain information that was presented in a single chapter (Chapter
4) in previous versions. This information has been divided into separate chapters to
improve access to the programming instruction descriptions.

- Appendix A, CPU Performance Data, tables revised (all information not available, will be
added to a future version)

- Paragraph added , beginning with “Each Ethernet Global . . . . “, page A-24

- Section titled “Relative CPU Test Perforncafadded at end of Appendix A

- Other corrections and clarifications acassary

Content of This Manual

Chapter 1. Introduction: provides an overview of the Series 9070 PLC system and the Series
90-70 instruction set.

Chapter 2. System Operation: describes certain system operations of the Series 9070 PLC
system. This includes a discussion of the PLC system sweep sequences, the system powerup and
powerdown sequences, clocks and timers, security, I/O, and fault handling. It also includes
general information for a basic understanding of programming ladder logic.

Chapter 3. Fault Explanations and Correction: provides troubleshooting information for a
Series 9070 PLC system. It explains fault descriptions in the PLC fault table and fault categories
in the 1/O fault table.

Chapters 4 — 12. Series 9070 Instruction Setdescribes programming instructions available
for Series 90-70 PLCs. These chapters correspond to the main program function groups.
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Appendix A. CPU Performance Data: lists the memory size in bytes and the execution time in
microseconds for each programming instruction. Memory size is the number of bytes required by
the function in a ladder diagram application program. Appendix A also contains timing
information for other PLC tasks which, when used in conjunction with the instruction timings, can
be used to predict CPU sweep times. Refer to Appendix F for IEEE format when dealing with
floating-point math operations.

Appendix B. Interpreting Fault Tables: describes how to interpret the message structure format
when reading the fault tables using Logicmastét®8eftware.

Appendix C. Instruction Mnemonics: lists mnemonics that can be typed to display

programming instructions while searching or editing a program. Provides a worksheet for use in
determining the total number of bytes of user data used and how much is still available for the user
program.

Appendix D. Memory Allocation: provides a worksheet for determining the total number of
bytes of user data used and how much is still available for the user program.

Appendix E. Key Functions: lists the special keyboard assignments used for the Logicmaster 90
software.

Appendix F. Using FloatingPoint Numbers: describes special considerations for using
floatingpoint math operations.
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Chapter

1

Introduction

The Series 90™-70 PLC is a member of the GE Fanuc Series 90™ PLC family of programmable
logic controllers (PLCs). It is easy to install and configure, offers advanced programming
features, and is designed for compatibility with other PLCs offered in the Series 90 family of
PLCs. Through the use of the latest design and manufacturing technology, open architecture
VME bus, and the ability to connect to Genius and FIP I/O, the Series 90-70 PLC provides a
powerful, cost-effective platform for small applications through the very largest. This manual
discusses the features of the Release 7.80, and later Series 90-70 PLC.

Software Architecture

The programming software architecture provides a platform upon which to build structured
control programs. Programs may be built from many program blocks, each of which is related to
a control function. Structured programs permit parallel development of a complete program as a
collection of program blocks developed independently by many different individuals or OEMs.
Structured programs are also easier to understand and debug. A control program may be built of
many smaller program blocks, each of which can relate to a specific machine function. This
approach makes it easier to isolate and associate control logic with machine functions.

Beginning with Release 6 PLC CPUs, it has been possible to incorporate multiple programs into a
folder. All of these programs can be written in C or one program can be an RLD (Relay Ladder
Diagram language) or SFC (Sequential Function Chart language) program with the remaining
programs written in C. In addition, Release 6 and later PLCs have built-in debugging capabilities
for C programs and external blocks. For more information on this feature, refeiCo the
Programmer’s Toolkimanual (GFK-0646).

Note that Logicmaster 90-70 does not support many of the features new to release 7.0 and later
CPUs, such as Ethernet Global Data, I/O Scan Sets, VMi&agy Interrupts, and Bulk Memory
Access (BMA).

Terminology Used in This Manual

GFK-0265J

The following terms are used with their defined meanings throughout this manual:

User program: any user-generated code, that is, an RLD program, an SFC program, or a
standalone C program

Block: any RLD block, Parameterized Subroutine Block, or external block; an external block
being either a C block or a C function block (CFBK)
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Fault Handling

Faults are handled by a software alarm processor function that time-stamps and logs system and
I/O faults in two tables (the PLC fault table and the I/O fault table). These tables can be displayed
on the programming software screen or uploaded to a host computer or other coprocessor.
Application programs can also gaiocass to the fault information.

Hardware Configuration

Configuration is the process of assigning logical addresses, as well as other characteristics, to the
hardware modules in the system. It may be done either before or after programming; however, it
is recommended that configuration be done first.

Using This Manual

This manual is distributed with Logicmaster 90 programming software, and describes the PLC
hardware and programming features available in the CPU. Refer to the IPI distributed with
Logicmaster 90 for CPU and programming features not described in this version of the manual.

Reference information is available in this manual, as described below:

Appendix A lists the memory size in bytes and the execution time in microseconds for each of the
programming instructions. Appendix A also contains timing information for other PLC tasks
which, when used in conjunction with the instruction timings, can be used to predict CPU sweep
times.

Appendix B describes how to interpret the message structure format when reading the PLC and
I/O fault tables.

Use the worksheet in Appendix C to determine the total number of bytes of user data used and
how much is still available for the user program.

Refer to Appendix D for IEEE format when dealing with floating-point math operations.
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System Operation

This chapter describes certain system operations of the Series 90-70 PLC system. The table
displayed below summarizes the content of each section in this chapter.

Section Title Description Page

1 Basic PLC Sweep Describes the major steps in a typical PLC sweep, including2-2
Summary application program task execution, Programmer

Communications Window, System Communications Window,
and Background Window.

2 User Reference Data Describes user reference data, system status/fault refereBets,

and data types.

3 Program Organization Describes the structure and use of LD blocks, PSB blogk2-27

external blocks, and standalone C programs.

4 PLC Sweep Modes and Explains Normal Sweep, Constant Sweep, Constant Windo®;48
Program Scheduling Microcycle Sweep, and Stop modes. Also describes Triggered
Modes Interrupt blocks/programs and timed interrupts.

5 Run/Stop Operations Describes the four modes of operation supported by the 9D/

PLC: Run/Outputs Enabled, Run/Outputs Disabled, Stop/lIO
Scan, and Stop/No 10 Scan.

6 Power-Up and Power- | Describes the three parts of system power-up (including | 2-72

Down Sequences power-up self-test, PLC operation initialization, and system
configuration), the power-down sequence, and the retention of
data memory.

7 Clocks and Timers Describes the elapsed time clock, time-of-day clock, and 2-76

watchdog timers.

8 System Security Describes protection level request from the programmer, 2-78

including password assignment and block lock, OEM
protection and password, and the write protect keyswitch.

9 Series 90-70 PLC I/O | Describes I/O data mapping and diagnostic data. 2-81
System
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Section 1: Basic PLC Sweep Summary

The user program(s) in the Series 90-70 PLC execute in a repetitive fashion until stopped by a
command from the programmer or a command from another device or from the Run/Stop toggle
switch on the CPU module. In addition to executing the user program(s), the PLC obtains data
from input devices, sends data to output devices, performs internal housekeeping, services the
programmer, services other communications, and performs self-tests. The sequence of operations
necessary to execute these components one time is called a sweep. This section summarizes the
sweep phases; for more detailed information, refer to section 4 of this chapter.
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Basic PLC Sweep

There are seven major phases in a typical PLC sweep as shown in the following figure:

HOUSEKEEPING
START-OF-SWEEP

'

INPUT SCAN

'

APPLICATION PROGRAM|
TASK EXECUTION
(LOGICWINDOW)

v

OUTPUT SCAN

PROG
WINDOW

SCHEDULED
?

¢ YES

PROGRAMMER
COMMUNICATIONS
WINDOW

NO

COMM
WINDOW
SCHEDULED,

SYSTEM
COMMUNICATIONS
WINDOW

BACKGROUND NO
TASK

SCHEDULED
?

YES

BACKGROUND
WINDOW

START NEXT SWEEP 4

Figure 2-1. Phases of a Typical PLC Sweep
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Housekeeping

Input Scan

Table 2-1. Major Phases in a Typical PLC Sweep

Step Description
Housekeeping Updating %S bits, determining timer update values, and determining the
sweep mode occur in this phase.
Input Scan The CPU reads input data from Bus controllers and input modules during
this phase.

Application Program Task The CPU solves the logic program(s), using data obtained from the input
Execution (Logic Window) devices and sets bits to affect the state of output devices.

Output Scan The CPU writes output data to Bus controllers and output modules during
this phase. The user program checksum is computed during this phase of
the sweep except when in Microcycle sweep mode.** Polling for faulted
boards also occurs during this phase.

Programmer Communications Communication with the programmer when using serial and WSI devices

Window occurs here with data and/or status transfer in both directions. In addition,
reconfiguration of a module or rack also occurs during this portion of the
sweep.

System Communications Communications with all intelligent devices (except the Serial or WSI

Window programmer when using a serial or WSI connection) occur during this

window. For example, supplying data to a PCM* that is driving a progess
display would occur during this window. The Ethernet programmer
communicates in the System Communications Window.

Background Task Window CPU self-tests occur in this window.

*For information about the PCM, refer to tBeries 90™ Programmable Coprocessor Module and Software S(Bp#r0255).
**In Microcycle sweep mode the user program checksum is computed during the Input Scan.

The housekeeping portion of the sweep performs all of the tasks necessary to prepare for the start
of the sweep. This includes updating %S bits, determining timer update values, and determining the
mode of the sweep (Stop or Run).

The scanning of the inputs occurs just prior to the logic solution. During the input scan, the CPU
reads input data from the Genius Bus Controllers, FIP Bus Controllers, and Series 90-70 input
modules. Also, the Ethernet Global Data for Consumed exchanges is read from the Ethernet
module into PLC memory. For details, seeT®®/IP Ethernet Communications for the Series 90
PLC User's ManualGFK-1541.

When referring to FIP in this scan, only periodic VCOM (MPS) services are affected. Messages
are received in the System Communication Window.

Series 90-70 I/O modules are scanned from lowest to highest I/O reference address. There is no
guaranteed scanning order for Bus Controllers.

Note

The input scan will not be performed if a program has an active Suspend I/O
function on the previous sweep.
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Application Program Task Execution (Logic Window)

The Logic Window is the phase of the sweep where user programs execute. Immediately following
the completion of the input scan, the PLC Executive determines which user program(s) are to be
run. Programs are then resumed and/or invoked as necessary. Solving the logic provides a new set
of outputs.

Interrupt programs and blocks can execute during any phase of the sweep. Refer to section 4 for
further details.

There are many ways in which program execution can be controlled to meet the system'’s timing
requirements. The following is a partial list of the commonly used methods:
» JUMP functions can be used to skip portions of the logic.

» The Suspend I/O function can be used to stop both the input scan and output scan for one
sweep. I/O can be updated, &s@ssary, during the logic execution through the use of DO I/O
instructions.

» The Service Request function can be used to suspend or change the time allotted to the window
portions of the sweep.

» Program logic can be structured so that blocks and programs are called more or less frequently,
depending on their importance and on timing constraints.

«  Microcycle sweep mode can be used to phase programs which need to run less often while
limiting the logic window execution time.

A list of execution times for instructions can be found in Appendix A.
Note

In Microcycle Sweep mode, the Logic Window can be skipped or preempted as
necessary by the PLC Executive.

Output Scan

Outputs are scanned immediately following logic solution. During the output scan, the CPU sends
output data to the Genius Bus Controllers, FIP Bus Controllers, and Series 90-70 output modules.
Also, the PLC, as the producer in an Ethernet Global Data exchange will periodically produce new
samples of data for use by the configured devices on the Ethernet network. (For details, see GFK-
1541, the TCP/IP Ethernet Communications for the Series 90 PLC User’s Manual).

Series 90-70 output modules are scanned from lowest to highest I/O reference address. Bus
Controllers are scanned from rack 0 to rack 7 and lowest to highest slot number within each rack.

Note

The output scan will not be performed if a program has an active Suspend I/O
function on the current sweep.

When referring to FIP in this scan, only periodic VCOM (MPS) services are
affected. Messages are received in the System ComationidVindow.

Polling for faulted boards also occurs during the output scan phase of the sweep. Faulted board
polling recognizes replacement boards for faulted ones and reconfigures them into the system. If a
board that was previously in the system or configured by the user to be in the system is listed as
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faulted, it must be polled periodically to determine if a new board has replaced it. Once a
previously faulted board is detected as no longer faulted, reconfiguration is run in the Programmer
Communications Window until the board(s) are reconfigured into the system.

The background checksum calculation also occurs during the output phase of the sweep. During
each output scan phase of the sweep, the configured amount of words of user program are included
in the checksum calculation. This checksum helps to ensure the integrity of the user logic while the
CPU is executing. If the CPU is configured to perform a background checksum calculation (16 is
the default), then this part of the output phase is performed; otherwise, it is skipped.

There are other tests performed during the Output Scan: Processor test—tests basic operation of the
microprocessor and BCP Opcode test—tests basic operation of all BCP instructions.

Note

Beginning with the Release 7 CPUs, for Microcycle Sweep only, the background
checksum calculation will occur during the input phase of the sweep.

Programmer Communications Window

This part of the sweep is dedicated to serial and parallel communications with the programmer and
performing faulted board reconfiguration. This is also when communication with the C debugger
occurs. If there is a programmer attached, a debugging session is active, or if there is a board in the
system that requires reconfiguration (as detected during the faulted board polling portion of the
sweep), the CPU executes the Programmer Window. The Programmer Window will not execute if
there is no programmer attached, no active debug session occurring, and no board to be configured
in the system. During the Programmer Window, highest priority is given to board configuration.
Boards are configured as needed, up to the total time allocated to the Programmer Window.

The built-in SNP connection and the parallel programmer connection (the two dedicated
programmer ports on most systems) communicate to the CPU through the Programmer Window.
For the CPX models, there are three built-in SNP ports. All three of these communicate through
the Programmer Window. The CPU will complete any previously unfinished requests and then
begin to process any pending requests in the queue. When the time allocated for the window
expires, processing stops.

The Programmer Window time defaults to 10 milliseconds. This value can be configured and
stored to the PLC or it can be changed online using your programming software.

Time and execution of the Programmer Window can also be dynamically controlled from the user
program using Service Request function #3. The Programmer Communications Window time can
be set to a value from 0 to 255 milliseconds. Note that if the Programmer Communications
Window is set to 0, there are 3 ways to again open the window; perform a batteryless power-cycle,
go to STOP mode, or use the parallel programming port as noted below.

Note

Even if the Programmer Window is skipped, the PLC can still respond to
commands to change mode or state, or to redefine the Programmer Window if the
programmer is attached through the parallel port on the Bus Transmitter Module
(BTM), or by manually putting the PLC into STOP mode.
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System Communications Window

The System Communications Window is the part of the sweep used for communication between
the CPU and intelligent modules such as the PCM, Genius Bus Controller, FIP Bus Controller, and
TCP/IP Ethernet modules. Note that the Ethernet programmer communicates in the System
Communications Window.

At the start of the System Communications Window, the CPU will complete any previously
unfinished request before executing any pending requests in the queue. When the time allocated for
the window expires, processing stops.

The System Communications Window defaults to “Run to Completion” mode. This means that all
currently pending requests on all intelligent option modules are processed every sweep. A different
mode can be configured and stored to the PLC, or it can be changed online using your
programming software.

Time and execution of the System Communications Window can also be dynamically controlled
from the user program using Service Request function #4. This allows communications functions to
be skipped during certain time-critical sweeps. The System Communications Window time can be
set to a value from 0 to 255 milliseconds.

Background Window

GFK-0265J

A CPU self-test is performed in this window. Included in this self-test is a verification of the
checksum for the 90-70 CPU operating system software.

The Background Window time defaults to 0 milliseconds. A different value can be configured and
stored to the PLC, or it can be changed online using your programming software.

Time and execution of the Background Window can also be dynamically controlled from the user
program using Service Request function #5. This allows background functions to be skipped during
certain time-critical sweeps.
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Window Modes

The previous sections have described the phases of a typical PLC sweep. The Programmer
Window, System Communications Window, and Background Window phases of the PLC sweep
can be run in various modes, based on the PLC Sweep mode. (PLC sweep modes are described in
detail in section 4.) The following three window modes are available:

Run-to- In Run-to-Completion mode, all requests made when the window has started
Completion are serviced. When all pending requests in the given window have completed,
the PLC will transition to the next phase of the sweep.

Constant In Constant Window mode, the total amount of time that the Programmer
Communications Window, System Communications Window, and
Background Window run is fixed. If the time expires while in the middle of
servicing a request, these windows are closed, and communications will be
resumed the next sweep. If no requests are pending in this window, the PLC
will cycle through these windows the specified amount of time polling for
further requests. If any window is put in constant window mode, all will be in
constant window mode.

Limited In Limited mode, the maximum time that the window runs is fixed. If time
expires while in the middle of servicing a request, the window is closed, and
communications will be resumed the next time that the given window is run. If
no requests are pending in this window, the PLC will proceed to the next phase
of the sweep.

Data Coherency in Communications Windows

When running in Constant or Limited Window mode, the Programmer and System
Communications Windows may be terminated early in all PLC sweep modes. If an external device,
such as a GBC (Genius Bus Controller), is transferring a block of data, the coherency of the data
block may be disrupted if the communications window is terminated prior to completing the
request. The request will complete during the next sweep; however, part of the data will have
resulted from one sweep and the remainder will be from the following sweep. When the PLC is in
Normal Sweep mode and the Communications Window is in Run-to-Completion mode, the data
coherency problem described above does not exist.

Note

External devices that communicate to the PLC while it is stopped will read
information as it was left in its last state. This may be misleading to operators
viewing an HMI system that does not indicate PLC RUN/STOP state. Process
graphics will often indicate everything is still operating normally.

Also, note that non-retentive outputs do not clear until PLC CPU is changed from
STOP to RUN.
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CPU Sweep in STOP Mode

The 90-70 PLC has two modes of operation while it is in Stop mode: Stop/NolO and
Stop/IOScan

When the PLC is in Stop/NolO mode the Input Scan, Logic Window, and Output Scan phases of
the PLC sweep are skipped.

When the PLC is in Stop/IOScan mode the Logic Window phase of the PLC is skipped but the
Input Scan and Output Scan phases are performed each sweep.

In both Stop/NolO and Stop/IOScan modes, the two Communications Windows run in Run-to-
Completion mode and the Background Window runs in Limited mode with a 10 millisecond limit.

START-OF-SWEEP
HOUSEKEEPING

EXECUTES
IN STOP/IOSCAN
ONLY

INPUT SCAN

A

EXECUTES
IN STOP/IOSCAN
ONLY

OUTPUT SCAN

v

PROGRAMMER
COMMUNICATIONS

RUN
(0]

—

WINDOW COMPLETION
v
SYSTEM RUNS
COMMUNICATIONS TO
WINDOW COMPLETION

A

LIMITED
(10 MS)

BACKGROUND
WINDOW

}

Figure 2-2. CPU Sweep in Stop/NolO and Stop/IOScan Mode
Note

Stop/IOScan is not supported in Microcycle Sweep mode.
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PLC Sweep Modes

The 90-70 PLC supports four PLC sweep modes:

Normal Sweep

Constant
Sweep

Constant
Window

Microcycle
Sweep

In Normal Sweep mode, each PLC sweep can consume a variable amount of
time. The Logic Window is executed in its entirety each sweep. The
Communications and Background Windows can be set to execute in a Limited
or Run-to-Completion mode.

In Constant Sweep mode, each PLC sweep begins at a user-specified Constant
Sweep time after the previous PLC sweep began. The Logic Window is
executed in its entirety each sweep. If there is sufficient time at the end of the
sweep, the PLC will alternate among the Communications and Background
Windows, allowing them to execute until it is time for the next sweep to begin.

In Constant Window mode, each PLC sweep can consume a variable amount of
time. The Logic Window is executed in its entirety each sweep. The PLC will
alternate among the Communications and Background Windows, allowing them
to execute for a time equal to the user-specified Constant Window timer.

In Microcycle Sweep mode, like Constant Sweep mode, each PLC sweep takes
a fixed amount of time. The total sweep time (base cycle time) and the total
time for the Communications and Background Windows is specified by the
user. The Logic Window can be preempitedrder to maintain the total sweep
time and the Communications Windows and Background Window times. To
satisfy the specified window times, the PLC alternates among the Programmer
Communications Window, the System Communications Window, and the
Background Window, allowing them to execute until it is time for the next
sweep to begin.

Note

The information presented above summarizes the different sweep modes. For
detailed information on PLC Sweep Modes, refer to “PLC Sweep Modes and
Program Scheduling Modes” in section 4 of this chapter.
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Section 2: User Reference Data

User References

The PLC data used in an application program is stored as either discrete or register references.

Table 2-2. Register References

Type Description

%R Use the prefix %R to assign system register references which will store program data such as the
results of calculations.

%Al | The prefix %Al represents an analog input register. This prefix is followed by the register
address of the reference (for example, %AI0015). An analog input register holds the value of one
analog input or other non-discrete value.

%AQ | The prefix %AQ represents an analog output register. This prefix is followed by the register
address of the reference (for example, %AQ0056). An analog output register holds the value of
one analog output or other non-discrete value.

%P* | Use the prefix %P to assign program register references which will store program data from the
_MAIN block. This data can be accessed from all program blocks. The size of the %P data block
is based on the highest %P reference in all blocks. (For more information, refer to the Appendix
D, “Memory Allocation.”) The %P references are not normally accessible from external hosts.

%L* |Use the prefix %L to assign local register references which will store program data unique to a
block. The size of the %L data block is based on the highest %L reference in the associated
block. (For more information, refer to Appendix D, “Memory Allocation.”) The %L references
are accessible only from within the local block.

* These reference types are scoped at a program level and are therefore only visible to LD programs.

Note

All register references are retained across a power cycle to the CPU.

Indirect References

You can use indirect referencing for all register references (%R, %Al, %AQ, %P, and %L) to
identify a location in memory that contains the offset in the same memory type of the data to be
used. Indirect references are entered in the same way as direct references, exce@that the
character is used in place of #techaracter. For example, if %R00101 contains the value 1000,
then @R00101 would instruct the PLC to use the data location of %R01000.

Indirect references can be useful when you want to perform the same operation to many registers.
Use of indirect references can also be used to avoid repetitious ladder logic within the application
program. It can be used in loop situations where each register is incremented by a constant or by a
value specified until a maximum is reached.
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Table 2-3. Discrete References

Type

Description

Retentiveness

%I

The %l prefix represents input references. This prefix is followed by

the reference’s address in the input table (for example, %100121)
references are located in the input status table, which stores the s

all inputs received from input modules during the last input scan. A

reference address is assigned to discrete input modules using yo
programming software. Until a reference address is assigned, no

will be received from the module. %I memory is always retentive,.

Always retentive
%l
tate of

ur
data

%Q

The %Q prefix represents physical output references. The coil ch
function checks for multiple uses of %Q references with relay coil
outputs on functions. Beginning with Release 4 of the Logicmaste
you can select the level of coil checking desired (Single, Warn
Multiple, or Multiple).

The %Q prefix is followed by the reference’s address in the outpu
table (for example, %Q00016). %Q references are located in the
output status table, which stores the state of the output reference
last set by the application program. This output status table’s valu
sent to output modules at the end of the program scan. A referen
address is assigned to discrete output modules using your

programming software. Until a reference address is assigned, no

edBased on type of coil use|
5 or

r,

t
5 as
es are
ce

data is

sent to the module. A particular %Q reference may be either retentive

or non-retentive. *

o

%M

The %M prefix represents internal references. The coil check func
of your programming software checks for multiple uses of %M
references with relay coils or outputs on functions. A particular %l
reference may be either retentive or non-retentive. *

stiBased on type of coil use

M

%T

The %T prefix represents temporary references. These reference
never checked for multiple coil use and can, therefore, be used m

S aralways non-retentive
any

times in the same program even when coil use checking is enabled—

this is not a recommended practice because it makes subsequen

trouble-shooting more difficult. %T may be used to prevent coil use

conflicts while using the cut/paste and file write/include functions.
Because this memory is intended for temporary use, it is never re
through power loss or Run-to-Stop-to-Run transitions and cannot
used with retentive coils.

tained
be
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Table 2-3. Discrete References - Continued
Type Description Retentiveness
%S | The %S, %SA, %SB, and %SC prefixes represent system status | Retentive, yet always
%SA | references. These references are used to access special PLC datagiaived at power-up
%SB | as timers, scan information, and fault information. For example, th See d intion f
%SC | %SC0012 bit can be used to check the status of the PLC fault tal:l%.ej]ea g?g@'igﬂ, Onrd idua
Once the bit is set on by an error, it will not be reset until after the| """ Vi individu
sweep. bit in Table 2-9.)
e %S, %SA, %SB, and %SC can be used on any contacts.
¢ %SA, %SB, and %SC can be used on retentive coils -(M)-.
Note
Although the programming software forces
the logic to use retentive coils with %SA,
%SB, and %SC references, most of these
references are not preserved across battery-
backed power cycles.
e %S can be used as word or bit-string input arguments to functions
or function blocks.
*  %SA, %SB, and %SC can be used as word or bit-string input or
output arguments to functions and function blocks.
%G The %G, %GA, %GB, %GC, %GD, and %GE prefixes represent Always retentive
%GA | global data references. These references are used to access data shared
%GB | among several PLCs. %G, %GA, %GB, %GC, %GD, and %GE
%GC | references can be used on contacts and retentive coils because the
%GD | memory is always retentive. %G, %GA, %GB, %GC, %GD, and %GE
%GE | cannot be used on non-retentive coils.

* Retentiveness is based on the type of coil. For more information, refer to “Retentiveness of Logic and Data”
later in this section.
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User Reference Size and Default

Maximum user references and default reference sizes for each model of CPU are listed in the tables
below.

Table 2-4. User Reference Sizes

CPU Model
Item 935/928 780/781
925/915/790  924/914 788 | 782/789 7711772 731/73p
Maximum %I 12288 points | 12288 points| 352 pofnts | 12288 points | 2048 points 512 pointé
reference
Maximum %Q 12288 points | 12288 points| 352 pofnts | 12288 points | 2048 points 512 pointé
reference
Maximum %M 12288 points | 12288 points| 12288 points 12288 points 4096 points 2048 points
reference
Maximum %T 256 points 256 points 256 points 256 points 256 points 256 points
reference
%S total 512 points 512 points 512 points 512 points 512 points 512 points
(S, SA, SB, SC)
%G (GA, GB, GC, | 7680 points 7680 points 7680 points 7680 points 7680 points 1280 points
GD, GE)
User RAM 1024K bytes | 512K bytes 512K bytes 512K bytes | CPU771/2: 32K bytes
(6MB for 928) (CPX 782 has | 64, 128, 256, 512
1024 KB) KB depending on
expansion memory
board purchased
CPX772: 512 KB
Maximum %Al 8K words 8K words 8K words 8K words 8K words 8K words
reference
Maximum %AQ 8K words 8K words 8K words 8K words 8K words 8K words
reference
Maximum %R, 1K | 16K words 16K words 16K words 16K words 16K words 16K words
word increments
Maximum %L (per | 8K words. 8K words 8K words 8K words 8K words 8K words
block)
Maximum %P 8K words 8K words 8K words 8K words 8K words 8K words

! Total number of physical input and output points together cannot exceed 352 points. This corresponds to approxiredghga60
points. Refer to Chapter 1 of GFK-1277 for more information.

2 Prior to Release 6 of Logicmaster, the programming software restricted the total %I and %Q to the limit shown indivigaalty fSor
example, when using previous programming packages with a 782 CPU, there was a maximum of 12288 points of %brabies)
This restriction no longer exists with the newer versions of Logicmaster.

Table 2-5. Default Memory Sizes

CPU Model
Memory 935/928 780/781/782

Type 925/915/790 924/914 788/789 781/782 771/772 731/732

%Al 64 words 64 words 64 words 64 words 64 words 64 words

%AQ 64 words 64 words 64 words 64 words 64 words 64 words
%R 1024 words 1024 words 1024 words 1024 words 1024 words 1024 words
%P 0 words 0 words 0 words 0 words 0 words 0 words
%L 0 words 0 words 0 words 0 words 0 words 0 words
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%G User References and CPU Memory Locations

The Series 90-70 CPU contains only one data space for all of the global data references (%G,
%GA, %GB, %GC, %GD, and %GE). The internal CPU memory for this data is 7680 bits long.
Your programming software provides the user a subdivided representation by using %G, %GA,
%GB, %GC, %GD, and %GE prefixes—allowing each of these prefixes to be used with bit offsets
in the range 1-1280. Your programming software interprets the requested global reference type
(%G, %GA, %GB, %GC, %GD, or %GE) and converts it to the %G memory type and correct bit
offset for use by the CPU. The actual mapping is shown in the table displayed below.

Table 2-6. %G References and Memory Locations

Global Data
Type %G %GA %GB %GC %GD %GE

References |%G1-1280 | %GA1-1280 %GB1-1280 %GC1-1280 %GD1-1280 %GE1-1280
Used by the
Programming
Software

Memory %G1-1280 %G1281-| %G2561- | %G3841- | %G5121- | %G6401-

Locations Use 2560 3840 5120 6400 7680
by the CPU

This information is useful when programming 90-70 CPU applications in C language using the C
Programmer’s Toolkit. For more information about using the C Programmer’s Toolkit, refer to the
C Programmer’s Toolkit for Series 90PLCs User's ManualGFK-0646).

Note
A 731 CPU supportsnly %G since it has only 1280 points of global data.

Genius Global Data

The Series 90-70 PLC supports the sharing of data among multiple PLC systems that share a
common Genius I/O bus. This mechanism provides a means for the automatic and repeated transfer
of %G, %l, %Q, %AIl, %AQ, and %R data. No special application programming is required to use
global data since it is integrated into the I/O scan. All GE Fanuc PLCs that have Genius I/O
capability can send and receive global data from a S¥igd @LC.

GFK-0265J Chapter 2 System Operation 2-15



2-16

Transitions and Overrides

The %l, %Q, %M, and %G user references have associated transition and override bits. %T, %S,
%SA, %SB, and %SC references have transition bits but not override bits. The CPU uses transition
bits for counters, transitional contacts, and transitional coils. Note that counters do not use the same
kind of transition bits as contacts and coils. Transition bits for counters are stored within the

locating reference.

Caution

Do not override transitional coils. If a transitional coil is overridden and the
override is then removed, the coil will come on for one sweep. This can cause
unexpected consequences in the PLC ladder logic and in field devices
attached to the PLC.

When override bits are set, the associated references cannot be changed from the program or the
input device; they can only be changed on command from the programmer.

Retentiveness of Logic and Data

Data is defined as retentive if it is saved by the PLC when the PLC transitions from STOP mode to
RUN mode. On STOP to RUN transition, the Series 90-70 PLC preserves program logic, fault
tables and diagnostics, checksums for program logic, overrides and output forces, word data (%R,
%L, %P, %Al, %AQ), and bit data (%l, %G, fault locating references, and reserved bits), and %Q
and %M data (unless used with non-retentive coils). %T data is non-retentive and therefore not
saved on STOP to RUN transitions.

Retentive data is also preserved during battery-backed power-cycles of the PLC CPU. Exceptions
to this rule include the fault locating references and most of the %S, %SA, %SB, and %SC
references. These references are initialized to zero at power-up regardless of the state of the
battery. (See table 2-9 for a description of the behavior of each system status reference.)

When %Q and %M references are used with non-retentive coils, they are non-retentive (that is,
cleared when the PLC transitions from Stop to Run, including power-up in Run mode). Non-
retentive coils include coils -()-, negated coils -(/)-, SET coils -(S)-, and RESET caoils -(R)-.

When %Q or %M references are used with retentive coils or are used as function block outputs, the
contents are retained through power loss and Run-to-Stop-to-Run transitions. Retentive coils
include retentive coils -(M)-, negated retentive coils -(/M)-, retentive SET coils -(SM)-, and

retentive RESET coils -(RM)-.

The last time a %Q or %M reference is programmed on a coil instruction determines whether the
%Q or %M reference is retentive or non-retentive based on the coil type. For example, if %Q00001
was last programmed as the reference of a retentive coil, the %Q00001 data will be retentive.
However, if %Q00001 was last programmed on a nhon-retentive coil, the %Q00001 data will be
non-retentive.
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Note
When only standalone C programs are used, the retentive nature of data is based

solely on the memory type since there are no coil instructions. In this case %Q
and %M memory types are retentive.
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Data Scope

Each of the user references has “scope”; that is, it may be available throughout the system,
available to all programs, restricted to a single program, or restricted to local use within a block.

Table 2-7. Data Scope of User Reference Data

User Reference Range Scope

%I, %Q, %M, %T, %S, %SA, %SB, System From any program, block, or host compute
%SC, %G, %R, %Al, %AQ, convenience
references, fault locating references

=

%P Program From any block, but not from other programs
(also available to a host computer)
%L Local From within a block only (also available to a

host computer)

In an LD block:
* %P should be used for program references that are shared with other blocks.

* %L are local references which can be used to restrict the use of register data to that block.
These local references are not available to other parts of the program.

%I, %Q, %M, %T, %S, %SA, %SB, %SC, %G, %R, %Al, and %AQ references are available
throughout the system.

Appendix D contains Memory Allocation formulas for determining the total number of bytes of
user data used and how much is still available for the logic.
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Data Types

Table 2-8. Data Types

Type Name Description Data Format
BOOL Boolean A Boolean data type is the smallest unit of memory. It has two
states, 1 or 0. A BOOL array may have length N.
BYTE Byte A Byte data type has an 8-bit value. It has 256 values (0-255). A
BYTE array may have length N.
WORD Word A Word data type uses 16 consecutive bits of data memory. Thegjster 1
valid range of word values is 0000 hex to FFFF hex. [ 1 @6bitstates)
16 1
DWORD | Double Word A Double Word data type has the same characteristics as a singigyister 2 Register 1
word data type, except that it uses 32 consecutive bits in data | ]
memory instead of only 16 bits. 32 17 16 1
(32 bit states)
UINT Unsigned | Unsigned integers use 16-bit memory data locations. They hgveragjster 1
Integer | valid range of 0 to +65535 (FFFF hex). [ @Binaryvaue)
16 1
INT Signed Signed integers use 16-bit memory data locations, and are Repjister 1 (Two's
Integer | represented in 2's complement notation. The valid range of ansfT ] Complerrent
data type is —32768 to +32767. 16 valle)
DINT Double Double precision integers are stored in 32-bit data memory Register 2 Register 1
Precision | locations (two consecutive 16-bit memory locations) and are | sl |
Integer | always signed values (bit 32 is the sign bit.) The valid range of 82 Bi 17 1|6 1
DINT data type is —2147483648 to +2147483867. (Binary value)
REAL Floating- | Real numbers use 32 consecutive bits (two consecutive 16-bit Register 2 Register 1
Point memory locations). The range of numbers that can be stored fib_this |
format is from+ 1.401298E-45 to + 3.402823E+38. Referto | 32 17 16 1
Appendix D “Using Floating-Point Math,” for IEEE format. (IEEE format)
BCD-4 Four-Digit | Four-digit BCD numbers use 16-bit data memory locations. Eachegjster 1
Binary Coded BCD digit uses four bits and can represent numbers between {xdrd 2[1 | (4 BCD digits)
Decimal |9. This BCD coding of the 16 bits has a legal value range of 0t@3 9 5 1
9999.
BCD-8 Eight- Eight-digit BCD data types use two consecutive 16-bit data Reqister 2 Register 1
Digit Binary | memory locations (32 consecutive bits). Each BCD digit uses|4[s8 [7]6 ][5 ] [4]3]8 1]
Coded bits per digit to represent numbers from 0 to 9. The complete vgidg 25 21 17 16 13 9 5 1
i -digit BCD i . -
Decimal |range of the 8-digit BCD data type is 0 to 99999999 (8 BCD digits)
MIXED Mixed A Mixed data type is available only with the MUL and DIV 16 16 32
functions. The MUL function takes two integer inputs and L ] 1 I = 1
produces a double integer result. The DIV function takes a dquble 32 16 16
integer dividend and an integer divisor to product an integer resuit =
ASCII ASCII Eight-bit encoded characters. A single reference is required to
make up 2 (packed) ASCII characters. The first character of the
pair corresponds to the low byte of the reference word. The
remaining 7 bits in each section are converted. Command codes
and non-displayable characters appear on the screen as non
alphanumeric characters (for example, @).

S = Sign bit (0 = positive, 1 = negative).
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Note

Using function blocks that are not explicitly bit-typed will affect transitions for
all bits in the written byte/word/dword.

Also for information about using floating-point numbers, refer to Appendix D,
“Using Floating-Point Numbers.”

System Status References

System status references (formerly called “Convenience” references) in the Series 90-70 PLC are
assigned to %S, %SA, %SB, and %SC memory. They each have a system-supplied nickname
which enables you to enter the nickname rather than the exact %S reference. Examples of time tick
references include T_10MS, T_100MS, T_SEC, and T_MIN. Examples of other system status
references include FST_SCN, ALW_ON, and ALW_OFF.

Note

%S bits are read-only bits; do not write to these bits. You may, however, write to
%SA, %SB, and %SC bits.

Listed below are available system status references that may be used in an application program.
When entering logic, either the reference or the nickname can be used. Refer to Chiaptdtr 3,
Explanation and Correction,” for more detailed fault descriptions and information on correcting
faults.

While it is possible to use these special names in another context, their use is restricted (for
example, you cannot use them as a block name or folder name).

Note

Most references not listed in the following table (for example, %S0002) are not
used for the Series 90-70 PLC. Products that have Genius Modular Redundancy
(CPU788, CPU789, and CPU790) have additional references, as does the 780
CPU and CGR935 (with CPU redundancy). Refer to GFK-1277 for status
references for Genius Modular Redundancy (GMR) and GFK-1527 for CPU
redundancy.
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Table 2-9. System Status References

Reference Name Definition

%S0001 FST_SCN Current sweep is the first sweep in which the LD executed. Set the first
time the user program is executed aft&t@p/Run transition and cleared
upon completion of its execution.

NOTE: In a C stand-alone program, use a C macro to determine
FST_SCN, not %S0001.

%S0003 T _10MS 0.01 second timer contact.

%S0004 T_100MS 0.1 second timer contact.

%S0005 T SEC 1.0 second timer contact.

%S0006 T _MIN 1.0 minute timer contact.

%S0007 ALW_ON Always ON.

%S0008 ALW_OFF Always OFF.

%S0009 SY_FULL Set when the PLC fault table fills up (size configurable with a default of
16 entries). Cleared when an entry is removed from the PLC fault table
and when the PLC fault table is cleared.

%S0010 10_FULL Set when the I/O fault table fills up (size configurable with a default of
32 entries). Cleared when an entry is removed from the I/O fault table
and when the I/O fault table is cleared.

%S0011 OVR_PRE Set when an override exists in %l, %Q, %M, or %G memory.

%S0012 FRC_PRE Set when force exists on a Genius point.

%S0013 PRG_CHK Set when background program check is active.

%S0014 PLC_BAT Set to indicate a bad battery in a Release 4 or later CPU. The contact is
updated when a change in the battery status occurs.

%S0121 FST_EXE Current sweep is the first time this block has been called. Set whegn
transitioning from Stop to Run. FST_EXE is not available to standglone
C programs.

%SA0001 PB_SUM Set when a checksum calculated on the application program does not
match the reference checksum. If the fault was due to a temporary
failure, the condition can be cleared by again storing the program to the
CPU. If the fault was due to a hard RAM failure, then the CPU must be
replaced.

To clear this bit, clear the PLC fault table or power cycle the CPU.

%SA0002 OV_SwWP Set when the PLC detects that the previous sweep took longer than the
time specified by the user. To clear this bit, clear the PLC fault table or
power cycle the CPU. Only occurs if the PLC is in Constant Sweep |or
Microcycle Sweep mode

%SA0003 APL_FLT Set when an application fault occurs. To clear this bit, clear the PLC fault
table or power cycle the CPU.

%SA0009 CFG_MM Set when a configuration mismatch fault is logged in the fault tables. To
clear this bit, clear the PLC fault table or power cycle the CPU.

%SA0010 HRD_CPU Set when the diagnostics detects a problem with the CPU hardware. . To
clear this bit, clear the PLC fault table or power cycle the CPU.

%SA0011 LOW_BAT Set when a low battery fault occurs. To clear this bit, clear the PLQ fault
table or power cycle the CPU.

%SA0012 LOS_RCK Set when an expansion rack stops communicating with the PLC QPU. To
clear this bit, clear the PLC fault table or power cycle the CPU.
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Note

%SA, %SB, and %SC contacts are not set or reset until the input scan phase of
the sweep following the occurrence of the fault or a clearing of the fault table(s).

%SA, %SB, and %SC contacts can also be set or reset by user logic and PLC
monitoring devices.

Also please note that if you have not fixed the condition that caused the fault, the
fault may return immediately after power-cycling the PLC.
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Table 2-9. System Status References - Continued

Reference Name Definition
%SA0013 LOS_IoC Set when a Bus Controller stops communicating with the PLC.

To clear this bit, clear the I/O fault table or power cycle the CPU.
%SA0014 LOS_IOM Set when an I/O module stops communicating with the PLC CPU.

To clear this bit, clear the I/O fault table or power cycle the CPU.
%SA0015 LOS_SIO Set when an option module stops communicating with the PLC CPU.

To clear this bit, clear the PLC fault table or power cycle the CPU.
%SA0017 ADD_RCK Set when an expansion rack is added to the system.

To clear this bit, clear the PLC fault table or power cycle the CPU.
%SA0018 ADD_IOC Set when a Bus Controller is added to a rack.

To clear this bit, clear the I/O fault table or power cycle the CPU.
%SA0019 ADD_IOM Set when an I/O module is added to a rack.

To clear this bit, clear the I/O fault table or power cycle the CPU.
%SA0020 ADD_SIO Set when an intelligent intelligent option module is added to a ragck.

To clear this bit, clear the I/O fault table or power cycle the CPU.
%SA0022 IOC_FLT Set when a Bus Controller reports a bus fault, a global memory fault,

or an I0C hardware fault.

To clear this bit, clear the I/O fault table or power cycle the CPU.
%SA0023 IOM_FLT Set when an I/O module reports a circuit or module fault.

To clear this bit, clear the I/O fault table or power cycle the CPU.
%SA0027 HRD_SIO Set when a hardware failure is detected in an option module.

To clear this bit, clear the I/O fault table or power cycle the CPU.
%SA0029 SFT_IOoC Set when there is a software failure in the I/O Controller.

To clear this bit, clear the I/O fault table or power cycle the CPU.
%SA0031 SFT_SIO Set when an option module detects an internal software error.

To clear this bit, clear the I/O fault table or power cycle the CPU.
%SA0032 SBUS_ER Set when a bus error occurs on the VME bus backplane

To clear this bit, clear the I/O fault table or power cycle the CPU.
%SA0081 — Set when a user-defined fault is logged in the PLC fault table.
%SA0112 To clear this bit, clear the PLC fault table or power cycle the CPU, For

more information, see discussion of Service Request 21 in Chapter 4.
%SB0001 WIND_ER Set when there is not enough time to start the Programmer Window in

Constant Sweep or Microcycle Sweep mode, or when there is not

enough time to start the Logic Window in Microcycle Sweep mode.

To clear this bit, clear the PLC fault table or power cycle the CPU.
%SB0009 NO_PROG Set when the PLC CPU powers up with memory preserved, but no user

program is present. Cleared when the PLC powers up with a program
present or by clearing the PLC fault table.
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Table 2-9. System Status References - Continued

Reference Name Definition
%SB0010 BAD_RAM Set when the CPU detects corrupted RAM memory at power-up.
Cleared when the CPU detects that RAM memory is valid at
power-up or by clearing the PLC fault table.
%SB0011 BAD_PWD Set when a password access violation occurs. Cleared when
the PLC fault table is cleared or when the CPU is power cycled..
%SB0012 NUL_CFG Set when an attempt is made to put the PLC in Run mode when there
is no configuration data present.
To clear this bit, clear the PLC fault table or power cycle the CPU.
%SB0013 SFT_CPU Set when the CPU detects an error in the CPU operating system
software.
To clear this bit, clear the PLC fault table or power cycle the CPU.
%SB0014 STOR_ER Set when an error occurs during a programmer store operation,
To clear this bit, clear the PLC fault table or power cycle the CPU,
%SB0016 MAX_lOC Set when more than 32 I0Cs are configured for the system.
To clear this bit, clear the PLC fault table or power cycle the CPU.
%SB0017 SBUS_FL Set when the PLC fails to gain access to the bus.
To clear this bit, clear the PLC fault table or power cycle the CPU,
%SC0009 ANY_FLT Set when any fault occurs that causes an entry to be placed in the PLC
or I/O fault table. Cleared when both fault tables are cleared or when
the CPU is power cycled.
%SC0010 SY_FLT Set when any fault occurs that causes an entry to be placed in the PLC
fault table. Cleared when the PLC fault table is cleared or when the
CPU is power cycled.
%SC0011 IO_FLT Set when any fault occurs that causes an entry to be placed in the I/O
fault table. Cleared when the I/O fault table is cleared or when the
CPU is power cycled.
%SC0012 SY_PRES Set as long as there is at least one entry in the PLC fault table. |Cleared
when the PLC fault table is cleared.
%SC0013 IO_PRES Set as long as there is at least one entry in the /O fault table. Gleared
when the I/O fault table is cleared.
%SC0014 HRD_FLT | Set when a hardware fault occurs. Cleared when both fault tables are
cleared or when the CPU is power cycled.
%SC0015 SFT_FLT Set when a software fault occurs. Cleared when both fault tables are
cleared or when the CPU is power cycled.
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Other References

The fault references are discussed in Chapter 3 of this manual but are presented here for your

GFK-0265J

convenience.

Table 2-10. System Fault References

System Fault Reference Description
ANY_FLT Any new fault in either table since the last power;up
or clearing of the fault tables
SY_FLT Any new system fault in the PLC fault table since
the last power-up or clearing of the fault tables
IO_FLT Any new fault in the I/O fault table since the last
power-up or clearing of the fault tables
SY_PRES Indicates that there is at lease one entry in the PLC
fault table
IO_PRES Indicates that there is at least one entry in the I/Q
fault table
HRD_FLT Any hardware fault
SFT_FLT Any software fault

Table 2-11. Configurable Fault References

Configurable Faults
(Default Action

Description

SBUS_ER (diagnostic)

System bus error. (The BSERR signal was generated on the VME system bus.)

SFT_IOC (diagnostic)*

Non-recoverable software error in a Genius Bus Controller.

LOS_RCK (diagnostic)

Loss of rack (BRM failure, loss of power) or missing a configured rack.

LOS_IOC (diagnostic)*

Loss of Bus Controller missing a configured Bus Controller.

LOS_IOM (diagnostic)

Loss of I/O module (does not respond) or missing a configured /O mod

ule.

LOS_SIO (diagnostic)

Loss of intelligent option module (does not respond) or missing a configured

module.

IOC_FLT (diagnostic)

Non-fatal bus or Bus Controller error—more than 10 bus errors in 10 seconds

(error rate is configurable).

CFG_MM (fatal)

Wrong module type detected during power-up, store of configuration, or
mode. The PLC does not check the configuration parameters set up for
individual modules such as Genius I/O blocks.

Run
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Table 2-12. Non-Configurable Faults

Non-Configurable

Faults (Action) Description
SBUS_FL (fatal) System bus failure. The PLC CPU was not able to access the VME bus
BUSGRT-NMI error.
HRD_CPU (fatal) PLC CPU hardware fault, such as failed memory device or failed serial port.

HRD_SIO (diagnostic) Non-fatal hardware fault on any module in the system, such as the failure of a
serial port on a PCM.

SFT_SIO (diagnostic) Non-recoverable software error in a PCM or LAN interface module.

PB_SUM (fatal) Program or block checksum failure during power-up or in Run mode.
LOW_BAT (diagnostic) | Low battery signal from CPU or another module in the system.
OV_SWP (diagnostic) Constant sweep time exceeded.

SY _FULL, I0_FULL PLC fault table full
(diagnostic) I/O fault table full

IOM_FLT (diagnostic) Point or channel on an I/O module—a partial failure of the module.
APL_FLT (diagnostic) Application fault.

ADD_RCK (diagnostic) | New rack added, extra, or previously faulted rack has returned.
ADD_IOC (diagnostic) | Extra I/O Bus Controller or reset of /O Bus Controller.

ADD_IOM (diagnostic) | Previously faulted I/O module is no longer faulted or extra I/O module.
ADD_SIO (diagnostic) | New intelligent option module is added, extra, or reset.

NO_PROG (information) | No application program is present at power-up. Should only occur the first
time the PLC is powered up or if the battery-backed RAM containing the
program fails.

BAD_RAM (fatal) Corrupted program memory at power-up. Program could not be read and/or did
not pass checksum tests.

WIND_ER (information) | Window completion error. Servicing of Programmer or Logic Window was
skipped. Occurs in Constant Sweep or Microcycle Sweep mode.

BAD_PWD (information) | Change of privilege level request to a protection level was denied; bad

password.

NUL_CFG (fatal) No configuration present upon transition to Run mode. Running without a
configuration is similar to suspending the 1/O scans.

SFT_CPU (fatal) CPU software fault. A non-recoverable error has been detected in the CPU.
May be caused by Watchdog Timer expiring.

MAX_IOC (fatal) The maximum number of bus controllers has been exceeded. The Series 90
PLC supports 32 bus controllers.

STOR_ER (fatal) Download of data to PLC from the programmer failed; some data in PLC may

be corrupted.

Note

Fault and FIP locating references are discussed in Chapter 3, section 1 of this manual

Refer to theSeries 90" Sequential Function Chart Programming Language User’s
Manual (GFK-0854) for SFC references.
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Section 3: Program Organization

GFK-0265J

The user program(s) contains the logic that is used to process input data and control output data.
Program logic is executed repeatedly by the PLC. The Series 90-70 PLC allows up to 16 user
programs, with a maximum of 1 LD program. Refer to Tables 2-4 and 2-5 for a listing of program
sizes and reference limits for each CPU model.

The following figure depicts three user programs, two of which are standalone C programs. The
LD program consists of four blocks (_MAIN, LD_1, PSB_X, and EXT4). The figure further
illustrates the scoping of various memory types: all references except %P and %L are visible to the
standalone programs; %P memory is visible to all of the program blocks, and the LD_1 block has
its own local data, %L. Details of standalone programs and blocks are described later in this
section.

Proaram “A” (Standalone ) Proaram “B” (RLD) Proaram “C” (Standalone )

MAIN

|LD1 oL |

|PSBX |

| EXT4 |

User Data References (%l, %Q. %R, %Al, %AQ, etc.)
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Ladder Logic Programming

An LD program for the Series 90-70 PLC consists of one or more units called blocks. Four types of
blocks are supported by the Series 90-70 PLC:

Table 2-13. Block Types

Number of
Block Programming Parameter
Type Language Size Limit Pairs Notes
LD Ladder Logic 16 KB in n/a
Logicmaster;
SFC Ladder 16 KB in n/a SFC blocks cannot be used as
Logic/SFC Logicmaster; Interrupt blocks.
PSB Ladder Logic 16 KB in 0-7
Logicmaster;
External C 64,000 bytes 0-7 External blocks cannot call any
other blocks. External blocks are
created using the C
Programmer’s Toolkit.

* SFC programming is described in detail in 8exies 90 Sequential Function Chart
Programming Language User's Manu@FK-0854. Sequential Function Chart (SFC) is an
IEC-compliant, graphical, state language specifically designed for controlling sequential
processes.

» LD (also known as Relay Logic Diagram language) is the language used in the LD Editor
window within Control software and in Logicmaster.

» PSB (Parameterized Subroutine Blocks) are LD blocks that have input and output parameters.

Note

Up to 255 blocks can be used. The maximum number of block calls that can be
programmed within a given block is 64. The maximum number of programmed
calls to a particular block is 255. (A block can be executed any number of times,
but there cannot be more than 255 explicit calls to any given block.)
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Main Block

When using an LD program there is always a _MAIN block. LD program execution begins with
the _MAIN block.

read inputs

_MAIN
BLOCK

write outputs
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Blocks

Structuring a program as blocks enables you to re-use logic. Logic that needs to be repeated can be
entered in a block. Calls would then be made to that block to execute the logic. In this way, total
program size is reduced. Dividing a program into smaller blocks also simplifies programming and
reduces the overall amount of logic needed for the program.

Examples of Using Blocks

As an example, the logic for an LD program could be divided into three blocks, each of which

could be called as needed from the _MAIN block. (A block cannot call the _MAIN block.) In this

example, the _MAIN block might contain little logic, serving primarily to sequence the other

blocks.

read 'nputs

_MAIN
BLOCK

write | outputs

BLOCK

BLOCK

BLOCK
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A block can be used many times as the program executes. Logic that needs to be repeated several
times in a program could be entered in a block. Calls would then be made to that bboess$o a

the logic.
read inputs
MAIN » BLOCK
BLOCK - 2

write outputs
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In addition to being called from the _MAIN block, blocks can also be called by other blocks. A
block may even call itself.

read | inputs
_ MAIN ~|  BLOCK
BLOCK 2 —
write outputs
BLOCK BLOCK
L = 3 5
>
BLOCK
4

There may be no limit to the number of levels of calls to blocks that your programming software

will allow. However, the PLC will only allow a certain number of nested calls before an

“Application Stack Overflow” fault is logged and the PLC transitions to Stop/Halt mode. The call
depth is guaranteed to be at least four on the 731 and 732 CPUs and eight on all other models. The
actual call depth allowed depends on the amount of data (non-Boolean) flow used in the blocks. If
less than the 171 word data flow limit is used, then more nested calls may be made. The call level
nesting counts the _MAIN block as level 1. The illustration above shows three levels of calls.

Note
Before a block can be used, you need to define it in the block declarations. For

information on block declarations, referthe Logicmaster 90-70 Programming
Software User's ManudlGFK-0263) .
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How Blocks Are Called

A block executes when called from the program logic in the _MAIN block or another block.

| |
— | CALL PBK1 |
|

%100500 %Q00076 | |
[ [ | CALL PBK2 |
| |

In the example above, PBK1 will always be called. Conditional logic can be used to control calling
the block. In order for PBK2 to be called, both input %100500 and output %Q00076 must be ON.
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Blocks and Local Data

Each block in the LD program can have an associated data block. The _MAIN data block is
referenced by %P; all other data blocks are referenced by %L.

The size of the data block is dependent on the highest reference in its block for %L and in all
blocks for %P. Appendix C,Memory Allocation,” provides a worksheet for determining the total
number of bytes of user data used and how much is still available for the user program.

data
W Y
0
MAIN
BLOCK [ > BLZOCK
data
%L
BLOCK | |
3
data
%L
BLOCK | |
4

All blocks within the LD program can use data associated with the _MAIN block (%P). Blocks can
use their own %L references as well as the %P references that are available to all blocks. The
_MAIN block cannot use %L.

Note

External blocks and Parameterized Subroutine Blocks do not have their own %L
data; instead, they inherit the %L data of the calling block.
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Parameterized Subroutine Blocks

A Parameterized Subroutine Block (PSB) is an optional, user-defined function block, configured
with between zero and seven input/output parameter pairs.

As with other blocks, Parameterized Subroutine Blocks can be called by the _MAIN block, other
blocks, or itself. The calling block may pass parameters to the Parameterized Subroutine Block.
When a Parameterized Subroutine Block is declared, it must be assigned a unique block name
along with the number, type, and length of the parameters. Each parameter, other than the Enable
and Enable Out parameters, is designated as a BOOL, WORD, or NWORD type, along with a
specified length. BOOL lengths range from 1 to 256; WORD and NWORD lengths range from 1 to
1024. Default is one bit for BOOL lengths or one word for WORD and NWORD lengths. In
addition, you may also declare an optional three-character formal parameter reference name.

Parameterized Subroutine Blocks and Local Data
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Parameterized Subroutine Blocks support the use of %P global data. Parameterized Subroutine
Blocks do not have their own %L data, but instead inherit the %L data of the calling block.
Parameterized Subroutine Blocks also inherit %S contacts, such as FST_EXE, from the calling
block. If %L references are used within a Parameterized Subroutine Block and the block is called
by _MAIN, %L references will be inherited from the %P references wherever encountered in the
Parameterized Subroutine Block (for example, %L0005 = %P0005).

data
%P
| Inheritsas %l
MAIN ] PSB 1
BLOCK >
data
%L
| Inheritsas%l o
> BLOCK [— PSB 2
1 -
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How Parameterized Subroutine Blocks Are Called

A Parameterized Subroutine Block executes when called from the program logic in the _MAIN
block, another block, or itself.

In the following example, if %I00001 is set, the parameterized subroutine named LOAD_41 is
executed. The LOAD_41 subroutine block operates on the input data (located at reference
addresses %100100 — %100111 and %I00001 — %I100016) and produces values in the block of

output data (located at reference addresses %T00001 — %T00016, and at register memory addresses
%R00200 — %R00201). The logic within the subroutine can also control the OK output of the
Parameterized Subroutine Block. This example shows the subroutine CALL instruction as it will
appear in the calling block.

| -
96100001 | | %Q00001
[ | CALL LOAD_41 |

[ | (SUBROUTINE) |

[ |BO12  BO16|

| %100100 —|ABC Y1|—9%T00001
| | |

[ |BO16  W002|

| %100001 —|X2 Y2|—%R00200
| I |

|
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Referencing Formal Parameters Within a Parameterized Subroutine Block
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Formal parameters are those parameters used within Parameterized Subroutine Block that are
passed from and to the calling block. They are either BOOL, WORD, or NWORD types. NWORD
type parameters may be used on any multi-word type operands, but not on discrete types. (An
NWORD is a number of words passed into a Parameterized Subroutine Block).

The formal parameters are identified as X input parameters or Y output parameters, followed by the
number of the input or output parameter, respectively. For example, X2 indicates the parameter
used at location X2 in the parameterized subroutine declaration. The X2 label could be followed by
a value of 1 to 16 to the length provided in the subroutine declaration (B016).

Up to seven formal parameter pairs may be declared in a Parameterized Subroutine Block. The
formal parameter type, number, and length use the form:

ab[ccc]
where: a=X denotes an input formal parameter.
a=Y denotes an output formal parameter.
b is a parameter number between 1 and 7.
c is a valid BOOL, WORD, or NWORD index.

The labels X1 through X7 and Y1 through Y7 may be assigned a nickname of up to three
characters.

Each parameterized Subroutine Block has a predefined local variable, YO, which the CPU sets to 1
upon each execution of the block. YO can be controlled by logic within the block and provides the
output status of the block.

Assigned parameters are PLC references or data flow that pass their address or data into or out of a
Parameterized Subroutine Block. An assigned parameter may pass either the value of the data in
the assigned parameter (BOOL type parameters) or the address of the assigned parameter (WORD
or NWORD type parameters). Assigned parameters are defined in a parameter assignment table.
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Restrictions on Formal Parameters within a Parameterized Subroutine Block

In general, formal BOOL parameters are allowed on all contacts, coils, and function block
parameters that allow discrete references (%l, %Q, %M, %T, %S, %G, and %U). Formal WORD
and NWORD parameters are allowed on all function block parameters that allow register
references (%R, %Al, %AQ, %P, %L, and %UR). NWORD parameters are allowed only on multi-
word type parameters (that is, DINT, DWORD, or REAL). (An NWORD is a number of words
passed into a Parameterized Subroutine Block.)

The following list contains several exceptions and restrictions which have been identified when
using formal parameters within a Parameterized Subroutine Block:

1. Transitional contacts, transitional coils, and retentive coils are not allowed with formal
parameters. The editor (that is, the editor tool within the programming package) will
substitute the non-retentive equivalent of these functions,
+——(M), +——(SM) and +——(/M) and display an appropriate warning message.

2. Formal BOOL input parameters cannot be used as output parameters on a function block.
3. The DO I/O function is not allowed with formal parameters.

4. Multi-word type function block parameters (that is, DINT, DWORD, or REAL) are only
allowed with formal NWORD parameters.

5. Formal parameters are not allowed on the following function block parameters:

Function Parameter
Service Request (Service Request) PARMS input parameter.
Communications Request (COMMREQ IN input parameter.
DATA_INIT Q output parameter.

DATA_INIT_COMM
DATA_INIT_PID
DATA_INIT_ASCII

6. A Parameterized Subroutine Block's BOOL type formal parameters may not be passed to
another Parameterized Subroutine Block.

7. WORD formal parameters cannot be passed into another Parameterized Subroutine
Block’s NWORD input parameter.

BIT Type Parameters in PSBs

PSB output parameters of type BIT will affect the transitions in all bytes within the range of the
BIT parameter. For example, a BIT parameter of length 4, connected to physical output %Q6, will
affect the transitions of all bits within the byte containing %Q1 through %Q8 as well as all bits in
the byte containing %Q9 through %Q16.

For arrays of BIT type, each array element is written one bit after the other. Since memory write
operations and management of transitional state are done a byte at a time, the transitional status of
each element will typically be cleared, except for the final array element. This is not an issue for
BIT parameters of length 1, as only a single write operation is performed. Note, however, that as
described above, the transition value of other bits within the byte will be affected.
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External Blocks

External blocks are created using the C Programmer’s Toolkit. Refer @Rhegrammer’s
Toolkit for Series 90™ PLQ&FK-0646)for detailed information regarding external blocks.

How External Blocks Are Called
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External blocks are added to a user program by using the Librarian function in your programming
software.

An external block executes when called from the program logic in the _MAIN block or from
another block. To facilitate the passing and returning of data, an external block may have 0 to 7
parameter pairs.

In the following example, if %100001 is set, the external block named EXT_11 is executed. The
block operates on the input data, located at reference addresses %100100 — %100111 and %I00001
— %I100016, and produces values in the block of output data, located at reference addresses
%T00001 — %T00016, and at register memory addresses %R00200 — %R00201. The logic within
the block can also control the Enable Out output of the external block.

%I00001 | | %Q00001
[—————| CALL EXT_11 |
| (EXTERNAL) |
%I00100 —|X1 X1]-%T00001
N
%I100001 —|X2 X2]-%R00200
|
Note

Unlike other block types, external blocks cannot call any other blocks.
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External Blocks and Local Data

External blocks support the use of %P global data. External blocks do not have their own %L data,
but instead inherit the %L data of the calling block. External blocks also inherit %S contacts, such
as FST_EXE, from the calling block. If %L references are used within an external block and the
block is called by _MAIN, %L references will be inherited from the %P references wherever
encountered in the external block (for example, %L0005 = %P0005).

data
%P
| Inheritsas %l
MAIN ] EXT1
BLOCK >
data
%L
| Inheritsas %l o
> BLOCK [ EXT 2
1 -

Local Data Initialization

When an external block is stored to the PLC, a copy of most of its internal data is saved. Global
and static initialized data are saved, but if static variables are declared without an initial value, the
initial value is undefined and must be initialized by the C application. (Refer to the “Global
Variable Initialization” and “Static Variable” parts in Section 6 of Chapter 2 ofthe

Programmer’s Toolkit for Series 90™ PLQSFK-0646). This data is used to re-initialize the

block’s data area whenever the PLC transitions from Stop to Run.

External/standalone programs do not use %L data, but the internal data they use is somewhat
similar to local data, as discussed above. Internal data used in a standalone program should not be
confused with %L data.
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Standalone C Programs

Like external blocks, standalone programs are developed using the C Programmer’s Toolkit.
Unlike external blocks, however, standalone C Programs can be up to 564 KB in size. Standalone
C programs cannot call other standalone programs, nor can they call blocks within an LD program.
Similarly, blocks within an LD program cannot call a standalone program. Instead, standalone C
programs are scheduled for execution using one of several possible program scheduling modes,
described in section 4 of this chapter.

Note

For information on adding C programs to your folder, refer to the Logicmaster
90-70 Programming Software User’'s Manual (GFK-0263) .

A maximum of 16 standalone programs can be used at one time. If an LD program is used, only 15
standalone programs are allowed, for a total of 16 programs.

Note

Since standalone C programs are truly separate programs, they do not have
access to memory types local to an LD program (%L and %P). The internal or
local data used in a standalone C program should not be confused with %L and
%P data.

Data Encapsulation
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Each standalone C program is provided with a means of obtaining its own local copy of user data
references. Instead of operating on the global set of user references, each standalone program can
operate on its own local set of data. This feature is supported through the use of an input/output
specification.

The following steps occur when using an 1/O specification with a standalone C program:

1. When the program is scheduled for execution, any corresponding input specification is copied
from the global user reference data area(s) to an area local to the program.

2. As the program executes, it can operate on its local set of input and output data. Any
interruptions during the execution phase will not affect this program’s local copies of input or
output data.

3. When the program completes, its local output specification is copied back to the specified set
of user data reference areas.

Two particular concerns are addressed by using an input/output specification. First, if a program is
suspended mid-execution and an output scan is performed before execution is resumed, output
values will remain consistent since the output scan values are obtained from the user data reference
locations. Second, if a program is interrupted mid-execution by another program, the first program

is unaffected by changes to global data caused by the second program, since it has its own local
copy of data.
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Another benefit to using an input specification is to provide a more accurate sampling of input

values. If a program’s execution is postponed due to higher priority programs, the input

specification may provide the program with a set of data that more accurately represents the state of
that data when the program was scheduled since global user reference data may have been modified
by higher priority programs or by the scanning of input values.

Input/Output Specifications

Unlike external blocks, standalone C and LD programs cannot have any input or output parameters.
Standalone C programs may utilize an input/output specification which lists a maximum of eight
input and eight output ranges. The input ranges will be copied to the program at the start of
program execution. The output ranges are copied from the standalone C program to the global
reference on the completion of program execution. Note that this differs from external block
parameters which are passed by reference, not by value. This operation is especially important for
programs which may be time-sliced over multiple sweeps, which can occur when using Microcycle
Sweep mode

Caution

When the PLC runs in Microcycle Sweep mode, programs can be suspended
in the middle of execution, possibly in the middle of a line of C code or in the
middle of a rung of logic or function block. If the program uses global
references such as %Q, %R, etc., a possibly inconsistent set of reference
values may be present at the time an Interrupt program or output scan
occurs. This inconsistency could even be within a given reference value if the
value is not accessed according to its type.

' Incoherent data can result if a program uses global data and is suspended across multiple sweeps.
The data referenced will be from two successive sweeps. Although data cannot be incoherent

within a byte or word, global data should only be accessed using its basic type (byte, word, etc.),
otherwise incoherency can apply to individual elements as well.
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To illustrate the possibility of inconsistent output data, consider the following example program
which updates a given output value in several locations. For this example, assume that the user has
configured %AQ1 as an output specification from the second program, and that user reference
%AQ1 contains the value 0 when the two programs begin execution.

Differences Between Accessing Global and Local (Internal) Data

Program Accessing Global Data Program Using 1/O
Specification
<program begins> <program begins>

%AQ1 =0 An output scan occurring LOC[1]=0 An output scan occurring aft¢r
after this line of code would this line of code would outpu
output a 0 to AQL. a0to AQL.

%AQ1 = %AQ1 + 2 An output scan occurring LOC[1] = LOC[1]+2 | An output scan occurring after
after this line of code would this line of code would outpu
output a 2 to AQL. a0to AQL.

%AQ1 = %AQ1 + 12 | An output scan occurring LOC[1]=LOCJ1] + 12 | An output scan occurring after
after this line of code would this line of code would outpu
output a 14 to AQL1. a0to AQL.

%AQ1 = %AQ1/2 An output scan occurring LOC[1]=LOCJ1]}/2 An output scan occurring after
after this line of code would this line of code would outpu
output a 7 to AQL. a0to AQL.

<program completes> <program completes>
The PLC copies the output specification from a locg|
area back to the global areas when the program
completes.
Further output scans will output a 7 to AQ1. Further output scans will output a 7 to AQ1|
Note

Remember that standalone C programs are truly separate programs. They do not
have access to memory types local to an LD program (%L and %P). The internal
or “local” data used in a standalone C program should not be confused with %L
and %P data.
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Standalone C Programs and Local Data

Standalone C programs do not have a local data copy provided by the PLC. Similarly, they are not
able to access %P memory of an LD program, nor can they access any %L memory associated with
a block within an LD program. Standalone C programs do have local data that is declared within

the C source file(s) used to create the standalone C program. Refe€CtBithgrammer’s Toolkit

User's ManuallGFK-0646) for further information.

Local Data Initialization

When a standalone C program is stored to the PLC, a copy of its internal data is saved. This data is
used to re-initialize the program’s data area whenever the PLC transitionStprio Run.
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Referencing I/O Specification Data Within a Standalone C Program

Several new C macros used to define and access input and output specification data are defined for
standalone C programs. Refer to @@rogrammer’s Toolkit User's Manu@BGFK-0646, revision

C or later)for information regarding referencing I/O specification data within a standalone C
program.

Data Coherency of I/O Specifications

Since standalone C programs can be interrupted by other programs and Interrupt blocks, data
incoherency within an 1/0 specification can occur. Each individual I/0O specification is limited to
2048 bhytes, for a maximum of 16KB of input data and 16KB of output data. The 90-70 PLC will
ensure the following:

» Each byte within an individual I/O specification is coherent with respect to that individual
specification.

» If the total length of all input specifications is no more than 2048 bytes, the entire input
specification will be coherent.

» If the total length of all output specifications is no more than 2048 bytes, the entire output
specification will be coherent.

If the total length of an input or output specificatiormead2048 bytes, groups of individual
specifications whose combined lengths do noee®2048 bytes will be coherent. The following
table indicates coherency in this case.

Table 2-14. Coherency of I/O Specification

I/O specification Length (bytes)
1 2000
2 48

Interrupts may occur
3 1024
Interrupts may occur
4 | 1026
Interrupts may occur
5 10
6 20
7 20
8 20
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Using LD vs. Standalone C Programs

Several options need to be considered when determining which type of program is to be used. The
following list summarizes many of the features supported in each of the types of programs:

» Interrupt Blocks are preferred over standalone programs when interrupt latency is a concern.
The overhead to process an Interrupt Standalone program is much larger than that of an
Interrupt block.

» LD programs may operate only on global user reference data. This can introduce data
coherency problems when the LD program is run in Microcycle Sweep mode and the program
is suspended over multiple sweeps.

e Standalone C programs incur an 8K overhead per program.

» An LD program is preferred over a standalone C program when you are using large amounts of
Boolean instructions. LD programs are better suited for relay-type logic than are standalone C
programs.

Table 2-15. LD vs. Standalone C Program Tradeoffs

Programming| Program Size Data Types Local Data | Scheduling Data Block Types
Language Limit Accessible Size Modes | Encapsulation Supported
LD Ladder smaller of All 8k %P, 8K All* No LD
Logic 544K or %L per block SFC
available PSB
memory size External
organized
into 16K
blocks.
Standalone| C, using the Csmaller of | All except | unlimited, All * Yes n/a
Programmer’s| 564K or %P, %L counts as part
Toolkit. available of program
memory size size

*Using Microcycle Sweep mode with an LD program is not recommended. LD programs always operate on global data
directly, which can lead to inconsistent output values if the LD program is suspended mid-execution. Refer to section 4 of
this chapter for more information on Microcycle Sweep mode.

Differences in Operation: LD and Standalone C Programs

Retentiveness of Data

When only standalone C programs are used, the retentive nature of data is based solely on memory
type since there are no coil instructions. In this case %Q and %M are retentive. If both LD and
standalone C programs are used, the retentive property of memory types is driven by their use in
the LD program. For more information about retention of logic and data, refer to the “Retentiveness
of Logic and Data” discussion in section 2 of this chapter. For more information on retentive
properties of specific memory types, refer to the Table 2-3.

Global Data

2-46 Series 90™-70 PLC CPU Instruction Set Reference Madaalary 2000 GFK-0265J



GFK-0265J

LD programs only have access to global data areas since they do not have the ability to use
input/output specifications. This can lead to inconsistent output values if an LD program is used in
Microcycle Sweep mode.

Interrupt Execution

Interrupt blocks within the LD program have the highest priority in the system. In addition, they
cannot be preempted, while standalone C programs can be.

Queuing of Interrupts

There are differences between programs and blocks in the queuing of additional interrupts. Refer
to the “Interrupt Handling” on page 2-64 and the related sections that follow for detailed
information.

System Status References

The following differences exist when using System Status References* (called “Convenience
References” in previous editions of 90-70 Reference manual):

» Thereference FST_EXE is not available to standalone C programs.

» Thereference FST_SCN does not refer to %S0001 within standalone C programs. Instead, a
macro is provided by the C Toolkit to provide identical functionality.

*For information on System Status References, refer to Table 2-9 as well as section 2 of this
chapter.
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Section 4. PLC Sweep Modes and Program Scheduling Modes

Normal Sweep Mode

In Normal Sweep mode, each PLC sweep can consume a variable amount of time. The Logic
Window is executed in its entirety each sweep. The Communications and Background Windows
can be set to execute in a Limited or Run-to-Completion mode. Normal Sweep is the most common
sweep mode used for PLC applications.

The following figure illustrates three successive PLC sweeps in Normal Sweep mode. Note that the
total sweep times may vary due to sweep-to-sweep variations in the Logic Window,
Communications Windows, and Background Window.

a45529
SWEEP n SWEEP n+1 SWEEP n+2
HK HK HK
INPUT INPUT INPUT
LOGIC LOGIC LOGIC
OUTPUT
PRG
OUTPUT
SYS
PRG
BG
SYS OUTPUT
BG PRG
SYS
Abbreviations:
HK = Housekeeping BG

PRG = Programmer Window
SYS = System Communications Window
BG = Background Window

Figure 2-3. Typical Sweeps in Normal Sweep Mode
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Constant Sweep Mode
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In Constant Sweep mode, each PLC sweep begins at a specified Constant Sweep time after the
previous PLC sweep began. The Logic Window is executed in its entirety each sweep. If there is
sufficient time at the end of the sweep, the PLC will alternate among the Programmer
Communications, System Communications, and Background Windows, allowing them to execute
in Run-to-Completion mode until it is time for the next sweep to begin. Some or all of the
Communications and Background Windows may not be executed. The Communications and
Background Windows will terminate when the overall PLC sweep time has reached the value
specified as th€onstant Sweep time.

One reason for using Constant Sweep mode is to ensure that I/O are updated at constant intervals.

The value of the Constant Sweep timer can be configured to be any value from 3 to 255
milliseconds. The Constant Sweep timer value may also be set and Constant Sweep mode may be
enabled or disabled by your programming software or by the user program using Service Request
function #1. The Constant Sweep timer has no default value; a timer value must be set prior to or at
the same time Constant Sweep mode is enabled.

The Ethernet Global data exchange configured for either consumption or production can add up to
1 millisecond to the sweep time. This sweep impact should be taken into account when
configuring the PLC constant sweep mode and setting the CPU watchdog timeout.

If the PLC sweep exceeds the Constant Sweep time in a given sweep, the PLC places an oversweep
alarm in the PLC fault table and sets the OV_SWP (%SA0002) status reference at the beginning of
the next sweep. The OV_SWP status reference is reset when the time of the last sweep does not
exceed the Constant Sweep timer or the PLC is not in Constant Sweep mode. Additional sweep
time due to an oversweep condition in a given sweep does not affect the time given to the next
sweep.
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The following figure illustrates four successive PLC sweeps in Constant Sweep mode with a
Constant Sweep time of 100 milliseconds. Note that the total sweep time is constant, but an
oversweep may occur due to the Logic Window taking longer than normal.

a45530
SWEEP n SWEEP n+1 SWEEP n+2 SWEEP n+3
t=0ms t=100 ms t=220 ms t=320 ms
-
: HK HK HK HK
i INPUT INPUT INPUT INPUT
i LOGIC LOGIC LOGIC LOGIC
1
|
]
i OUTPUT
Constant | PRG OuTPUT
Sweep PRG
f ! OUTPUT
Time : svs
! PRG SYS
i SYS BG
| BG PRG
1
: PRG sys BG
1
] SYS BG PRG
- =1
Abbreviations: |
_ 1 20 ms oversweep
HK = Housekeeping OUTPUT | |

PRG = Programmer Window.
SYS = System Communications Window.
BG = Background Window

Figure 2-4. Typical Sweeps in Constant Sweep Mode

Constant Window Mode

In Constant Window mode, each PLC sweep can consume a variable amount of time. The Logic
Window is executed in its entirety each sweep. In this mode, the PLC will alternate among the
three windows, allowing them to run in a Run-to-Completion mode for a time equal to the value set
for the Constant Window timer. The overall PLC sweep time is equal to the time required to
execute the Housekeeping, Input Scan, Logic Window, and Output Scan phases of the sweep plus
the value of the Constant Window timer. This time may vary due to sweep-to-sweep variances in
the execution time of the Logic Window.

An application that requires a certain amount of time between the Output Scan and the Input Scan,
permitting inputs to settle afteeceiving output data from the program, would be ideal for Constant
Window mode.

The value of the Constant Window timer can be configured to be any value from 5 to 255
milliseconds. The Constant Window timer value may also be set by your programming software or
by the user program using Service Request functions #3, #4, and #5.

The following figure illustrates three successive PLC sweeps in Constant Window mode. Note that
the total sweep times may vary due to sweep-to-sweep variations in the Logic Window, but the
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time given to the Communications and Background Windows is constant. Some of the
Communications or Background Windows may be skipped, suspended, or run multiple times based
on the Constant Window time.

SWEEP n SWEEP SWEEP a45531
HK HK HK
INPUT INPUT INPUT
LOGIC LOGIC LOGIC
OUTPUT | __
PRG !
OUTPUT | __ g
PRG | SYS !
SYs i I | outPuT .
BG ! BG ; PRG E
PRG i PRG | | ;
oo
BG - i Time
Abbreviations: SYS E
HK = Housekeeping ]

PRG = Programmer Window
SYS = System Communications Window
BG = Backaround Window

Figure 2-5. Typical Sweeps in Constant Window Mode

Microcycle Sweep Mode
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In Microcycle Sweep mode, each PLC sweep begins at an absolute time— which is a multiple of
the base cycle time—relative to the Stop-to-Run transition of the PLC. The base cycle time
specifies how long each sweep should take (similar to the Constant Sweep time in Constant Sweep
mode). The user programs are scheduled for execution each sweep based on their period and may
execute in a time-sliced fashion over multiple PLC sweeps. The PLC will alternate between the
Communications and Background Windows, allowing them to run in a Run-to-Completion mode
until it is time for the next sweep to begin.

Microcycle Sweep mode can be used to allow some programs to execute more often than others.
This allows more processing time to be applied to the more important or more time-critical tasks.
Microcycle Sweep mode also allows programs to execute more in line with the time when their
inputs are available.

Although Microcycle Sweep mode has a fixed sweep time, it is significantly different from

Constant Sweep mode. First, user programs do not necessarily execute in their entirety each sweep.
In order to maintain the base cycle time and the Communications and Background Window times,
user programs may be suspended during execution and resumed the following PLC sweep. Also,
additional sweep time due to an oversweep condition in a given sweep causes the next sweep to be
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shortened by the oversweep time. In this way each PLC sweep (with the exception of sweeps which
follow an oversweep condition) begins at an absolute time relative to the Stop-to-Run transition of
the PLC. Finally, the Communications and Background Windows are guaranteed to run for at least
the specified Window time each sweep. The Logic Window will be suspendedegfsary, to

guarantee that the Communications and Background Windows get to run for the specified Window
time.

The base cycle time and the window timer value can be configured with a base cycle time of
between 5 and 2550 milliseconds. The Constant Window timer can be any value from 5 to 255
milliseconds. The base cycle time and Constant Window timer may also be set while the PLC is in
Stop mode. The base cycle time and window timer cannot be changed while the PLC is in Run
mode.

In Microcycle Sweep mode, Periodic programs execute on a priority basis. Periodic programs have
priority inverse to their period (smallest period has highest priority). Refer to the “User Program
Execution” discussion later in this section for more information on Periodic programs and their
execution.

If the PLC sweep exceeds the base cycle time in a given sweep, the PLC places an oversweep
alarm in the PLC fault table and sets the OV_SWP (%SA0002) status reference at the beginning of
the next sweep. The OV_SWP status reference is reset when the last sweep time doesdot ex

the base cycle time. Sweep time due to an oversweep condition in a given sweep causes the next
sweep to be shortened by the oversweep time.

The following figure illustrates three successive PLC sweeps in Microcycle Sweep mode with a
base cycle time of 100 milliseconds. Note that the sweep time is constant and the Communications
and Background Windows are guaranteed to run for the configured window timer. In sweep n and
sweep n+1, the Logic finishes early; an I/O-Triggered program can execute during that time. In
sweep n+2, the Logic Window is not complete and is suspended so that the Communications and
Background Windows can run for the specified window time. In each case the logic window stays
open for the entire time allowed for logic.
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Abbreviations: HK = Housekeeping
PRG = Programmer Window.
SYS = System Communications Window.
BG = Background Window

Figure 2-6. Typical Sweeps in Microcycle Sweep Mode

Note

Run Mode Store of logic is not supported in Microcycle Sweep mode. Also, the
Single Sweep Debug feature is not supported in Microcycle Sweep mode.

Microcycle Sweep Mode Output Scan Estimation

GFK-0265J

Microcycle mode was a new CPU sweep mode beginning with Release 6.00 CPUs. In this sweep
mode, each PLC sweep begins at an absolute time relative to the Stop-to-Run transition of the PLC.
In order to meet the deadline for the start of the next sweep, the CPU must estimate the time
required for the Output Scan of the current sweep.

Output Scan Estimation for Pre-Release 7.00 CPUs

For Pre-Release 7.00 CPUs, the estimate of the Output Scan is based on the previous sweep’s
Output Scan time. For example, if the actual output scan time for sweep N is 15.3 ms, then the
CPU will allot 15.3 ms to execute the output scan for sweep N+1.For the first PLC scan, Pre-
Release 7.00 CPUs will estimate the Output Scan to be one-third of the configured base cycle time.
For example, if the base cycle time is configured to be 60 milliseconds, then the Output Scan for
the first PLC scan will be estimated to require 20 milliseconds. In this example, if the Output Scan
does not actually require 20 milliseconds, the time allotted for the Logic Window for the first PLC
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scan will be shorter than the Logic Window time for the remaining sweeps. When programming
PLC logic for first scan, ensure that the logic to be performed in a given program will complete
prior to the next execution time for that same program.

Output Scan Estimation for Release 7.00 and Later CPUs

For Release 7.00 and later CPUs, the actual amount of output data that is scheduled to be scanned
for the current PLC sweep is used to estimate the Output Scan time. This estimate is based on
empirically measured times for the type and amount of output data to be scanned. Thisresultsin a
fairly accurate estimate of the output scan time which is designed to maximize the amount of time
spent in the Logic Window while maintaining the user-configured Communications Window time.
No special consideration of the logic execution time for first sweep is required.
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Program Scheduling Modes

Each user program in the 90-70 PLC can execute, subject to sweep mode restrictions, in one of four
program scheduling modes. This section will briefly describe the following four available program
scheduling modes:

e Ordered
e Timed

» 1/O-Triggered

* Periodic

Ordered Ordered programs are executed inlthgic Window with all other Ordered
programs. Ordered programs are executed once per sweep in the sequence in
which they are declared in the programming software. Ordered programs are not
supported in Microcycle Sweep Mode.

Timed Timed programs are scheduled to execute on a specified time interval with an

initial delay (if specified) applied on Stop-to-Run transition of the PLC. Timed
programs are scheduled to execute on a priority basis during any phase of the
PLC sweep. Timed programs are not supported in Microcycle Sweep mode.

I/O-Triggered I/O-Triggered programs are scheduled to execute on the receipt of a configured
I/O Interrupt. 1/O-Triggered programs are scheduled to execute on a priority
basis during any phase of the PLC sweep when the PLC is in Normal Sweep,
Constant Sweep, or Constant Window Sweep mode.

In Microcycle Sweep mode, 1/0O-Triggered programs are scheduled to execute
on a priority basis in the Logic Window. In this case, the execution of 1/O-
Triggered programs may be time-sliced over multiple sweeps.

Periodic Periodic programs are scheduled for execution based on the user-configured
period for the program and are scheduled to execute in the Logic Window with
all other Periodic programs. Periodic programs execute on a priority basis
relative to all other programs and may be time-sliced over multiple sweeps.
Periodic programs are only supported in Microcycle Sweep mode.
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Choosing PLC Sweep and Program Scheduling Modes

The table shown below indicates the availability of each program scheduling mode in each of the
available PLC sweep modes.

Table 2-16. Available Program Scheduling Modes in Each PLC Sweep Mode

Program Scheduling Mode

Sweep 110 Interrupt

Mode Ordered Timed Triggered Periodic Blocks
Normal Yes Yes Yes No Yes
Constant Yes Yes Yes No Yes
Constant Yes Yes Yes No Yes
Window
Microcycle No No Yes * Yes Yes

* Executes in Logic Window only.

User Program Execution

User Program Priorities

The priority of a user program specifies its priority relative to other programs. Higher priority
programs execute before lower priority programs. If two or more programs with the same priority
are scheduled at the same time, the order of execution is undefined. Programs can be suspended in
the middle of execution by higher priority programs and Interrupt blocks.

Ordered programs all have the same priority and are executed in the order which you specify in the
programming software. Ordered programs have lower priority than Timed programs, 1/0O-Triggered
programs, and Interrupt blocks.

Periodic programs have priority inverse to their period (smallest period has highest priority). The
order of execution of Periodic programs with the same period is undefined. Periodic programs have
lower priority than Timed programs, 1/0O-Triggered programs, and Interrupt Blocks.

Timed and I/O-Triggered programs have higher priority than Ordered and Periodic programs. The
priority of a Timed or I/O-Triggered program specifies its priority relative to other Timed and 1/O-
Triggered programs. The priority range 10—99 (10 being the highest priority) is reserved for Timed
and I/O-Triggered programs which can run during any phase of the PLC sweep (that is, not
restricted to running in the Logic Window). Timed and I/O-Triggered programs operate this way
when the PLC is running in Normal Sweep, Constant Sweep, or Constant Window mode. In
Microcycle Sweep mode, I/O-Triggered programs are executed in the Logic Window, and priorities
of 100—-109 (100 being the highest priority) are reserved for this mode.

Timed and 1/O Interrupt blocks have the highest priority of any user logic.
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Table 2-17. Priority Values for Timed and I/O-Triggered Programs

Sweep Mode
_ Normal Sweep
Scheduling Constant Sweep

Mode Constant Window Microcycle Sweep

Ordered * Executed in order Not supported.
declared in the programming
software.
Periodic * Not supported. Smallest period has
highest priority.

I/O-Triggered 10-99 100-109
Timed 10-99 Not supported.

* Ordered and Periodic scheduling modes have lower priority than Timed and
I/O-Triggered scheduling modes.

User Program Execution in Normal Sweep,
Constant Sweep, and Constant Window Modes

In Normal Sweep, Constant Sweep, and Constant Window modes, the 90-70 PLC can execute
Ordered, Timed, and I/O-Triggered programs as well as Timed and 1/O Interrupt blocks.

Ordered programs execute in their entirety once per sweep liogieeWindow. The programs
execute in the order in which they are declared in the programming software. The input
specification is copied prior to execution of the program, and the output specification is copied
upon completion of the program. In this way, the output of one program can be used as input for

the next, if desired.

GFK-0265J Chapter 2 System Operation 2-57



The following figure depicts two Ordered programs (A and B) executing in a typical PLC sweep in
Normal Sweep mode.

Housekeeping

Input Scan

A Input Speec Copv

A Execution

A Output Spec Copy

B Input Spec Copy

B Execution

B Output Spec Copy

Output Scan

Programmer Comm

System Comm

Background Window

Figure 2-7. Ordered Program Execution Sequence

In Normal Sweep, Constant Sweep, and Constant Window mode, Timed and I/O-Triggered
programs execute during any phase of the PLC sweep. These programs will preempt the execution
of Ordered programs and lower priority Timed and I/O-Triggered programs. The input

specification is copied at the time the program is scheduled to execute (that is, when the time
interval expires or the I/O Interrupt occurs). The output specification is copied upon completion of
the program.

Timed and I/O Interrupt blocks execute during any phase of the PLC sweep. These blocks will
preempt the execution of all programs and have the highest priority of any user logic in the PLC.
Timed and 1/O Interrupt blocks do not have an input or output specification copy.

The following figure depicts 2 Ordered programs (A and B) , an I/O-Triggered program (C) with
priority 10, a Timed program (D) with priority 20, and an I/O Interrupt block all executing in a
typical PLC sweep in Normal Sweep mode.
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SWEEP n

Housekeeping

Input Scan
C Input Spec Copy
Input
Scan C Execution
Suspended
C Output Spec Copy
Input Scan

A Input Spec Copv

A Execution

A Output Spec Copy

B Input Spec Copy

B Execution

B Execution
Suspended

D Input Spec Copy

D Execution

D Execution
Suspended

C Input Spec Copy

C Execution

z

. C Execution Suspended

Interrupt Block E

C Execution

C Output Spec Copy

D Execution

D Output Spec Copy

B Execution

B Output Spec Copy

Programmer Comm

System Comm

System Comm
Window
Suspended

Interrupt Block E

System Comm

Background Window

-

X - /O interrupt occurs invoking Event-Triaaered Proaram
Y - Timed interrupt occurs invokina Timed Program
Z - 1/O interrupt occurs invoking I/O interrupt block E

Figure 2-8.
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User Program Execution in Microcycle Sweep Mode

In Microcycle Sweep mode, the 90-70 PLC can execute Periodic and I/O-Triggered programs as
well as Timed and I/O Interrupt blocks.

Periodic programs execute in the Logic Window. These programs are scheduled to execute based
on the program’s period. For example, a program with a period of 1 will be scheduled to execute
every PLC sweep and a program with a period of 2 will be scheduled to execute every other PLC
sweep. Periodic programs have priority inverse to their period (smallest period has highest
priority). These programs are subject to time-sliced execution over multiple sweeps based on the
time available to the Logic Window. Unlike Ordered programs, the input specification is copied at
the beginning of the Logic Window for all Periodic programs that are scheduled to begin execution
in a given sweep. In other words, all input specification copies will occur for Periodic programs
before any of the Periodic programs begin or continue executing. The output specification is
copied upon completion of the program.

The following figure depicts two Periodic programs (A and B) executing in a typical PLC sweep in
Microcycle Sweep mode.

Housekeepina

Input Scan

A Input Spec Copyv

R Inpl it Qpnr‘ r‘np\l

A Execution

A Output Spec Copvy

B Execution

B Output Spec Copy

Output Scan

Proarammer Comm

System Comm

Background Window

Figure 2-9. Periodic Program Execution Sequence

Unlike other sweep modes, I/O-Triggered programs execute in the Logic Window only when the
PLC is in Microcycle Sweep mode. If the I/O Interrupt occurs during or prior to the end of the

Logic Window, the 1/0-Triggered program will be scheduled to execute in the Logic Window of

the current PLC sweep. Otherwise, it will be scheduled to execute in the Logic Window of the next
PLC sweep. I/0O-Triggered programs will preempt the execution or resumption of Periodic
programs and lower priority I/O-Triggered programs. These programs are subject to the same time-
sliced execution over multiple sweeps as Periodic programs, based on the time available to the
Logic Window. The input specification for an 1/0-Triggered program is copied at the time the
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program is scheduled to execute (that is, when the I/O interrupt occurs) not at the beginning of the
Logic Window as with Periodic programs. The output specification is copied upon completion of
the program.

Timed and 1/O Interrupt blocks execute during any phase of the PLC sweep when the PLC is in

Microcycle Sweep mode. These blocks will preempt the execution of all programs and have the
highest priority of any user logic in the PLC. Timed and I/O Interrupt blocks do not have an input
or output specification copy.

The following figure depicts two Periodic programs (A and B) and one I/O-Triggered program (C)
executing in two successive Microcycle Sweeps. Periodic programs A and B both have a period
of 1.
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Figure 2-10. Periodic and I/0O-Triggered Execution Sequence
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Global Data in Microcycle Sweep Mode

Incoherent data can result if a program that uses global data (%R, %l, %Q, etc.) is suspended
across multiple sweeps. The data referenced will be from two successive sweeps. Although data
cannot be incoherent within a byte or word, global data should only be accessed using its basic type
(byte, word, etc.); otherwise, incoherency can apply to individual elements as well. If possible, the
input and output specifications should be usedttess and update global data areas.
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Interrupt Handling

There are two types of interrupts available for user program handling in the 90-70 PLC.

I/O Interrupts These interrupts are generated by 90-70 1/O modules to indicate discrete input
state changes (rising/falling edge), analog range limits (low/high alarms), high
speed signal counting events, and interrupts frimpasty VME modules.

Timed These interrupts are generated by the 90-70 PLC CPU based on a user-specified
Interrupts time interval with an initial delay (if specified) applied on Stop-to-Run
transition of the PLC.

Both of these types of interrupts may invoke a user program or block.

Caution

Interrupt blocks and programs can interrupt the execution of non-interrupt

logic as well as other Timed and I/O-Triggered programs. Therefore,
unexpected results may occur if the interrupting logic and interrupted logic
access the same data. If necessary, Service Request #17 or Service Request #
32 can be used to temporarily mask /O and Timed Interrupt blocks and
programs from executing when shared data is being accessed.

Interrupt Handling and Scheduling with Blocks

An Interrupt block has the highest priority of any user logic in the system and may be programmed
to execute upon the receipt of a Timed or I/O Interrupt block. The execution of a block triggered
from a timed or I/O interrupt preempts the execution of the normal PLC sweep activities. Execution
of the normal PLC sweep activities is resumed after the Interrupt block completes. There can be a
maximum of 64 1/O Interrupt blocks and 16 Timed Interrupts blocks.

Note

Timer function blocks do not accumulate time if used in a block that is executed
as aresult of a Timed or I/O Interrupt block.

Beginning with Release 6 of the PLC CPU, LD Interrupt blocks may make calls to other blocks.
The application stack used during the execution of Interrupt blocks is different from the stack used
by the LD program. Therefore, the nested call limit is different from the limit described for calls
from the _MAIN block. The PLC will log an "Application Stack Overflow” fault and the PLC will
transition to Stop/Fault mode if a call results in insufficient stack space to complete the call.

Note

Blocks which may execute as a result of a timed or 1/O interrupt should not be
called from the _MAIN block or other Non-Interrupt blocks because portions of
the code executed by blocks are not re-entrant. In the example below INT1,
INT2, BLOCKS5, and PSB1 should not be called from _MAIN, BLOCK2,
BLOCKS3, or BLOCKA4.
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A block may be triggered by an interrupt input from certain hardware modules. For example, on the
32-Circuit 24 VDC Input Module (IC697MDL650), the first input can be configured to generate an
interrupt on either the rising or falling edge of the input signal. If the module is configured in this
manner, that input can serve as a trigger to cause the execution of an LD or External block.

To program an /O Interrupt block, the block must first be declared in the programming software. It
must then be associated with the interrupt through the use of an interrupt declaration.

The figure below shows two I/O interrupt declarations. The trigger ST_BUT calls LD block INT1

if the input from a stop button wired to input 1 transitions in the configured direction. The module
can be configured to generate the interrupt on a rising edge or a falling edge of the input. The LD
block INT2 is triggered by %Al00009.

[ ST BUTI

[9%AI100009]

o

—_—

INT1

INT2

LANG: LD (*

LANG: LD (*

*)

*

Figure 2-11. I/O Interrupt Block Declarations
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Note

Parameterized subroutine blocks (PSBs) with zero parameters and External blocks
(C blocks and C FBKs) with zero parameters may also be triggered by an interrupt
input. (Zero parameter subroutine blocks are called SUBRs in Control software.) For
these types of blocks, the local data (%L) is inherited from the _MAIN local data
(%P), for example, %L0005 = %P0005.

Timed Interrupt Blocks

A block may be executed on a user-specified time interval with an initial delay (if specified)

applied on a Stop-to-Run transition of the PLC. In Logicmaster, the time base options for Timed
Interrupt blocks are 1.0 second, 0.10 second, 0.01 second, and 0.001 second. In Control software,
the time base is 0.001 second (abbreviatedowithin the Task Definitions dialog box).

To program a Timed Interrupt block, the block must first be declared. It must then be associated
with a timed interrupt and given an interval and initial delay through the use of an interrupt
declaration.

The first execution of a Timed Interrupt block will occur at ((DELAY * time base) + (INTVL *

time base)) after the PLC is placed in Run mode. The figure below shows two timed interrupt
declarations. The LD block BLK1 will be executed at times of 3 seconds, 5 seconds, 7 seconds,
etc., after the PLC is placed in Run mode. The LD block BLK2 will be executed at two-second
intervals, beginning two seconds after the PLC is placed in Run mode. The absence of a DELAY
value for BLK2 indicates that there will not be an initial delay in the first execution of the block.

[
[TIMER] — > |CALL BLKL1|LANG:LD (* *)
| 1

CONST |1.00s]
00002 —|INTVL|

CONST | |
00001 —|DELAY]

|
[TIMER| — > |CALL BLK2|LANG:LD (* #)

| |
CONST |1.00s]
00002 —|INTVL|
|l

|
_|DELAY|

Figure 2-12. Timed Interrupt Block Declarations

Parameters:

Parameter Description

INTVL INTVL is a constant value which will be multiplied by the time base of the
interrupt to establish the frequency of execution of the associated block.

DELAY DELAY is an optional field for the timed interrupt. It is a constant value which
will be multiplied by the interrupt time base to establish an additional delay
for the first execution of the associated block.
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Valid Memory Types:

Parameter | flow | %l [%Q |%M %T %S %G %U %R %P %L %Al %AQ %UR const none

INTVL .
DELAY . .
* = Valid data type, or place where power may flow through the function.
Note

Parameterized Subroutine Blocks (PSBs) with zero parameters and External blocks
(C blocks and C FBKs) with zero parameters may also be triggered by a timed
interrupt. (Zero parameter subroutine blocks are called SUBRs in Control software.)
For these types of blocks, the local data (%L) is inherited from the _MAIN local data
(%P), for example, %L0005 = %P0005.

Interrupt Handling and Scheduling with User Programs

I/O-Triggered Programs

Beginning with Release 6 of the PLC CPU, one of the scheduling modes available for user
programs is the activation of programs from an I/O interrupt. The 1/O-Triggered scheduling mode
allows a user program to be invoked, along with its corresponding input and output specification
copy, when a configured I/O interrupt occurs. I/O-Triggered programs execute during any phase of
the PLC sweep or only during the Logic Window, based on sweep mode. Refer to “User Program
Execution” earlier in this section for more information on the scheduling and execution of 1/0O-
Triggered programs.

To program an I/O-Triggered program, the program must first be declared in the programming
software. The scheduling mode must then be set to I/O Interrupt Triggered.
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Timed Programs

Beginning with Release 6 of the PLC CPU, one of the scheduling modes available for user
programs is the activation of a program from a timed interrupt. The Timed scheduling mode allows
a user program to be executed, along with its corresponding input and output specification copy, on
a user-specified time interval with an initial delay (if specified) applied on a Stop-to-Run transition
of the PLC. Timed programs execute during any phase of the PLC sweep. (Refer to the “User
Program Execution” earlier in this section for more information on the execution of Timed
programs.)

To program a Timed program, the program must first be declared. The scheduling mode must then
be set tarimed Interrupt.

The time base options for Timed programs are specified in milliseconds. The first execution of a
Timed program will occur at [(Initial Delay) + (Time Interval * time base)] milliseconds after the
PLC is placed in Run mode.
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Interrupt Blocks vs. Interrupt Programs
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There are important differences to be aware of when choosing a program instead of a block to
handle an interrupt. When a block is selected to handle a Timed or I/O Interrupt, the block will
execute immediately upoeaeipt of the inteupt and run until it completes. Interrupt blocks can
execute during any phase of the PLC sweep, regardless of the current PLC sweep mode. Pending
Timed Interrupt blocks will execute before pending I/O Interrupt blocks, but once an Interrupt
block (Timed or 1/0O) begins executing, it will run until it completes. If an interrupt occurs which
attempts to execute a Timed or I/O Interrupt block which has not fully completed execution due to
a previous interrupt, the interrupt will be queued and the block will be executed again after the
Interrupt block completes execution. If an Interrupt block has already been queued in this manner
once, any additional interrupts that occur for this block will be ignored.

Upon receipt of the Interrupt, Timed or I/O-Triggered programs are immediately scheduled to
begin execution (including the copying of the input specification). However, the actual execution of
the program occurs on a priority basis. Unlike Interrupt blocks, the execution of Timed or 1/O-
Triggered programs can be delayed or preempted by other Timed or I/O-Triggered programs of a
higher priority as well as other Interrupt blocks. Additionally, if an interrupt occurs which attempts
to schedule a Timed or I/O-Triggered program which has not fully completed execution due to a
previous interrupt, a “Program not Readied” application fault will be logged in the PLC fault table
and the interrupt will be ignored.

When the PLC is in Normal Sweep, Constant Sweep, or Constant Window mode, Interrupt
programs can execute duriagy phase of the PLC sweep. When the PLC is in Microcycle Sweep
mode, Interrupt programs are scheduled to execute in the Logic Window.

In summary, the primary differences between Interrupt blocks and Interrupt programs are as
follows:

Interrupt Block
» Executed immediately upon receipt of interrupt
» Cannot be preempted by other logic once Interrupt block begins execution

» One additional interrupt for this block is “queued” if the block is still executing due to a
previous interrupt

» Executes during any phase of the PLC sweep

Interrupt Program
» Scheduled to execute on a priority basis
» Can be preempted by higher priority Interrupt program or Interrupt block

» Additional interrupts for this program are ignored and a fault is logged if the program is still
executing due to a previous interrupt

» Executes during any phase of the PLC sweep when PLC is in Normal Sweep, Constant Sweep,
or Constant Window mode

e Executes in Logic Window when PLC is in Microcycle Sweep mode
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Section 5: Run/Stop Operations

Modes of Operation

Four run/stop modes of operation are supported by the 90-70 PLC. You can change these modes in
the following ways: the toggle switch, programming software, LD function blocks, and system

calls from C applications. Switching to and from various modes can be restricted based on privilege
levels, position of the PLC toggle switch spaords, etc.

Run/Outputs In this mode, the PLC runs user programs and continually scans inputs and

Enabled updates physical outputs, including Genius and Field Control outputs. The
Programmer and System Communications Windows are run in either Limited,
Run-to-Completion, or Constant mode.

Run/Outputs In this mode, the PLC runs user programs and continually scans inputs, but

Disabled updates to physical outputs, including Genius and Field Control, are not
performed. Physical outputs are held in their configured default state in this
mode. The Programmer and System Communications Windows are run in either
Limited, Run-to-Completion, or Constant mode.

Stop/IO Scan In this mode the PLC does not run user programs, but the inputs and outputs are
scanned. The Programmer and System Communications Windows are run in
Run-to-Completion mode. The Background Window is limited to 10 ms.

Stop/No 10 In this mode the PLC does not run user programs, and the inputs and outputs are
Scan not scanned. The Programmer and System Communications Windows are run in
a Run-to-Completion mode. The Background Window is limited to 10 ms.
Note

You cannot store changes to %P and %L references in Run Mode unless the %P
and %L references are the first of their type in the block being stored or the block
being stored is a totally new block.

Note

Stop/IOScan is not supported in Microcycle Sweep mode for all Release 6 CPUs.
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Mode Transitions

Stop-to-Run Transition

Several operations are performed by the CPU on Stop-to-Run transition. These operations include
the following:

» Validation of sweep mode and program scheduling mode selections
» Validation of references used by programs with the actual configured sizes
* Re-initialization of data areas for external blocks and standalone C programs

» Clearing of non-retentive memory

Run-to-Stop Transition

Wind-Down Period for Microcycle Sweep Mode

When the PLC is running in Microcycle Sweep mode (refer to section 4 for information about
Microcycle Sweep mode), a wind-down or logic solution period may occur after the PLC is
commanded to Stop mode. This wind-down period is equal to the amount of time that the currently
executing program(s) take to complete their execution unless that amount of time exceeds 2.5
seconds. If the currently executing programs exceed 2.5 seconds in their attempt to complete their
executions, a fault will be logged in the PLC fault table, and the CPU will complete its transition to
Stop mode. During the wind-down period, no additional programs (including Interrupt programs
and blocks) will be scheduled for execution. Input Scans, Output Scans, Communications Windows
(Programmer and System), and the Background Window continue during the wind-down period.

Note

By definition, exceeding the CPU vdrdown period means that not all programs
completed execution prior to the PLC going to Stop mode. Furthermore, when
the PLC is next commanded to Run mode, all programs will begin execution at
their normal beginning point. Program(s) ao¢ resumed at their “wind-down
exceeded” execution point.
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Section 6: Power-Up and Power-Down Sequences

Power-Up

System power-up consists of the following parts:

*  Power-up self-test

* PLC memory validation

»  System configuration

» Intelligent option module self-test completion

« Intelligent option module dual port interface tests
¢ |/O system initialization

Power-Up Self-Test

On system power-up, many modules in the system perform a power-up diagnostic self-test. Series
90-70 PLC modules execute hardware checks and software validity checks. Intelligent option
modules perform setup and verification of on-board microprocessors, software checksum
verification, local hardware verification, and notification to the CPU of self-check completion. Any
failed tests are queued for reporting to the CPU during the system configuration portion of the
cycle.

In the CPU, power-up will be either a quick power-up (a warm start) or a full power-up (a cold
start), depending on whether the CPU is able to go to Run mode after powering up. If all the
conditions are met for the CPU to go to Run mode—a valid program or configuration is present,
the switch is in Run mode, and no fatal fault exists—then the CPU will perform a quick power-up.
If any of the conditions are not met, a full power-up is performed.

A quick power-up will only perform the CPU processor and BCP (Boolean Coprocessor) tests,
along with a minimal RAM test. The goal of a quick power-up is to get the CPU up and running as
quickly as possible. The remaining tests, ROM CRC, exhaustive memory tests, and peripheral tests
are only performed on a full power-up.

If a low battery indication is present, then a low battery fault is logged into the PLC fault table.

PLC Memory Validation

The next phase of system power-up is the validation of the PLC memory within the CPU. First, the
system verifies that the battery is not low and that battery-backed RAM areas are still valid. A
known area of battery-backed application RAM is checked to determine if data was preserved.
Next, if a ladder diagram program exists, then a checksum is calculated across the _MAIN ladder
block. If no ladder diagram program exists, then a checksum is calculated across the smallest
standalone C program.
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When the system is sure that the application RAM is preserved, then a known area of the BCP
(Boolean Coprocessor) bit cache area is checked to determine if the BCP bit cache data was
preserved. If this test passes, then the Bit Cache memory is left containing its power-up values.
(Non-retentive outputs are cleared on a transition from Stop to Run mode.) If this checksum does
not compare or the retentive test on the application RAM fails, the Bit Cache memory is assumed

to be in error and all areas are cleared. The PLC is now in a cleared state, the same as if a new CPU
module were installed. All logic and configuration files must be stored from the programmer to the
PLC.

System Configuration

After completing its own self-test, the CPU performs the system configuration. It first clears all of
the system diagnostic bits in the BCP (Boolean Coprocessor) Bit Cache memory. This prevents
faults that were present before power-down, but are no longer present, from accidentally remaining
as faulted. Then it polls each module in the system, checking for completion of the module’s self-
test.

The CPU reads information from each module, comparing it with user-provided rack/slot
configuration information. Any differences between actual configuration and user-specified
configuration are logged in the fault tables.

Intelligent Option Module Self-Test Completion

Intelligent option modules may take a longer time to complete their self-tests than the CPU due to
the time required to test communications media or other interface devices. As an intelligent option
module completes its initial self-tests, it tells the CPU the time required to complete the remainder
of these self-tests. During this time, the CPU provides whatever additional information the module
needs to complete its self-configuration, and the module continues self-tests and configuration. If
the module does not report back in the time it specified, the CPU marks the module as faulted and
makes an entry in one of the fault tables. When all self-tests are complete, the CPU obtains reports
generated during the module’s power-up self-test and places fault information (if any) in the fault
tables.

Intelligent Option Module Dual Port Interface Tests

After completion of the intelligent option module self-test and results reporting, integrity tests are
jointly performed on the dual-port interface used by the CPU and intelligent option module for
communications. These tests validate that the two modules are able to pass information back and
forth, as well as verify the interrupt and semaphore capabilities needed by the communications
protocol. After dual port interface tests are complete, the communications messaging system is
initialized.
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I/O System Initialization

If the module is a Model 70 input module, no further configuration is required. If the module is a
Model 70 output module, the module is commanded to go to its default state. A Model 70 output
module defaults to all outputs off at power-up and in failure mode, unless told otherwise. When the
module is a Bus Transmitter Module (BTM), it is interrogated about what remote racks are present

in the system. Based upon the BTM'’s response, the CPU adds those racks and their associated slots
into the list of slots to be configured.

Finally, the I/O Scanner performs its initialization. The I/O Scanner initializes all the 1/0

controllers in the system by establishing the /O connections to each I/O bus on the I/O controller
and obtaining all I/0 configuration data from that I/O controller. This configuration data is
compared with the user-specified 1/0 configuration and any differences reported in the I/O fault
table. The I/O Scanner then sends each 1/O controller a list of the I/0 modules to be configured on
the 1/0 bus. After the I/O controllers have been initialized, the I/O Scanner replaces the factory
default settings in all I/O modules with any application-specified settings.

For Model 70 input modules, the board may be set to interrupt when the signal(s) change state, and
whether the interrupt will occur when the signal(s) transitions from high to low or low to high. For
Model 70 output modules, their default state may be changed from Off to Hold Last State.

Power-Down Sequence

System power-down occurs when the power supply detects that incoming AC power has dropped
for more than one power cycle. A signal line on the backplane is driven low to indicate the
condition, which causes an interrupt to the CPU. From the time this signal occurs, a minimum of 5
milliseconds remain to complete power-down processing.
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Retention of Data Memory Across Power Failure
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Because application RAM and BCP memory are battery-backed, the following types of data are
preserved across a power cycle:

Application program

Fault tables and other diagnostic data

Checksums on programs and blocks

Override data

Data in register (%R), local register (%L), and program register (%P) memory
Data in analog memory (%Al and %AQ)

State of discrete inputs (%l)

State of retentive discrete outputs (%Q)

State of retentive discrete internals (%6M)

The following types of data are not preserved across a power cycle:

State of discrete temporary memory (%T)
%M and %Q memories used on non-retentive -()- coils
State of discrete system internals (system bits, fault bits, reserved bits)
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Section 7: Clocks and Timers

Clocks and timers provided by the Series 90-70 PLC include an elapsed time clock, a time-of-day
clock, and software and hardware watchdog timers. Three types of timer function blocks include an
on-delay timer, an off-delay timer, and a start-reset timer. Timed contacts cycle on and off (in
square-wave form) every 0.01 second, 0.1 second, 1.0 second, and 1 minute.

Elapsed Time Clock

The elapsed time clock uses 100 microsecond “ticks” to track the time elapsed since the CPU
powered on. The clock is not retentive across a power failure; it restarts on each power-up. Once
per second the hardware interrupts the CPU to enable a seconds count to be updated. This seconds
count rolls over (seconds count returns to zero) approximately 100 years after the clock begins
timing.

Because the elapsed time clock provides the base for system software operations and timer function
blocks, it may not be reset from the user program or the programmer. However, the application
program can read the current value of the elapsed time clock by using Service Request function
#16.

Time-of-Day Clock

The time of day in the Series 90-70 PLC is maintained by a hardware time-of-day clock. The time-
of-day clock maintains the following seven time functions:

*  Year (two digits)

e Month

» Day of month
* Hour

¢ Minute

e Second

e Day of week

The time-of-day clock is battery-backed and maintains its present state across a power failure.
However, unless the user initializes the clock, the values it contains are meaningless. The
application program can read and set the time-of-day clock using Service Request function #7. The
time-of-day clock can also be read and set from your programming software.

The time-of-day clock is designed to handle month-to-month and year-to-year transitions. It
automatically compensates for leap years throuh year 2038.
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Watchdog Timer

Software Watchdog Timer

A software watchdog timer in the Series 90-70 PLC is designed to detect “failure to complete
sweep” conditions. The timer value for the software watchdog timer is set by using your
programming software. The allowable range for this timer is 10 to 2550 milliseconds; the default
value is 200 milliseconds. The software watchdog timer always starts from zero at the beginning of
each sweep.

The software watchdog timer is useful in detecting abnormal operation of the application program
which prevents the PLC sweep from completing within the user-specified time. Examples of such
abnormal application program conditions are as follows:

» Excessive recursive calling of a block
» Excessive looping (large loop count or large amounts of execution time for each iteration)
» Infinite execution loop

When selecting a software watchdog value, always set the value higher than the longest expected
sweep time to prevent accidental expiration. For Constant Sweep and Microcycle Sweep modes,
allowance for oversweep conditions should be considered when selecting the software watchdog
timer value.

If the software watchdog timeout value is exceeded, the OK LED blinks, and the CPU goes to
Stop/Halt mode. Certain functions, however, are still possible. A fault is placed in the PLC fault
table, and outputs go to their default state. If you are using serial or WSI communications (not
Ethernet), the CPU will only communicate with the programmer; no other communications or
operations are possible. To recover, power must be cycled on the rack containing the CPU.

To extend the current sweep beyond the software watchdog timer value, the application program
may restart the software watchdog timer using Service Request function #8. However, the software
watchdog timer value may only be changed from the configuration software.

Hardware Watchdog Timer

A backup circuit provides additional protection for the PLC. If this backup circuit activates, the
PLC is immediately placed in Reset mode. Outputs go to their default state; no communications of
any form are possible, and the CPU will halt. To recover, power must be cycled.
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Section 8: System Security

The Series 90-70 PLC supports the following three types of system security:
1. Passwords/privilege levels
2. OEM protection

3. Write protect keyswitch

Passwords and Privilege Levels

Passwords are a configurable feature of the Series 90-70 PLC. Their use is optional and may be set
up using your programming software. The purpose of passwords is to provide different levels of
access privilege for the PLC when the programmer is in Online or Monitor mode. Passwords are
not used if the programmer is in Offline mode. The use of passwords may restrict the following:

» Changing I/O and PLC configuration data
» Changing programs

* Reading PLC data

» Reading programs

¢ Locking blocks

The default state is no password protection. There is one password for each privilege level in the
PLC. Each password may be unique; however, the same password can be used for more than one
level. Passwords are one to seven ASCII characters in length. Only the programmer may change
passwords.

PLC password protection can be used to restrict access to selected PLC functions. After passwords
have been set up, access to the PLC via any communications path is restricted unless the proper
password has been entered. Once a password has successfully been accepted, access to the
privilege level requested and below will be granted (for example, provide password for level 3 will
allow access to functions at levels 0, 1, 2, and 3). If the PLC communications are suspended,
protection level will automatically return to the lowest privilege level of the highest unprotected

level or privilege level 2.
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Table 2-18. Privilege Levels

Priv Level | Password Access Description
4 Yes Write to all configuration or logic. Configuration may only be written in Stop
mode; logic may be written in Stop or Run mode. Set or delete passwords for
any level.
3 Yes Write to all configuration or logic when the CPU is in Stop mode, including

word-for-word changes, the addition/deletion of program logic, and the
overriding of discrete 1/O.

2 Yes Write to any data memory. This includes the toggle/force of reference values
but doeshot include overriding discrete I/O. The PLC can be started or
stopped. PLC and I/O fault tables can be cleaM&@iTE: This is the default if
no passwords are defined.

1 Yes Read any PLC data, except for passwords. This includes reading fault tables,
performing datagrams, verifying logic/config, load program and
configuration, etc. from the PLC. NONE of this data may be changed. At this
level, transition to RUN mode from the programmer is not allowed.

0 No Read the current status of the PLC (including features supported by theg PLC),
read the name of the Resource (CP name prior to release 6.0), change
privilege level, and log in as programmer. At this level, transition to RUN

mode from the programmer is not allowed.

Note

The user must be aware that the RUN mode switch on the CPU overrides the
password protection. Even though the programmer may not be able to switch
between RUN and STOP mode, the switch on the CPU can do so.

Protection Level Request from Programmer

GFK-0265J

Upon connection to the CPU, the Programmer then requests the CPU to move to the highest non-
protected level, thereby giving the programmer access to the highest non-protected level without
having to specifically request any particular level.

A programmer requests a privilege level change by supplying the new privilege level and the
password for that level. If the password sent by the progrer does not agree with the password
stored in the PLCs password access table for the requested level, the privilege level change is
denied and a fault is logged in the PLC fault table. The current privilege level is maintained, and no
change will occur. A request to change to a privilege level that is not password protected is made
by supplying the new level and a null password. A privilege change may be to a lower level as well
as to a higher level.
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Disabling Passwords

The use of password protection is optional. If the user desires to prevent the use of password
protection, passwords can be disabled using the programming software.

Note

To re-enable passwords after passwords have been disabled, the PLC must be
power-cycled with the battery removed.

Password protection also prevents firmware upgrades to the FLASH memories
used on the CPM 914, 915, 924, 925, and all CPX models. Prior to attempting a
firmware upgrade in any of these modules, disable password protection, then re-
enable it after the upgrade.

OEM Protection

OEM protection is similar to the passwords and privilege levels; however, OEM protection
provides a higher level of security. The OEM protection feature is enabled/disabled usinga 1 to 7
character password. When OEM protection is enabled, all read and write access to the PLC
program and configuration is prohibited.

Protection for OEMs’ investment in software is provided in the form of a special password known
as theOEM key When the OEM key has been given a non-NULL value, the CPU may be placed in
a mode in which reads and writes of the logic as well as writes to the configuration are prohibited.
This allows a third-party OEM to create Control Programs for the PLC CPU and then set the OEM-
locked mode which prevents the end-user from reading or modifying the program.

Note

OEM protection also prevents firmware upgrades to the FLASH memories used
on the CPM 914, 915, 924, 925, and all CPX models. Prior to attempting a
firmware upgrade in any of these modules, disable OEM protection, then enable
it again after the upgrade.

Write Protect Keyswitch

The 9070 CPU models CPU 780, 781, 782, 788, 789, 790, 914, 924, 915, 925; CGR 772 and 935;
and all CPX models contain a memory write protect keyswitch. This keyswitch is located on the
top of the faceplate, above the upper faceplate-to-rack clip. When in the protected position, the
PLC program and configuration cannot be modified or deleted.

Note

The write protect keyswitch, when in the “write protected” position, also prevents
firmware upgrades to the FLASH memories used on the CPM 790, 914, 915,
924, 925, and all CPX models. Prior to attempting a firmware upgrade in any of
these modules, place the write protect keyswitch into the “write enabled”
position.
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Section 9: Series 90-70 PLC 1/O System

The Series 90-70 PLC I/O system provides the interface between the Series 90-70 PLC and user-
supplied devices and equipment. The I/0O system supports the rack-type Model 70 I/O, the Genius
I/O system, and the FIP 1/O system. A Genius I/O Bus Controller (GBC) module provides the
interface between the Series 90-70 PLC CPU and a Genius I/O bus. A FIP 1/0 Bus Controller
(FBC) module provides the interface between the Series 90-70 PLC CPU and a FIP 1/O bus. In
addition to supporting these three 1/0 subsystems, the 1/O system will also support Ethernet

Interfaces and PCMs.

The I/O structure for the Series 90-70 PLC is shown in the following figure:
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Figure 2-13. Series 90-70 PLC I/O Structure
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/0 Data Mapping

Discrete inputs and outputs are stored as bits in the CPU BCP Bit Cache memory. Analog I/O is
stored in the application RAM allocated for that purpose. Analog data is always stored in the
demultiplexed state, with each channel requiring one word (16 bits).

Default Conditions

Genius 1/O

The programming software provides the ability to specify that the first input may be an interrupt
input and for the filter speed to be fast or slow; but upon power-up, Model 70 discrete input
modules always default to the first input on the module not interrupting and the input filter being
slow speed. If changed by the user, new defaults are applied when the board is configured by the
CPU during the power-up process or whenever else the module may go through configuration.

Model 70 discrete output modules default to all outputs off. The configuration utility provides the
ability to specify the default which will be applied when the CPU transitions from Run/Enabled to
Run/Disabled or Stop mode. It also applies this default information when the system halts.

Information relative to using Genius I/O in a Series 90-70 PLC system is presented in the following
paragraphs. For specific information on Genius I/O block types, configuration, and setup, refer to
the Genius I/O System User's Manual&EK-90486-1 and -2.

Genius I/0 Bus Configuration

The Bus Controller used in the Series 90-70 PLC controls a single Genius I/O bus. Any type of
Genius I/O block may be attached to the bus.

In the I/O fault table, the rack, slot, bus, module, and I/0O point number are given for a fault. Bus
number one refers to the bus on the single-channel Genius Bus Controller.

Genius I/0 Data Mapping

Genius I/O discrete inputs and outputs are stored as bits in the CPU Bit Cache memory. Genius I/O
analog data is stored in the application RAM allocated for that purpose (%Al and %AQ). Analog
data is always stored one channel per one word (16 bit).

An analog grouped module consumes (in the input and output data memories) only the amount of
data space required for the actual inputs and outputs. For example, the Genius I/O 115 VAC
Grouped Analog Block, IC660CBA100, has four inputs and two outputs; it consumes four words of
Analog Input memory (%Al) and two words of Analog Output memory.

A discrete grouped module, each point of which is configurable with the Hand-Held Monitor
(HHM) to be input, output, or output with feedback, consumes an amount in both discrete input
memory (%l) and discrete output memory (%Q) equal to its physical size. Therefore, the 8 1/0 115
VAC Discrete Grouped Block (IC660CBD100) requires 8 bits in the %l memory and 8 bits in the
%Q memory, regardless of how the block is configured.
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The following four Genius I/O blocks are assigned to the analog memories:

» 6-Channel Analog Grouped Block

» 6-Channel Thermocouple Block

* 6-Channel RTD Block

* 4-Channel Strain Gauge/mV Analog Input Block

The Thermocouple and RTD blocks are also referred to as Low-Level Analog Input blocks.

Analog Grouped Block

The Analog Grouped block contains four analog input channels and two analog output channels.
When a block gets its turn on the Genius I/O Bus, it broadcasts the data for all four input channels
in one broadcast control message. Then, when the Bus Controller gets its turn, it sends the data for
both output channels to the block in a directed control message.

Low-Level Analog Blocks

Unlike the Analog Grouped block, the low-level analog blocks are input-only blocks. All have six
channels.

Default Conditions

Genius I/0 blocks have a number of default conditions that may be set using the Genius I/O Hand-
Held Monitor. These defaults include the following:

* Report faults

* Range select

* Analog input and output scaling

e Input filter time

e Alarm input mode

e Output hold last state

e Output default

These defaults are stored in EEPROM in the block itself. The Series 90-70 PLC configuration

utility supports the changing of only a small subset of these defaults. For more information, refer to
theGenius I/O System User's ManuaBEK-90486-1 and -2.

Through the COMMREQ function block, the application program can request the Bus Controller to
change any default condition on a specific block. However, this change will only be accepted by
the block if it is not in Config Protect mode. If Config Protect mode is set, only the Hand-Held
Monitor can be used to change the defaults. The format of the COMMREQ function block for
Genius I/O is described in th@enius Bus Controller User's ManyaGFK-0398.
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Genius Global Data Communications

The Series 90-70 PLC supports the sharing of data among multiple PLC systems that share a
common Genius I/O bus. This mechanism provides a means for the automatic and repeated transfer
of %G, %l, %Q, %Al, %AQ, and %R data. No special application programming is required to use
global data since it is integrated into the I/O scan. All GE Fanuc PLCs that have Genius I/O
capability can send global data to a Series 90-70 PLC and can receive data from3S€ies

PLC. Your programming software is used to configure the receiving and transmitting of global data
on a Genius I/O bus.

Note

Genius global data communications do not continue to operate when the 90-70
PLC is in STOP/NOIO mode. However, if the 90-70 PLC is in STOP/IOSCAN
mode, then Genius global data communications will continue to operate.

FIP 1/0

Information relative to using FIP 1/O in a Series 90-70 PLC system is presented in the following
paragraphs. For specific information on FIP I/O types, configuration, and setup, refeBeoitize
90-70 FIP Bus Controller User's ManyabFK-1038.

FIP 1/0 Bus Configuration

The FIP Bus Controller used in the Series 90-70 PLC controls a single FIP 1/O bus. Currently
supported are the 90-30 FIP Remote I/O Scanner, FIP Bus Interface Unit (for Field Control), and
generic FIP I/O module configurations. All of the FIP I/O interface modules (for example, the FIP
Remote 1/0O Scanner) must provide input data to the 90-70 FIP Bus Controller so that the FIP Bus
Controller has this same input data to provide to the 90-70 CPU during the next normal input scan.
Similarly, when the 90-70 CPU performs the next output scan, the FIP Bus Controller accepts this
output data and passes it on to the appropriate FIP 1/O interface module to then update the local
I/0.

90-30 FIP Remote I/O Scanner

The FIP Remote 1/O Scanner provides the ability to use 90-30 I/O as a remote I/O node on a FIP
I/O network. The FIP Remote 1/0O Scanner module provides the communications interface to the
FIP 1/0 network (communications with the 90-70 FIP Bus Controller) and also provides the 1/0
scanning function for the local 90-30 I/O modules. (For more information on the 90-30 FIP Remote
I/O Scanner, please refer to ®@ 30 FIP Remote /O Scanner User ManuakK-1037)

FIP Bus Interface Unit (Field Control)

The FIP Bus Interface Unit provides the ability to use Field Control I/O as a remote I/O node on a
FIP 1/0 network. The FIP Bus Interface Unit module provides the communication interface to the
FIP 1/0 network (communications with the 90-70 FIP Bus Controller) and also provides the 1/0
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scanning function for the local Field Control modules. (For more information on FIP Field Control,
please refer to thEIP Bus Interface Unit User's ManuaBFK-1175).

Generic FIP I/0

Generic FIP 1/O allows for configuring FIP I/O other than the FIP Remote I/O Scanner and FIP

Bus Interface Unit. This permits the 90-70 CPU and the 90-70 FIP Bus Controller to assign 1/0
reference addresses to the generic FIP 1/0O device. The configuration selection also permits the 90-
70 FIP Bus Controller to recognize the generic FIP I/O module on the FIP I/O network.

FIP I/O Fault Data

In the I/O fault table, the rack, slot, FIP drop ID, remote rack, and remote slot number are given for
faults occurring in an FIP Remote 1/0 Scanner or FIP Bus Interface Unit controlled remote I/O
node. No fault information can be obtained from generic FIP I/O.

FIP 1/O Data Mapping

FIP 1/O discrete inputs and outputs are stored as bits in the CPU Bit Cache memory. FIP 1/0O analog
data is stored in the application RAM allocated for that purpose (%Al and %AQ). Analog data is
always stored one channel per one word (16 bit).

An analog grouped module consumes (in the input and output data memories) only the amount of
data space required for the actual inputs and outputs. For example, an analog module with four
inputs and two outputs consumes four words of Analog Input memory (%Al) and two words of
Analog Output memory.

Default Conditions

FIP 1/0 devices have a number of default conditions which may be set using your programming
software. The default conditions include the following:

* Range select

* Analog input scaling

* Analog output scaling

» Discrete output default Off (fixed)

¢ Analog output default Hold Last State (fixed)

Diagnostic Data Collection
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Diagnostic data in a Series 90-70 PLC 1/O system is obtained in one of the following two ways:

1. If an I/O module has an associated Bus Controller (Genius Bus Controller or FIP Bus
Controller), then the Bus Controller provides the module’s diagnostic data for the CPU.

2. If an I/O module is a Model 70 1/0 module, then the CPU’s I/O Scanner subsystem generates
the diagnostic bits based on the data provided by the I/O module.
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The diagnostic bits are derived from the diagnostic data sent from the 1/O modules to their I/O
controllers (Genius Bus Controller, FIP Bus Controller, or 90-70 CPU). Diagnostic bits always
indicate the current fault status of the associated module. Bits are set when faults occur and are
cleared when faults are cleared.

In general, diagnostic data is not maintained by the Series 90-70 PLC for foreign 1/0 (not GE
Fanuc) modules. Any diagnostic information provided by those boards must be specifically
accessed by the application program using the VME Read and VME Write function blocks.

Beginning with 90-70 CPU release 5.50, the 90-70 system supports third-party I/O modules when
developed under license agreement with GE Fanuc. These boards are then configtfred as “3
PartyVME” and the interface mode is “I/O Scan.” Boards developed to conform to the I/O Scan
interface can provide discrete and analog diagnostic information to the 90-70 CPU.

Discrete I/O Diagnostic Information

Diagnostic information is maintained by the Series 90-70 PLC for each discrete 1/O point. Two
memory blocks are allocated in application RAM for discrete diagnostic data. One is associated
with %I memory and the other with %Q memory. One bit of diagnostic memory is associated with
each 1/O point. This bit indicates the validity of the associated I/O data. Each discrete point has a
fault reference available that may be interrogated using two special contacts: a fault contact (-
[FAULT]-) and a no-fault contact (-[NOFLT]-). The PLC only collects this fault data if enabled to
do so through your programming software. The following table shows the state of the fault and no-
fault contacts.

Condition [FAULT] [NOFLT]
Fault Present ON OFF
Fault Absent OFF ON

Analog I/0 Diagnostic Data

Diagnostic information is made available by the PLC CPU for each analog channel associated with
Model 70 analog input modules, Model 70 analog output modules, Genius analog blocks, etc. Two
memory blocks are allocated for analog diagnostic data. One is associated with %Al analog input
memory and the other with %AQ analog output memory. One byte of diagnostic memory is
allocated for each analog I/O channel. Since each analog I/O channel uses two bytes of %Al and
%AQ memory, the diagnostic memory is half the size of the data memory.

The analog diagnostic data contains both diagnostics and process data with the process data being
the High Alarm and Low Alarm bits. The diagnostic data is referenced with the -[FAULT]- and -
[NOFLT]- contacts. The process bits are referenced with the -[HIALR]- and -[LOALR]- contacts.
The memory allocation for analog diagnostic data is one byte per word of analog input and analog
output allocated by the user. When an analog fault contact is referenced in the application program,
the PLC does an Inclusive OR on all the bits in the diagnostic byte except the process bits. The
alarm contact is closed if any diagnostic bit is ON and OFF, only if all bits are OFF.
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Fault Explanation and Correction

This chapter is an aid to troubleshooting a Series 90-70 PLC system. It explains the fault

descriptions, which appear in the PLC fault table, and the fault categories, which appear in the I/O
fault table.

Each fault explanation in this chapter lists the fault description for the PLC fault table or the fault
category for the I/O fault table. Find the fault description or fault category corresponding to the
entry on the applicable fault table displayed on your programmer screen. Beneath it is a description

of the cause of the fault along with instructions to correct the fault.

Chapter 3 contains the following sections:

Section Title Description Page

1 System Handling of | Describes the PLC system faults (SY_FLT) and the I/  3-2

Faults (General) |faults (I0O_FLT). Describes configurable faults, changing
the fault action, non-configurable faults, and locating fault
references (rack, slot, bus, and FIP locating references).

2 Fault Handling Describes the type of faults that may occur in the 3-10
Series 90-70 PLC and how they are displayed in the fault
tables. Descriptions of the PLC and /O fault table displays
are also included.

3 PLC Fault Table |Provides a fault description of each PLC fault and 3-16

Explanations instructions to correct the fault.
4 I/O Fault Table Provides a description of each I/O fault and instructiong t8-38
Explanations correct the fault.
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Section 1: System Handling of Faults (General)

The system fault references listed below can be used to identify the specific type of fault that has

occurred.
System Fault Reference Description
ANY_FLT Any fault in the system.
SY_FLT Any system fault in the Series 90 PLC.
IO FLT Any I/O fault.
SY PRES Indicates a new entry in the PLC fault table.
IO PRES Indicates a new entry in the I/O fault table.
HR[_)_FLT Any hardware fault.
SFT_FLT Any software fault.

On power-up, the system fault references are cleared. If a fault occurs, the on-transition state of the
affected reference(s) is on the next sweep after the fault occurs. The system fault references remain
on as long as the fault exists, until the PLC is cleared or until cleared from the program. The
ANY_FLT fault is set when any other fault is set. The SY_PRES and |I0_PRES faults are set when
the PLC and I/O fault table contain entries.
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System Fault References

When a system fault reference is set, additional fault references are also set. The following table
lists these other types of faults. References marked with asterisks below are configurable system
fault references.

Table 3-1. System Fault References

Fault Type PLC System Fault (SY_FLT) I/O Fault (I0_FLT)

Hardware Fault sgys ER System bus error
(HRD_FLT)
HRD_CPU PLC CPU hardware fault. HRD_SIO
Module hardware fault
SBUS_FL System bus failure *

Software Fault st 510 Intelligent module software fault | SFT_IOC /O Controller software fault

(SFT_FLT)
SFT_CPU PLC software fault *
MAX_IOC Too many Bus Controllers *
STOR_ER Programmer download failed *

Other Faults | PB_SUM block checksum fault LOS_IOC Loss of I/O Controller
LOW_BAT Low battery signal LOS_IOM Loss of /O module
OV_SWP Over constant sweep time ADD_IOC Addition of I/O controller
SY_FULL PLC fault table full ADD_IOM Addition of I/O module
I0_FULL I/O fault table full IOC_FLT Bus or I/O Controller fault
APL_FLT Application program fault IOM_FLT I/O module fault
NO_PROG No application program at
power-up *

BAD_RAM Corrupted program memory *
WIND_ER Incomplete window service *
BAD_PWD Password access failure *
NUL_CFG No configuration present *
LOS_SIO Loss of option module. *
ADD_RCK Addition of expansion rack *
ADD_SIO Addition of option module *
CFG_MM Configuration mismatch *
LOS_RCK Loss of rack *

* Configurable system fault references.
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Configurable Fault Actions

For some faults, the PLC must stop execution. For other faults, the appropriate response to a fault
may depend on the nature of the application. All faults are initially assigned to one of these three

actions:
Fault Action Description
Fatal These faults halt the system, set diagnostic variables, and are logged in a faulf table.
Diagnostic These faults do not halt the system. They do, however, set diagnostic variablgs and
are logged in a fault table.
Informational These faults are logged in a fault table, but cause no other action.

For some faults, called “non-configurable” faults, the fault action cannot be changed. Other faults,
called “configurable” faults, can have their fault type changed to another fault action if such a
change is suitable for the application. The following table lists configurable faults:

Table 3-2. Fault References for Configurable Faults

Fault
(Default Action) Description May Also Be Set
SBUS_ER System bus error. HRD_FLT
(diagnostic) (The BSERR* signal was generated on the VME system SY_PRES, SY_FLT
bus.) Other references may also
be set depending on the type
of access when the
BSERR* occurred.
SFT_IOC* Non-recoverable software error in a /O Controller. IO_FLT, IO_PRES
(diagnostic) SFT_FLT
LOS_RCK** Loss of rack (BRM failure, loss of power), or missinga SY_FLT, SY_PRES
(diagnostic) configured rack. I0_FLT, IO_PRES

LOS_IOC*** Loss of I/O Controller channel, or missing a configured 10_FLT, IO_PRES
(diagnostic) Bus Controller.

LOS_IOM Loss of I/O module (does not respond), or missing a I0_FLT, IO_PRES
(diagnostic) configured I/O module.
LOS_SIO Loss of intelligent module (does not respond), or SY_FLT, SY_PRES
(diagnostic) missing a configured module.
IOC_FLT Non-fatal bus or I/O Controller error, more than 10 bus 10_FLT, IO_PRES
(diagnostic) errors in 10 seconds (error rate is configurable).
CFG_MM Wrong module type detected during power-up or Ruh  SY_FLT, SY_PRES
(fatal) mode. The PLC does not check the configuration

parameters set up for individual modules such as Ggnius

I/O blocks. T

* The SFT-IOC software fault will have the same action as what you set for LOS_10C.

**  When a Loss of Rack or Addition of Rack fault is logged, individual loss or add faults for each module
in that rack are usually not generated.

***  Even if the LOS-IOC fault is configured as Fatal, the PLC will not go to STOP/FAULT unless both
Genius Bus Controllers of an internal redundant pair fail.
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Note

If the fault action for a fault logged to the fault table is informational, the
configured action is not used. For example, if the logged fault action for an
SBUS_ERR is informational, but you configure it as fatal, the action is still
informational.

Non-Configurable Faults

GFK-0265J

For non-configurable faults, the fault action cannot be changed.

The following table lists non-configurable faults.

Table 3-3. Non-Configurable Faults

Fault Description Result
SBUS_FL System bus failure. The PLC CPU was n&ets SY_FLT, HRD_FLT, and
(fatal) able to access the VME bus. SY_PRES.

BUSGRT*NMI error.
HRD_CPU PLC CPU hardware fault, such as failed SY_FLT, SY_PRES
(fatal) memory device or failed serial port). HRD_FLT
HRD_SIO Non-fatal hardware fault on any module|in SY_FLT, SY_PRES
(diagnostic) the system, such as failure of a serial pqrt HRD_FLT

on a PCM.
SFT_SIO Non-recoverable software error in a PCM SY_FLT, SY_PRES
(diagnostic) or LAN interface module. SFT_FLT
PB_SUM Program or block checksum failure during SY_FLT, SY_PRES
(fatal) power-up or in Run mode.
LOW_BAT Low battery signal from CPU or another SY_FLT, SY_PRES
(diagnostic) module in system.
OV_SWP Constant sweep time exceeded. SY_FLT, SY_PRES
(diagnostic)
SY_FULL PLC fault table full (16 entries). SY_FLT, SY_PRES
I0_FULL I/O fault table full (32 entries). IO_FLT, IO_PRES
(diagnostic)
APL_FLT Application fault. SY_FLT, SY_PRES
(diagnostic)
ADD_RCK** New rack added, or previously faulted rack SY_FLT, SY_PRES
(diagnostic) has returned.
ADD_IOC Previously faulted I/O Controller is no IO_FLT, IO_PRES
(diagnostic) longer faulted.
ADD_IOM Previously faulted IO module is no longger I0_FLT, I0O_PRES
(diagnostic) faulted.
ADD_SIO New intelligent module is added, or SY_FLT, SY_PRES
(diagnostic) previously faulted module no longer

faulted.
IOM_FLT Point or channel on an I/O module; a I0_FLT, I0O_PRES
(diagnostic) partial failure of the module.
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Table 3-3. Non-Configurable - Continued

Fault

Description

Result

NO_PROG
(information)

No application program is present at
power-up. Should only occur the first tin
the PLC is powered up or if the battery-
backed RAM containing the program fai

Does not set any references. PLC will hot
ngo to Run mode; it continues executing
Stop mode sweep until a valid progran is

doaded. This can be a “null” program that

does nothing. Sets SY_FLT and
SY_PRES.

(information)

Programmer or Logic Window was
skipped. Occurs in Constant Sweep or
Microcycle Sweep Mode.

BAD_RAM Corrupted program memory at power-up.Sets SY_FLT and SY_PRES.
(fatal) Program could not be read and/or did ngt
pass checksum tests.
WIND_ER Window completion error. Servicing of |Sets SY_FLT and SY_PRES.

BAD _PWD
(information)

Change of privilege level request to a
protection level was denied; bad
password.

Sets SY_FLT and SY_PRES.

be corrupted.

SY_FLT and SY_PRES.

intervention is required to correct it. Sets

NUL_CFG No configuration present upon transitionSets SY_FLT and SY_PRES.
(fatal) to Run mode. Running without a
configuration is equivalent to suspending
the I/O scans.
SFT_CPU CPU software fault. A non-recoverable | PLC immediately transitions to Error
(fatal) error has been detected in the CPU. MaySweep mode. The only activity permitt¢d
be caused by Watchdog Timer expiring.| is communication with the programmer.
To be cleared, PLC power must be
cycled. Sets SY_FLT, SY_PRES, and
SFT_FLT.
MAX_I0C The maximum number of bus Sets SY_FLT, SY_PRES, and SFT_FLUT.
(fatal) controllers has been exceeded. The Serjies
90 PLC supports 32 bus controllers.
STOR_ER Download of data to PLC from the PLC will not transition to Run mode.
(fatal) programmer failed; some data in PLC makhis fault is not cleared at power-up,

*When a Loss of Rack or Addition of Rack fault is logged, individual loss or add faults for each module in
that rack are usually not generated.

Fault Contacts

Fault ({FAULT]-) and no-fault (NOFLT]-) contacts can be used to detect the presence of various
faults in the system. These contacts can not be overridden. The following table shows the state of
fault and no-fault contacts.

Series 90™-70 PLC CPU Instruction Set Reference Madaalary 2000

Condition [FAULT] [NOFLT]
Fault Present ON OFF
Fault Absent OFF ON

GFK-0265J



Fault Locating References (Rack, Slot, Bus, Module)

The Series 90-70 PLC supports reserved fault names for each rack, slot, bus, and module if the
hardware is configured. By programming these names on the FAULT and NOFLT contact
instructions, logic can be executed to locate faults associated with configured racks and modules.

Format of Fault References
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Table 3-4. Fault Reference Names

Fault Reference Reserved Comment
Type Name
Rack RACK_Or Where r is rack number O to 7.
Slot SLOT_rs Where r is rack number 0 to 7 and s is slot number O tg 9.
Bus BUS_rsb Where ris rack number 0 to 7, s is slot number O to 9, and b
(Genius only) is the Genius bus number 1 or 2.
Module M_rsbmm Where r is rack number 0 to 7, s is slot number 0 to 9, bfis
(Genius only) the Genius bus number 1 or 2, and mm is the Serial Bus
Address (SBA) number 00 to 31.
FIP Module F_rsmmm Where ris rack number 0 to 7, s is slot number 0 to 9, and
(FIP only) mmm is the FIP station address 000 to 255.

These fault names can only be programmed on the FAULT and NOFLT contacts. The reserved
fault names are always available. It is not necessary to enable a special option, such as point faults.

These fault names do not correspond to %SA, %SB, %SC, or to any other reference type. Only the
name is displayed. A reference table screen is not provided for the fault references.

The format of a rack fault name is RACK_Or, where r is the rack number 0 to 7. For example,
RACK_01 shown in the example below represents rack 1.

The format of a slot fault name is SLOT rs, where r is the rack number 0 to 7 and s is the slot
number 0 to 9. For example, SLOT_15 shown in the example below represents rack 1, slot 5.

|
| RACK_01 SLOT_15 %Q00002
| FFAULT] —INOFLT]

/~
~

The format of a bus fault name is a BUS_rsb, where r is the rack number 0 to 7, s is the slot number
0to 9, and b is the bus number 1 or 2. For example, BUS_241 represents rack 2, slot 4, bus 1.

The format of a module fault name is M_rsbmm, where r is the rack number 0 to 7, s is the slot
number 0to 9, b is the bus number 1 or 2, and mm is the module number 00 to 31. For example,
M_26128 represents rack 2, slot 6, bus 1, module 28.

The format of a FIP module fault is F_rsmmm, wheisthe rack number 0 to gjs the slot
number 0 to 9, anchmmis the FIP station address.
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Behavior of Fault References

At power-up, all fault locating references are cleared in the PLC. When a fault is logged, the PLC
transitions the state of the affected reference(s). The state of the fault reference remains in the fault
state until one of the following actions occurs:

» Both the PLC and the I/O fault tables are cleared through your programming software either by
clearing each table individually or clearing the entire PLC memory.

» The associated device (rack, I/0O module, or Genius device) is added back into the system.
Whenever an “Addition of. . . ” fault is logged, the PLC initializes all fault references
associated with the device to the NoFlt state. These references remain in the NoFlIt state until
another fault associated with the device is reported. (This could take several seconds for
distributed 1/O faults, especially if the bus controller has been reset.)

» For FIP faults, refer to th®eries 90-70 FIP Bus Controller User's Man(@FK-1038).
Note

These fault references are set for informational purposes only. They should not
be used to qualify I/0O data. The I/O point fault references (described on page 3-9)
may be used to qualify I/O data. The PLC does not halt execution as a result of
setting a fault locating reference to the Fault state.

The fault references have a cascading effect. If there is a problem in the module located at rack 5,
slot 6, bus 1, module 29, the following faults references are set: RACK_05, SLOT_56, BUS_561,
and M_56129. There will only be one entry in the fault table to describe the problem with the
module. The fault table does not show entries pertaining to the rack, slot, and bus in this case. A
fault in FIP device at rack 5, slot 6, module 29 results in the following fault references being set:
RACK_05, SLOT_56, F_56029.

A module fault for a FIP Remote I/O Scanner device results in only one module fault type fault
reference being set. For example, if FIP module with station ID 43 in 90-70 rack 3, slot 9 is an FIP
Remote I/O Scanner, and within the FIP Remote I/O Scanner there is a faulted module in the FIP
Remote I/0O Scanner’s rack 1, slot 5, then only fault reference F_39043 will be set.

Alarm Contacts

High ({HIALR]-) and low ({LOALR]-) alarm contacts are used to represent the state of the analog
input module comparator function. However, the use of point faults must first be enabled in
Hardware Configuration. For details about enabling Point Fault References, refer to the
Logicmaster User's Manual (GFK-0263) or the online help in Hardware Configuration within
CIMPLICITY Control.

The following example logic uses both high and low alarm contacts.

I
|%A10001 %Q00003

| FHIALR]+
[ |
[%AI10002 |

| FLOALR]+

~
~
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Point Faults
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Note

HIALR and LOALR contacts will not create an entry in a fault table.

Point faults pertain to external I/O faults, although they will also be set due to the failure of
associated higher-level internal hardware (for example, 10C failure or loss of a rack). In order to
use point faults, they must be enabled in Hardware Configuration. For details about enabling Point
Fault References, refer to the Logicmaster User's Manual (GFK-0263) or the online help in
Hardware Configuration within CIMPLICITY Control.

When enabled, a Boolean reference for each discrete I/O point fault and a byte reference for each
analog I/O channel level fault are allocated in PLC memory. The PLC memory used for point
faults is included in the total reference table memory size. The FAULT and NOFLT contacts
described above provide access to the point fault.
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Section 2: Fault Handling

Faults occur in the Series 90-70 PLC system when certain failures or conditions happen which
affect the operation and performance of the system. These conditions, such as the loss of an I/O
module or rack, may affect the ability of the PLC to control a machine or process. These conditions
may also have beneficial effects, such as when a new module comes online and is now available for
use. Or these conditions may only act as an alert, such as a low battery signal which indicates that
the battery protecting the memory needs to be changed.

For information on system status/fault references, refer to Chapter 2, section 3, “Program
Organization.”

Alarm Processor

The condition or failure itself is called a fault. When a fault is received and processed by the CPU,
it is called an alarm. The software in the CPU which handles these conditions is the Alarm
Processor. The interface to the user for the Alarm Processor is through the programming software.
Any detected fault is recorded in a fault table and displayed on either the PLC fault table screen or
the 1/O fault table screen, as applicable.
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Classes of Faults

The Series 90-70 PLC detects several classes of faults. These include internal failures, external
failures, and operational failures.

Table 3-5. Classes of Faults

Fault Class Examples

Internal Failures Non-responding modules.
Low battery condition.
Memory checksum errors.

External I/O Failures| Loss of rack or module.
Addition of rack or module.
Loss of Genius I/O block.

Operational Failures| Communication failures.
Configuration failures.
Password access failures.

System Reaction to Faults

Typically, hardware failures require that either the system be shut down or the failure be tolerated.
I/O failures may be tolerated by the PLC system, but they may be intolerable by the application or
the process being controlled. Operational failures are normally tolerated. Series 90-70 PLC faults

have three attributes:

Table 3-6. Fault Attributes

Attribute Description

Fault Table Affected| I/O fault table
PLC fault table

Fault Action Fatal
Diagnostic
Informational

Fault Response Configurable
Non-configurable

Fault Tables

The two fault tables—the PLC fault table and the 1/O fault table—are provided in this chapter to
make faults easier to find.
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Fault Action

Fatal faults cause the fault to be recorded in the appropriate table, any diagnostic variables to be set,
and the system to be stopped. Diagnostic faults are recorded in the appropriate table, and any
diagnostic variables are set. Informational faults are only recorded in the appropriate table.

Table 3-7. Fault Actions

Fault Action Response by CPU

Fatal Log fault in fault table.
Set fault references.
Go to Stop mode.

Diagnostic Log fault in fault table.
Set fault references.

Informational | Log fault in fault table.

Your programming software provides the capability to change the fault action of certain faults.
There are two possible classifications in the utility: fatal and non-fatal. These correspond to fatal
and diagnostic fault action in the PLC. Only fatal faults cause the system to halt. Additionally, the
informational fault action only logs faults in the fault table.

When a fault is detected by the CPU, it uses a default fault action for that fault. For those faults
which may have their action changed by the programming software, the CPU uses the fault action
specified by the software; this may be the default action or the action chosen by the user.

Fault Response

Fault response refers to the ability of a fault to have its fault action changed. Those faults that can
have their fault action changed are called configurable faults. Those which cannot are called non-
configurable faults. Non-configurable faults are either fatal or informational. Also, non-
configurable faults do not cause application available references to be set and cannot have alarm
blocks associated with the detection of the fault. Some non-configurable faults also have other
effects associated with them. Generally, these effects control the changing of the CPU’s execution
mode (Stop, Run/Disabled, Run/Enabled). An example of such an effect is the disabling of /O
when a null system configuration is detected in the system.

3-12 Series 90™-70 PLC CPU Instruction Set Reference Madaalary 2000 GFK-0265J



PLC Fault Table

The PLC fault table displays PLC faults such as password violations, PLC/configuration
mismatches, parity errors, and communications errors.

The programmer may be in any operating mode. However, if the programmer is in Offline mode,
no faults are displayed. In Online or Monitor mode, PLC fault data is displayed. In Online mode,
faults can be cleared (this may be password protected).

Field Description

Top Fault Displayed| The index of the PLC fault currently at the top of the fault display is
shown on the first line of this screen.

Total Faults The total number of faults since the table was last cleared.
Table Last Cleared| The date and time faults were last cleared from the fault table. This
information is maintained by the PLC.
Entries Overflowed | The number of entries lost because the fault table has overflowed since itjwas
cleared. The PLC fault table can contain up to 40 faults (16 prior to Releas¢ 6—
configurable in CIMPLICITY Control).
PLC Time/Date The current date and time. This is also maintained by the PLC.

Note

The size of the PLC fault table is configurable (with a default of 16 and a
maximum of 40—configurable in CIMPLICITY Control). Additional faults (over
the configured limit) cause the table to overflow, and faults are lost. The system
reference SY_FULL (%S0009) is set to indicate that the fault table is full.

User-Defined Faults

User-defined faults can be logged in the PLC fault table. When a user-defined
fault occurs, it is logged in the appropriate fault table as “Application Msg
(error_code):” and may be followed by a descriptive message up to 24 characters.
All characters in the descriptive message can be defined by the user. Although
the message must end with the null character, e.g., zero (0), the null character
does not count as one of the 24 characters. If the message contains more than 24
characters, only the first 24 characters are displayed.

Certain user-defined faults can be used to set a system status reference
(%SA0081-%SA0112).

Note

User-defined faults are created using Service Request 21 (refer to Chapter 4 in
this manual).
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/0 Fault Table

The I/O fault table displays I/O faults such as circuit faults, address conflicts, forced circuits, and

I/O bus faults.

The programmer may be in any operating mode. However, if the programmer is in Offline mode,
no faults are displayed. In Online or Monitor mode, PLC fault data is displayed. In Online mode,
faults can be cleared (this feature may be password protected).

Field

Description

Top Fault Displayed

The index of the I/O fault currently at the top of the fault display is
shown on the first line of this screen.

Total Faults The total number of faults since the table was last cleared.
Fault Description | A more specific indication of the type of fault that is currently highlighted in) the
I/O fault table.
Table Last Cleared| The date and time faults were last cleared from the fault table. This
information is maintained by the PLC.
Entries Overflowed [ The number of entries lost because the fault table has overflowed since it|was
cleared. The I/O fault table can contain up to 32 faults.
PLC Time/Date The current date and time. This is also maintained by the PLC.
Note
The size of the I/O fault table is configurable (with a default of 32 and a
maximum of 40—configurable in CIMPLICITY Control). Additional faults (over
the configured limit) cause the table to overflow, and faults are lost. The system
reference 10_FULL (%S0010) is set to indicate that the fault table is full.
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Accessing Additional Fault Information
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The fault tables displayed by the programming software contain basic information regarding the
fault. For additional information a pertaining to each fault, double-click the fault as it appears in the
programming software to access the Details window.

The last entry,Correction for each fault explanation in this chapter lists the action(s) to be taken
to correct the fault. Note that the corrective action for some of the faults includes the statement:

Display the PLC fault table on the programmer. Contact GE Fanuc PLC Field
Service, giving them all the information contained in the fault entry.

This second statement means that you must tell Field Service both the information readable directly
from the fault tabl@nd the hexadecimal information. Field Service personnel will then give you
further instructions for the appropriate action to be taken.
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Section 3: PLC Fault Table Explanations

Each fault explanation contains a fault description and instructions to correct the fault. Many fault
descriptions have multiple causes. In these cases, the error code and additional fault information are
used to distinguish among different fault conditions sharing the same fault description. The error
code is the first two hexadecimal digits in the fifth group of numbers, as shown in the following
example.

01 000000 01030100 0902 0200 000000000000

I Error Code (first two hex

digits in fifth group

Some faults can occur because random access memory on either the PLC CPU board or the
expansion memory board has failed. These same faults may also occur because the system has been
powered off and the battery voltage is (or was) too low to maintain memory. To avoid excessive
duplication of instructions when corrupted memory may be a cause of the error, the correction

simply states:

Perform the corrections for Corrupted Memory.

This means:

1. If the system has been powered off, replace the battery. Battery voltage may be insufficient to
maintain memory contents.

2. Replace the expansion memory board. Integrated circuits on the memory board may be failing.
3. Replace the PLC CPU board. The integrated circuits on the PLC CPU board may be failing.
Note

For information about values for fault groups, refer to Appendix B.
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Configurable Faults

Configurable faults can have their fault action (fatal or diagnostic) changed. The CPU uses the fault
action specified by the software; this may be the default action or a fault action chosen by the user.
In this section, the default fault action is listed for configurable faults.

Loss of or Missing Rack

The fault group Loss of or Missing Rack occurs when the system cannot communicate with an
expansion rack because the BTM (Bus Transmitter Module) in the main rack failed, the BRM (Bus
Receiver Module) in the expansion rack failed, power failed in the expansion rack, or the expansion
rack was configured in the configuration file but did not respond during power-up. The default fault
action for this group is Diagnostic.

Error Code: |1
Name: Rack Lost

Description: | The PLC generates this error when the main rack can no longer communicate with af
expansion rack. The error is generated for each expansion rack that exists in the system.

Correction: |(1) Power off the system. Verify that both the BTM and the BRM are seated propefly in
their respective racks and that all cables are properly connected and seated.

(2) Replace the cables.
(3) Replace the BRM.
(4) Replace the BTM.
Error Code: |2

Name: Rack Not Responding

Description: | The PLC generates this error when the configuration file stored from the programmer|
indicates that a particular expansion rack should be in the system but none respondsifor that
rack number.

Correction: |(1) Check rack number jumper behind power supply—first on missing rack and thenh on
all other racks—for duplicated rack numbers.

(2) Update the configuration file if a rack should not be present.
(3) Add the rack to the hardware configuration if a rack should be present and one|is not.

(4) Power off the system. Verify that both the BTM and the BRM are seated propefly in
their respective racks and that all cables are properly connected and seated.

(5) Replace the cables.

(6) Replace the BRM.

(7) Replace the BTM.

(8) Check for Termination Plug on last BRM.
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Loss of or Missing Option Module

The fault group Loss of or Missing Option Module occurs when a GEnet, PCM, BTM, or BRM
fails to respond. The failure may occur at power-up if the module is missing or during operation if
the module fails to respond. The default fault action for this group is Diagnostic.

Error Code: 3

Name: Bus Transmitter Module Found in Expansion Rack

Description: [ The PLC generates this error when a Bus Transmitter Module is found in an expansign rack.

Correction: Power off the system and remove the BTM from the expansion rack.

Error Code: |16

Name: Analog Expander Located to the Left of the Base Converter module.

Description: [ An Analog Expander module has been placed in a rack to the left of its Base Converter
module.

Correction: Power off the system. Move the Analog Expander module to the right of the Base Converter
module.

Error Code: |19

Name: Lost Analog Expander module

Description: [ Base Converter module has lost communications with the Analog Expander module.
Correction: (1) Verify wiring linking Base Converter module with the Analog Expander module.
(2) Replace the Analog Expander module.

(3) If communication with all Analog Expanders is lost, replace the Base Converter

module.
Error Code: 2C, 2D
Name: Option Module Soft Reset Failed
Description: [ PLC CPU unable to re-establish communications with option module after soft reset.
Correction:  |(1)  Try soft reset a second time.

(2) Replace the option module.

(3) Power off the system. Verify that both the BTM and the BRM are seated propefly in
their respective racks and that all cables are properly connected and seated.

(4) Replace the cables.

(5) Replace the BRM (Bus Receiver Module).

(6) Replace the BTM (Bus Transmitter Module).
(7) Report failure to GE Fanuc PLC Field Service.
Error Code: 3B

Name: Loss of, or Missing Communications Driver

Description: [ The PLC generates this error when VME communications fail between the PLC CPUfand a
third party VME module using the FULL MAIL configuration mode.

Correction: (1) Update the configuration file with the correct communications parameters.
(2) Replace the communications driver on the module.

(3) Remove the module from the configuration file.

(4) Replace the module.
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3
Error Code: 3C
Name: Module in Firmware Update Mode
Description: | The PLC generates this error when it finds a module in Firmware Update mode. Modliles in
this mode will not communicate with the PLC CPU.
Correction: (1) Run the firmware update utility for the module.
(2) Reset the module with the push-button.
(3) Power-cycle the entire system.
(4) Power-cycle the rack containing the module.
Error Code: |41
Name: Unable to Establish VME Communications
Description: [ The PLC generates this error when it finds a module in Standalone mode. A module in
Standalone mode will appear to be operating correctly, but it will not communicate with the
PLC CPU.
Correction: | (1) Reset the module with the push-button.
(2) Power-cycle the entire system.
(3) Power-cycle the rack containing the module.
Error Code: FF
Name: Option Module Communications Failed
Description: [ PLC CPU generates this error when communication to the option module has failed.
Correction: (1) Check the bus for abnormal activity.
(2) Replace the intelligent option module to which the request was directed.
(3) Check the parallel programmer cable for proper attachment.
Error Code: |4B
Name: CFG_486_NOT_COMPAT
Description: [ The currently installed CPX PLC firmware is not compatible with the ESCM firmare
(Embedded Serial Communications Module firmware—the firmware that controls Serjal
Ports 1 and 2).
Byte 0 = Minimum Required CPX major firmware revision
Byte 1 = Minimum Required CPX minor firmware revision
Byte 2 = Currently Installed major firmware revision
Byte 3 = Currently Installed minor firmware revision
Correction: The CPX PLC firmware needs to be upgraded to be compatible with the ESCM firmwgre.
Error Code: 4C
Name: CFG_ESCM_NOT_COMPAT
Description: [ The currently installed ESCM firmware (Embedded Serial Communications Module
firmware—the firmware that controls Serial Ports 1 and 2) is not compatible with the RLC
firmware currently installed.
Byte 0 = Minimum Required ESCM major firmware revision
Byte 1 = Minimum Required ESCM minor firmware revision
Byte 2 = Currently Installed major firmware revision
Byte 3 = Currently Installed minor firmware revision
Correction: The ESCM firmware needs to be upgraded to be compatible with the CPX PLC firmwgre.
Error Code: 51
Name: ESCM_RESET_REQ
Description: [ The ESCM (Embedded Serial Communications Module) requested a RESET, which js
currently not supported. Most probable cause is that the ESCM is being boot loaded,
Correction: Cycle power when the ESCM completes the update.
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Error Code: | All Others

Name: Module Failure During Configuration

Description: | The PLC generates this error when a module fails during power-up or configuration store.
Correction: (1) Power off the system. Replace the module located in that rack and slot.

(2) Ifthe board is located in an expansion rack, verify BTM/BRM cable connections are
tight and the modules are seated properly; verify the addressing of the expansipn
rack.

(3) Replace the BTM.

(4) Replace the BRM.

(5) Replace the rack.
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Addition of or Extra Rack

The fault group Addition of Extra Rack occurs when a configured expansion rack with which the
PLC CPU could not communicate comes online or is powered on, or an unconfigured rack is
found. The default fault action for this group is Diagnostic.

Error Code:
Name:
Correction:

1

Extra Rack

(1) Check rack jumper behind power supply for correct setting.
(2) Update the configuration file to include the expansion rack.
(3) Remove the expansion rack from the hardware configuration.
Note: No correction necessary if rack was just powered on.

Reset of, Addition of, or Extra Option Module

The fault group Reset of, Addition of, or Extra Option Module occurs when an option module

(PCM, BTM, etc.) comes onlineg, is reset, or a module is found in the rack but none is specified in

the configuration. The default fault action for this group is Diagnostic.

Error Code: |1
Name: Extra Option Module
Correction: |(1) Update the configuration file to include the module.
(2) Remove the module from the system.
Error Code: |2
Name: Module Restart Complete
Description: | Restart of module is complete.
Correction: [None
Error Code: |3
Name: LAN Interface Restart Complete, Running Utility
Description: | The LAN Interface module has restarted and is running a utility program.
Correction: [ Refer to the LAN Interface manual, GFK-0868 or GFK-0869 (previously GFK-0533).
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System Configuration Mismatch

The fault group Configuration Mismatch occurs when the module occupying a slot is different from
that specified in the configuration file. The default fault action is Fatal. When the I/O Scanner
generates the mismatch because of a Genius block, the second byte in the Fault Extra Data field
contains the bus address of the mismatched block.

Error Code:
Name:

Correction:

Description:

2
Genius I/O Block Number Mismatch

The PLC generates this fault when the configured and physical Genius I/O blocks ha
different model numbers.

(1) Replace the Genius I/O block with one corresponding to the configured modulg.

(2) Update the configuration file.

Error Code:
Name:

Correction:

Description:

4
/O Type Mismatch

The PLC generates this fault when the physical and configured I/O types of Genius g
blocks are different.

(1) Remove the indicated Genius module and install the module indicated in the
configuration file.

(2) Update the Genius module descriptions in the configuration file to agree with w|
physically installed.

Error Code:
Name:

Correction:

Description:

-
Daughter Board Mismatch

The PLC generates this error when the configuration file indicates one size memory d
(expansion) board should be on the PLC CPU and a different size is actually present,

(1) Replace the module.
(2) Replace the daughter board with the size indicated in the configuration file.

(3) Update the configuration file to agree with the size of the daughter board actua
installed on the PLC CPU.

ouped

hat is

aughter

ly

Error Code:
Name:

Correction:

Description:

8
Analog Expander Mismatch

The PLC generates this error when the configured and physical Analog Expander mo
have different model numbers.

(1) Replace the Analog Expander module with one corresponding to configured m
(2) Update the configuration file.

dules

bdule.

Error Code:
Name:

Correction:

Description:

9
Genius I/O Block Size Mismatch

The PLC generates this error when block configuration size does not match the configured

size.

Reconfigure the block.
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Error Code: [A

Name: Unsupported Feature

Description: | Configured feature not supported by this revision of the module.

Correction: |(1) Update the module to a revision that supports the feature.
(2) Change the module configuration.

Error Code: |B

Name: Revision A of BTM not in Right-most Slot

Description: | The BTM (Revision A version) is not the right-most module in the rack.

Correction: [(1) Move the BTM to the right of all other modules in the rack.
(2) Upgrade the BTM to a newer version (Revision B or higher).

Error Code: |E

Name: LAN Duplicate MAC Address

Description: | This LAN Interface module has the same MAC address as another device on the LAN. The
module is off the network.

Correction: [(1) Change the module’'s MAC address.
(2) Change the other device’s MAC address.

Error Code: |F

Name: LAN Duplicate MAC Address Resolved

Description: |Previous duplicate MAC address has been resolved. The module is back on the network.
This is an informational message.

Correction: | None required.

Error Code: |10

Name: LAN MAC Address Mismatch

Description: |MAC address programmed by softswitch utility does not match configuration stored flom
software.

Correction: | Change MAC address on softswitch utility or in software.

Error Code: |11

Name: LAN Softswitch/Modem mismatch

Description: | Configuration of LAN module does not match modem type or configuration programmed by
softswitch utility.

Correction: |(1) Correct configuration of modem type.
(2) Consult LAN Interface manual for configuration setup.

Error Code: |17

Name: Invalid Memory Reference

Description: | Memory references in the logic program exceed what is available.

Correction: | Update the configuration file and store it to the PLC.

Error Code: |1E

Name: Reference Length Mismatch

Description: | The PLC generates this error when the I/O reference lengths specified in the configurjation
for this module do not match the actual data sizes reported by the board.

Correction: | Update the configuration file with the correct reference lengths.

GFK-0265J Chapter 3 Fault Explanation and Correction 3-23



3-24

Error Code: |1F

Name: Invalid Configuration Parameters

Description: | The PLC generates this error when it determines that critical values in the module’s
configuration are unacceptable.

Correction: | Update the configuration file with the correct values.

Error Code: |20

Name: New Configuration Requires Reset

Description: | The PLC generates this error when it determines that a store of configuration attempted to
change critical configuration values for the specified module. The new configuration will not
take effect until the module is reset.

Correction: | (1) Power-cycle the entire system.
(2) Power-cycle the rack containing the module.

Error Code: |27

Name: Unresolved or Disabled Interrupt Reference

Description: | The PLC generates this error when an interrupt trigger reference is either out of range or
disabled in the /O module’s configuration.

Correction: | (1) Remove or correct the interrupt trigger reference.
(2) Update the configuration file to enable this particular interrupt.

Error Code: |1D

Name: Incompatible Scheduling Mode

Description: |A program with a scheduling mode that is incompatible with the sweep mode has begn
stored. Logged on a Stop-to-Run transition.

Correction: | (1) Change the sweep mode and try again.
(2) Change the scheduling mode or delete the offending program(s) from the program
declaration screen.

Error Code: |24

Name: I/O Specification Mismatch

Description: | The I/O specification of a program does not match the specification given in the program.

Correction: | Correct the mismatch between the I/O specification by changing the I/O specification
declaration or the corresponding macro declaration in the C program source file.

Error Code: |25

Name: Controller Reference Out of Range

Description: | A reference on either the trigger, disable, or I/O specification is out of the configured Ijmits.

Correction: | Modify the incorrect reference to be within range, or increase the configured size of the
reference data.

Error Code: |26

Name: Bad Program Specification

Description: | The I/O specification of a program is corrupted.

Correction: | Contact GE Fanuc Field Service.

Error Code: |All Others

Name: Module and Configuration Do not Match

Description: | The PLC generates this fault when the module occupying a slot is not of the same type that
the configuration file indicates.

Correction: |(1) Replace the module in the slot with the type indicated in the configuration file.
(2) Update the configuration file.
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System Bus Error

The fault group System Bus Error occurs when the PLC CPU receives a non-configurable interrupt
bus error from the bus system. The default fault action is Diagnostic.

Error Code: |4
Name: Unrecognized VME Interrupt Source

Description: | The PLC generates this error when a module generates an interrupt not expected by the CPU
(unconfigured or unrecognized).

Correction: |(1) Ensure that all modules configured for interrupts have corresponding interrupt
declarations in the program logic.

(2)  Ensure that no third-party VME module is generating interrupts on the IRQ6

and IRQY7 lines.
Error Code: |All Others
Name: System Bus Error

Description: | The PLC generates this fault when it has detected an error signal on the VME backplane,
such as a parity error.

Correction: |(1) Ensure that all expansion rack cables are properly connected and seated.
(2) Take action to minimize system noise.
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PLC CPU Hardware Failure

The fault group PLC CPU Hardware occurs when the PLC CPU detects a hardware failure, such as
a RAM failure or a communications port failure. When the failure is a RAM failure, the address of
the failure is stored in the first four bytes of the Fault Extra Belth

When a PLC CPU Hardware failure occurs, the PLC OK LED will flash on and off to indicate that
the failure was not serious enough to prevent programmer communications to retrieve the fault
information. The default fault action for this group is Fatal.

Error Code: |6Eh
Name: Time-of-Day Clock not Battery-Backed
Description: | The battery-backed value of the time-of-day clock has been lost.

Correction: |(1) Replace the battery. Do not remove power from the main rack until replacemertt is
complete. Reset the time-of-day clock using your programming software.

(2) Replace the module.
Error Code: | All Others
Correction: | Replace the module.

Module Hardware Failure

The fault group Module Hardware Failure occurs when the PLC CPU detects a non-fatal hardware
failure on any module in the system, for example, a serial port failure on a PCM. The default fault
action for this group is Diagnostic.

Error Code: |1A0

Name: Missing 12 Volt Power Supply
Description: | A power supply that supplies 12 volts is required to operate the LAN Interface modulg.
Correction: [(1) Install/replace a GE Fanuc 100 watt power supply.

(2) Connect an external VME power supply that supplies 12 volts.
Error Code: |1C2-1C6

Name: LAN Interface Hardware Failure

Description: |Refer to the LAN Interface manual, GFK-0868 or GFK-0869 (previously GFK-0533), for a
description of these errors.

Error Code: |All Others
Name: Module Hardware Failure

Description: | A module hardware failure has been detected.

Correction: | Replace the affected module.
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Option Module Software Failure

GFK-0265J

The fault group Option Module Software Failure occurs when a non-recoverable software failure
occurs on a PCM. It is also generated when the identification data read from a module indicates
that the module is a GE Fanuc module but the module type is not a supported GE Fanuc type. The
default fault action for this group is Fatal.

Error Code: |1
Name: Unsupported Board Type
Description: | The PLC generates this fault when the identification data read from a board indicates|that the
board is a GE Fanuc board but the type of board is not one of the GE Fanuc board types.
Correction: | (1) Upload the configuration file and verify that the software recognizes the boafd
type in the file. If there is an error, correct it, download the corrected
configuration file, and retry.
(2) Display the PLC fault table on the programmer. Contact GE Fanuc PLC Field
Service, giving them all the information contained in the fault entry.
Error Code: (2, 3
Name: COMMREQ Frequency Too High
Description: | COMMREQs are being sent to a module faster than it can process them.
Correction: | Change the PLC program to send COMMREQs to the affected module at a slower rafe or
monitor the completion status of each COMMREQ before sending the next.
Error Code: |4
Name: More Than One BTM in a Rack
Description: | There is more than one BTM present in the rack.
Correction: | Remove one of the BTMs from the rack; there can only be one in a CPU rack.
Error Code: (191, 195
Name: LAN Interface Software Failure
Description: | Refer to the LAN Interface manual, GFK-0868 or GFK-0869 (previously GFK-0533), for a
description of these errors.
Error Code: | All Others
Name: Option Module Software Failure
Description: | Software failure detected on an option module.
Correction: | (1) Reload software into the indicated module.
(2) Replace the module.
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Program or Block Checksum Failure

The fault group Program or Block Checksum Failure occurs when the PLC CPU detects error

conditions in program or blocksaeived by the PLC. It also occurs during Run mode background
checking. In all cases, the Fault Extra Data field of the PLC fault table record contains the name of
the program or block in which the error occurred. The default fault action for this group is Fatal.

Error Code:
Name:
Description:
Correction:

All

Program or Block Checksum Failure

The PLC generates this error when a program or block is corrupted.
(1) Clear PLC memory and retry the store.

(2) Examine C application for errors.

(3) Display the PLC fault table on the programmer. Contact GE Fanuc PLC Field
Service, giving them all the information contained in the fault entry.

Low Battery Signal

The fault group Low Battery Signal occurs when the PLC CPU detects a low battery on the PLC
CPU board, the PLC CPU memory daughter board, or a module such as the PCM reports a low

battery condition. The default fault action for this group is Diagnostic.

Error Code:
Name:
Description:
Correction:

0

Failed Battery Signal

The CPU module (or other module having a battery) battery is dead.

Replace the battery. Do not remove power from the rack until replacement is complet|

)

Error Code:
Name:
Description:
Correction:

1
Low Battery Signal
A battery on the CPU or other module has a low signal.

)

Replace the battery. Do not remove power from the rack until replacement is complet|
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Constant Sweep or Microcycle Time Exceeded

The fault group Constant Sweep or Microcycle Timedexed occurs when the PLC CPU operates

in Constant Sweep or Microcycle mode and detects that the sweep has exceeded the constant sweep
timer. The fault extra data contains the name of the folder in eight bytes. The default fault action

for this group is Diagnostic.

Error Code: |0 Constant Sweep
1 Microcycle

Correction: [ If Constant Sweep:
(1) Increase constant sweep time.
(2) Remove logic from application program.

If Microcycle:
(1) Increase the time.
(2) Modify execution intervals to give programs more time to execute.

PLC System Fault Table Full

The fault group PLC System Fault Table Full occurs when the PLC Fault Table reaches its
maximum configured limit (see page 3-13). The default fault action for this group is Diagnostic.

Error Code: |0
Correction: |Clear the PLC fault table.

/0 Fault Table Full

The fault group I/O Fault Table Full occurs when the I/O Fault Table reaches its maximum
configured limit (see page 3-14). To avoid loss of additional faults, clear the earliest entry from the
table. The default fault action for this group is Diagnostic.

Error Code: |0
Correction: [ Clear the I/O fault table.
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Application Fault

The fault group Application Fault occurs when the PLC CPU detects a fault in the user program.
The default fault action for this group is Diagnostic.

Error Code: |1

Name: Indirect Address Out of Range

Description: | The PLC generates this error when one of the parameters to a function block is an inglirect
reference (that is, the parameter is an address within that memory type which contains the
parameter value) and the contents of the indirect reference are out of range for the memory
type. For example, consider a system with 500 %R registers defined. This fault would be
generated if the parameter address were %R00100, and the contents of %R00100 were
greater than 500 or zero.
The Fault Extra Data field contains in the first two bytes the offset address of where the call
was made, the segment selector and offset (reference) in the next four bytes, and the name of
the program or block in which the function call resides in the next eight bytes.

Correction: | (1) Correct the indirect reference.
(2) Increase the number of registers available, if possible.

Error Code: |2

Name: Software Watchdog Timer Expired

Description: [The PLC generates this error when the watchdog timer expires. The PLC CPU stops
executing the user program and enters Stop mode. The only recovery is to cycle powgr to the
PLC CPU. Examples causing timer expiration: Looping, via jump, very long program, etc.

Correction:  [(1) Determine what caused the expiration (logic execution, external event, etc.)| and

correct.

(2) Use the system service function block to restart the watchdog timer.

Error Code: |5

Name: COMMREQ WAIT Mode Not Supported

Description: | The module receiving the COMMREQ does not support WAIT mode COMMREQs.

Correction: | Use NOWAIT mode COMMREQs.

Error Code: |6

Name: COMMREQ Bad Task ID

Description: | The task selected by the COMMREQ does not exist on the option module.

Correction: [ Correct the task ID.

Error Code: |7

Name: Application Stack Overflow

Description: |Block call depth has exceeded the PLC capability.

Correction: [Increase the program’s stack size or adjust application program to reduce nesting.

Error Code: |8 through D

Name: LAN Interface Application Faults

Description: | Refer to the LAN Interface manual, GFK-0868 or GFK-0869 (previously GFK-0533), for a
description of these errors.
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Error Code: |OE

Name: External Block Run-Time Error

Description: | A run-time error occurred during execution of an external block.

Correction: [ Based on the fault information, correct the specific problem in the external block.
Error Code: |OF

Name: SORT Interrupt Error

Description: | A SORT function executed in a timed or I/O interrupt at the same time a SORT functipn was
executing in another block.

Correction: [ Do not use the SORT function in both Interrupt and Non-Interrupt blocks.
Error Code: |11

Name: Standalone Run-Time Error

Description: | A run-time error occurred during execution of a Standalone program.
Correction: [ Based on the fault information, correct the specific problem in the standalone progran.
Error Code: |1C

Name: Program Exceeded Wind Down

Description: | A program failed to complete execution within the wind-down period (currently 2.5 se¢onds)
after the PLC was commanded to stop.

Correction: [ A program has gone into an infinite loop or is taking too long to execute. Correct the ¢oding
error or modify the program.

Error Code: |1D
Name: Program Not Readied

Description: | A program scheduled to be readied has not completed its previous execution. The balse cycle
time is too small (Periodic programs), or the interrupt rate is too high (//O-Triggered of
Timed programs).

Correction: | (1) Increase the base cycle time or decrease the interrupt rate.
(2) Increase the execution interval time to allow the program to finish execution.

Non-Configurable Faults

The fault action of Non-Configurable Faults cannot be changed. Fatal faults cause the PLC to enter
a form of Stop mode at the end of the sweep in which the error occurred. Diagnostic faults are
logged and corresponding fault contacts are set. Informational faults are simply logged in the PLC
fault table.
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System Bus Failure

The fault group System Bus Failure occurs when the PLC CPU softeeaigas the non-
configurable interrupt bus failure from the bus system. The default fault action for this group is
Fatal.

Error Code: |1
Name: Bus Grant Failure

Description: | The PLC operating software generates this error when the PLC CPU is unable to obtai
control of the VME bus when required.

Correction: |(1) Ensure that any non-GE Fanuc boards which can become bus masters are
relinquishing control of the VME bus when requested to do so by the PLC CPU

(2) Replace the PLC CPU module.

n

No User Program on Power-Up

The fault group No User Program on Power-Up occurs when the PLC CPU powers up with its
memory preserved but no user program exists in the PLC. The PLC CPU detects the absence of a
user program on power-up; the controller stays in Stop mode, performing the Stop mode sweep
until a valid program is downloaded. The default fault action for this group is Informational.

Correction: | Download an application program before attempting to go to Run mode.
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Corrupted User Program on Power-Up
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The fault group Corrupted User Program on Power-Up occurs when the PLC CPU detects
corrupted user RAM. The PLC CPU will remain in Stop mode until a valid user program and
configuration file are downloaded. The default fault action for this group is Fatal.

Error Code: |1
Name: Corrupted User RAM on Power-Up
Description: | The PLC generates this error when it detects corrupted user RAM on power-up.
Correction: |(0) Cycle power without battery.
(2) Examine any C applications for errors.
(3) Replace the battery on the PLC CPU.
(4) Replace the expansion memory board on the PLC CPU.
(5) Replace the PLC CPU.
Error Code: |2
Name: lllegal Boolean OpCode Detected
Description: | The PLC generates this error when it detects a bad instruction in the user program.
Correction: |(1) Restore the user program and references, if any.
(2) Examine any C applications for errors.
(3) Replace the expansion memory board on the PLC CPU.
(4) Replace the PLC CPU.
Error Code: |6
Name: Corrupted Remote I/O Scanner EEPROM
Description: | The configuration in the Remote I/O Scanner EEPROM was found to be corrupted at
up.
Correction: | Restore the Remote I/O Scanner configuration.
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Window Completion Failure

The fault group Window Completion Failure is generated by the pre-logic and end-of-sweep
processing software in the PLC. The fault extra data contains the name of the task that was
executing when the error occurred. The default fault action for this group is Informational.

Error Code: 0
Name: Window Completion Failure
Description: The PLC generates this error when the PLC is operating in Constant Sweep mgde and

the constant sweep time was exceeded before the programmer window had a chance to
begin executing.

Correction: Increase the constant sweep timer value.

Error Code: 1

Name: Logic Window Skipped

Description: The logic window was skipped due to lack of time to execute.
Correction: (1) Increase base cycle time.

(2) Reduce Communications Window time.

Password Access Failure

The fault group Password Actual Failure occurs when the PLC CPU receives a request to change to
a new privilege level and the password included with the request is not valid for that level. The
default fault action for this group is Informational.

Error Code: |0
Correction: | Retry the request with the correct password.

Null System Configuration for Run Mode

The fault group Null System Configuration for Run Mode occurs when the PLC transitions from
Stop to one of the Run modes and a configuration file is not present. The transition to Run is
permitted, but no 1/0 scans occur. The effect of this fault is to perform the function of a Suspend
I/O. The default fault action for this group is Informational.

Error Code: |0
Correction: [ Download a configuration file.
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PLC CPU System Software Failure
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Faults in the fault group PLC CPU System Software Failure are generated by the operating
software of the Series 90-70 PLC CPU. They occur at many different points of system operation.
When a fatal fault occurs, the PLC CPU immediatedpsitions into a special Error Sweep mode.
The only activity permitted when the PLC is in this mode is communications with the programmer.
The only method of clearing this condition is to cycle power on the PLC. The default fault action
for this group is Fatal.

Error Code: |14, 27

Name: Corrupted PLC Program Memory

Description: | The PLC generates these errors when certain PLC operating software problems occur. These
shouldnot occur in a production system.

Correction: |(1) Display the PLC fault table on the programmer. Contact GE Fanuc PLC Field

Service, giving them all the information contained in the fault entry.

(2) Perform the corrections for corrupted memory.

Error Code: |52

Name: Backplane Communications Failed

Description: | The PLC generates this error when it attempts to comply with a request that requires
backplane communications and receives a rejected mail response.

Correction: [(1) Check the bus for abnormal activity.
(2) Replace the intelligent option module to which the request was directed.
(3) Check parallel programmer cable for proper attachment.

Error Code: |5A

Name: User Shut Down Requested

Description: | The PLC generates this informational alarm when SVCREQ #13 (User Shut Down) ekecutes
in the application program.

Correction: [ None required. Information-only alarm.

Error Code: |7B

Name: Remote I/O Scanner Communications Heartbeat Failure

Description: |Refer to theSeries 90-70 Remote 1/0O Scanner User's Mgn@#K-0579, for a description
of this error.

Correction: [ None required. Information-only alarm.

Error Code: |94

Name: Units Contain Mismatched Firmware, Update Recommended

Description: | This fault is logged each time the redundancy state changes and the redundant CPU$ contain
incompatible firmware.

Correction: | Ensure that redundant CPUs have compatible firmware.

Error Code: | All Others

Name: PLC CPU Internal System Error

Description: | An internal system error has occurred that shootdccur in a production system.

Correction: | Display the PLC fault table on the programmer. Contact GE Fanuc PLC Field Service)
giving them all the information contained in the fault entry.

Chapter 3 Fault Explanation and Correction 3-35



3-36

Too Many Bus Controllers

The fault group Too Many Bus Controllers occurs when the 1/0 Scanner portion of the PLC
operating software detects that more than the maximum number (32) of bus controllers has been
defined. The PLC CPU itself is a bus controller for the Model 70 I/O present in the system. The
default fault action for this group is Fatal.

Note

Genius bus controllers which are configured for redundant and non-redundant
blocks count as two bus controllers.

Correction: |(1) Determine which modules are bus controllers and remove the extra ones.
(2) Delete a bus controller from the configuration file and store the file to the PLC CPU.

(3) If bus controllers have been moved from one slot in the rack to a different slot gnd
this error did not occur before the move, cycle power on the Kackiodule
should be inserted with power applied to rack.

(4) Display the PLC fault table on the programmer. Contact GE Fanuc PLC Field
Service, giving them all the information contained in the fault entry.

Communications Failure During Store

The fault group Communications Failure During Store occurs during the store of programs or

blocks and other data to the PLC. The stream of commands and data for storing programs or blocks
and data starts with a special start-of-sequence command and terminates with an end-of-sequence
command. If communications with the programming device performing the store is interrupted or
any other failure occurs which terminates the store, this fault is logged. As long as this fault is
present in the system, the controller will not transition to Run mode.

This fault isnot automatically cleared on power-up; the user must specifically clear the condition.
The default fault action for this group is Fatal.

Error Code: |0
Correction: | Clear the fault and retry the download of the program or configuration file.
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Run Mode Store Failure

GFK-0265J

ram or

ocks

Error Code: |1

Description: | Communications was lost, or power was lost during a Run Mode Store. The new prog
block was not activated and was deleted.

Correction: [ Perform the Run Mode Store again. This fault is diagnostic.

Error Code: |2

Description: | Communications was lost, or power was lost during the cleanup of old programs or bl
during a Run Mode Store. The new program or block is installed, and the remaining
programs and blocks were cleaned up.

Correction: | None required. This fault is informational.

Error Code: |3

Description: | Power was lost in the middle of a Run Mode Store.

Correction: | Delete and restore the program. This error is fatal.

Chapter 3 Fault Explanation and Correction
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Section 4: 1/O Fault Table Explanations

The I/O fault table reports data about faults in three classifications:
» Fault category

» Fault type

*  Fault description

All faults have a fault category, but a fault type and fault group may not be listed for every fault.
For additional information pertaining to each fault, double-click the fault to access its Details
window.
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The following table describes the information provided with each fault category.

Table 3-8. Fault Category Descriptions

Fault Category

Fault Type

Fault Description

Fault Specific Data

Circuit Fault Discrete Fault| Loss of User Side Power Circuit Configuration
Short Circuit in User Wiring Circuit Configuration *
Sustained Overcurrent Circuit Configuration *
Low or No Current Flow Circuit Configuration *
Switch Temperature Too High Circuit Configuration *
Switch Failure Circuit Configuration *
Point Fault Circuit Configuration *
Output Fuse Blown Circuit Configuration *
Analog Fault | Input Channel Low Alarm Circuit Configuration *
Input Channel High Alarm Circuit Configuration *
Input Channel Under Range Circuit Configuration *
Input Channel Over Range Circuit Configuration *
Input Channel Open Wire Circuit Configuration *
Output Channel Under Range Circuit Configuration *
Output Channel Over Range Circuit Configuration *
Invalid Data Circuit Configuration *
Expansion Channel Not Responding Circuit Configuration *
Low-Level Input Channel Low Alarm Circuit Configuration *
Analog Fault | Input Channel High Alarm Circuit Configuration *
Input Channel Under Range Circuit Configuration *
Input Channel Over Range Circuit Configuration *
Input Channel Open Wire Circuit Configuration *
Wiring Error Circuit Configuration *
Internal Fault Circuit Configuration *
Input Channel Shorted Circuit Configuration *
Invalid Data Circuit Configuration *
GENA Fault | GENA Circuit Fault GENA Fault Byte 2
Remote 1/0 | Remote I/0O Scanner Circuit Fault Byte 1: Circuit Type
Scanner Fault Byte 2: 1/0 Type
Loss of IOC Timeout

Unexpected State
Unexpected Mail Status
VME Bus Error

Addition of IOC

Loss of I1/10
Module
Addition of 1/10
Module
Extra I/O
Module
Loss of Block Fault Not Communications Lost
Specified
Addition of Block
Extra Block
1/0 Bus Fault Bus Fault
Bus Outputs
Disabled

Global Memory
Fault

Subnet Group Number
Global Variable Name

* Refer to table on next page.
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Table 3-8. Fault Category Descriptions - Continued

Fault Category Fault Type Fault Description Fault Specific Data

Module Fault Headend Faulf EPROM or NVRAM Failure
Calibration Memory Failure
Shared Ram Failure
Configuration MisMatch
Watchdog Timeout

Output Fuse Blown

I0C Software
Fault
I0C Hardware
Failure
Forced Circuit Block Configuration *
Discrete/Analog Indication*
Unforced Circuit Block Configuration *

Discrete/Analog Indication*

*Refer to table below.

Three types of fault specific data occur in more than one fault category; they are block
configuration, circuit configuration, and analog/discrete indication. The codings are shown in the
following table.

Value Description

Circuit Configuration

1 Circuit is an input.

2 Circuit is an output.

3 Circuit is an output with feedback.
Block Configuration

1 Block is configured for inputs only.

2 Block is configured for outputs only.

3 Block is configured for inputs and outputs (grouped block).
Discrete/Analog Indication

1 Block is a discrete block.

2 Block is an analog block.
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Circuit Fault

Circuit Fault has four fault types. Three of the four fault types have fault descriptions. Fault
specific data is available for all faults. Circuit faults apply specifically to Genius I/O modules. The

default fault action is Diagnostic. The following table describes the circuit fault category.

Table 3-9. Circuit Fault Category Description

Fault
Category Fault Type Fault Description Fault Specific Data
Circuit Fault Discrete Fault Loss of User Side Power Circuit Configuratior

Short Circuit in User Wiring
Sustained Overcurrent

Low or No Current Flow
Switch Temperature Too High
Switch Failure

Point Fault

Output Fuse Blown

Circuit Configuration
Circuit Configuration
Circuit Configuration
Circuit Configuration
Circuit Configuration
Circuit Configuration
Circuit Configuration

Analog Fault Input Channel Low Alarm Circuit Configuration
Input Channel High Alarm Circuit Configuration
Input Channel Under Range Circuit Configuration
Input Channel Over Range Circuit Configuration
Input Channel Open Wire Circuit Configuration
Output Channel Under Range Circuit Configuration
Output Channel Over Range Circuit Configuration
Invalid Data Circuit Configuration
Expansion Channel Not Responding Circuit Configuration

Low-Level Input Channel Low Alarm Circuit Configuration

Analog Fault Input Channel High Alarm Circuit Configuration

Input Channel Under Range
Input Channel Over Range
Input Channel Open Wire
Wiring Error

Internal Fault

Input Channel Shorted
Invalid Data

Circuit Configuration
Circuit Configuration
Circuit Configuration
Circuit Configuration
Circuit Configuration
Circuit Configuration
Circuit Configuration

Remote Fault

Remote I/O Scanner Fault

GFK-0265J
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Discrete Fault

Discrete Fault has eight fault descriptions. More than one condition may be present in a particular
reporting of the fault.

Name: Loss of User Side Power

Description: The Genius Bus Controller generates this error when there is a power loss on the field
wiring side of a Genius I/O block.

Correction: 1) (Only valid for Isolated I/O blocks) Initiate “Pulse Test” COMREQ #1.
Pulse test may be enabled or disabled at I/O block.
2) Correct the power failure.

Name: Short Circuit in User Wiring

Description: The Genius Bus Controller generates this error when it detects a short circuit in the
user wiring of a Genius block. A short circuit is defined as a current level greatef than
20 amps.

Correction: Fix the cause of the short circuit.

Name: Sustained Overcurrent

Description: The Genius Bus Controller generates this error when it detects a sustained currgnt level
greater than 2 amps in the user wiring.

Correction: Fix the cause of the over current.

Name: Low or No Current Flow

Description: The Genius Bus Controller generates this error when there is very low or no curfent
flow in the user circuit.

Correction: Fix the cause of the condition.

Name: Switch Temperature Too High

Description: The Genius Bus Controller (GBC) generates this error when the Genius block re¢ports a
high temperature in the Genius Smart Switch.

Correction: 1) Ensure that the block is installed to provide adequate circulation.
(2) Decrease the ambient temperature surrounding the block.
3) Install RC Snubbers on inductive loads.

Name: Switch Failure

Description: The Genius Bus Controller (GBC) generates this error when the Genius block reports a
failure in the Genius Smart Switch.

Correction: (1) Check for shunts across Genius output (pushbuttons).
(2) Replace the Genius 1/O block.

Name: Point Fault

Description: The PLC generates this error when it detects a failure of a single I/O point on a Genius
I/O module.

Correction: Replace the Genius I/O block.

Name: Output Fuse Blown

Description: The PLC generates this error when it detects a blown fuse on a Genius I/O output
block.

Correction: 1) Determine and repair the cause of the fuse blowing, and replace the fyse.
2) Replace the block.
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Analog Fault

Analog Fault has nine fault descriptions. More than one condition may be present in a particular
reporting of the fault.

Name: Input Channel Low Alarm

Description: The Genius Bus Controller generates this error when the Genius Analog module
reports a low alarm on an input channel.

Correction: Correct the condition causing the low alarm.

Name: Input Channel High Alarm

Description: The Genius Bus Controller generates this error when the Genius Analog modulé
reports a high alarm on an input channel.

Correction: Correct the condition causing the high alarm.

Name: Input Channel Under Range

Description: The Genius Bus Controller generates this error when the Genuis Analog modulé
reports an under-range condition on an input channel.

Correction: Correct the problem causing the condition.

Name: Input Channel Over Range

Description: The Genius Bus Controller generates this error when the Genuis Analog modulé
reports an over-range condition on an input channel.

Correction: Correct the problem causing the condition.

Name: Input Channel Open Wire

Description: The Genius Bus Controller generates this error when the Genuis Analog modulé
detects an open wire condition on an input channel.

Correction: Correct the problem causing the condition.

Name: Output Channel Under Range

Description: The Genius Bus Controller generates this error when the Genuis Analog modulé
reports an under-range condition on an output channel.

Correction: Correct the problem causing the condition.

Name: Output Channel Over Range

Description: The Genius Bus Controller generates this error when the Genuis Analog modulé
reports an over-range condition on an output channel.

Correction: Correct the problem causing the condition.

Name: Invalid Data

Description: The Genius Bus Controller generates this error when it detects invalid data fron| a
Genuis Analog input block.

Correction: Correct the problem causing the condition.

Name: Expansion Channel Not Responding

Description: The PLC generates this error when data from an expansion channel on a multiglexed

analog input board is not responding.
Correction: (1) Check wiring to the module.
(2) Replace the module.
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Low-Level Analog Fault

Low-Level Analog Fault has nine fault descriptions. More than one condition may be present in a
particular reporting of the fault.

Name: Input Channel Low Alarm

Description: The Genius Bus Controller generates this error when the Genuis Analog modulé
reports a low alarm on an input channel.

Correction: Correct the condition causing the low alarm.

Name: Input Channel High Alarm

Description: The Genius Bus Controller generates this error when the Genuis Analog modulé
reports a high alarm on an input channel.

Correction: Correct the condition causing the high alarm.

Name: Input Channel Under Range

Description: The Genius Bus Controller generates this error when the Genuis Analog modulé
reports an under-range condition on an input channel.

Correction: Correct the problem causing the condition.

Name: Input Channel Over Range

Description: The Genius Bus Controller generates this error when the Genuis Analog modulé
reports an over-range condition on an input channel.

Correction: Correct the problem causing the condition.

Name: Input Channel Open Wire

Description: The Genius Bus Controller generates this error when the Genuis Analog modulé
detects an open wire condition on an input channel.

Correction: Correct the problem causing the condition.

Name: Wiring Error

Description: The Genius Bus Controller generates this error when the Genuis Analog modulé
detects an improper RTD connections or thermocouple reverse junction fault.

Correction: Correct the problem causing the condition.

Name: Internal Fault

Description: The Genius Bus Controller generates this error when the Genuis Analog modulé
reports a cold junction sensor fault on a thermocouple block or an internal error jn an
RTD block.

Correction: Correct the problem causing the condition.

Name: Input Channel Shorted

Description: The Genius Bus Controller generates this error when it detects an input channe
shorted on a Genius RTD or Strain Gauge Block.

Correction: Correct the problem causing the condition.

Name: Invalid Data

Description: The Genius Bus Controller generates this error when it detects invalid data fron| a

Genuis Analog input block.

Correction: Correct the problem causing the condition.
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GENA Fault

The GENA Fault has no fault descriptions associated with it. GENA Fault Byte 2 is the first byte of
the fault specific data.

Description: The Genius I/O operating software generates this error when it detects a failure|in a
GENA block attached to the Genius I/O bus.
Correction: Replace the GENA block.

Loss of I0C (I/0 Controller)

The fault category Loss of IOC has no fault types or fault descriptions associated with it. The
default fault action is Fatal.

Name: Loss of or Missing IOC

Description: The PLC generates this error when it cannot communicate with an I/O Controlley and
an entry for the 10C exists in the configuration file.

Correction: (1) Verify that the module in the slot/bus address is the correct module.

(2) Review the configuration file and verify that it is correct.
(3) Replace the module.

(4) Display the PLC fault table on the programmer. Contact GE Fanuc PLC Hield
Service, giving them all the information contained in the fault entry.

Addition of I0C (I/0 Controller)

The fault category Addition of I/O Module has no fault types or fault descriptions associated with
it. The default fault action for this category is Diagnostic.

Name: Addition of IOC

Description: The PLC generates this error when an I0C which has been faulted returns to operation
or when an I0C is found in the system and the configuration file indicates that np IOC
is to be in that slot.

Correction: (1) No action is necessary if the faulted module is in a remote rack and is retlirning
due to aremote rack power cycle.

(2) Update the configuration file or remove the module.
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Loss of I/0 Module

The fault category Loss of I/O Module applies to Model 70 I/O discrete and analog modules. There
are no fault types or fault descriptions associated with this category. The default fault action is

Diagnostic.
Name: Loss of I/O Module
Description: The PLC generates this error when it detects that a Model 70 I/O module is no Ipnger

responding to commands from the PLC CPU, or when the configuration file indi¢ates
an 1/0 module is to occupy a slot and no module exists in the slot.

Correction: (1) Replace the module.
(2) Correct the configuration file.

(3) Display the PLC fault table on the programmer. Contact GE Fanuc PLC Hield
Service, giving them all the information contained in the fault entry.

Addition of I1/0 Module

The fault category Addition of /O Module applies to Model 70 discrete and analog I/0O modules.
There are no fault types or fault descriptions associated with this category. The default fault action

is Diagnostic.
Name: Addition of /O Module
Description: The PLC generates this error when an /O module which had been faulted returps to
operation.
Correction: (1) No action necessary if module was removed or replaced or if the remote fack
was power cycled.
(2) Update the configuration file or remove the module.

Extra I/O Module

The fault category Extra 1/0O Module applies only to Model 70 1/0O modules. There are no fault
types or fault descriptions associated with this category. The default fault action is Diagnostic.

Name: Extra /O Module

Description: The PLC generates this error when it detects a Model 70 I/O module in a slot wihich
the configuration file indicates should be empty.

Correction: (1) Remove the module. (It may be in the wrong slot.)
(2) Update and restore the configuration file to include the extra module.
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Loss of Block

The fault category Loss of Block applies to Genius blocks. There are no fault types or fault
descriptions associated with this category. The default fault action is Diagnostic.

Name:
Description:

Correction:

Loss of Block

The PLC generates this error when it receives a Loss of Block fault from a Geni
Controller but the reason for the loss is unspecified.

(1) Verify power and wiring to the block.
(2) Replace the block.

s Bus

Name:
Description:

Correction:

Loss of Block - A/D Communications Fault

The Genius I/O operating software generates this error when it detects a loss of
communications with a Genius I/O block.

(1) Verify power and serial bus wiring to the block.

(2) Replace the block.

Addition of Block

The fault category Addition of Block applies only to Genius blocks. There are no fault types or
fault descriptions associated with this category. The default fault action is Diagnostic.

Name:
Description:

Correction:

Addition of Block

The Genius operating software generates this error when it detects that a Geniy
which stopped communicating with the controller starts communicating again.

Informational only. None required.

s block

Extra Block

The fault category Extra Block applies only to Genius I/O blocks. There are no fault types or fault
descriptions associated with this category. The default fault action is Diagnostic.

Name:
Description:

Correction:

Extra Block

The PLC operating software generates this error when it detects a Genius I/O b
the bus at a serial bus address which the configuration file should not have a bl

(1) Remove or reconfigure the block. (It may be at the wrong serial bus addre
(2) Update and restore the configuration file to include the extra block.

ock on
ck.

SS.)
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/0 Bus Fault

The fault category I/O Bus Faults has two fault types associated with it. The default fault action is

Diagnostic.

Name: Bus Fault

Description: The Genius Bus Controller (GBC) operating software generates this error when it
detects a failure with a Genius I/O bus. (Generated when Error Rate in the GBQ
configuration is exceeded—the default is 10, meaning 10 errors in a 10 second period)

Correction: (1) Determine the reason for the bus failure and correct it.
(2) Replace the Genius Bus Controller.
(3) The default of 10 (mentioned above) can be set higher if needed, but the pus

should be examined electrically—use an oscilloscope for waveform chech.

Name: Bus Outputs Disabled

Description: The Genius Bus Controller operating software generates this error when it timeg out
waiting for the PLC CPU to perform an I/O scan.

Correction: (1) Replace the PLC CPU.
(2) Display the PLC fault table on the programmer. Contact GE Fanuc PLC Hield

Service, giving them all the information contained in the fault entry.

Name: SBA Conflict

Description: The Genius Bus Controller detected a conflict between its serial bus address and that
of another device on the bus.

Correction: Adjust one of the conflicting serial bus addresses.
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Module Fault

The fault category Module Fault has one fault type, one headend fault, and eight fault descriptions.
No fault specific data is present. The default fault action for this category is Diagnostic.

Name: Configuration Memory Failure

Description: The Genius Bus Controller generates this error when it detects a failure in a Gefius
block’'s EEPROM or NVRAM.

Correction: Replace the Genius block’s electronics module.

Name: Calibration Memory Failure

Description: The Genius Bus Controller generates this error when it detects a failure in a Gepius
block’s calibration memory.

Correction: Replace the Genius block’s electronics module.

Name: Shared RAM Fault

Description: The Genius Bus Controller generates this error when it detects an error in a Genius
block’s shared RAM.

Correction: Replace the Genius block’s electronics module.

Name: Watchdog Timeout

Description: The PLC generates this error when it detects that a Model 70 input module watghdog
timer has expired.

Correction: Replace the Model 70 input module.

Name: Output Fuse Blown

Description: The PLC generates this error when it detects a blown fuse on a Model 70 outpuf
module.

Correction: (1) Determine and repair the cause of the fuse blowing, and replace the fuse
(2) Replace the module.

Name: Module Fault

Description: An internal failure has been detected in a module.

Correction: Replace the affected module.

|OC (I/0 Controller) Software Fault

The fault category IOC Software Fault applies to any type of I/O Controller. There are no fault
types or fault descriptions associated with it. The default fault action is Fatal.

Name: Datagram Queue Full, Read/Write Queue Full

Description: Too many datagrams or read/write requests have been sent to the Genius Bus
Controller.

Correction: Adjust the system to reduce the request rate to the Genius Bus Controller.

Name: Response Lost

Description: The Genius Bus Controller is unable to respond to a received datagram or readfwrite
request.

Correction: Adjust the system to reduce the request rate to the Genius Bus Controller.
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|OC (I/0 Controller) Hardware Failure

The fault category IOC Hardware Fault has no fault types or fault descriptions. The default fault
action is Diagnostic.

Description:

Correction:

The Genius operating software generates this error when it detects a hardware
in the Bus Communication hardware or a baud rate mismatch.

@

&)
©)
4

Verify that the baud rate set in the configuration file for the Genius Bus
Controller agrees with the baud rate programmed in every block on the bys.

Change the configuration file and restore it, if necessary.
Replace the Genius Bus Controller.

Selectively remove each block from the bus until the offending block is
isolated then replace it.

Forced and Unforced Circuit

The fault categories Forced Circuit and Unforced Circuit report point conditions and therefore are
not technically faults. They have no fault types or fault descriptions. These reports occur when a
Genius I/O point was forced or unforced with the Hand-Held Monitor. The default fault action is
Informational.

Fault Specific Data contains data as shown below.

Block Switch

The Fault Category Block Switch has no fault types or fault descriptions. The default fault action is

Diagnostic.

Byte Number Description
1 Block Configuration
2 Analog/Discrete Information

Name:
Description:

Correction:

Block Switch

The PLC generates this error when a Genius block on redundant Genius buses
switches from one bus to another.

@
&)

No action is required to keep the block operating.

The bus that the block switched from needs to be repaired.
(a) Verify the bus wiring.

(b) Replace the I/O controller.

(c) Replace the Bus Switching Module (BSM).
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Chapter
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Relay Functions

Programming consists of creating an application program for a PLC. Chapters 4 through 12
describe the programming instructions that can be used to create ladder logic programs for the
Series 90-70 programmable controller.

If the Logicmaster 90 programming software is not yet installed, please referLimgibhmaster
90-70 Programming Software User's Manu@IFK-0263, for instructions. The user’s manual
explains how to create, transfer, edit, and print programs.

Configuration is the process of assigning logical addresses, as well as other characteristics, to the
hardware modules in the system. It may be done either before or after programming, using the
configuration software; however, it is recommended that configuration be done first. If that has
not been done, you should refer to togicmaster 90-70 Programming Software User’'s Manual
GFK-0263, to decide whether it is best to begin programming at this time.

This chapter explains the use of contacts, coils, and links in ladder logic rungs.

Function Page
Using contacts 4-2
Using coils 4-3
Normally open and normally closed contacts. 4-4
Positive and negative transition contacts. 44
Fault and no fault contacts. 4-7
High alarm and low alarm contacts. 4-7
Coils and negated coils. 4-8
Retentive and negated retentive coils. 4-8
Positive and negative transition coils. 4-9
SET and RESET cails. 4-10
Retentive SET and RESET caoils. 4-11
Horizontal and vertical links. 4-11
Continuation coils and contacts. 4-1p

4-1



Using Contacts

A contact is used to monitor the state of a reference. Whether the contact passes power flow
depends on the state or status of the reference being monitored and on the contact type. A
reference is ON if its state is 1; it@FF if its date is 0.

Table 4-1. Types of Contacts

Type of Contact Display Contact Passes Power to Right:
Normally-open contact - |- When reference is ON.
Normally-closed contact |- When reference is OFF.
Positive transition contact —It - If reference goes ON.
Negative transition contact |- If reference goes OFF.
Fault contact —[FAULT]- If reference has point fault.
No fault contact —[NOFLT]- If reference has no point fault.
High alarm contact —HIALR]- If reference exceeds high alarm.
Low alarm contact —LOALR]- If reference exceeds low alarm.
Continuation contact <+>— If the preceding continuation coil is set ON.
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Using Coils

Coils are used to control discrete references. Conditional logic must be used to control the flow of
power to a coil. Coils cause action directly; they do not pass power flow to the right. If additional
logic in the program should be executed as a result of the coil condition, an internal reference
should be used for that coil or a continuation coil/contact combination may be used.

Coils are always located at the rightmost position of a line of logic. A rung may contain up to
eight cails.

The type of coil used will depend on the type of program action desired. The states of retentive
coils are saved when power is cycled or when the PLC goes from STOP to RUN mode. The states
of non-retentive coils are set to zero when power is cycled or the PLC goeSTrai to RUN

mode.
Table 4-2. Types of Coils
Type of Coll Display | Power to Coil Result
Coil (normally open) —()- ON Set reference ON.
OFF Set reference OFF.
Negated —(N- ON Set reference OFF.
OFF Set reference ON.
Retentive —(M)— ON Set reference ON, retentive.
OFF Set reference OFF, retentive.
Negated Retentive —(/IM)— ON Set reference OFF, retentive.
OFF Set reference ON, retentive.
Positive Transition —(1)- OFF-ON If reference is OFF, set it ON for one
sweep.
Negative Transition —()- ON- OFF If reference is OFF, set it ON for one
sweep.
SET —(S)- ON Set reference ON until reset OFF by -(R)-.
OFF Do not change the coil state.
RESET —(R)- ON Set reference OFF until set ON by -(S);.
OFF Do not change the coil state.
Retentive SET —(SM)- ON Set reference ON until reset OFF by -
(RM)-, retentive.
OFF Do not change the coil state.
Retentive RESET —(RM)— ON Set reference OFF until set ON by
-(SM)-, retentive.
OFF Do not change the coil state.
Continuation coil —<+> ON Set next continuation contact ON.
OFF Set next continuation contact OFF.
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Note

For restrictions within a parameterized subroutine block, refer to “Restrictions
on Formal Parameters Within a Parameterized Subroutine Block” in Section 2
of Chapter 2.

Normally Open Contact | |-

A normally open contact acts as a switch that passes power flow if the associated reference is ON

(D).

Normally Closed Contact —|\|-

A normally closed contact acts as a switch that passes power flow if the associated reference is
OFF (0).

Example:
The following example shows a rung with 10 elements having nicknames from E1 to E10. Coll

E10 is ON when reference E1, E2, E5, E6, and E9 are ON and references E3, E4, E7, and E8 are
OFF.

1 1 i i 1 1 i i I (O—

I
|El E2 E3 E4 E5 E6 E7 E8 E9 EIL0
|
|
I

Positive Transition Contact —|+|-

A positive transition contact passes power flow if the associated reference transitions from OFF
(0) to ON (1). The transition is determined from the write oD&ifr (0) to the next write of an

ON (1) value. These writes may occur multiple times during a PLC sweep, resulting in the
transition bit being set for only a portion of the sweep; or they may occur several PLC sweeps
apart, resulting in the transition bit being set for more than one sweep. Do not use the positive
transition contact for references used with transition coils (also called one-shots) or SET and
RESET coils.

Negative Transition Contact —|{ |-

A negative transition contact passes power flow if the associated reference transitions from ON (1)
to OFF (0). The traison is determined from the write of an ON (1) to the next write of an OFF

(0) value. These writes may occur multiple times during a PLC sweep, resulting in the transition
bit being set for only a portion of the sweep; or they may occur several PLC sweeps apart,
resulting in the transition bit being set for more than one sweep. Do not use the negative
transition contact for references used with transition coils (also called one-shots) or SET and
RESET coils.
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Additional Information on Transition Contacts

The transition bit for a reference point is affected when that point is written to. It is set when the
point transitions fronOFF to ON or from ON to OFF. It is reset when ttedesafter the write is

the same as the state before the write, i.e., ON to @¥Brto OFF. The source of the write is
immaterial; it can be an output coil, a function block output, the input scan, an input interrupt, a
PCM SYSWRITE, a dta change from the program, or Genius Datagram. When the point is
written, the transition bit is immediately affected. Transition bits are not changed by the scan
itself; only a write to the reference point. A write must be made to a reference in order to clear the
transition bit, or it will appear to be “stuck.” Nothing is done automatically per sweep to clear
transition bits, except for configured input points, where a transition is cleared when the input
data is read and the input point is in the same state as when read the previous sweep.

Overrides do not protect transition bits. If a write occurs to an overridden point, the transition bit
is cleared. For example, the transition bit of an overridden input point is cleared when the input
is scanned.

Example 1:

The following example shows the use of positive and negative transition contacts. Coil E2 is on
for one logic sweep when element E1 transitions f@ffk to ON. Coil E4 is ON for one sweep
when element E3 transitions from ONQ&F.

E1l E2

E3 E4
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Example 2:

In the following example, bit %MO00017 is set by a BSET function and then cleared by a BCLR
function. The positive transition contact X1 activates the BSET, and the negative transition X2
activates the BCLR.

The positive transition associated with bit %MO00017 will be on until %MO00017 is reset by the
BCLR function. This occurs because the bit is only written when contact X1 goe®Fkbrto

ON. Similarly, the negative transition associated with bit %M00017 will be ON until %M00017
is set by the BSET function.

X1 T ] E2
] |BIT |

|
| SET_|
| WORD)|
%MO00017—]IN |
| LEN |
[00001]|
CONST—I|BIT |
0001 | |

X2 T 1 E4

[t | BIT_|

| CLR_|

| WORD|
%MO0017—]|IN |

| LEN |

[00001]|
CONST—I|BIT |
0001 | |
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Fault Contact -[FAULT]-

Fault contacts are used to detect faults in discrete or analog machine references, or to locate faults
(rack, slot, bus). The use of I/O fault contacts must be enabled during CPU configuration if /O
point fault reporting is desired. (Refer to chapter 2, sectitiRr8gram Organization and User

Data,” for more information on point faults.)

A fault contact passes power flow if its associated variable or location has a point fault.

Note

Use the machine reference address (%l, %Q, %Al, %AQ) with the
FAULT/NOFLT contacts to guarantee correct iredion of module status.

(When using the rack, slot, bus, module reference with a FAULT/NOFLT
contact, the fault indication of a given module is cleared when the associated
fault is cleared from the fault table.)

No Fault Contact —[NOFLT]-

No fault contacts are also used to detect faults in discrete or analog machine references. The use
of I/0 No Fault contacts must also be enabled if I/O point fault reporting is desired. (Refer to
chapter 2, section 3Program Organization and User Data,” for more information on point

faults.)

A no fault contact passes power flow if its associated variable or location does not have a point
fault.

Note

Use the machine reference address (%l, %Q, %Al, %AQ) with the
FAULT/NOFLT contacts to guarantee correct iredion of module status.

(When using the rack, slot, bus, module reference with a FAULT/NOFLT
contact, the fault indication of a given module is cleared when the associated
fault is cleared from the fault table.)

High Alarm Contact —[HIALR]-

The high alarm contact is used to detect a high alarm associated with an analog reference. Use of
this contact and the low alarm contact must be enabled during CPU configuration. (From the
configuration software menu, select “Memory Allocation and Point Fault Enable”. Change the
setting for point fault reference froldISABLED to ENABLED.

A high alarm contact passes power flow if the high alarm bit associated with the analog reference
is ON.

Low Alarm Contact —[LOALR]-

GFK-0265J

The low alarm contact is used to detect a low alarm associated with an analog reference. Use of
this contact must be enabled during CPU configuration, as deschitweel far the highalarm
contact.

A low alarm contact passes power flow if the low alarm bit associated with the analog reference is
ON.
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A coil sets a discrete reference ON while it receives power flow. It is non-retentive; therefore, it
cannot be used with system status references (%SA, %SB, %SC, or %G).

Example:

In the following example, coil E3 is ON when reference E1 is ON and reference E2 is OFF.

'l I/}

|
| E1  E2 E3
|
I
[

Negated Coil —(/)-

A negated coil sets a discrete reference ON when it does not receive power flow. It is not
retentive; therefore, it cannot be used with system status references (%SA, %SB, %SC, or %G).

Example:

In the following example, negated coil E2 is ON when reference E1 is OFF.

I
| E1 E2
I
I

Retentive Coil —(M)-

Like a normally open coil, the retentive coil sets a discrete reference ON wihiteiitas power
flow. The state of the retentive coil is retained across power failure. Therefore, it cannot be used
with references from strictly non-retentive memory (%T).

Negated Retentive Coil —(/M)-

The negated retentive coil sets a discrete reference ON when it does not receive power flow. The
state of the negated retentive coil is retained across power failure. Therefore, it cannot be used
with references from strictly non-retentive memory (%T).
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Positive Transition Coil —(1)-

If the reference associated with a positive transition c@rBE, when the coil receives power flow
it is set to ON until the next time the coil is executed. (If the rung containing the coil is skipped
on subsequent sweeps, it will remain ON.) This coil can be used as a one-shot.

Do not write from external devices (e.g., PCM) to references used on positive transition coils since
it will destroy the one-shot nature of these coils.

NOTE

Do not use transition contacts on positive transition coils since the coil uses the
transition bit to store the power flow value into the coil.

Transitional coils can be used with references from either retentive or non-retentive memory (%Q,
%M, %T, %G, %SA, %SB, or %SC).

Negative Transition Coil —(!)-

GFK-0265J

If the reference associated with this coilDEF, when the coilstops receiving power flow, the
reference is set to ON until the next time the coil is executed.

NOTE

Do not write from external devices to references used on negative transition
coils since it will destroy the one-shot nature of these coils.

Do not use transition contacts on negative transition coils since the coil uses the transition bit to
store the power flow value into the coil.

Transitional coils can be used with references from either retentive or non-retentive memory (%Q,
%M, %T, %G, %SA, %SB, or %SC).

Example:

In the following example, when reference E1 goes from OFF to ON, coils E2 and E3 receive
power flow, turning E2 ON for one logic sweep. When E1 goes from ON to OFF, power flow is
removed from E2 and E3, turning coil E3 ON for one sweep.

El E2

El E3
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SET Coil  —(S)-

SET and RESET are non-retentive coils that can be used to keep (“latch”) the state of a reference
(e.g., E1) either ON or OFF. When a SET caoil receives power flow, its reference stays ON
(whether or not the coil itself receives power flowjilin is reset by power flow to a RESET caoll

of the same reference (e.g., E1 in the example below).

Note

SET coils write an undefined result to the transition bit for the given reference.
Do not use transition contacts on references used on SET coils.

RESET Coil —(R)-

The RESET coil sets a discrete reference OFF if the coil receives power flow. The reference
remainsOFF unil set ON by a SET coil of the same reference (e.g., E1 in the example below).
The last-solved SET coil or RESET coil of a pair takes precedence.

Note

RESET coils write an undefined result to the transition bit for the given
reference. Do not use transition contacts on references used on RESET coils.

Example:

In the following example, the coil represented by E1 is turned ON whenever reference E2 or E6 is
ON. The coil represented by E1 is turned OFF whenever reference E5 or E3 is ON.

E2 El
[
|
E6 |
E5 El
[
|
E3 |
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Retentive SET Coil —(SM)-

Retentive SET and RESET caoils are similar to SET and RESET caoils, but they are retained across
power failure or when the PLC transitions frdBTOP to RUN mode. A retentive SET coil sets
a discrete reference ON if the coil receives power flow. The referemedne ON until reset by a

retentive RESET caoil.
Note

Retentive SET coils write an undefined result to the transition bit for the given
reference. Do not use transition contacts on references used on retentive SET
coils. (Refer to the information on “Transitions and Overrides” in chapter 2.)

Retentive RESET Coil —(RM)-

This coil sets a discrete reference OFF if it receives power flow. The referemaias®FF until
set by a retentive SET coil. The state of this coil is retained across power failure or when the PLC

Links

GFK-0265J

transitions fromSTOP to RUN mode.

Note

Retentive RESET coils write an undefined result to the transition bit for the
given reference. Do not use transition contacts on references used on retentive
RESET coils. (Refer to the information on “Transitions and Overrides” in

chapter 2.)

Horizontal and vertical links are used to connect elements of a line of ladder logic between
functions. Their purpose is to complete the flow of logic (“power”) from left to right in a line of

logic.

Example:

In the following example, two horizontal links are used to connect contacts E2 and E5. A vertical

link is used to connect contacts E3, E6, E7, E8, and E9 to E2.

E2 ES5 El

— +
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Continuation Coils (--—<+>) and Contacts (<+>---)

Continuation coils (— — —<+>) and contacts (<+>— — —) are used to continue relay ladder logic
beyond the limit of ten columns. The state of the last executed continuation coil is the flow state
that will be used on the next executed continuation contact. If the flow of logic does not execute a
continuation coil before it executes a continuation contact, the state of the contact will be no flow.
The state of the continuation contact is cleared when the PLC transitionStiipto Run, and

there will be no flow unless the transition coil has been set since gdigtmode.

There can be only one continuation coil and contact per rung; the continuation contact must be in
column 1 and the continuation coil must be in column 10.

Note

The Continuation coil and contact are not re-entrant and must not be used in
different interrupt blocks.
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Chapter| Timers and Counters

This chapter explains how to use on-delay, off-delay, and stopwatch-type timers, up counters, and
down counters. The data associated with these functions is retentive through power cycles.

Abbreviation Function Page
ONDTR Retentive On-Delay Timer 5-3

OFDT Off-Delay Timer 5-6
TMR Simple On-Delay Timer 5-9
UPCTR Up Counter 5-12
DNCTR Down Counter 5-14

Function Block Data Required for Timers and Counters

Each timer or counter uses three words (registers) of %R, %P, or %L memory to store the
following information:

current value (CV) word 1
preset value (PV) word 2
control word word 3
Note
Do not allow other functions to write to these registers when using the timer

function.

When you enter a timer or counter, you must enter an address for the location of these three words
(registers) directly below the graphic representing the function. For example:

[ 1

(enable) ONDTR|-J®]
|1.00s|

(reset) —|R |
[

[
(preset value) —|PV CV|— (current value)

(address)
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The control word stores the state of the Boolegut and output of its associated function block,
as shown in the following format:

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

Reset input
(counters only)

Enable input,
previous execution
(counters only)

Bits 0 through 13 are used for timer accuracy; bits 0 through 10 are not used for counters.
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ONDTR

A retentive on-delay timer (ONDTR) increments while it receives power flow and holds its value
when power flow stops. Time may be counted in seconds (the default selection), tenths of seconds,
or hundredths of seconds. The range is 0 to +32,767 time units. The state of this timer is retentive
on power failure; no automatic initialization occurs at power-up.

When the ONDTR first receives power flow, it starts accumulating time (current value). When this
timer is encountered in the ladder logic, its current value is updated.

Note

If multiple occurrences of the same timer with the same reference address are
enabled during a CPU sweep, the current values of the times will be the same.

When the current value (CV) equals or exceeds the preset value (PV), output Q is energized. As
long as the timer continues to receive power flow, it continues accumulating until the maximum
value is reached. Once the maximum value is reached, it is retained and output Q remains
energized regardless of the state of the enable input.

a42931

ENABLEJ I—,—I_
RESET l—]
0 [ -
,a LLob b b

ENABLE goes high; timer starts accumulating.

CV reaches PV; Q goes high.

RESET goes high; Q goes low, accumulated time is reset.
RESET goes low; timer then starts accumulating again.
ENABLE goes low; timer stops accumulating.
Accumulated time stays the same.

ENABLE goes high again; timer continues accumulating time.
CV becomes equal to PV; Q goes high.

Timer continues to accumulate

time until ENABLE goes low, RESET goes high,

or current value becomes equal to the maximum time.

H = ENABLE goes low; timer stops accumulating time.

O moOw>

When power flow to the timer stops, the current value stops incrementing and is retained. Output
Q, if energized, will remain energized. When the function receives power flow again, the current
value again increments, beginning at the retained value. When reset (R) receives power flow, the
current value is set back to zero and output (Q) is de-energized unless PV equals zero.

GFK-0265J Chapter 5 Timers and Counters 5-3



If PV equals zero and the timer is enabled, the output of the timer will activate. Subsequent
removal of enable or activation of reset will have no effect on the timer output; it will remain
enabled.

[ 1
(enable) ONDTR|J®]
|1.00s|

(reset) —|R |
[

[
(preset value) —|PV CV|— (current value)

(address)

When the ONDTR is used in a program block that is not called every sweep, the timer accumulates
time between calls to the program block unless it is reset. his means that it functions like a timer
operating in a program with a much slower sweep than the timer in the main program block. For
program blocks that are inactive for a long time, the timer should be programmed to allow for this
catch-up feature.

For example, if a timer in a program block is reset and the program block is not called (is inactive)
for four minutes, when the program block is called, four minutes of time will already have
accumulated. This time is applied to the timer when enabled, unless the timer is first reset.

Parameters:
Parameter Description
address The ONDTR uses three consecutive words (registers) of %R, %P, or %L memory tp store
Ehe. Current value (CV) =word 1.
. Preset value (PV) = word 2.

. Control word = word 3.
When you enter an ONDTR, you must enter an address for the location of these thrge
consecutive words (registers) directly below the graphic representing the
function. For more information, refer to page 4-13.

Note: Do not use this address with other instructions.

Caution: Overlapping references will result in erratic operation of the timer.

enable When enable receives power flow, the timer’s current value is incremented.

R When R receives power flow, it resets the current value to zero.

PV PV is the value to copy into the timer’s preset value when the timer is enabled or reget. For
a register (%R) PV reference, the PV parameter is specified as the second word of the

address parameter. For example, an address parameter of %R00001 would use %R00002
as the PV parameter.

Q Output Q is energized when the current value is greater than or equal to the
preset value. Since no automatic initialization to the Q state occurs at power-up,
the Q state is retentive across power failure.

CcVv CV contains the current value of the timer.
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Valid Memory Types:

Parameter flow | %l |%Q |%M [T PS WG U %R %P %L %Al %AQ %UR copnst ngne
address . . . .
enable .
R .
PV . . . . . . . . . . . . . .
Q . .
Ccv . . . . . . . . . . . . .

. Valid reference or place where power may flow through the function.

Note
For restrictions within a parameterized subroutine block, For restrictions within a

parameterized subroutine block, refer to “Restrictions on Formal Parameters
Within a Parameterized Subroutine Block” in Section 2 of Chapter 2.

Example:

In the following example, a retentive on-delay timer is used to create a signal (%Q00011) that turns
on 8.0 seconds after %Q00010 turns on, and turns off when %Q00010 turns off.

%Q00010 | | %Q00011
| |[ONDTR|
| 0.1s|

%Q00010 | |
I/} R |

|

|
CONST —|PV CV|—
+00080 | |

%R00004
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OFDT

The off-delay timer @QFDT) increments while power flow is off, and resets to zero when power

flow is on. Time may be counted in seconds (the default selection), tenths of seconds, or
hundredths of seconds. The range is 0 to +32767 time units. The state of this timer is retentive on
power failure; no automatic initialization occurs at power-up.

When the OFDT first receives power flow, it passes power to the right and the current value (CV)
is set to zero. The output remains on as long as the function receives power flow. If the function
stops receiving power flow from the left, it continues to pass power to the right and the timer starts
accumulating time in CV.

Note

If multiple occurrences of the same timer with the same reference address are
enabled during a CPU sweep, the current values of the times will be the same.

The OFDT does not pass power flow if the preset value is zero or negative.

Each time the function is invoked with the enabling logic set OFF, the current value is updated to
reflect the elapsed time since the timer was turned off. When the current value (CV) is equal to the
preset value (PV), the function stops passing power flow to the right. The current value never
exceeds the preset value.

When the function receives power flow again, the current value resets to zero.

a42932

ENABLE _| |_|
ot L L
I I I I I I I
A B C D E FG H

= ENABLE and Q both go high.

= ENABLE goes low; timer starts accumulating time.

= CV reaches PV; Q goes low, and timer stops accumulating time.
= ENABLE goes high; timer is reset (CV = 0).

= ENABLE goes low; timer starts accumulating time.

= ENABLE goes high; timer is reset (CV = 0).

= ENABLE goes low; timer begins accumulating time.

= CV reaches PV; Q goes low, and timer stops accumulating time.

IOTMOUOWX>
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[ ]
(enable) OFDT |—Je®]

|
1.00s]|

I
(preset value) —|PV CV|— (current value)

|
(address)
When the OFDT is used in a program block that is not called every sweep, the timer accumulates
time between calls to the program block unless it is reset. This means that it functions like a timer
operating in a program with a much slower sweep than the timer in the main program block. For
program blocks that are inactive for a long time, the timer should be programmed to allow for this
catch-up feature.

For example, if a timer in a program block is reset and the program block is not called (is inactive)
for 4 minutes, when the program block is called, four minutes of time will already have
accumulated. This time is applied to the timer when enabled, unless the timer is first reset.

Parameters:
Parameter Description
address The OFDT uses three consecutive words (registers) of %R, %P, or %L memory to store the:
. Current value (CV) =word 1.
. Preset value (PV) = word 2.

. Control word = word 3.

When you enter an OFDT, you must enter an address for the location of these
three consecutive words (registers) directly below the graphic representing the
function. For more information, refer to page 4-13.

Note: Do not use this address with other instructions.

Caution: Overlapping references will result in erratic operation of the timer.

enable When enable receives power flow, the timer’s current value is incremented.

PV PV is the value to copy into the timer’s preset value when the timer is enabled or reget. For
a register (%R) PV reference, the PV parameter is specified as the
second word of the address parameter. For example, an address parameter of %R00001
would use %R00002 as the PV parameter.

Q Output Q is energized when the current value is less than the preset value.  Since|no
automatic initialization to the Q state occurs at power-up, the Q state is retentive acfoss
power failure.

CcVv CV contains the current value of the timer.
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Valid Memory Types:

Parameter | flow| %l [%Q (%M [%T pPoS WG %U %R %P %L %Al %AQ %UR const ngne

address . . . .

enable .

PV . . . . . . . . . . . . . .

Q . .

CV . . . . . . . . . . . . .

. Valid reference or place where power may flow through the function.

Note

For restrictions within a parameterized subroutine block, For restrictions within a
parameterized subroutine block, refer to “Restrictions on Formal Parameters
Within a Parameterized Subroutine Block” in Section 2 of Chapter 2.

Example:

In the following example, an OFDT timer is used to turn off an output (%Q00001) whenever an
input (%100001) turns on. The output is turned on again 0.3 seconds after the input goes off.

| _
9610000 |——| %Q00001
11

|—11 |OFDT |
| ]0.10s|
[ 11
| CONST —|PV CV|—
| +00003 ||

I

I

%P00019
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The simple on-delay timer (TMR) function increments while it receives power flow and resets to
zero when power flow stops. Time may be counted in seconds (the default selection), tenths of
seconds, or hundredths of seconds. The range is 0 to +32,767 time units. The state of this timer is
retentive on power failure; no automatic initialization occurs at power-up.

When the TMR receives power flow, the timer starts accumulating time (current value). The
current value is updated when it is encountered in the logic to reflect the total elapsed time since
the timer was last reset.

Note

If multiple occurrences of the same timer with the same reference address are
enabled during a CPU sweep, the current values of the times will be the same.
Additionally, a TMR timer will expire (pass power flow to the right) the first
sweep that it is enabled if the previous sweep time was greater than the preset
value (PV).

This update occurs as long as the enabling logic remains ON. When the current value (CV) equals
or exceeds the preset value (PV), the function begins passing power flow to the right. The timer
continues accumulating time until the maximum value is reached. When the enabling parameter
transitions from ON to OFF, the timer stops accumuldtmg and the current value is reset to

zero.

a42933

ENABLE | |—, |—_
Q |

= ENABLE goes high; timer begins accumulating time.
= CV reaches PV; Q goes high, and timer continues accumulating time.
= ENABLE goes low; Q goes low; timer stops accumulating
time and CV is cleared.
= ENABLE goes high; timer starts accumulating time.
= ENABLE goes low before CV reaches PV; Q remains low;
timer stops accumulating time and is cleared to zero.

mo Owr
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[

(enable) Q
|
|1.00s]

|
(preset value) —|PV CV|— (current value)

(address)
When the TMR is used in a program block that is not called every sweep, the timer accumulates
time between calls to the program block unless it is reset. This means that it functions like a timer
operating in a program with a much slower sweep than the timer in the main program block. For
program blocks that are inactive for a long time, the timer should be programmed to allow for this
catch-up feature.

For example, if a timer in a program block is reset and the program block is not called (is inactive)
for 4 minutes, when the program block is called, four minutes of time will already have
accumulated. This time is applied to the timer when enabled, unless the timer is first reset.

Parameters:
Parameter Description
address The TMR uses three consecutive words (registers) of %R, %P, or %L memory to sfore the:
. Current value (CV) =word 1.
. Preset value (PV) = word 2.

. Control word = word 3.

When you enter an TMR, you must enter an address for the location of these
three consecutive words (registers) directly below the graphic representing the
function. For more information, refer to page 4-13.

Note: Do not use this address with other instructions.

Caution: Overlapping references will result in erratic operation of the timer.

enable When enable receives power flow, the timer’s current value is incremented. When the
TMR is not enabled, the current value is reset to zero and Q is turned off.

PV PV is the value to copy into the timer’s preset value when the timer is enabled or reget. For
a register (%R) PV reference, the PV parameter is specified as the second word of the

address parameter. For example, an address parameter of %R00001 would use %R00002
as the PV parameter.

Q Output Q is energized when TMR is enabled and the current value is greater than of equal
to the preset value.

CcVv CV contains the current value of the timer.
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Valid Memory Types:

Parameter

flow | %l [%Q [%M [%T P6S

U

R %P %L %Al %AQ %UR const ngne

address

enable

PV

Q

Ccv

. Valid reference or place where power may flow through the function.

Note

For restrictions within a parameterized subroutine block, For restrictions within a
parameterized subroutine block, refer to “Restrictions on Formal Parameters
Within a Parameterized Subroutine Block” in Section 2 of Chapter 2.

Example:

In the following example, an on-delay timer TMRID is used to control the length of time that coil
DWELL is on. When the normally open (momentary) contact DO_DW.L is on, coil DWELL is
energized. The contact of coil DWELL keeps coil DWELL energized (when contact DO_DWL is
released), and also starts the timer TMRID. When TMRID reaches its preset value of one-half
second, coil REL energizes, interrupting the latched-on condition of coil DWELL. The contact
DWELL interrupts power flow to TMRID, resetting its current value and de-energizing coil REL.
The circuit is then ready for another momentary activation of contact DO_DW.L.

DO_DWL REL

DWELL

DWELL | |
11

REL

[ | TMR |
| 0.1s|
| |

CONST —|PV CV|—

+00005 | |

TRMID
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UPCTR

The Up Counter (UPCTR) function is used to count up to a designated value. The range is 0 to
+32,767 counts. When the up counter reset is ON, the current value (CV) of the counter is reset to
0. Each time the enable input transitions from OFF to ON, the current value is incremented by 1.
The current value (CV) can be incremented past the preset value (PV). The output is ON whenever
the current value is greater than or equal to the preset value.

The output state (Q) of the UPCTR is retentive on power failure; no automatic initialization occurs
at power-up.

(enabl:e) : @
(reset:) —iR |
[

(preset value) —|PV CV|— (current value)

(address)
Parameters:
Parameter Description
address The UPCTR uses three consecutive words (registers) of %R, %P, or %L memory tp store
the:
. Current value (CV) =word 1.
. Preset value (PV) = word 2.

. Control word = word 3.

When you enter an UPCTR, you must enter an address for the location of these thre
consecutive words (registers) directly below the graphic representing the
function. For more information, refer to page 4-13.

[¢)

Note: Do not use this address with another up counter, down counter, or any
other instruction or improper operation will result.

Caution: Overlapping references will result in erratic operation of the caunter

enable On a positive transition of enable, the current count is incremented by one.

R When R receives power flow, it resets the current value back to zero.

PV PV is the value to copy into the counter’s preset value when the counter is enabled ¢r reset.
For a register (%R) PV reference, the PV parameter is specified as the
second word of the address parameter. For example, an address parameter of %R(00001
would use %R00002 as the PV parameter.

Q Output Q is energized when the current value is greater than or equal to the
preset value. The Q state is retentive on power failure; no automatic initialization ogcurs at
power-up.

cv CV contains the current value of the counter.
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Valid Memory Types:

Parameter

flow | %l |%Q |%M [T PS WG U %R %P %L %Al %AQ %UR copnst ngne

address

enable

R

PV

Q

Ccv

Valid reference or place where power may flow through the function.

Note

For restrictions within a parameterized subroutine block, For restrictions within a
parameterized subroutine block, refer to “Restrictions on Formal Parameters
Within a Parameterized Subroutine Block” in Section 2 of Chapter 2.

Example:

In the following example, every time input %I00012 transitions f@fk to ON, up counter
PRT_CNT counts up by 1; internal coil %MO00001 is energized whenever 100 parts have been
counted. Whenever %M00001 is ON, the accumulated count is reset to zero.

%l00012] | 9%M00001
| — >UPCTR|

[ |
%M00001 | |

I|I IR 1

| |
CONST —|PV CV|—

+00100 | |

PRT_CNT
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DNCTR

The Down Counter (DNCTR) function is used to count down to zero from a preset value. The
minimum preset value is zero; the maximum preset value is +32,767 counts. The minimum current
value is —=32,768. When reset, the current value (CV) of the counter is set to the preset value (PV).
When the enable input transitions from OFF to ON, the current value decrements by one. The
output is ON whenever the current value is less than or equal to zero.

The output state (Q) of the DNCTR is retentive on power failure; no automatic initialization occurs

at power-up.
(enabl%e) : Q
(resetl) —’R |

(preset value) —|PV CV|— (current value)

(address)
Parameters:
Parameter Description
address The DNCTR uses three consecutive words (registers) of %R, %P, or %L memory tp store
the:
. Current value (CV) =word 1.
. Preset value (PV) = word 2.

. Control word = word 3.

When you enter an DNCTR, you must enter an address for the location of these thre
consecutive words (registers) directly below the graphic representing the
function. For more information, refer to page 4-13.

(¢}

Note: Do not use this address with another down counter, up counter, or any
other instruction or improper operation will result.

Caution: Overlapping references will result in erratic operation of the counter.

enable On a positive transition of enable, the current value decrements by one.

R When R receives power flow, it resets the current value to the preset value.

PV PV is the value to copy into the counter’s preset value when the counter is enabled ¢r reset.
For a register (%R) PV reference, the PV parameter is specified as the
second word of the address parameter. For example, an address parameter of %R(00001
would use %R00002 as the PV parameter.

Q Output Q is energized when the current value is less than or equal to zero. The Q gtate is
retentive on power failure; no automatic initialization occurs at power-up.

cv CV contains the current value of the counter.
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Valid Memory Types:

Parameter| flow | %l |%Q |%M [T PS WG U %R YP %L %Al %AQ %UR copnst ngne
address . . . .
enable .
R .
PV . . . . . . . . . . . . . .
Q . .
Ccv . . . . . . . . . . . . .

. Valid reference or place where power may flow through the function.

Note

For restrictions within a parameterized subroutine block, For restrictions within a
parameterized subroutine block, refer to “Restrictions on Formal Parameters
Within a Parameterized Subroutine Block” in Section 2 of Chapter 2.

Example:

In the following example, the down counter identified as COUNTP counts 5000 new parts before
energizing output %Q00005.

NEW_PRT| | %Q00005

— |T— >DNCTR]
|

NXT_BAT| |

R |

[ |
CONST —|PV CV|—

+05000 | |

COUNTP
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Up/Down Counter Pair Example:

In the following example, the PLC is used to keep track of the number of parts contained in a
temporary storage area. There are two ways of accomplishing this function using the Series 90-70
instruction set.

The first method is to use an up/down counter pair with a shared register for the accumulated or
current value. When the parts enter the storage area, the up counter increments by 1, increasing the
current value of the parts in storage by a value of 1. When a part leaves the storage area, the down
counter decrements by 1, decreasing the inventory storage value by 1. To avoid conflict with the
shared register, both counters use different register addresses but each has a current value (CV)
address that is the same as the accumulated value for the other register. This is the preferred
method for this application.

<< RUNG 4 >>

%I00003

[
%I00002]] _ | %Q00001

| — >UPCTR|
|1.00s]|
%I00009 | |

I|I R |

| |
CONST —|PV CV|—%R00104

+00005 | |

%R00100
<< RUNG 5 >>

%100003
| —

%I00002]] _ | %Q00002
| — >DNCTR|

(S
ALW_OFF| |
— |

|

[ |
CONST —|PV CV|—%R00100
+00005| |

%R00104
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The second method, shown below, uses the ADD and SUB functions to provide storage tracking.

| << RUNG 7 >>

I

I -
|%6100004 | |
|——1t | | ADD_ |—
| [ INT |
I I I
[%6R00201— |11 Q |—%R00201
I I I
I I I
| CONST— |I2 |
| +00001 ]
I

I

| << RUNG 8 >>

I

I -

[%6100005 | |

|——1t | | SUB_|—
| | INT |

| |

|%6R00201—|I1 Q|—%R00201
| |

| |

| CONST —|12 |

| +00001 | |
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Math Functions

This chapter describes the Logicmaster 90 math functions:

Abbreviation Function Description Page
ADD Addition Add two numbers. 6-2
SuB Subtraction Subtract one number from another. 5-2
MUL Multiplication Multiply two numbers. 6-2
DIV Division Divide one number by another, yielding 6-2

a quotient.
MOD Modulo Division Divide one number by another, yielding 6-4
a remainder.
SQRT Square Root Find the square root of an integer or real yalue. | 6-6
ABS Absolute Value Find the absolute value of an integer, doulple6-8
precision integer, or real value.
SIN, COS, TAN, | Trigonometric Functions| Perform the appropriate function on the rgab-10
ASIN, ACOS, value in input IN.
ATAN
LOG, LN Logarithmic/Exponential | Perform the appropriate function on the rea| 6-12
EXP, EXPT Functions value in input IN.
RAD, DEG Radian Conversion Perform the appropriate function on the r¢ab-14
value in input IN.
Note
Division and modulo division are similar functions which differ in their output;
division finds a quotient, while modulo division finds a remainder.
6-1



MATH (ADD, SUB, MUL, DIV)

Math functions include addition, subtraction, multiplication, and division. When a function
receives power flow, the appropriate math function is performedpart parameters 11 and 12.
These parameters must be the same data type. Output Q is the same data type as 11 and 12.

Note

DIV rounds down; it does not round to the closest integer.
(For example, 24 DIV 5=4.)

Math functions operate on these types of data:

Data Type Description
INT Signed integer.
UINT Unsigned integer.
DINT Double precision signed integer.
REAL Floating point.
MIXED Mixed is available for MUL and DIV only.

Note

MUL_MIXED inputs are the same as INT; MUL_MIXED output is the same as
DINT. DIV_MIXED input I1 is the same as DINT; DIV_MIXED input 12 and
outputs are the same as INT.

The default data type is signed integer; however, it can be changed after selecting the function. For
more information on data types, refer to chapter 2, section 3, “Program Organization and User
Data.”

If the operation of INT or DINT operands results in overflow, the output reference is set to its
largest possible value for the data type. For signed numbers, the sign is set to show the direction
of the overflow. If signed or double precision integers are used, the sign of the result for DIV and
MUL functions depends on the signs of 11 and 12. If the operation of UINT operands results in
overflow, the output reference is set to the overflow value.

If the operation does not result in overflow, the ok output is set ON unless one of these invalid
REAL operations occurs:

- For ADD, (+ o)+ (= ) For SUB( o) — ( )
«  For MUL, 0% (o)

* For DIV, 0 divided by 0.

« For DIV, codivided byeo

» 11 and/or 12 is NaN (Not a Number).

In these cases, ok is set OFF.
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(enablle) | (ok)
|t

(input parameler Ill) —|I1 Q|— (output parameter Q)

(input parame%er 12) —| 12 |

Parameters:

Parameter Description

enable When the function is enabled, the operation is performed.

11 I1 contains a constant or reference for the first value used in the operation.
(11 is on the left side of the mathematical equation, as in I1 —12.)

12 12 contains a constant or reference for the second value used in the operation.
(12 is on the right side of the mathematical equation, asin 11 —12.)

ok The ok output is energized when the function is performed without dividing by zero, tinless
an invalid operation occurs or 11 and/or 12 is NaN.

Q Output Q contains the result of the operation.

Valid Memory Types:

Parameter | flow | %l [%Q (%M [T PSS %G WU JR %P %L %Al %AQ %UR const ngne
enable .

11 . 0 0 0 0 0 . . . . . . .
12 . lo) o) 0 0 o} . . . . . . .
ok . .
Q . 0 0 0 o} 0 . . . . . .

Note: Indirect referencing is available for all register references (%R, %P, %L, %Al, %AQ, and %UR).

. Valid reference or place where power may flow through the function.

o] Valid reference for UINT or INT data only; not valid for DINT or REAL.

Note

For restrictions within a parameterized subroutine block, refer to the "Restrictions
on Formal Parameters within a Parameterized Subroutine Block" section of
Chapter 2.

Example:

In the following example, whenever input %l00001 is set, the integer content of %R00002 is
decremented by 1 and coil %Q00001 is turned on, provided there is no overflow in the subtraction.

%I00001] | %Q00001
— | | SUB_|
[ INT |
[ ]
%R00002—]|I1 Q|—%R00002
+00095 | |
| |
CONST —|12 |
+00001 ||

Chapter 6 Math Functions 6-3



6-4

MOD

(INT, UINT, DINT)

The Modulo (MOD) function is used to divide one value by another value of the same data type, to
obtain a remainder. If signed or double precision signed integers are used, the sign of the result is
always the same as the sign of I1.

The MOD function operates on these typesatad

Data Type Description
INT Signed integer.
DINT Double precision signed integer.
UINT Unsigned integer.

The default data type is signed integer; however, it can be changed after selecting the function. For
more information on data types, refer to chapter 2, section 3, “Program Organization and User
Data.”

When the function receives power flow, it divides input parameter |1 by input parameter 12. These
parameters must be the same data type. Output Q is calculated using the formula:

Q=11-((I1 DIV I2) * 12)

where DIV produces an integer number. Q is the same data type as input parameters 11 and 12.

OK is always ON when the function receives power flow, unless there is an attempt to divide by
zero. In that case, it is set OFF.

(enable| | (ok)
I INT |
(input parameler 11) —|I11 Q|— (output parameter Q)
(input parame%er 12) —| 12 |

Parameters:
Parameter Description
enable When the function is enabled, the operation is performed.
11 11 contains a constant or reference for the value to be divided by 12.
12 12 contains a constant or reference for the value to be divided into I1.
ok The ok output is energized when the function is performed without dividing by zero.
Q Output Q contains the result of dividing 11 by 12 to obtain a remainder.
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Valid Memory Types:

Parameter | flow | %l [%Q |%M [%T PoS %G %U %R PP %L %Al %AQ %UR const ngne
enable .
11 . 0 0 0 0 0 . . . . . . .
12 . 0 0 0 0 0 . . . . . . .
ok . .
Q [ O 0 0 0 O . . . . . .
Note: Indirect referencing is available for all register references (%R, %P, %L, %Al, %AQ, and %UR).
. Valid reference or place where power may flow through the function.
o] Valid reference for UINT or INT data only; not valid for DINT.
Note
For restrictions within a parameterized subroutine block, For restrictions within a
parameterized subroutine block, refer to “Restrictions on Formal Parameters
Within a Parameterized Subroutine Block” in Section 2 of Chapter 2.
Example:

In the following example, the remainder of the integer division of BOXES into PALLETS is placed
into NT_FULL whenever %100001 is ON.

%100001 | |
[ | MOD_|—
[INT |
|
PALLETS—|I1 Q|—NT_FULL
—00017 | | t00005
|
BOXES —|12 |
+000086 | |
GFK-0265J Chapter 6 Math Functions
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SQRT

(INT, DINT, REAL)

The Square Root (SQRT) function is used to find the square root of a value. When the function
receives power flow, the value of output Q is set to the integer portion of the square root of the
input IN. The output Q must be the same data type as IN.

The SQRT function operates on these types of data:

Data Type Description
INT Signed integer.
DINT Double precision signed integer
REAL Floating point.

The default data type is signed integer; however, it can be changed after selecting the function. For
more information on data types, refer to chapter 2, sectit®r@ram Organization and User
Data.”

OK is set ON if the function is performed without overflow, unless one of these invalid REAL
operations occurs:

+ IN<O.
* INis NaN (Not a Number).

Otherwise, ok is set OFF.

|1
(enable) —|SORT_|_J(dJ§}
| ]
[ INT |
[
(input parameter IN) —|IN Q|— (output parameter Q)
|

Parameters:

Parameter Description

enable When the function is enabled, the operation is performed.

IN IN contains a constant or reference for the value whose square root is to be
calculated. If IN is less than zero, the function will not pass power flow.

ok The ok output is energized when the function is performed without overflow,
unless an invalid operation occurs or IN is NaN.

Q Output Q contains the square root of IN.
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Valid Memory Types:

Parameter | flow | %l [%Q |%M [%T PoS %G %U %R PP %L %Al %AQ %UR const ngne
enable .
11 . 0 0 0 0 0 . . . . . . .
ok . .
Q [ O 0 0 0 O . . . . . .
Note: Indirect referencing is available for all register references (%R, %P, %L, %Al, %AQ, and %UR).
. Valid reference or place where power may flow through the function.
o] Valid reference for INT only; not valid for DINT or REAL.
Note
For restrictions within a parameterized subroutine block, For restrictions within a
parameterized subroutine block, refer to “Restrictions on Formal Parameters
Within a Parameterized Subroutine Block” in Section 2 of Chapter 2.
Example:

In the following example, the square root of the integer number located at %AI0001 is placed into
the result located at %R00003 whenever %I00001 is ON.

I N
[%100001 |

—1 [SQRT_|
[ ]INT]

| [ ]
[%AI0001—|IN Q|—%R00003
|
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ABS (INT, DINT, REAL)

The Absolute Value (ABS) function is used to find the absolute value of an integer, double
precision integer, or real value. When the function receives power flow, it places the absolute
value of input IN in output Q.

The ABS function operates on these types of data:

Data Type Description
INT Signed integer.
DINT Double precision signed integer
REAL Floating point.

The default data type is signed integer; however, it can be changed after selecting the function. For
more information on data types, refer to chapter 2, section 3, “Program Organization and User
Data.”

The ok output will receive power flow, unless one of the following conditions occurs:
» For INT type, IN is MININT.

» For DINT type, IN is MINDINT.

» For REAL type, IN is NaN (Not a Number).

|1
(enable) (ok)
|
[ INT |
[
(input parameter IN) —|IN Q|— (output parameter Q)
|

Parameters:

Parameter Description

enable When the function is enabled, the operation is performed.

IN IN contains the integer or real value to be operated on.

ok The ok output is energized when the function is performed without overflow,
unless an invalid operation occurs and/or IN is NaN.

Q Output Q contains the absolute value of IN.
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Valid Memory Types:

Parameter | flow | %l [%Q |%M [%T PoS %G %U %R PP %L %Al %AQ %UR const ngne
enable .
IN . 0 0 0 0 0 . . . . . . .
ok . D)
Q [ (0] (0] (o] 0 0 . . . . . .
Note: Indirect referencing is available for all register references (%R, %P, %L, %Al, %AQ, and %UR).
. Valid reference or place where power may flow through the function.
o] Valid reference for INT only; not valid for DINT or REAL.
Note
For restrictions within a parameterized subroutine block, refer to the "Restrictions
on Formal Parameters within a Parameterized Subroutine Block" section of
Chapter 2..
Example:

In the following example, the absolute value of —2976, which is 2976, is placed in %R00010.
I

[ INT |

I

| | ABS_|—
I

[ 1

I

| -

I

|
CONST —|IN Q|—%R00010
2976 | | 2976
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Trig Functions  (SIN, COS, TAN, ASIN, ACOS, ATAN)

The SIN, COS, and TAN functions are used to find the trigopnometric sine, cosine, and tangent,
respectively, of its input. When one of these functietsives power flow, it computes the sine

(or cosine or tangent) of IN, whose units are radians, and stores the result in output Q. Both IN and
Q are floating-point values.

The ASIN, ACOS, and ATAN functions are used to find the inverse sine, cosine, and tangent,
respectively, of its input. When one of these functieteives power flow, it computes the

inverse sine (or cosine or tangent) of IN and stores the result in output Q, whose units are radians.
Both IN and Q are floating-point values.

The SIN, COS, and TAN functions accept a broad rangegpoft ivalues, where 63 < IN <+263,
(263 = 9.22x1d8).

The ASIN and ACOS functions accept a narrow range of input values, whdhe<-1. Given a
valid value for the IN parameter, the ASIN_REAL function will produce a result Q such that:

- - T I
= 2 < < I
ASIN (IN) 5 = Q = >
The ACOS_REAL function will produce a result Q such that:
ACOS (IN) = — 0 Q =<n

The ATAN function accepts the broadest range of input values, where<IN < + . Given a
valid value for the IN parameter, the ATAN_REAL function will produce a result Q such that:

— - I T
= 2 < < I
ATAN (IN) 5> = Q < >
(enable; | IR (ok)
I REIAL|
(input paramelter IIN) —|IN Q|— (output parameter Q)
NOTE
These functions are only available on floating-point versions of the Series 90-70

CPU.
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Parameters:

Parameter Description

enable When the function is enabled, the operation is performed.

IN IN contains the real value to be operated on.

ok The ok output is energized when the function is performed without overflow,
unless an invalid operation occurs and/or IN is NaN.

Q Output Q contains the trigonometric value of IN.

Valid Memory Types:

Parameter | flow | %l [%Q (%M [T PSS %G WU JR %P %L %Al %AQ %UR const ngne
enable .
IN . . . . . . . .
ok . .
Note: Indirect referencing is available for all register references (%R, %P, %L, %Al, %AQ, and %UR).
. Valid reference or place where power may flow through the function.
Note

For restrictions within a parameterized subroutine block, For restrictions within a
parameterized subroutine block, refer to “Restrictions on Formal Parameters
Within a Parameterized Subroutine Block” in Section 2 of Chapter 2.

Example:
In the following example, the COS of the value in %P00001 is placed in %P00033.

[
| REAL|

| COS_|—

%P00001—|IN Q|—%P00033

I
I
|
|
I
I
| +3.141500|___ | ce1.000000
I

Chapter 6 Math Functions
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Logarithmic/Exponential Functions (LOG, LN, EXP, EXPT)

The LOG, LN, and EXP functions have two input parameters and two output parameters. When
the function receives power flow, it performs the appropriate logarithmic/exponential operation on
the real value in input IN and places the result in output Q.

» For the LOG function, the base 10 logarithm of IN is placed in Q.
» For the LN function, the natural logarithm of IN is placed in Q.
» For the EXP functioreis raised to the power specified by IN and the result is placed in Q.

The EXPT function has three input parameters and two output parameters. When the function
receives power flow, the value of input I1 is raised to the power specified by the value 12 and the
result is placed in output Q.

The ok output will receive power flow, unless IN is NaN (Not a Number) or istiveg

| |
(enable) (ok)
| |
| REAL|
|
(input parameter IN) —|IN Q|— (output parameter Q)

Parameters:

Parameter Description

enable When the function is enabled, the operation is performed.

IN IN contains the real value to be operated on.

ok The ok output is energized when the function is performed without overflow,
unless an invalid operation occurs and/or IN is NaN or is negative.

Q Output Q contains the logarithmic/exponential value of IN.

Note

These functions are only available on floating-point versions of the Series 90-70
CPU.
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Valid Memory Types:

Parameter | flow | %l [%Q |%M [%T PoS %G %U %R PP %L %Al %AQ %UR const ngne
enable .
IN* . . . . . . . .
ok . .
Q L] L] L] L] L] L] L]
lable for all register references (%R, %P, %L, %Al, %AQ, and %UR).

Note: Indirect referencing is ava ) !
* For the EXPT function, input IN is replaced by input parameters 11 and 12.

Valid reference or place where power may flow through the function.

Note

For restrictions within a parameterized subroutine block, For restrictions within a
parameterized subroutine block, refer to “Restrictions on Formal Parameters
Within a Parameterized Subroutine Block” in Section 2 of Chapter 2.

Example:
In the following example, the value of %AIl0001 is raised to the power of 2.5 and the result is

placed in %R00001.

[
[EXPT_|—
| REAL|

| |
%AI0001—|I1 Q|—%R00001

CONST —|12
2.50000E+00] |

6-13
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Radian Conversion (RAD, DEG)

When the function receives power flow, the appiadprconversion (RAD_TO_DEG or
DEG_TO_RAD) is performed on the real value in input IN and the result is placed in output Q.

The ok output will receive power flow unless IN is NaN (Not a Number).

(enable) | (ok)

||
| TO_ |
| DEG

(input parameter IN) —|IN Q|— (output parameter Q)
|

Parameters:

Parameter Description

enable When the function is enabled, the operation is performed.

IN IN contains the real value to be operated on.

ok The ok output is energized when the function is performed without overflow,
unless IN is NaN.

Q Output Q contains the converted value of IN.

Note

These functions are only available on floating-point versions of the Series 90-70
CPU.
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Valid Memory Types:

Parameter | flow | %l [%Q |%M [%T PoS %G %U %R %P Yol Al %AQ %UR const ngne
enable .
IN . . . . . . . .
ok . .
Q L] L] L] L] L] L] L]
Note: Indirect referencing is available for all register references (%R, %P, %L, %Al, %AQ, and %UR).
. Valid reference or place where power may flow through the function.
Note

Example:

For restrictions within a parameterized subroutine block, For restrictions within a
parameterized subroutine block, refer to “Restrictions on Formal Parameters
Within a Parameterized Subroutine Block” in Section 2 of Chapter 2.

In the following example, +1500 is converted to DEG and is placed in %R0001.

Chapter 6 Math Functions

| TO_|
| DEG |
CONST |

+1500.000 —|IN Q|— %R0001
| | 85993.67

| RAD_|
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Relational Functions

Relational functions are used to compare two numbers. This chapter describes the following
relational functions:

Abbreviation Function Description Page
EQ Equal Test two numbers for equality. 7-2
NE Not Equal Test two numbers for non-equality. 7-p
GT Greater Than Test for one number greater than another. 7-2
GE Greater Than or Equal  Test for one number greater than or equal | 7-2
to another.
LT Less Than Test for one number less than another. 1-2
LE Less Than or Equal Test for one number less than or equal to 7-2
another.
CMP Compare Test for one number less than, equal to, or 7-4
greater than another.
RANGE Range Determine whether a number is within a 7-6
specified range.
7-1



EQ, NE, GT, GE, LT,and LE  (INT, UINT, DINT, REAL)

Relational functions are used to determine the relation of two values. When the fusttives
power flow, it compares input parameter |1 to input parameter 12. These parameters must be the
same data type.

Relational functions operate on these types of data:

Data Type Description
INT Signed integer.
UINT Unsigned integer.
DINT Double precision signed integer.
REAL Floating point.

The default data type is signed integer. To compare either signed integer, unsigned integer, or
double precision integers, select the new data type after selecting the relational function. To
compare data of other types or of two different types, first use the appropriate conversion function
(described in Chapter 1€onversion Functiogo change the data to one of the integer types.

If input parameters I1 and 12 match the specified relation, outpet€Mes power flow and is set
ON (1); otherwise, it is set OFF (0).

Output ok will always receive power flow when the function is enabled, unless 11 and/or 12 is NaN
(Not a Number).

| |
(enable) EQ | — EN(I9]
| |
| REAL|
| |
(input parameter 11) —|[I1 Q|— (output parameter Q)
||
[ ]
(input parameter 12) —|12 |
|

Parameters:

Parameter Description

enable When the function is enabled, the operation is performed.

11 11 contains a constant or reference for the first value to be compared.
(11 is on the left side of the relational equation, as in I1 < I2).

12 12 contains a constant or reference for the second value to be compared.
(12 is on the right side of the relational equation, as in 11 < I2).

ok The ok output is energized when the function is performed without error,
unless I1 and/or 12 is NaN.

Q Output Q is energized when 11 and 12 match the specified relation.
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Valid Memory Types:

Parameter | flow | %l [%Q |%M [%T PoS %G %U %R PP %L %Al %AQ %UR const ngne
enable .
11 . 0 0 0 0 0 . . . . . . .
12 . 0 0 0 0 0 . . . . . . .
ok . .
Q [ O 0 0 0 O . . . . . .
Note: Indirect referencing is available for all register references (%R, %P, %L, %Al, %AQ, and %UR).
. Valid reference or place where power may flow through the function.
o] Valid reference for INT or UINT data only; not valid for DINT or REAL.
Note
For restrictions within a parameterized subroutine block, For restrictions within a
parameterized subroutine block, refer to “Restrictions on Formal Parameters
Within a Parameterized Subroutine Block” in Section 2 of Chapter 2.
Example:

In the following example, two double precision signed integers, PRT_MDE and BIN_FUL, are
compared whenever %100001 is set. If PRT_MDE is less than BIN_FUL, coil %Q00002 is turned
on.

%I00001 — | |
11

[LT_|—
| DINT|
%Q00002

PRT_MDE—|I1 Q]
[ ]

[ 1
BIN_FUL—12 |
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CMP  (INT, UINT, DINT, REAL)

Use the Compare (CMP) function to test for one number less than, equal to, or greater than another.

When the function receives power flow, it compares the value 11 to the value 12. These values
must be the same data type.

The CMP function operates on these types of data:

The default data type is signed integer. To compare either signed integer, unsigned integer, or
double precision signed integers, select the new data type after selecting the relational function. To
compare data of other types or of two different types, first use the appropriate conversion function

Data Type Description
INT Signed integer.
UINT Unsigned integer.
DINT Double precision signed integer.
REAL Floating point.

(described in Chapter 1€onversion Functiogo change the data to one of the integer types.

LT, EQ, and GT are set ON (1) or OFF (0) as a result of the comparison.

Output ok will always receive power flow when the function is enabled, unless 11 and/or 12 is NaN

(Not a Number).

(enable) ! (0k)

REAL|

(input parameter 1) —|I1 LT|— (output parameter for less than)

(input parameter 12) —|12 EQ|— (output parameter for equal)
I

Parameters:

I
GT|— (output parameter for greater than)

Parameter

Description

enable

When the function is enabled, the operation is performed.

11

11 contains a constant or reference for the first value to be compared.

12

12 contains a constant or reference for the second value to be compared.

ok

The ok output is energized when the function is performed without error,
unless I1 and/or 12 is NaN.

LT

Output LT is energized when I1 is less than 12.

EQ

Output EQ is energized when 11 is equal to 12.

GT

Output GT is energized when I1 is greater than 12.
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Valid Memory Types:

Parameter | flow | %l [%Q |%M [%T PoS %G %U %R PP %L %Al %AQ %UR const ngne
enable .
11 . 0 0 0 0 0 . . . . . . .
12 . 0 0 0 0 0 . . . . . . .
ok . .
LT . .
EQ . .
GT . .
Note: Indirect referencing is available for all register references (%R, %P, %L, %Al, %AQ, and %UR).
. Valid reference or place where power may flow through the function.
o] Valid reference for INT or UINT data only; not valid for DINT or REAL.
Note
For restrictions within a parameterized subroutine block, For restrictions within a
parameterized subroutine block, refer to “Restrictions on Formal Parameters
Within a Parameterized Subroutine Block” in Section 2 of Chapter 2.
Example:

In the following example, when %I00001 is ON, the integer variable SHIPS is compared with the
variable BOATS. Internal coils %M0001, %M0002, and %M0003 are set to the results of the

compare.
%I00001] |
[ | CMP_|—
| UINT]
I %M00001
SHIPS —|I1 LT|
|
I %M00002
BOATS —|I2 EQ|
|
I %M00003
| GTI
I
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RANGE  (INT, UINT, DINT, WORD, DWORD)

The RANGE function is used to compare a single input value against liwiteles to determine
whether the input value falls within the range of the delimiters.

Note

The Range function is only available on a Release 5 or higher CPU.

The RANGE function operates on these types of data:

Data Type Description
INT Signed integer.
DINT Double precision signed integer.
UINT Unsigned integer.
WORD Word data type.
DWORD Double word data type.

The default data type is signed integer; however, it can be changed after selecting the function. For

more information on data types, please refer to chapter 2, section 2, “Program Organization and
User References/Data.”

When the function is enabled, the RANGE function blodkasmpare the value in input
parameter IN against the range specified by the values of the two delimiters specified by
parameters L1 and L2, inclusively. When the value in IN is within the range specified by L1 and

L2, output parameter Q is set ON (1). Otherwise, Q is set OFF (0). If the operation is successful,
the ok output will receive power flow.

[ 1
(enable) RANGE|- (V]

| INT |
I
(delimiter L1) —|L1 Q|- (output parameter Q)
(delimiter L2) —|L2 |

(value to be compared) —|IN |

Note

Limit parameters L1 and L2 represent the endpoints of a range. There is no fixed
minimum/maximum or high/low connotation assigned to either parameter. Thus,
a desired range of 0 to 100 could be specified by assigning 0 to L1 and 100 to L2
or 0to L2 and 100 to L1. In either case, a value of 45 for the input parameter IN
would result in the output Q being set ON (1).
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Parameters:
Parameter Description
enable When the function is enabled, the operation is performed.
L1 L1 contains the start point of the range.
L2 L2 contains the end point of the range.
IN IN contains the value to be compared against the range specified by L1
and L2.
ok The ok output is energized unless an error is encountered.
Q Output Q is energized when the value in IN is within the range specified by I1 and
L2, inclusive.
Valid Memory Types:
Parameter | flow | %l [%Q (%M [T PSS %G WU JR %P %L %Al %AQ %UR const ngne
enable .
L1 ol o 0 0 0 . . . . . of
L2 ol o 0 0 0 . . . . . of
IN o o 0 0 0 . . . . .
ok o 0 0 0 0 . . . . .
Q L] L]

Note: Indirect referencing is available for all register references (%R, %P, %L, %Al, %AQ, and %UR).
. Valid reference or place where power may flow through the function.

—+0

Valid reference for INT ,WORD or UINT data only; not valid for DINT or DWORD.
Constants are limited to integer values for double precision signed integer operations.

Note

For restrictions within a parameterized subroutine block, For restrictions within a
parameterized subroutine block, refer to “Restrictions on Formal Parameters
Within a Parameterized Subroutine Block” in Section 2 of Chapter 2.

Example:

In the following example, the value in %R00001 is 10, and the value in %R00002 is 50. The
output Q will be ON for all IN values in %R00003 greater than or equal to 10 and less than or
equal to 50. Output Q will be OFF for all IN values in %R00003 less than 10 or greater than 50.

The ok output is set ON.

%I00001] |
| ——O0+RANGE]

%MO00001

[ INT |

[ 1
%R00001—|L1 Q|

%MO00002

|
%R00002—|L2 |

|
%R00003—]|IN |
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Chapter | Bit Operation Functions

Bit operation functions perform comparison, logical, and move operations on bit strings. The
maximum string length is 256 words or double words. Bit operation functions require WORD or
DWORD data; the default data type is WORD.

Although data must be specified in 16-bit or 32-bit increments, these functions operate on data as a
continuous string of bits, with bit 1 of the first word being the Least Significant Bit (LSB). The last
bit of the last word is the Most Significant Bit (MSB). For example, if you specified three words of
data beginning at reference %L00100, it would be operated on as 48 contiguous bits.

%L00100| 16 15 14 13 12 11 10 9 8 F b p ¥4 B |2 (1< bitl1(LSB)
%L00101 | 32| 31| 30| 29| 28 294 26 2b 24 23 242 21 PO (9 [18 (17

[}
fa%)
(o]
PR
~
A\
(e}

%L00102 | 48 | 47| 46| 45| 44 43 42 41 4D 3 BS [34 |33

:
(MSB)

Note

Overlapping input and output reference address ranges in multi-word functions
may produce unexpected results.
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The following bit operation functions are described in this chapter:

Abbreviation Function Description Page
AND Logical AND If a bit in bit string 11 and the corresponding 8-3
bit in bit string 12 are both 1, place a 1 in the
corresponding location in output string Q.
OR Logical OR If a bit in bit string 11 gnd/or the corresponding bit jn  8-3
bit string 12 are both 1, place a 1 in the
corresponding location in output string Q.
XOR Logical exclusive | If a bit in bit string 11 and the corresponding 8-5
OR bit in string 12 are different, place a 1 in the
corresponding location in the output bit string.
NOT Logical Invert Set the state of each bit in output bit string Q to the  8-7
opposite state of the corresponding bit in bit string 1.
SHL Shift Left Shift all the bits in a word or string of words to the |eft 8-9
by a specified number of places.
SHR Shift Right Shift all the bits in a word or string of words to the|  8-9
right by a specified number of places.
ROL Rotate Left Rotate all the bits in a string a specified 8-12
number of places to the left.
ROR Rotate Right Rotate all the bits in a string a specified 8-12
number of places to the right.
BTST Bit Test Test a bit within a bit string to determine 8-14
whether that bit is currently 1 or 0.
BSET Bit Set Set a bit in a bit string to 1. 8-14
BCLR Bit Clear Clear a bit within a string by setting that bit to 0. 8-16
BPOS Bit Position Locate a bit set to 1 in a bit string. 8-18
MCMP Masked Comparg Compare the bits in the first string with the 8-20
corresponding bits in the second.

Note

Note that, for all bit operations, the bit group of function blocks not explicitly bit-
typed will affect the transitions (coils and contacts) for all bits in the written

byte/word/dword. Please read the second example shown on page for further
explanation.
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AND and OR  (WORD, DWORD)

GFK-0265J

Each scan that power is received, the AND or OR function examines each bit in bit string 11 and
the corresponding bit in bit string 12, beginning at the least significant bit in each.

For each two bits examined for the AND function, if both bits are 1, then a 1 is placed in the
corresponding location in output string Q. If either or both bits are 0, then a 0 is placed in string Q
in that location.

The AND function is useful for building masks or screens, where only certain bits are passed
through (those that are opposite a 1 in the mask), and all other bits are set to 0. The function can
also be used to clear the selected area of word memory by ANDing the bits with another bit string
known to contain all Os. The 11 and 12 bit strings specified may overlap.

For each two bits examined for the OR function, if either or both bits are 1, then a 1 is placed in the
corresponding location in output string Q. If both bits are 0, then a 0 is placed in string Q in that
location.

The OR function is useful for combining strings, and to control many outputs through the use of
one simple logical structure. The function is the equivalent of two relay contacts in parallel
multiplied by the number of bits in the string. It can be used to drive indicator lamps directly from
input states, or superimpose blinking conditions on status lights.

The string length can be up to 256 words or double words for either function.

The function passes power flow to the right whenever power is received.

[ 1
(enable) (0k)
| ]
| WORD|
| |
(input parameter 11) —|[I1 Q|— (output parameter Q)
| LEN |
|00001|
(input parameter 12) —|12 |
|

Parameters:
Parameter Description
enable When the function is enabled, the operation is performed.
11 11 contains a constant or reference for the first word.
12 12 contains a constant or reference for the second word.
ok The ok output is energized whenever enable is energized.
Q Output Q contains the result of the operation.
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Valid Memory Types:

Parameter | flow | %l [%Q |%M [%T PoS %G %U %R %P Yol Al %AQ %UR const ngne
enable .
11 . 0 0 0 0 0 0 . . . . . o
12 . 0 0 0 0 0 0 . . . . . .
ok . .
Q . 0 0 0 o | of 0 . . . . .
Note: Indirect referencing is available for all register references (%R, %P, %L, %Al, %AQ, and %UR).

—+0

Note

Valid reference or place where power may flow through the function.
Valid reference for WORD data only; not valid for DWORD.
%SA, %SB, %SC only; %S cannot be used.

For restrictions within a parameterized subroutine block, For restrictions within a
parameterized subroutine block, refer to “Restrictions on Formal Parameters

Within a Parameterized Subroutine Block” in Section 2 of Chapter 2.

Example:

In the following example, whenever input %100001 is set, the 16-bit strings represented by
nicknames WORD1 and WORD?2 are examined. The results of the logical AND are placed in

output string RESULT.

%I00001 | |
[ | AND_|—
| WORD)|

[ |
WORD1 —|I1 Q|—RESULT
|

| LEN
[00001]
WORD2 —|I2 |

WORDL1 0|0

WORD2

RESULT

[ofofofsfafafofofofofofofaf o o g
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XOR
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(WORD, DWORD)

The Exclusive OR (XOR) function is used to compare each bit in bit string 11 with the
corresponding bit in string 12. If the bits are different, a 1 is placed in the corresponding position in
the output bit string.

Each scan that power is received, the function examines each bit in string 11 and the corresponding
bit in string 12, beginning at the least significant bit in each. For each two bits examined, if only
oneis 1, then a 1 is placed in the corresponding location in bit string Q. The bit string length can
be up to 256 words or double words. The XOR function passes power flow to the right whenever
power is received.

If string 12 and output string Q begin at the same reference, a 1 placed in string 11 will cause the
corresponding bit in string 12 to alternate between 0 and 1, changing state with each scan as long as
power is received. Longer cycles can be programmed by pulsing the power flow to the function at
twice the desired rate of flashing; the power flow pulse should be one scan long (one-shot type coll
or self-resetting timer).

The XOR function is useful for quickly comparing two bit strings, or to blink a group of bits at the
rate of one ON state per two scans.

(enable{ | (ok)

I W(l)RD|

(input parameler Ill) —|I1 Q|— (output parameter Q)
looood,

(input paramefer 12) —]12 |

Parameters:
Parameter Description
enable When the function is enabled, the operation is performed.
11 11 contains a constant or reference for the first word to be XORed.
12 12 contains a constant or reference for the second word to be XORed.
ok The ok output is energized whenever enable is energized.
Q Output Q contains the result of 11 XORed with 12.
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Valid Memory Types:

Parameter | flow | %l [%Q |%M [%T PoS %G %U %R PP %L %Al %AQ %UR const ngne
enable .

11 . 0 0 0 0 0 0 ) ) ) . ) ) )
12 . lo) 0 o) 0 0 o} . . . . . . .
ok . .
Q . ol o 0 o| of| o . . . . . .

Note: Indirect referencing is available for all register references (%R, %P, %L, %Al, %AQ, and %UR).

. Valid reference or place where power may flow through the function.

Valid reference for WORD data only; not valid for DWORD.
%SA, %SB, %SC only; %S cannot be used.

—+0

Note

For restrictions within a parameterized subroutine block, For restrictions within a
parameterized subroutine block, refer to “Restrictions on Formal Parameters

Within a Parameterized Subroutine Block” in Section 2 of Chapter 2.

Example:

In the following example, whenever input %I100001 is set, the 16-bit string represented by the

nickname WORD3 is cleared (set to all zeros).

%I00001] |

[ | XOR_|—

| WORD)|

|

WORD3 —|I1 Q|—WORD3

| LEN
[00001]
WORD3 —|I2 |

I1 (WORD3) olofo|1|l1|1]|1

12 (WORD3) olofo|1|1]1

Qworb3) |o|o|o|o|o|of o] of of o] of of of of 9 q
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NOT (WORD, DWORD)

The NOT function is used to set the state of each bit in the output bit string Q to the opposite of the
state of the corresponding bit in bit string 11.

All bits are changed on each scan that power is received, making output string Q the logical
complement of 11. A length of 1 to 256 words or double words can be selected. The function
passes power flow to the right whenever power is received.

||
(enable) (ok)
| ]
| WORD|
| |
(input parameter 11) —|IN Q|]— (output parameter Q)
| LEN

|00001|
|
Parameters:
Parameter Description
enable When the function is enabled, the operation is performed.

11 11 contains a constant or reference for the word to be negated.

ok The ok output is energized whenever enable is energized.

Q Output Q contains the NOT (negation) of I1.
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Valid Memory Types:

Parameter | flow | %l [%Q |%M [%T PoS %G %U %R %P Yol Al %AQ %UR const ngne
enable .
11 . 0 0 0 0 0 0 b i i b 4 4
ok . .
Q . 0 0 0 o | of 0 . . . . .
Note: Indirect referencing is available for all register references (%R, %P, %L, %Al, %AQ, and %UR).

—+0
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Valid reference or place where power may flow through the function.
Valid reference for WORD data only; not valid for DWORD.
%SA, %SB, %SC only; %S cannot be used.

Note

For restrictions within a parameterized subroutine block, For restrictions within a
parameterized subroutine block, refer to “Restrictions on Formal Parameters

Within a Parameterized Subroutine Block” in Section 2 of Chapter 2.

Example:

In the following example, whenever input %I00001 is set, the bit string represented by the

nickname TAC is set to the inverse of bit string CAT.

%I00001] |
| NOT_|—
| WORD|

CAT —|IN Q|—TAC
| LEN
[00001]
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SHL and SHR  (WORD, DWORD)

The Shift Left (SHL) function is used to shift all the bits in a word or group of words to the left by

a specified number of places. When the shift occurs, the specified number of bits is shifted out of
the output string to the left. As bits are shifted out of the high end of the string, the same number of
bits is shifted in at the low end.

MSB LSB

mk|1|1|o|1|1|1|1|1|1|1|o|0|1|0|q qksl

The Shift Right (SHR) function is used to shift all the bits in a word or group of words a specified
number of places to the right. When the shift occurs, the specified number of bits is shifted out of
the output string to the right. As bits are shifted out of the low end of the string, the same number
of bits is shifted in at the high end.

MSB LSB

B2~ [t [t Jo o fa]a|afa]a] 1] o] of 1] o] o] o~ &1

A string length of 1 to 256 words or double words can be selected for either function.

The number of places specified for the shift must be more than zero and less than the number of
bits in the string. Otherwise, no shift occurs and no power flow is generated.

The bits being shifted into the beginning of the string are specified via input parameter B1. If a
length greater than 1 has been specified as the number of bits to be shifted, each of the bits is filled
with the same value (0 or 1). This can be:

» The Boolean output of another program function.
* All1s. To do this, use the special reference nickname ALW_ON as a permissive to input B1.
* All0s. Todo this, use the special reference nickname ALW_OFF as a permissive to input B1.

The SHL or SHR function passes power flow to the right, unless the number of bits specified to be
shifted is greater than the total length of the string or is zero.

Output Q is the shifted copy of the input string. If you want the input string to be shifted, the
output parameter Q must use the same memory location as the input parameter IN. The entire
shifted string is written on each scan that power is received. Output B2 is the last bit shifted out.
For example, if four bits were shifted, B2 would be the fourth bit shifted out.
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I
(enable) (0k)
| ]
| WORD|
||
(word to be shifted) —|IN B2|— (last bit shifted out)
| LEN |
|00001]

(number of bits) —|N  Q|— (output parameter Q)
|

(bit shifted in) —|B1 |
| I

Parameters:
Parameter Description

enable When the function is enabled, the shift is performed.
IN IN contains the first word to be shifted.
N N contains the number of places (bits) that the array is to be shifted.
B1 B1 contains the bit value to be shifted into the array.
B2 B2 contains the bit value of the last bit shifted out of the array.
ok The ok output is energized when the shift is energized and the shift length is not grepater

than the array size.

Q Output Q contains the first word of the shifted array.

LEN LEN is the number of words in the array to be shifted.

Valid Memory Types:

Parameter | flow | %l [%Q |%M [%T PoS %G %U IR PP %L %Al %AQ %UR const ngne
enable .
IN . 0 0 0 0 0 0 ) ) ) . ) . .
N . . . . . . . . . . . . .
Bl .
B2 . .
ok . .
Q . o| o 0 o| of| o . . . . . .

Note: Indirect referencing is available for all register references (%R, %P, %L, %Al, %AQ, and %UR).
. Valid reference or place where power may flow through the function.

Valid reference for WORD data only; not valid for DWORD.

%SA, %SB, %SC only; %S cannot be used.

—+0

Note
For restrictions within a parameterized subroutine block, For restrictions within a

parameterized subroutine block, refer to “Restrictions on Formal Parameters
Within a Parameterized Subroutine Block” in Section 2 of Chapter 2.
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Example:

In the following example, whenever input %I00001 is set, the output bit string represented by the
nickname WORD?2 is made a copy of WORD1, left-shifted by the number of bits represented by
the nickname LENGTH. The resulting open bits at the beginning of the output string are set to the
value of %100002.

%I00001] |

WORD1 —|IN B2|—OUTBIT
[LEN |
[00001]
LENGTH —|N Q|—WORD2
8 | |
%100002 | |
[ B1 |
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ROL and ROR  (WORD, DWORD)

The Rotate Left (ROL) function is used to rotate all the bits in a string a specified number of places
to the left. When rotation occurs, the specified number of bits is rotated out of the input string to
the left and back into the string on the right.

The Rotate Right (ROR) function rotates the bits in the string to the right. When rotation occurs,
the specified number of bits is rotated out of the input string to the right and back into the string on
the left.

A string length of 1 to 256 words or double words can be selected for either function.

The number of places specified for rotation must be more than zero and less than the number of bits
in the string. Otherwise, no movement occurs and no power flow is generated.

The ROL or ROR function passes power flow to the right, unless the number of bits specified to be
rotated is greater than or equal to the total length of the string or is less than or equal to zero.

The result is placed in output string Q. If you want the input string to be rotated, the output
parameter Q must use the same memory location as the input parameter IN. The entire rotated
string is written on each scan that power is received.

(enable{ | (0k)

| ]
| WORD|
[ 1
(word to be rotated) —|IN Q|— (output parameter Q)
| LEN |
|00001]

(number of bits) —|N |
|

Parameters:
Parameter Description

enable When the function is enabled, the rotation is performed.
IN IN contains the first word to be rotated.
N N contains the number of places that the array is to be rotated.
ok The ok output is energized when the rotation is energized and the rotation

length is not greater than the array size.

Q Output Q contains the first word of the rotated array.

LEN LEN is the number of words in the array to be rotated.
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Valid Memory Types:

Parameter | flow | %l [%Q |%M [%T PoS %G %U %R PP %L %Al %AQ %UR const ngne
enable .
IN . 0 0 0 0 0 0 ) ) ) . ) . .
N . . . . . . . . . . . . .
ok . .
Q . ol o 0 o| of| o . . . . . .

Note: Indirect referencing is available for all register references (%R, %P, %L, %Al, %AQ, and %UR).
. Valid reference or place where power may flow through the function.

o] Valid reference for WORD data only; not valid for DWORD.
T %SA, %SB, %SC only; %S cannot be used.
Note
For restrictions within a parameterized subroutine block, For restrictions within a
parameterized subroutine block, refer to “Restrictions on Formal Parameters
Within a Parameterized Subroutine Block” in Section 2 of Chapter 2.
Example:
In the following example, whenever input %I00001 is set, the input bit string %R00001 is rotated 3
bits and the result is placed in %R00002. After execution of this function, the input bit string
%R00001 is unchanged. If the same reference is used for IN and Q, a rotation will occur in place.
%I100001 | |
[ | ROL_|—
| WORD)|
%R0(|)00:|L—|IN Q|—%R00002
| LEN |
|00001|
CONST —|N |
+00003 | |
%R00001:
MSB LSB
|t Jr|r|i|r|ofo|ofo]o] o] o] of of of of-
%R00002 (after %100001 is set):
MSB LSB
(2 [1 fofofofofofo[o[ofofofof 1] 1] 1
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BTST (WORD, DWORD)

The Bit Test (BTST) function is used to test a bit within a bit string to determine whether that bit is
currently 1 or 0. The result of the test is placed in output Q.

Each sweep power is received, the BTST function sets its output Q to the same state as the
specified bit. If a register rather than a constant is used to specify the bit number, the same function
block can test different bits on successive sweeps. If the value of BIT is outside the range
(1=BIT>(16 * LEN) ), then Q is set OFF.

A string length of 1 to 256 words or double words can be selected.

(enable% : (ok)

|TEST_|
| WORD|

(bit to be tested) —|IN Q|— (output parameter Q)
| LEN |

|00001|
(bit number of IN) —|BIT |

Parameters:
Parameter Description
enable When the function is enabled, the bit test is performed.

IN IN contains the first word of the data to be operated on.

BIT BIT contains the bit number of IN that should be tested. Valid range<i8(L > (16 *
LEN) ).

ok The ok output is energized when enable is energized and BIT is greater than the string
length or is zero.

Q Output Q is energized if the bit tested was a 1.

LEN LEN is the number of words in the string to be tested.
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Valid Memory Types:

Parameter | flow | %l [%Q |%M [%T PoS %G %U %R PP %L %Al %AQ %UR const ngne
enable .

IN . 0 0 0 0 0 0 . . . . . . .
BIT . . . . . . . . . . . . .
ok . D)
Q L]

Note: Indirect referencing is available for all register references (%R, %P, %L, %Al, %AQ, and %UR).

. Valid reference or place where power may flow through the function.

o] Valid reference for WORD data only; not valid for DWORD..

Note

For restrictions within a parameterized subroutine block, For restrictions within a
parameterized subroutine block, refer to “Restrictions on Formal Parameters
Within a Parameterized Subroutine Block” in Section 2 of Chapter 2.

Example:

In the following example, whenever input %100001 is set, the bit at the location contained in
reference PICKBIT is tested. The bit is part of string PRD_CDE. Ifitis 1, output Q passes power
flow to the ADD function, causing 1 to be added to the current value of the ADD function input I1.

%I00001] |
[ | BIT_|—
[TEST_|
| WORD|
PRD_CDE—]|IN Q| | ADD_|—
TLEN | | UINT|
[00001] |
PICKBIT—|BIT | FND_ON—|I1 Q|—FND_ON
|

CONST —|I2 |
00001 | |
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BSET and BCLR  (WORD, DWORD)

The Bit Set (BSET) function is used to set a bit in a bit string to 1. The Bit Clear (BCLR) function
is used to clear a bit within a string by setting that bit to 0.

Each sweep that power is received, the function sets the specified bit to 1 for the BSET function or
to 0 for the BCLR function. If a variable (register) rather than a constant is used to specify the bit
number, the same function block can set different bits on successive sweeps.

A string length of 1 to 256 words or double words can be selected. The function passes power flow
to the right, unless the value for BIT is outside the rangeBIT _ (16 * LEN) ). Then, ok is set

OFF.

[ |

(enable) (ok)
[ |
| SET_|
| WORD|

(first word) —|IN |
| LEN |
[00001]

(bit number of IN) —|BIT |

Parameters:
Parameter Description
enable When the function is enabled, the bit operation is performed.
IN IN contains the first word of the data to be operated on.
BIT BIT contains the bit number of IN that should be set or cleared.
Valid range is (¥BIT>(16 * LEN) ).
ok The ok output is energized when enable is energized.

LEN LEN is the number of words in the bit string.
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Valid Memory Types:

Parameter | flow | %l [%Q |%M [%T PoS %G %U %R PP %L %Al %AQ %UR const ngne
enable .

IN o o 0 o | of|[ o . . . . . .

BIT . . . . . . . . . . . . .

ok . .
Note: Indirect referencing is available for all register references (%R, %P, %L, %Al, %AQ, and %UR).
. Valid reference or place where power may flow through the function.
o] Valid reference for WORD data only; not valid for DWORD.
T %SA, %SB, %SC only; %S cannot be used.

Note

For restrictions within a parameterized subroutine block, For restrictions within a
parameterized subroutine block, refer to “Restrictions on Formal Parameters
Within a Parameterized Subroutine Block” in Section 2 of Chapter 2. Also,
please note that, for all bit operations, the bit group of function blocks not
explicitly bit-typed will affect the transitions (coils and contacts) for all bits in the
written byte/word/dword. Please read the second example shown below and the
explanation that precedes it before using bit operations with byte and word
blocks that have transitions.

Example 1:

In the following example, whenever input %I00001 is set, bit 12 of the string beginning at
reference %L00040 is set to 1.

%I00001 | |
[ | BIT_|—
| SET_|
| WORD)|
%L00040—]|IN |

| LEN |

[00001]
CONST —|BIT |
00012 | |

Example 2:

In the following example, M41-M48 will be solved as written to be a Transition Sfaese bits
may not perform as expectedvhen used as a transition contact or coil. If you wish to use Bit Op
functionsin conjunction with transition functiongour Bit Op function should be type BIT.

%I00001 | |
[ | BIT_|—
| SET |
| WORD)|
%MO00041—]|IN |

| LEN |

[00001]
CONST —|BIT |
00003 | |
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BPOS (WORD, DWORD)

The Bit Position (BPOS) function is used to locate a bit set to 1 in a bit string.

Each sweep that power is received, the function scans the bit string starting at IN. When the
function stops scanning, either a bit equal to 1 has been found or the entire length of the string has
been scanned.

POS is set to the position within the bit string of the first non-zero bit; POS is set to zero if no non-
zero bit is found.

A string length of 1 to 256 words can be selected. The function passes power flow to the right
whenever enable is ON.

| |
(enable) (0k)

| |
| POS_]
| WORD|

(first word) —|IN Q|—
| LEN |
|00001|
| POS|— (position of non_zero bit or 0)

Parameters:
Parameter Description
enable When the function is enabled, a bit search operation is performed.
IN IN contains the first word of the data to be operated on.
ok The ok output is energized when enable is energized.
POS The position of the first non-zero bit found, or zero if a non-zero bit is not found.
Q Output Q is energized if a bit set to 1 is found.

LEN LEN is the number of words in the bit string.
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Valid Memory Types:

Parameter | flow | %l [%Q |%M [%T PoS %G %U %R PP %L %Al %AQ %UR const ngne
enable .
IN . 0 0 0 0 0 0 . . . . . . . .
POS . . . . . . . . . . . .
ok . D)
Q . .
Note: Indirect referencing is available for all register references (%R, %P, %L, %Al, %AQ, and %UR).
. Valid reference or place where power may flow through the function.
o] Valid reference for WORD data only; not valid for DWORD.
Note
For restrictions within a parameterized subroutine block, For restrictions within a
parameterized subroutine block, refer to “Restrictions on Formal Parameters
Within a Parameterized Subroutine Block” in Section 2 of Chapter 2.
Example:

In the following example, if %100001 is set, the bit string starting at %MO00001 is searched until a
bit equal to 1 is found, or 6 words have been searched. Coil %QO00001 is turned on. If a bit equal
to 1 is found, its location within the bit string is written to %AQ0001 and %Q00002 is turned on.

If %100001 is set, bit %M00001 is 0, and bit %M00002 is 1, then the value written to %AQO0001 is
2.

%I100001 | | %Q00001
|1

[ | BIT_|
| POS._|
| WORD| %Q00002

%M00001—]|IN Q|

| LEN |
|00006|
| POS|—%AQ0001
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MCMP  (WORD, DWORD)

The Masked Compare (MCMP) function is used to compare the contents of two bit strings. Input
string 11 might contain the states of outputs, such as solenoids or motor starters. Input string 12
might contain their input state feedback, such as limit switches or contacts.

Each scan that power is received, the function begins comparing the bits in the first string with the
corresponding bits in the second. Comparison continues until a miscompare is found, or until the
end of the string is reached.

The BIT input is used to indicate where the next comparison should start. Ordinarily, this is the
same as the number where the last miscompare occurred. Because the bit number of the last
miscompare is stored in output BN, the same reference can be used for both BIT and BN. The
comparison actually begins 1 bit following BIT; therefore, the initial value of BIT should be 1 less
first bit to be compared (for example, zero (0) to begin comparison at %100001).

If you want to start the next comparison at some other location in the string, you can enter different
references for BIT and BN. If the value of BIT is a location that is beyond the end of the string,
BIT is reset reset to the beginning of the input string before starting the next comparison.

The function passes power flow whenever power is received. The other outputs of the function
depend on the state of the corresponding mask bit, as described below.

If All Bits in 11 and 12 are the Same

If all corresponding bits in strings 11 and 12 match, the function sets the “miscompare” output MC
to 0 and BN to the highest bit number in the input strings. The comparison then stops. On the next
invocation of MCMP, it will be reset to 1.

If a Miscompare is Found

When the two bits currently being compared are not the same, the function then checks the
correspondingly-numbered bit in string M (the mask). If the mask bit is a 1, the comparison
continues until another miscompare or the end of the input strings is reached.

If a miscompare is detected and the corresponding mask bit is a 0, the function:

1. Sets the corresponding mask bit to a 1.

2. Sets the miscompare (MC) output to 1.

3. Updates the output bit string Q to match the new content of mask string M.

4. Sets the bit number output (BN) to the number of the miscompared bit (for example, 6).
5

Stops the comparison.
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(en

(input par

(input par

I
able) (0k)
| |
|[COMP_|
| WORD)|
ameter 11) —|I1 MC|— (miscompare)
| LEN |
|00001|
ameter 12) —|12 Q|— (output parameter Q)

(bit string mask) —|M BN|— (bit number for last miscompare)
I

I
(bit number) —|BIT |
I

nt
e read

Parameters:
Parameter Description
enable Permissive logic to enable the function.
11 Reference for the first bit string to be compared.
12 Reference for the second bit string to be compared.
M Reference for the bit string mask.

BIT Reference which indicates where the next comparison should start (may be a constg
value). The comparison begins 1 bit after BIT. For detailed discussion of this, pleas
the third paragraph on the preceding page.

ok The ok output is energized when enable is energized.

MC User logic to determine if a miscompare has occurred.

Q Output copy of the mask (M) bit string.
BN Number of the bit where the latest miscompare occurred.
LEN LEN is the number of words in the bit string.
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Valid Memory Types:

Parameter | flow | %l [%Q |%M [%T PoS %G %U %R PP %L %Al %AQ %UR const ngne
enable .
11 . o] o 0 0 0 0 . . . . .
12 . 0 0 0 0 0 0 . . . . .
M 0 0 0 o] of| o . . . . .
BIT . . . . . . . . . . .
ok . .
MC o o
Q 0 0 0 o | of 0 . . . . .
BN . . . . . . . . . .
Note: Indirect referencing is available for all register references (%R, %P, %L, %Al, %AQ, and %UR).
. Valid reference or place where power may flow through the function.
o] Valid reference for WORD data only; not valid for DWORD.
T %SA, %SB, %SC only; %S cannot be used.
Note

For restrictions within a parameterized subroutine block, For restrictions within a
parameterized subroutine block, refer to “Restrictions on Formal Parameters
Within a Parameterized Subroutine Block” in Section 2 of Chapter 2.

Example:

In the following example, whenever %I00001 is set, the function compares the bits represented by
the reference VALUES against the bits represented by the reference EXPECT. Comparison begins
at the bit number specified in BITNUM. If an unmasked miscompare is detected, the comparison

stops. The corresponding bit is set in the mask RESULT. In addition, the output string
NEWVALS is updated with the new value of RESULT, and coil %Q00002 is turned on. Coil

%Q00001 is turned on whenever the functieceives power flow.

%I100001 | | %Q00001
|
I

|
| WORD] %Q00002

EXPECT—|I2 Q|—NEWVALS
I

I
RESULT—|M BN|—BITNUM
I

[ ]
BITNUM—|BIT |
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Data Move Functions

Data move functions provide basic data move capabilities. This chapter describes the following
data move functions:

Abbreviation Function Description Page
MOVE Move Copy data as individual bits. The maximum length allopg@
is 32,767, except for MOVE_BIT which is 256 bits. Data
can be moved into a different data type without prior
conversion.
BLKMOV Block Move Copy a block of seven constants to a specified memory 9-4
location. The constants are input as part of the function.
BLKCLR Block Clear Replace the content of a block of data with all zeros. TH6
function can be used to clear an area of bit (%I, %Q, %M,
%G, or %T) or word (%R, %P, %L, %Al, or %AQ)
memory. The maximum length allowed is 256 words.
SHFR Shift Register Shift one or more data words into a table. The maximg¥8
length allowed is 256 words.
BITSEQ Bit Sequencer Perform a bit sequence shift through an array of bits. | BkEL
maximum length allowed is 256 words.
SWAP Swap Swap two bytes of data within a word, or two words witI$ii5
a double word. The maximum length allowed is 256 wgrds.
COMMREQ Communications Request Allow the program to communicate with an intelligent9-17
module, such as a Bus Controller, Programmable
Coprocessor Module, or Subnet Module.
VMERD VME Read Read data from the VME backplane. The maximum lef@id4
allowed is 32,767.
VMEWRT VME Write Write data to the VME backplane. The maximum length9-26
allowed is 32,767.
VMERMW VME Read/Modify/Write | Update a data element using the read/modify/write cyc|®-8
the VME bus.
VMETST VME Test and Set Handle semaphores on the VME bus. 9130
VME_CFG_RD VME Configuration Read Read the configuration for a VME module. 9433
VME_CFG_WRT VME Configuration Writg Write the configuration to a VME module. 9-36
DATA_INIT Data Initialization Copy a block of constant data to a reference range. 9-39

DATA_INIT_COMM

Data Initialize
Communications Requeg

Initialize a COMMREQ function with a block of constan

function’s entire command block.

tdata. The length should equal the size of the COMMREQ

DATA_INIT_ASCII

Data Initialize ASCII

The length must be an even number.

Copy a block of constant ASCII text to a reference rangré.—45
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9-2

(INT, UINT, DINT, BIT, WORD, DWORD, REAL)

Use the MOVE function to copy data (as individual bits) from one location to another. Because the
data is copied in bit format, the new location does not need to be the same data type as the original
location.

The MOVE function has two input parameters and two output parameters. When the function
receives power flow, it copies data from the input parameter IN to the output parameter Q as bits.

If data is moved from one location in discrete memory to another, (for example, from %I memory

to %T memory), the transition information associated with the discrete memory elements is

updated to indicate whether or not the MOVE operation caused any discrete memory elements to
change state. Data at the input parameter does not change unless there is an overlap in the source
destination.

Input IN can be either a reference for the data to be moved or a constant. If a constant is specified,
the constant value is placed in the location specified by the output reference. For example, if a
constant value of 4 is specified for IN, then 4 is placed in the memory location specified by Q. If
the length is greater than 1 and a constant is specified, the constant is placed in the memory
location specified by Q and the locations following, up to the length specified. For example, if the
constant value 9 is specified for IN and the length is 4, then 9 is placed in the memory location
specified by Q and the three locations following.

The LEN operand specifies the number of:

e Words to be moved for MOVE_INT, MOVE_UINT, and MOVE_WORD.
e Double words to be moved for MOVE_DINT and MOVE_DWORD.

e Bits to be moved for MOVE_BIT.

» Reals to be moved for MOVE_REAL.

The function passes power to the right whenever power is received.

(enable; ! (oK)

[ ]
| WORD]
[
(value to be moved) —|IN Q|— (output parameter Q)
LEN

|00001]|
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Parameters:

Parameter Description

enable When the function is enabled, the move is performed.

IN IN contains the value to be moved. For MOVE_BIT, any discrete reference may be used; it
does not need to be byte aligned. However, 1 bit, beginning with the reference address
specified, is displayed online.

ok The ok output is energized whenever the function is enabled.

Q When the move is performed, the value at IN is written to Q. For MOVE_BIT, any discrete
reference may be used; it does not need to be byte aligned. However, 1 bit, beginning with
the reference address specified, is displayed online.

LEN LEN must be between 1 and 32,767, except for MOVE_BIT, which is between 1 and 256
bits, unless IN is a constant. For MOVE_BIT, when IN is a constant, LEN must be
between 1 and 16. The transition references of all bytes in the range are modified.

Valid Memory Types:

Parameter | flow | %l [%Q |%M [%T PoS %G %U R PP %L %Al %AQ %UR const ngne
enable .
IN . o| o 0 o|lA]oO 0 . . . . . . .
ok . .
. o| o 0 o| T 0 0 . . . . . .

Note: Indirect referencing is available for all register references (%R, %P, %L, %Al, %AQ, and %UR).
. Valid reference or place where power may flow through the function.

Valid reference for INT, UINT, BIT, or WORD data only; not valid for DINT, DWORD, or REAL.
For MOVE_BIT, discrete user references %I, %Q, %M, and %T need not be byte aligned.

%U is allowed for MOVE_BIT only.

Valid reference for BIT or WORD data only; not valid for INT, UINT, DINT, DWORD, or REAL.
%SA, %SB, %SC only; %S cannot be used.

o

—+D>

Note

For restrictions within a parameterized subroutine block, For restrictions within a
parameterized subroutine block, refer to “Restrictions on Formal Parameters
Within a Parameterized Subroutine Block” in Section 2 of Chapter 2.

Example:

In this example, whenever %100003 is set, the three bits %M00001, %M00002, and %MO00003 are
moved to %M00100, %M00101, and %M00102, respectively. Coil %Q00001 is turned on.

%I00003| | %Q00001
N IMOVE_|
| BIT|
[ |
%MO00001—|IN Q|—%MO00100
| LEN |
[00003]
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BLKMOV

(INT, UINT, DINT, WORD, DWORD, REAL)

Use the Block Move (BLKMOV) function to copy a block of seven constants to a specified
location.

The BLKMOV function has eight input parameters and two output parameters. When the function
receives power flow, it copies the constant values into consecutatiolug, beginning at the
destination specified in output Q. Output Q cannot be the input of another program function.

Note

For BLKMOV_INT, the values of IN1 x IN 7 are displayed as signed decimals.
For BLKMOV_WORD, IN1 x IN7 are displayed in hexadecimal.

The function passes power to the right whenever power is received.

| |
(enable) EIWVIE (ok)
| WORD|

(constant value) —|IN1 Q|— (output parameter Q)
|

(constant value) —|IN2 |
|

(constant value) —|IN3 |

(constant value) —|IN4 |
|

(constant value) —|IN5 |

|
(constant value) —|IN6 |

(constant value) —|IN7 |

Parameters:

Parameter Description

enable When the function is enabled the block move is performed.

IN1 - IN7 | IN1 through IN7 contain seven constant values.

ok The ok output is energized whenever the function is enabled.

Q Output Q contains the first integer of the moved array. IN1 is moved to Q.
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Valid Memory Types:

Parameter | flow | %l [%Q |%M [%T PoS %G %U %R PP %L %Al %AQ %UR const ngne
enable .
IN1-IN7 .
ok . .
Q 0 0 0 0 A-l- 0 . . . . . .

Note: Indirect referencing is available for all register references (%R, %P, %L, %Al, %AQ, and %UR).
. Valid reference or place where power may flow through the function.

Valid reference for INT, UINT, or WORD only; not valid for DINT, DWORD, or REAL.

Valid reference for WORD data only; not valid for INT, UINT, DINT, DWORD, or REAL.

%SA, %SB, %SC only; %S cannot be used.

—+>0

Note

For restrictions within a parameterized subroutine block, For restrictions within a
parameterized subroutine block, refer to “Restrictions on Formal Parameters
Within a Parameterized Subroutine Block” in Section 2 of Chapter 2.

Example:

In the following example, when the enabling input represented by the nickname FST_SCN is ON,
the BLKMOV function copies the seven input constants into memoayitots %L00010 through

%L.00016.
FST _SCN|
—T] |BLKMV|—
[INT |
[ |
CONST —|IN1 Q|—%L00010
+32767| |
| |
CONST —|IN2 |
32768 |
| |
CONST —|IN3 |
+00001| |
| |
CONST —|IN4 |
+00002| |
| |
CONST —|IN5 |
+00002| |
| |
CONST —|IN6 |
+00001| |
| |
CONST —|IN7 |
+00001| |
(I
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BLKCLR

9-6

(WORD)

Use the Block Clear (BLKCLR) function to fill a specified block of data with zeros.

The BLKCLR function has two input parameters and one output parameter. When the function
receives power flow, it writes zeros into the memorgtimn beginning at the reference specified
by IN. When the data to be cleared is from discrete memory (%l, %Q, %M, %G, or %T), the

transition information associated with the references is also cleared.
Note

The input parameter IN is not included in coil checking.

The function passes power to the right whenever power is received.

(enable{ | (ok)

|
| CLR_]
| WORD|
(word to be cleared) —|IN |
| LEN|
|00001|
|
Parameters:
Parameter Description
enable When the function is enabled, the array is cleared.
IN IN contains the first word of the array to be cleared.
ok The ok output is energized whenever the function is enabled.

LEN LEN must be between 1 and 256 words.
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Valid Memory Types:

Parameter | flow | %l [%Q |%M [%T PoS %G %U %R PP %L %Al %AQ %UR const ngne
enable .

IN . . . . 01' . . . . . . .

ok .

Note: Indirect referencing is available for all register references (%R, %P, %L, %Al, %AQ, and %UR).
. Valid reference or place where power may flow through the function.
T %SA, %SB, %SC only; %S cannot be used.

Note

For restrictions within a parameterized subroutine block, For restrictions within a
parameterized subroutine block, refer to “Restrictions on Formal Parameters
Within a Parameterized Subroutine Block” in Section 2 of Chapter 2.

Example:

In the following example, at power-up, 32 words of %Q memory (512 points) beginning at
9%0Q00001 are filled with zeros. The transition information associated with these references will
also be cleared.

FST_SCN[ |
— | | BLK_|—
| CLR_|
| WORD|
%Q00001—|IN |
[LEN |
[00032)
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SHFR

(BIT, WORD, DWORD)

Use the Shift Register (SHFR) function to shift one or more data words or data bits from a
reference location into a specified area of memory. For example, one word might be shifted into an
area of memory with a specified length of five words. As a result of this shift, another word of data
would be shifted out of the end of the memory area.

Note

When assigning reference addresses, overlapping input and output reference
address ranges in multi-word functions may produce unexpected results.

The SHFR function has five input parameters and two output parameters. The reset input (R) takes
precedence over the function enable input. When the reset is active, all references beginning at the
shift register (ST) up to the length specified for LEN, are filled with zeros. LEN determines the
length of the shift register.

If the function receives power flow and reset is not active, it shifts data in the shift register down by
the number of elements (bit or word) specified in N. The last element in the shift register is shifted
into Q. The rightmost element of IN is shifted into the vacated element starting at ST. The
contents of the shift register are accessible throughout the program because they are overlaid on
absolute locations in logic addressable memory.

The function passes power to the right whenever power is received through the enable logic.

| |

(enable) SHFR (ok)
[ ]
| WORD|
| |

(reset) —|R  Q|— (output parameter Q)
| LEN |
|00001|

(number of elements) —|N |

||
(value to be shifted) —|[IN |
| |

|
(first bit or word) —|ST |
|

Series 90™-70 PLC CPU Instruction Set Reference Madaalary 2000 GFK-0265J



GFK-0265J

Parameters:

Parameter Description

enable When enable is energized and R is not, the shift is performed.

R When R is energized, the shift register located at ST is filled with zeros.

N N contains the number of elements to be shifted into the shift register.

IN IN contains the value to be shifted into the first bit or word of the shift register.

For SHFR_BIT, any discrete reference may be used; it does not need to be byte alig
However, 1 bit, beginning with the reference address specified, is
displayed online.

ST ST contains the first bit or word of the shift register. For SHFR_BIT, any discrete
reference may be used,; it does not need to be byte aligned. However, 16 bits,
beginning with the reference address specified, are displayed online.

ok The ok output is energized whenever the function is enabled.

Q Output Q contains the bit or word shifted out of the shift register. For SHFR_BIT, an
discrete reference may be used; it does not need to be byte aligned. However, 1 bit
beginning with the reference address specified, is displayed online.

LEN LEN must be between 1 and 256 bits, words, or double words.

Valid Memory Types:

ned.

Parameter | flow | %l [%Q |%M [%T PoS %G %U IR %BP %L %Al %AQ %UR const ngne
enable .
R .
N .
IN * o| o 0 0 0 0 . . . . . . .
ST 0 0 0 o | of 0 . . . . . .
ok . .
Q * 0 0 0 o | of 0 0 . . . . . .

Note: Indirect referencing is available for all register references (%R, %P, %L, %Al, %AQ, and %UR).
Valid reference or place where power may flow through the function.
Valid reference for WORD or DWORD data only; not valid for BIT.

For SHFR_BIT, discrete user references %I, %Q, %M, and %T need not be byte aligned.

*
o] Valid reference for BIT or WORD data only; not valid for DIWORD.
+

%SA, %SB, %SC only; %S cannot be used.

Note

For restrictions within a parameterized subroutine block, For restrictions within a

parameterized subroutine block, refer to “Restrictions on Formal Parameters
Within a Parameterized Subroutine Block” in Section 2 of Chapter 2.
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Example 1:

In the following example, the shift register operates on register memory locations %R00001
through %R00100. When the reset reference CLEAR is active, the shift register words are set to
zero.

When the NXT_CYC reference is active and CLEAR is not active, the word from output status
table location %Q00033 is shifted into the shift register. The word shifted out of the shift register is
stored in output %M00005. Note that, for this example, the length specified for LEN and the
amount of data to be shifted (N) are not the same.

NXT_CYC| |
|SHFR_|—
| WORD)|
CLEAR | |
R Q|—%M00005

— |
|LEN |
[00100]

CONST —|N |

00001 | |
[

%Q00033—|IN |
|

[ ]
%R00001—|ST |

Example 2:

In this example, the shift register operates on memory locations %M00001 through %M00100.
When the reset reference CLEAR is active, the SHFR function fills %M00001 through %M00100
with zeros.

When NXT_CYC is active and CLEAR is not, the SHFR function shifts the data in %M00001 to
%MO00100 down by one bit. The bit in %Q00033 is shifted into %M00001 while the bit shifted out
of %M00100 is written to %M00200.

NXT_CYC| |
|SHFR_|—

— |
|BIT

CLEAR | |

R Q—%M00200

| LEN
[00100]

CONST —|N |

00001 | |
[

%Q00033—|IN |
|

[ ]
%R00001—|ST |
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BITSEQ (BIT)

The Bit Sequencer (BITSEQ) function performs a bit sequence shift through an array of bits. The
BITSEQ function has five input parameters and one output parameter. The operation of the
function depends on the previous value of the parameter EN, as shown in the following table.

R Current EN Previous EN Current
Execution Execution Execution Bit Sequencer Execution
OFF OFF OFF Bit sequencer does not execute.
OFF OFF ON Bit sequencer increments/decrements by 1.
OFF ON OFF Bit sequencer does not execute.
OFF ON ON Bit sequencer does not execute.
ON ON/OFF ON/OFF Bit sequencer resets.

The reset input (R) overrides the enable (EN) and always resets the sequencer. When R is active,
the current step number is set to the value passed in via the step number parameter. If no step
number is passed in, step is set to 1. All of the bits in the sequencer are set to 0, except for the bit
pointed to by the current step, which is set to 1.

When EN is active and R is not active, the bit pointed to by the current step number is cleared. The
current step number is either incremented or decremented, based on the direction parameter. Then,
the bit pointed to by the new step number is set to 1.

»  When the step number is being incremented and it goes outside the rangestefiy(humber
> LEN), itis set back to 1.

»  When the step number is being decremented and it goes outside the rargstep(humber
> LEN), itis set to LEN.

The parameter ST is optional. If it is not used, the BITSEQ operates as described above, except
that no bits are set or cleared. Basically, the BITSEQ then just cycles the current step number
through its legal range.
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Memory Required for a Bit Sequencer

Each bit sequencer uses three words (registers) of %R, %L, or %P memory to store the following
information:

current step number word 1

length of sequence (in bits) word 2

control word word 3
Note

Do not write to these registers from other functions.

When you enter a bit sequencer, you must enter an address for the location of these three
consecutive words (registers) directly below the graphic representing the function. For example:

(enable; | (ok)

| |

| SEQ|
(reset) —|R |

| LEN |

|00001|

(direction) —|DIR |
||

[ ]
(number) —|STEP |

| this table has no title
(starting address) —|ST |

[
(address)

The control word stores the state of the Booleguts and outputs of its associated function block,
as shown in the following format:

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

Note

Bits 0 through 13 are not used.
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nory to

efault =

Parameters:
Parameter Description
address | The bit sequencer uses three consecutive words (registers) of %R, %P, or %L mer
store the:
. Current step number =word 1.
. Length of sequence in bits = word 2.
. Control word =word 3.
When you enter a bit sequencer, you must enter an address for the location of
these three consecutive words (registers) directly below the graphic representing
the function. For more information, refer to the preceding page.
Note: Do not use this address with other instructions.
Caution:  Overlapping references will result in erratic operation of the bit
sequencer.
enable When the function is enabled, if it was not enabled on the previous sweep and if
R is not energized, the bit sequence shift is performed.
R When R is energized, the bit sequencer’s step number is set to the value in STEP (d
1), and the bit sequencer is filled with zeros, except for the current step number bit.
DIR When DIR is energized, the bit sequencer’s step number is incremented prior to
the shift. Otherwise, it is decremented.
STEP When R is energized, the step number is set to this value.
ST ST contains the first word of the bit sequencer.
ok The ok output is energized whenever the function is enabled.
LEN LEN must be between 1 and 256 words.
Note
Coil checking for the BITSEQ function checks for 16 bits from the ST parameter,

even when LEN is less than 16.

Valid Memory Types:

Parameter

flow [ %l |%Q %M [T PSS WG %U %R %P %L %Al %AQ %UR copst ngne

address

enable

R

DIR

STEP

ST

ok

Valid reference or place where power may flow through the function.

T %SA, %SB, %SC only; %S cannot be used.

GFK-0265J
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Note

For restrictions within a parameterized subroutine block, For restrictions within a
parameterized subroutine block, refer to “Restrictions on Formal Parameters
Within a Parameterized Subroutine Block” in Section 2 of Chapter 2.

Example:

In the following example, the sequencer operates on register memory %R00001. Its static data is
stored in registers R0O0004, RO0005, and RO0006. When CLEAR is active, the sequencer is reset
and the current step is set to step number 3. The first 8 bits of %R00001 are set to zero.

When NXT_SEQ is active and CLEAR is not active, the bit for step number 3 is cleared and the bit
for step number 2 or 4 (depending on whether DIR is energized) is set.

NXT_SEQ[ |

— | | BIT_|—
| SE

CLEAR | |

— | R |
| LEN |

DIRECT |00008|

— | IDIR |

[ |
CONST —|STEP |

00003 | |
|
%R00001—|ST |

l___|
%R00004
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SWAP  (WORD, DWORD)

Use the SWAP function to swap two bytes within a word, or two words within a double word.

The SWAP function can be performed over a range of memory by specifying a length greater than
1 for the function. If this is done, each word or double word of data within the specified length is
appropriately swapped.

The SWAP function has two input parameters and two output parameters. When the SWAP
function receives power flow, it performs the swap operation on each word or double word of data
within the specified area. The results of the swap are stored to output Q.

The SWAP function passes power to the right whenever power is received.

| |
(enable) SWAP (ok)

| ]
| WORD|
| |

(input parameter IN) —|IN Q|— (output parameter Q)
| LEN |
|00001|

Parameters:

Parameter Description

enable When the function is enabled, the swap is performed.

IN IN contains the data to be swapped.

ok The ok output is energized when enable is energized.

Q Output Q contains the swapped version of the original data IN.
LEN LEN must be between 1 and 256 words.
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Valid Memory Types:

Parameter | flow | %l [%Q |%M [%T PoS %G %U %R PP %L %Al %AQ %UR const ngne
enable .

IN . 0 0 0 0 0 . . . . . . .
ok . D)
Q [ (0] (0] (o] 0 0 . . . . . .

Note: Indirect referencing is available for all register references (%R, %P, %L, %Al, %AQ, and %UR).

. Valid reference or place where power may flow through the function.

o] Valid reference for WORD data only; not valid for DWORD.

Note

For restrictions within a parameterized subroutine block, For restrictions within a
parameterized subroutine block, refer to “Restrictions on Formal Parameters
Within a Parameterized Subroutine Block” in Section 2 of Chapter 2.

Example:

In the following example, two bytes located in bits %I00033 through %I100048 are swapped. The
result is stored in %L00007.

|SWAP_|—
| WORD)|
[ |

%100033—|IN Q|—%L00007
| LEN |
[00001]
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COMMREQ

GFK-0265J

Use the Communication Request (COMMREQ) function if the program needs to communicate
with an intelligent module such as a Bus Controller, Programmable Coprocessor Module, or LAN
Interface Module. The information presented on the following pages shows the format of the
COMMREQ function. You will need additional information to program the COMMREQ for each
type of device. Programming requirements for each type of module that uses the COMMREQ
function are described in the module’s documentation.

Note

If you are using Serial Communications, refer toSeees 90 PLC Serial
Communications User's ManuéBFK-0582). If you are using MMS-Ethernet
Communications, refer to tieMS-Ethernet Communications for the Series
90™-70 PLC User's Manua{GFK-0686).

As an example of the types of communications that can be requested, the Genius Bus Controller
uses the following types of messages:

Command Description

1 Pulse test outputs.
2 Read configuration data from a device on the bus.
3 Write configuration data to a device on the bus.
4 Read diagnostics.
5 Clear circuit fault.
6 Clear all circuit faults.
7 Assign monitor.
8 Enable/disable outputs.
9 Enable/disable global data.

10 Switch Bus Switching Module.

11 Read device.

12 Write device.

13 Dequeue datagram.

14 Read datagram.

15 Receive datagram.

The Send Datagram and Receivet@&yram commands (14 and 15 above) can be used to transmit
several additional messages. Refer td®he Controller ManualGFK-0398, for programming
information on the bus controller.

Note that devices can also exchange global data with the PLC during the System Communications
Window, which occurs automatically at the end of each sweep. Such communications do not
require program assistance.

The COMMREQ function has four input parameters and two output parameters. When the
COMMREQ function receives power flow, a command block of data is sent to the communications
TASK. The command block begins at the reference specified using the parameter IN. The device
to be communicated with is indicated by entering its rack and slot number for SYSID.
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The COMMREQ may either send a message and wait for a reply, or send a message and continue
without waiting for a reply. If the command block specifies that the program will not wait for a
reply, the command block contents are sent to the receiving device and the program execution
resumes immediately. (The timeout value is ignored.) This is referredNO¥SAIT mode.

If the command block specifies that the program will wait for a reply, the command block contents
are sent to the receiving device and the CRldsANfor a reply. The maximum length of time the

PLC will wait for the device to respond is specified in the command block. If the device does not
respond in that time, program execution resumes. This is referredN@&\BEs mode.

The function passes power flow, unless the timeout period is exceeded, or if a 0 timeout period has
been specified. The Function Faulted (FT) output may be set ON if:

1. The specified target module is not present or is faulted..
2. The specified task is not valid for the device.
3. The data length is 0.

The Function Faulted output may have these states:

Enable Error? Function Faulted Output
active no OFF
active yes ON

not active no execution OFF

Command Block
The command block provides additional information needed by @aMREQ function.

The address of the command block is specified for the IN input to the COMMREQ function. This
address may be in any word-oriented user reference (%R, %L, %P, %Al, or %AQ). The length of
the command block depends on the specific command being sent.

The command block has the following structure:

Data Block Length address
Wait/No Wait Flag address + 1
Status Pointer Memory Type address + 2
Status Pointer Offset address + 3
Idle Timeout Value address + 4
Maximum Communication Time address +5
address + 6
Data Block to
address + 133

Information required for the command block can be placed in the designated memory area using
the MOV, BLKMOV, or DATA_INIT function block.
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When entering information for the command block, refer to these definitions:

Data Block The number of data words starting with th data at address +6 to the end of the
command block, inclusive. The data block length ranges from 1 to 128 words.
Each COMMREQ command has its own data block length.. When entering the
data block length, you must ensure that the command block fits within the
register limits

Length

Wait/No Wait  This selects whether or not the program should wait for CCM communications to

Flag: be completed.
For Enter
No wait 0
Wait for replay 1

The flag bit is stored in the least significant bit (LSB) at address + 1. The rest of
the word should be filled with zeros.
Note

Wait mode COMMREQs cannot be directed to serial ports 1 and 2 on release 7.0
or later CPX CPUs.

Status Pointer The two status pointer words specify a PLC memory location where the status
Memory word returned by the device will be written when tH@MNIMREQ completes.

Type:

Status Pointer Memory Type address + 2
Status Pointer Offset address + 3

Status pointer memory type contains a numeric code that specifies the user
reference memory type for the status word. The table below shows the code for
each reference type:

For This Memory Type Enter This Value *

%I | Discrete input tableBIT mode) 70

%Q | Discrete output tableB{T mode) 72

%I Discrete input tableBYTE mode) 16

%Q | Discrete output tableBY TE mode) 18

%R | Register memory 8

%Al | Analog input table 10
%AQ [ Analog output table 12

* Numbers shown are decimal.
Note

The value entered determines the mode. For example, if you enter the %l bit
mode is 70, then the offset will be viewed as that bit. On the other hand, if the
%I value is 16, then the offset will be viewed as that byte.

The high byte at address + 2 should contain zero.

Status Pointer The word at address + 3 contains the offset for the status word within the
Offset: selected memory type.
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Note

The status pointer offset is a zero-based value. %R00001, for example, is at
offset zero in the register table.

Idle Timeout  The idle timeout value is the maximum time the PLC CPU waits for the device to
Value: acknowledge receipt of the COMMREQ. This value is ignoreN®WAIT
mode. If WAIT mode is selected, address + 4 specifies the idle timeout period
in 100-microsecond increments.

Maximum The value at address +5 specifies the maximum time the PLC CPU waits for the
Communica-  device to complete the COMMREQ. This time is also specified in 100-

tion Time: microsecond increments and is ignoredN@WAIT mode.

Data Block

The data block contains the parameters of the command. The data block begins with a command
number in address + 6, which identifies the type of communications function to be performed.
Refer to the specific device manual (i.e., PCM, GBC, Communications) for specific COMMREQ
command formats.

(enable; | (ok)
| REQ |
(first word of Command block) —|IN FT|—
(rack/slot number) —|SYSID|
(task ID) —|TASK |

Parameters:

Parameter Description

enable When the function is energized, the communications request is performed.

IN IN contains the first word of the command block.

SYSID SYSID contains the rack number (most significant byte) and slot number
(least significant byte) of the target device.

TASK TASK contains the task ID of the process on the target device.

FT FT is energized when the communication request fails. This was previously discussgd in
greater detail on page -92.
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Valid Memory Types:

Parameter | flow | %l [%Q |%M [%T PoS %G %U %R PP %L %Al %AQ %UR const ngne

enable .
IN . . . . . .

SYSID . . . . . . . . . . . .

TASK . . . . . . .
ok . .
FT . .

Note:

Indirect referencing is available for all register references (%R, %P, %L, %Al, %AQ, and %UR).
Valid reference or place where power may flow through the function.

Note

For restrictions within a parameterized subroutine block, For restrictions within a
parameterized subroutine block, refer to “Restrictions on Formal Parameters
Within a Parameterized Subroutine Block” in Section 2 of Chapter 2.

Example 1:

In the following example, when enabling input %6M00020 is ON, a command block located starting
at %R00016 is sent to communications task 1 in the device located at rack 1, slot 2 of the PLC. If
an error occurs, %0Q00100 is set.

%M00020 | |
N |COMM_|—
| REQ |

[ %Q00100
%R00016—]|IN FT]|

| |
CONST —|SYSID|

0102 | |
| |
CONST —|TASK |
00001 | |
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Example 2:

This example shows how the MOVE function can be used to enter command block contents for the
COMMREQ described in example 1:

FST_SCN I T |~ T

| [IMOVE_| IMOVE_| IMC
| UINT| | UINT| | UINT]
|

CONST —|IN Q|—%R00016 CONST —|IN Q|—%R00017 CONST —|IN Q|—%R00018

00100 | LEN | 00001 | LEN | 00008 | LEN |
|00001] [00001] |00001]
| | |
T [T Fr

—  |MOVE_| IMOVE_| [IMOVE_|—
| UINT] [UNIT| | UNIT|
| | |

CONST —|IN Q|—%R00019 CONST —|IN Q|—%R00020 CONST —|IN Q|—%R00021

00512 | LEN | 00100 | LEN | 00200 | LEN |
[00001] |00001] [00001]
| | |

%M00020 | |

[ |COMM_|—

| REQ|

[ %Q00100

%R00016—]|IN FT]|

[ |
CONST —|SYSID|

0102 | |

| 1
CONST —|TASK |
00001 | |

Input IN of the COMMREQ specifies %R00016 as the beginning reference for the command
block. Successive references contain the following:

Data Block Length %R00016

Wait/No Wait Flag %R00017

Status Pointer Memory Type %R00018

Status Pointer Offset %R00019

Idle Timeout Value %R00020

Maximum Communication Time %R00021

Data Block %R00022 to end of data
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MOVE functions supply the following command block data for the COMMREQ. The first MOVE
function places the length of the data being communicated in %R00016. The second MOVE
function places the constant 1 in %R00017. This specfiégdT mode.

The third MOVE function places the constant 8 in %R00018. This specifies the register table as
the location for the status pointer. The nd@VE function places the constant 512 in reference

%R00019. Therefore, the status pointer is located at %R00513. Additional MOVE functions place
the constant 100 in %R00020 and 200 in %R00021. 100 is an idle timeout value of 10

milliseconds for the COMMREQ); 200 represents the maximum communications time of 20
milliseconds.

The programming logic displayed in example 2 on the previous page can be simplified by replacing
the six MOVE functions with one DATA_INIT_COMM function.

%Q00002 |—

%M00020 | |
I |COMM_|—
| REQ |

[ %Q00100
%R00016—]|IN FT]|
|

|
| 1

CONST —|SYSID|
0012 | |

| 1

CONST —|TASK |
00001 | |

In Logicmaster, position the cursor on the DATA_INIT_COMM function block, and press
Zoom (F10) to zoom into the DATA_INIT_COMM window.
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VMERD

(BYTE, WORD)

The VME Read (VMERD) function is used to read data from the VME bus.
Note

Using a VME function (VMERD, VMEWRT, VMERMW, or VMETST)

requires additional information on the correct way to address the VME board.
This information may be obtained from one of two sources. For a qualified VME
board, the VME board vendor may issue application notes on the correct use of
the board. Otherwise, refer to ti&uidelines for the Selection of Third-Party

VME Modules GFK-0448.

The VMERD function has three input parameters and one output parameter. When the VMERD
function receives power flow, the function accesses the VME module at the address specified by
ADR and the address modifier AM. It copies data with the length LEN to PLC locations beginning
at output Q. The VMERD function passes power to the right when its operation is successful.

I
(enable) (0k)

[
| RD_|
| WORD|

(address modifier) —|AM |
| LEN |
|00001|

(data address) —|ADR Q|— (output parameter Q)
I |

Parameters:

Parameter Description
enable When enable is energized, the VME read is performed.
AM AM contains the address modifier.
ADR ADR contains the address of the data to be read.

ok The ok output is energized when the function is enabled and the data is
successfully read.
Q Output Q contains the data read from the address specified by ADR and AM.

LEN LEN may be 1 to 32,767.
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Valid Memory Types:

Parameter | flow | %l [%Q |%M [%T PoS %G %U %R PP %L %Al %AQ %UR const ngne
enable .
AM . . . . . . . .
ADR . . . . . . . .
ok . .
Q o) 0 0 0 o} o} . . . . . .
Note:

Indirect referencing is available for all register references (%R, %P, %L, %Al, %AQ, and %UR).
Valid reference or place where power may flow through the function.
o] Valid reference for BYTE data only; not valid for WORD.

Note

For restrictions within a parameterized subroutine block, For restrictions within a
parameterized subroutine block, refer to “Restrictions on Formal Parameters
Within a Parameterized Subroutine Block” in Section 2 of Chapter 2.

Example:

In the following example, when enabling input %101001 goes ON, 256 bytes of short supervisory
space are read from address 3800 on the VME bus into registers %R00001 through %R00128. (In

a multiple rack system with a BTM, this would be on rack 4.) Unless an error occurs while reading
the data, coil %Q00001 is set ON.

%101001 | | %Q00001
| | VME_|

| RD_|
| BYTE|
CONST —|AM |
0013 | LEN |
|00256]
CONST —|ADR Q|—%R00001
00003800 | |

GFK-0265J Chapter 9 Data Move Functions 9-25



9-26

VMEWRT

(BYTE, WORD)

The VME Write (VMEWRT) function is used to write data to the VME bus.
Note

Using a VME function (VMERD, VMEWRT, VMERMW, or VMETST)

requires additional information on the correct way to address the VME board.
This information may be obtained from one of two sources. For a qualified VME
board, the VME board vendor may issue application notes on the correct use of
the board. Otherwise, refer to tiizuidelines for the Selection of Third-Party

VME Modules, GFK-0448.

The VMEWRT function has four input parameters and one output parameter. When the
VMEWRT function receives power flow, the function copies the data from the input parameter IN
to the VME module at the address specified in ADR and the address modifier AM. The VMEWRT
function passes power to the right to indicate a successful transfer of data.

(enable) (0k)
|
| WRT_|
| WORD|
(input parameter IN) —|IN |
| LEN |

|00001|
(address modifier) —|AM |
||
(data address) —|ADR |
I

Parameters:

Parameter Description

enable When enable is energized, the VME write is performed.

IN IN contains the data to be written to the address specified by ADR and AM.

AM AM contains the address modifier.

ADR ADR contains the address where the data is to be written.
LEN LEN may be 1 to 32,767.
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Valid Memory Types:

Parameter | flow | %l [%Q |%M [%T PoS %G %U %R PP %L %Al %AQ %UR const ngne
enable .
IN . 0 0 0 0 0 . . . . . . .
AM . . . . . . . . . . . . .
ADR . . . . . . . .
ok . .
Note: Indirect referencing is available for all register references (%R, %P, %L, %Al, %AQ, and %UR).
. Valid reference or place where power may flow through the function.
o] Valid reference for BYTE data only; not valid for WORD.
Note
For restrictions within a parameterized subroutine block, For restrictions within a
parameterized subroutine block, refer to “Restrictions on Formal Parameters
Within a Parameterized Subroutine Block” in Section 2 of Chapter 2.
Example:

In the following example, when enabling input %100001 is ON, the hexadecimalREkeis

written to each of 20 words on the VME bus, the first (lowest address) being specified by the
content of %R00019 (low word) and %R00020 (high word). Unless an error occurs while writing
the data, internal reference %MO00055 is set ON.

%0000 ] | %M00055
[ | VME_|

I

| WRT_|

| WORD|
CONST —|IN |
FFFF | LEN |

|00020]|
CONST —|AM |
00039 | |

[ ]
%R00019—|ADR |
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9-28

(BYTE, WORD)

The VME Read/Modify/Write (VMERMW) function is used to update a data element on the VME
bus.

Note

Using a VME function (VMERD, VMEWRT, VMERMW, or VMETST)

requires additional information on the correct way to address the VME board.
This information may be obtained from one of two sources. For a qualified VME
board, the VME board vendor may issue application notes on the correct use of
the board. Otherwise, refer to tiizuidelines for the Selection of Third-Party

VME Modules GFK-0448.

The VMERMW function has five input parameters and one output parameter. When the
VMERMW function receives power flow, the function reads the data from the board at the address
specified by ADR and address modifier AM. This byte or word of data is combined (AND/OR)
with the data mask MSK. Selection of AND or OR is made using the OP input. MSK is a word
value. If byte data is operated on, only the lower 8 bilSK are used.

The result is then written back to the same VME address from which it was read. The VMERMW
function passes power flow to the right whenever power is received unless an error occurs.

(enable; | (0k)

| RMW_|
| WORD|
(VME operation) —|OP |
N
(data mask) —|[MSK |
)
(address modifier) —|AM |
I

|
(data address) —|ADR |
I

Parameters:

Parameter Description
enable When enable is energized, the VME function is performed.
oP OP specifies whether data is to be ANDed or ORed with the MSK data.
MSK MSK contains the data mask.
AM AM contains the address modifier.

ok The ok output is energized whenever the function is enabled and performed
without error.
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Parameter

Valid Memory Types:

enable

flow [ %l |%Q [%M [T pPoS %WG %U %R %P %L 9

Al %AQ %UR const ngne

OP
MSK

AM
ADR

ok
Note:

Indirect referencing is available for all register references (%R, %P, %L, %Al, %AQ, and %UR).
Valid reference or place where power may flow through the function.

Note

For restrictions within a parameterized subroutine block, For restrictions within a
parameterized subroutine block, refer to “Restrictions on Formal Parameters
Within a Parameterized Subroutine Block” in Section 2 of Chapter 2.

Example:

In the following example, when enabling input %M00044 is ON, the hexadecimal value 80H is
ORed with the byte of data read from address 060010H on the VME bus in rack 0 (the main rack)

using Standard Non-Privileged Data Access. Unless an error occurs while accessing the data, coil
%Q00027 is set ON.

%MO0044 | | %Q00027
[ | VME_|
| RMW._|
| BYTE]

CONST —|OP |

00001 | |
| 1

CONST —|MSK |

00080 | |
| 1

CONST —|AM |

00039 | |

| 1
CONST —|ADR |

00060010| |
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VMETST

(BYTE, WORD)

Use the VME Test and Set (VMETST) function to handle semaphores on the VME bus. The
VMETST function exchanges a Boolean ON (1) for the value currently at the semaphore location.

If that value was already ON, then the VMETST function does not obtain the semaphore. If the
existing value was OFF, then the semaphore is reset and the VMETST function has the semaphore
and the use of the memory area it controls. The semaphore is cleared using the VMEWRT function
to write a 0 to the semaphore location.

Note

Using a VME function (VMERD, VMEWRT, VMERMW, or VMETST)

requires additional information on the correct way to address the VME board.
This information may be obtained from one of two sources. For a qualified VME
board, the VME board vendor may issue application notes on the correct use of
the board. Otherwise, refer to tiizuidelines for the Selection of Third-Party

VME Modules GFK-0448.

The VMETST function has three input parameters and two output parameters. When the VMETST
function receives power flow, a Boolean ON is exchanged with the data at the address specified by
ADR using the address modifier specified by AM. The VMETST function sets the Q output to ON

if the semaphore was available (OFF) and was acquired. The function passes power flow to the
right whenever power is received and no error occurs during execution.

[
(enable) (ok)
[ |
[ TS_|
| WORD)|
(address modifier) —|AM Q|—
[

||
(address) —|ADR |
|
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Parameter

Parameters:

Parameter Description
enable When enable is energized, the VME test and set is performed.
AM AM contains the address modifier.
ADR ADR contains the address of the semaphore.
ok The ok output is energized when the function is enabled and performed
without error.
Q

Output Q is set ON if the semaphore was available (OFF). Otherwise, Q is set OFF.

Valid Memory Types:

flow | %l

%Q

enable

%M [%T PoS PG %U %R %P L %Al %AQ %UR co

AM

st  ngne

ADR

ok

Q

Note:

Indirect referencing is available for all register references (%R, %P, %L, %Al, %AQ, and %UR)
Valid reference or place where power may flow through the function.

Note

For restrictions within a parameterized subroutine block, For restrictions within a
parameterized subroutine block, refer to “Restrictions on Formal Parameters

Within

a Parameterized Subroutine Block” in Section 2 of Chapter 2.
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Example:

In the following example, the VMERD, VMEWRT, and VMETST functions are used to read data
protected by a semaphore. When enabling input %M00047 is ON, the VMETST function is
executed to obtain the semaphore. The semaphore VME address is stored in %R00041 and
%R00042 using Standard Non-Privileged Datzdss. When this is successful, coil %M00047 is
reset and coil %M00048 is set. When %MO00048 is set, the VMERD function reads the data (20
words of data whose VME address is stored in %R00043 and %R00044, data read into %R00200
through %R00219). When the read iscssful (something is broken or not programmed

correctly - ifitis not), the VMTWRT function relinquishes the semaphore. Coil %M00048 is

reset when the VMEWRT is successful. %089 is set to indicate that fresh data is now

available.

If the semaphore is not available, VMERD and VMEWRT are not executed. The effect is that
setting %M00047 causes the PLC to check the semaphore each sweep until the semaphore is
available. When it becomes available, the semaphore is acquired, the data is read, and the
semaphore is relinquished. No further action is taken until %M00047 is set again.

%MO0047 | |
[ | VME_|—
| TS_
| BYTE|
CONST —|AM Q|
0039 | | |
| %M00048
%R00041—|ADR |
(I
%MO0048 | | 1 %M00048 |——
[ | VME_| | VME_|
|RD _| | WRT_| |
| WORD)| | BYTE] | %M00049 | |
CONST —|AM | CONST —|IN | (SM)—
0039 |LEN | 0000 |LEN |
|00020]| |00001]|
%R00043—|ADR Q|—%R00200 CONST —|AM |
| | 0039 |

%R00041—|ADR |
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VME_CFG_RD

Use the VME_CFG_RD function to read data from the VME bus. The VME_CFG_RD function
has five input parameters and three output parameters. When the fuactioes power, the data
elements (N) are read from the VME bus at the location defined by rack (R), slot (S), and dual port
offset (OFF). The data read is placed in output Q. The status of the operation is placed in the
status word output (ST). The function has a length specification (LEN) of the maximum size of the
output array.

Note

The module at the specified rack and slot must be configured as a third-party
VME module in BUS INTERFACE mode for this function block to execute
successfully. Additional parameters indicating the AM code, the location and
size of the module’s dual port, and the bus interface type must be specified in the
module’s configuration for correct operation. See chapter 11 afifiemaster

90-70 Programming Software User's Man@FK-0263) for more information

on configuration of third-party VME modules.

If the function is completed successfully, ok is set ON; otherwise, it is set OFF. It is also set OFF
when:

* The number of data elements (N) is greater than the length (LEN) specified.

* Therack/slot value (R and S) is out of range or is not a valid VME location.

» The most significant byte of the dual port offset (OFF) is not zero.

* The most significant byte of the dual port address plus the dual port offset is not zero.
¢ Read beyond the end of dual port memory.

e Specified rack/slot not configured for a Third-Party VME modul&IluS INTERFACE
mode.

< If the dual port offset is an even number, configure for the odd byte only. If the dual port
offset is an odd number, configure for word or single word.

(enable; | (0k)

I
| CFG_]|
| READ|
(rack number) —|R ST|— (status word)
LEN |
|00001|

(slot number) —|S Q|— (output parameter Q)
| 1
[ |

(dual port offset) —|OFF |
| |

I
(data elements) —|N |
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Parameters:
Parameter Description

enable When the function is enabled, the data initialization is performed.
R The rack number is specified in R.
S The slot number is specified in S.

OFF OFF specifies the dual port offset.
N N contains the amount of data (data elements) to be read from the VME bus.
ok The ok output is energized when the function is performed without error.
ST The status word contains the status of the operation.
Q When the function is performed, the data is read to array Q.

LEN LEN is the length of the output array in bytes.

Valid Memory Types:

Parameter

flow | %l

%Q |%M [T pPoS WG %U %R %P %L %Al %AQ %UR copst ngne

enable

R

S

OFF

N

ok

ST

. . . T . . . . . . .

Q

. . . T . . . . . . .

Valid reference or place where power may flow through the function

T %SA, %SB, %SC only; %S cannot be used.

Note

For restrictions within a parameterized subroutine block, For restrictions within a
parameterized subroutine block, refer to “Restrictions on Formal Parameters
Within a Parameterized Subroutine Block” in Section 2 of Chapter 2.
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Example:

In the following example, when enable is ON, VME data at rack 1, slot 3 and dual port offset
defined by %R00100 is read into %R00101 through %R00110 of the array %R00101 through
%R00116. If an error was encountered, the status word %AQ0001 will contain an error code.

%I00001 | |
[ | VME_|—
| CFG_|
| READ|
CONST —|R ST|—%AQ0001
00001 | LEN |
|00016]
CONST —|S Q|—%R00101
00003 | |
[ ]
%R00100—|OFF |
a
CONST —|N |
00010 ||
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VME_CFG_WRITE

Use the VME_CONFIG_WRITE function to write data from the VME bus. The VME_CFG_WRT
function has six input parameters and two output parameters. When the fusctiors power,

the data elements (N) are written from the data array (IN) to the VME bus at the location defined
by rack (R), slot (S), and dual port offset (OFF). The status of the operation is placed in the status
word output (ST). The function has a length specification (LEN) of the maximum size of the
output array.

Note

The module at the specified rack and slot must be configured as a third-party
VME module in BUS INTERFACE mode for this function block to execute
successfully. Additional parameters indicating the AM code, the location and
size of the module’s dual port, and the bus interface type must be specified in the
module’s configuration for correct operation. See chapter 11 afifiemaster

90-70 Programming Software User's Man@FK-0263) for more information

on configuration of third-party VME modules.

If the function is completed successfully, ok is set ON; otherwise, it is set OFF. It is also set OFF
when:

* The number of data elements (N) is greater than the length (LEN) specified.

* Therack/slot value (R and S) is out of range or is not a valid VME location.

» The most significant byte of the dual port offset (OFF) is not zero.

* The most significant byte of the dual port address plus the dual port offset is not zero.
¢ Read beyond the end of dual port memory.

e Specified rack/slot not configured for a Third-Party VME modul&IluS INTERFACE
mode.

e If the dual port offset is an even number, configure for the odd byte only. If the dual port
offset is an odd number, configure for word or single word.

(enable) (0k)
|
| CFG_]
|WRITE]|
(input parameter IN) —|IN ST|— (status word)
| LEN |
|00001|

(rack number) —|R |

]
(slot number) —|S |
]
(dual port offset) —|OFF |
| |
|

(data elements) —|N |
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Parameter

Parameters:
Parameter Description
enable When the function is enabled, the data initialization is performed.
IN IN contains the data to be written to the VME bus at the location defined by
rack (R), slot (S), and dual port offset (OFF).
R The rack number is specified in R.
S The slot number is specified in S.
OFF OFF specifies the dual port offset.
N N contains the amount of data (data elements) to be written to the VME bus.
ok The ok output is energized when the function is performed without error.
ST The status word contains the status of the operation.
LEN

LEN is the length of the input array in bytes.

Valid Memory Types:

flow

%l |%Q (%M [%T pPoS WG U YR %P 9

oL %Al %AQ %DR cohst nd

ne

enable
IN

R

S

OFF

N

ok

ST

. . . . T . . . .

Valid reference or place where power may flow through the function

%SA, %SB, %SC only; %S cannot be used.

Note

For restrictions within a parameterized subroutine block, For restrictions within a

parameterized subroutine block, refer to “Restrictions on Formal Parameters
Within a Parameterized Subroutine Block” in Section 2 of Chapter 2.
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Example:

In the following example, when enable is ON, data from %R00101 through %R00110 of the array
%R00101 through %R00116 is written to the VME bus at rack 1, slot 3 and dual port offset defined
by %R00100. If an error was encountered, the status word %AQ0001 will contain an error code.

%I00001 | |
[ | VME_|—
| CFG._|
[WRITE]
%R00101—|IN ST|—%AQ00001
| LEN
[00016]
CONST —|R |
00001 | |
| 1
CONST —|S |
00003 | |
[ ]
%R00100—|OFF |
|
CONST —|N |
00010 ||
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DATA_INIT
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(INT, UINT, DINT, WORD, DWORD, REAL)

Use the Data Initialization (DATA_INIT) function to copy a block of constant data to a reference
range.

The DATA_INIT function has one input parameter and two output parameters. When the function
receives power flow, it copies the constant data to output Q. The function’s constant data length
(LEN) specifies how much constant data of the function type is copied to consecutive reference
addresses starting at output Q.

Note

The output parameter is not included in coil checking.

The function passes power to the right whenever power is received.

||

(enable) DATA (ok)
I
[INIT_]

| WORD|
|  QJ]— (output parameter Q)
| LEN |

|000|01|
Note
When the DATA_INIT instruction is first programmed, the constant data is

initialized to zeroes. The constant data may be changed by zooming into the
function (see below for details).

Parameters:
Parameter Description
enable When the function is enabled, the data initialization is performed.
ok The ok output is energized whenever the function is enabled.
Q When the data initialization is performed, the constant data is written to Q.
LEN LEN specifies how much constant data is copied to consecutive reference

addresses starting at output Q.
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Valid Memory Types:

Parameter | flow | %l [%Q |%M [%T PoS %G %U %R %P Yol Al %AQ %UR const ngne
enable .
Ok [ [
Q (0] (0] (o] 0 (o] . . . . .
Note: Indirect referencing is available for all register references (%R, %P, %L, %Al, %AQ, and %UR).
. Valid reference or place where power may flow through the function.
0 Valid reference for INT, UINT, or WORD data only..
Note

Example:

For restrictions within a parameterized subroutine block, For restrictions within a
parameterized subroutine block, refer to “Restrictions on Formal Parameters
Within a Parameterized Subroutine Block” in Section 2 of Chapter 2.

In the following example, on the first scan (FST_SCN) 100 words of initial data is copied to

%R00005 through %R00104.

FST_SCN|

— |
[INIT—]
[INT |

|DATA_|—

Q|—%R00005

[LEN |
[00100]
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Zooming into the DATA_INIT type Function Block

GFK-0265J

In Logicmaster, presdoom (F10)to zoom into the DATA_INIT_type function block.

The DATA_INIT_type window contains &lew Value field which functions as a mini command
line, an Element field which indicates which data element the cursor is currently positioned on, a
Length field which tells how many elements the DATA_INIT_type instruction contains, and the
block of constant data. ThElement and Length fields cannot be edited.

To change a value, position the cursor on the element to be changed, and enter the new value in the
New Value field.

To help you position the cursor, the window contains starting element line labels to the left of the
data block. TheElement field will contain the element number the cursor is currently positioned
on.

The data block portion of the window will scroll and page down.
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DATA_INIT_COMM

Use the Data Initialize Communications Request (DATA_INIT_COMM) function to initialize a
COMMREQ function with a block of constant data. The IN parameter of the COMMREQ must
correspond with output Q of this DATA_INIT_COMM function.

The DATA_INIT_COMM function has one input parameter and two output parameters. When the
function receives power flow, it copies the constant data to output Q. The function’s constant data
length (LEN) specifies how many words of constant data are to be copied to consecutive reference
addresses starting at output Q. The length should be equal to the size of the COMMREQ
function’s entire command block.

Note

The output parameter is not included in coil checking.

The function passes power to the right whenever power is received.

(enable; | (oK)

I
[INIT_]
| COMM|
|  QJ]— (output parameter Q)
| LEN |
|00001|
|
Note

When the DATA_INIT instruction is first programmed, the constant data is
initialized to zeroes. The constant data may be changed by zooming into the
function (see below for details).

Parameters:
Parameter Description
enable When the function is enabled, the data initialization is performed.
ok The ok output is energized whenever the function is enabled.
Q When the data initialization is performed, the constant data is written to Q.
LEN LEN specifies how many words of constant data are to be copied to consecutive

reference addresses starting at output Q. LEN must equal the size of the
COMMREQ function’s entire command block.
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Valid Memory Types:

Parameter | flow | %l [%Q |%M [%T PoS %G %U %R PP %L %Al %AQ %UR const ngne
enable .
ok . .
Q . . . . . .
Note: Indirect referencing is available for all register references (%R, %P, %L, %Al, %AQ, and %UR)

Valid reference or place where power may flow through the function.

Note

For restrictions within a parameterized subroutine block, For restrictions within a
parameterized subroutine block, refer to “Restrictions on Formal Parameters
Within a Parameterized Subroutine Block” in Section 2 of Chapter 2.

Example:

In the following example, on the first scan (FST_SCN) a command block consisting of 100 words

of data and 6 words of header is copied to %P00001 through %P00099; and %QO0Ga2mwdl r
power.

FST_SCN[ | %Q00002
|DATA_|
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Zooming into the DATA_INIT_COMM Function Block

In Logicmaster, presdoom (F10) to zoom into the DATA_INIT_COMM function block.

The DATA_INIT_COMM window contains éNew Value field for entering values and Bata
Element field, which indicates which data element in the data block the cursor is currently
positioned on. Only th®ata Elementfield cannot be changed.

The window also contains the first six words of the COMMREQ command block, with labels
consistent with each word’s use and the COMMREQ data block. The first six worbBatae
Length, Wait flag, Timeout, Status Memory, Status Offset, and Max comm.time

The line labels to the left of the data block elements andtite Elementfield will correspond to
the data block portion of the COMMREQ block. For example, the data block elements will be
labeled beginning with number 1 even though the data block begins at the seventh word of the
instruction.

The data block portion of the window will scroll and page down.

Note

The data block information is in hexadecimal.

Series 90™-70 PLC CPU Instruction Set Reference Madaalary 2000 GFK-0265J



DATA_INIT_ASCII

Use the Data Initialize ASCII (DATA_INIT_ASCII) function to copy a block of constant ASCII
text to a reference range.

GFK-0265J

The DATA_INIT_ASCII function has one input parameter and two output parameters. When the
function receives power flow, it copies the constant data to output Q. The function’s constant data
length (LEN) specifies how many bytes of constant text are copied to consecutive reference
addresses starting at output Q. LEN must be an even number.

Note

The output parameter is not included in coil checking.

The function passes power to the right whenever power is received.

(enable; | (oK)

I
[INIT_|
|ASCII|
|  Q|— (output parameter Q)
| LEN |
|00001|
Note

When the DATA_INIT instruction is first programmed, the constant data is
initialized to blanks. The constant data may be changed by zooming into the
function (see below for details).

Parameters:
Parameter Description
enable When the function is enabled, the data initialization is performed.
ok The ok output is energized whenever the function is enabled.
Q When the data initialization is performed, the constant data is written to Q.
LEN LEN specifies how many bytes of constant text are copied to consecutive

reference addresses starting at output Q. LEN must be an even number.
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Valid Memory Types:

Parameter | flow | %l [%Q |%M [%T PoS %G %U %R PP %L %Al %AQ %UR const ngne
enable .
Ok [ [

Q . . . . . . . . . . .

Note Indirect referencing is available for all register references (%R, %P, %L, %Al, %AQ, and %UR).
. Valid reference or place where power may flow through the function.

Note
For restrictions within a parameterized subroutine block, For restrictions within a

parameterized subroutine block, refer to “Restrictions on Formal Parameters
Within a Parameterized Subroutine Block” in Section 2 of Chapter 2.

Example:

In the following example, on the first scan (FST_SCN) the decimal equivalent of 100 bytes of
ASCII text is copied to %R00050 through %R00149; and %Q00002es#ive power.

FST_SCN[ | %Q00002
[ IDATA_|
[INIT_|
IASCTI|
| Ql—%R00050
[LEN |
[00100]
|

Zooming into the DATA_INIT_ASCII Function Block

In Logicmaster, presdoom (F10)to zoom into the DATA_INIT_ASCII function block.

The DATA_INIT_ASCII window contains a mini command lineFanction Len field which
indicates how many character bytes the instruction containgJement No. field which indicates
which character byte the cursor is currently positioned on, and the block of ASCII text.

ASCII text is entered by positioning the cursor on the starting byte and typing a quotation mark ( “
) followed by the desired string on the mini command line
(e.g., “Thisis atest). (Refer to the example on the next page.)

You can enter as many characters as will fit on the command line at one time. Enter non-printable
characters with a backslash immediately followed by the 3-digit decimal equivalent of the character
(e.g., "\010 for line feed).

After entering the text on the command line, pres&iiter key.

Press th&scapekey to exit this window and return to the ladder diagram logic display.
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DATA_INIT_DLAN

The DATA Initialize DLAN (DATA_INIT_DLAN) function is for use with a DLAN system which
is a limited availability, specialty system. If you have a DLAN system, refer ®dties 90™-70
DLAN/DLAN+ Interface Module User's Manu@bFK-0729B) for details.

Note

This module is not available as a general purchase item.
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Chapter

10

Data Table Functions

Data tables provide automatic data move capabilities. The data table functions are used to enter
values into or copy values out of a table. To use these functions properly, the program must
include other logic to move data through the tables and to initialize table pointers.

Moving Values In and Out of a Table

GFK-0265J

All of the table write functions fill a table with values that are read from a specified reference
location. Similarly, all of the table read functions copy values from a table to a specified reference

location.

WRITE FUNCTION READ FUNCTION
table table
D —  —
reference > > reference
R — —_—

—— — =

One value is written or read each time these functions are called. Other logic in the program must
be used to place new values in the reference for a write function, or to capture values from the
reference after a read function.

Initializing the Table Pointer

The read and write functions keep track of the current table location by means of a pointer.
Additional program logic must be used to initialize this value so that the function will begin
reading or writing the table at the correct location. Normally, the value in this reference is

initialized to zero.
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10-2

This chapter describes the following data table functions.

Abbreviation Function Description Page
TBLRD Table Read Copy a value from a specified table location to an oytpdt3
reference.
TBLWR Table Write Copy a value from an input reference to a specified tpble5
location.
LIFORD LIFO Read Remove the entry at the pointer location, and 10-7

decrement the pointer by one. LIFORD is used in
conjunction with LIFOWRT (see below).

LIFOWRT LIFO Write Increment the table pointer and write data to the tabl¢.10-9
LIFOWRT is used in conjunction with
LIFORD (see above).

FIFORD FIFO Read Remove the entry at the bottom of the table, and 10-11
decrement the pointer by one. FIFORD is used in
conjunction with FIFOWRT (see below).

FIFOWRT FIFO Write Increment the table pointer and write data to the tablg10-13
FIFOWRT is used in conjunction with
FIFORD (see above).

SORT Sort Sort an array in ascending order. 10115
ARRAY_MOVE Array Move Copy a specified number of data elements from a soyidd®17
array to a destination array.

SRCH_EQ Search Equal Search for all array values equal to a specified valle. 10-21

SRCH_NE Search Not Equal Search for all array values not equal to a specified value. | 10-21

SRCH_GT Search Greater| Search for all array values greater than a specified vglue. 1p-21

Than
SRCH_GE Search Greater| Search for all array values greater than or equal to | 10-21
Than or Equal | a specified value.
SRCH_LT Search Less Thap Search for all array values less than a specified vajue. 10-21
SRCH_LE Search Less ThapSearch for all array values less than or equal to a 10-21
or Equal specified value.

ARRAY_RANGE Array Range Determine if a value is between the range specified |10

tables.

All values in the table must be the same type, which may be signed integer (INT), double precision
signed integer (DINT), unsigned integer (UINT), word (WORD), or double word (DWORD). The
BYTE data type is available for SRCH_EQ, SRCH_NE, SRCH_GT, SRCH_LT, SRCH_GE,
SRCH_LE, and ARRAY_MOVE; and BIT is also available for ARRAYOVE.

Note

No REAL data type exists for the data table functions; however, the DWORD
data type may be used to manipulate real data.

The maximum length allowed for each data table function is 32,767 elements, except for the SORT
function which is restricted to 64 elements.
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TBLRD
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(INT, UINT, DINT, WORD, DWORD)

The Table Read (TBLRD) function is used to sequentially read values in a table which never
becomes full. When the pointer reaches the end of the table, it automatically wraps around to the
beginning of the table.

table

< pointer

1. The function increments the pointer by one.

2. The function copies data indicated by the pointer to output parameter Q. Additional program
logic must then be used to capture the data from the output reference.

3. Steps 1 and 2 are repeated each time the instruction is executed, until the table is empty (PTR
= LEN).

4. When the table is full, the pointer wraps around to the beginning of the table.
Note

TBLRD and TBLWRT functions can operate on the same or different tables. By
specifying a different reference for the pointer, these functions can access the
same data table at different locations or at different rates.

The TBLRD function has three input parameters and three output parameters. When the function
receives power flow, the pointer (PTR) increments by one. If this new poirdéolocs the last

item in the table, the output EM is set ON. The next time the function executes, the pointer will
automatically be set back to 1. After the pointer is incremented, the content at the new pointer
location is copied to output Q.

The function always passes power to the right when power is received.

I
(enable) (0k)
[ |
| RD_
WORD|

(table elements) —|TB EM|— (output parameter EM)
| LEN |
|00001|

(pointer) —|PTR Q|— (output parameter Q)
|
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Parameters:
Parameter Description
enable When enable is energized, the table read is performed.

B TB contains the elements in the table.

PTR PTR is incremented; it then points to the next table element to be read.
ok The ok output is energized whenever the function is enabled.

EM Output EM is energized when the last element of the table is read.
Q Output Q contains the element read from the table.

LEN LEN must be between 1 and 32,767.

Valid Memory Types:

Parameter | flow | %l |%Q |%M [T PSS %G %U %R %P %L %Al %AQ %UR copst ngne
enable .
B ° 0 0 [¢] ] A 0 i ° i i ° i
PTR . . . . . . . . . . .
ok . .
EM . .
Q . 0 o) 0 0 FaYe) o) . . . . . .

Note: Indirect referencing is available for all register references (%R, %P, %L, %Al, %AQ, and %UR).
. Valid reference or place where power may flow through the function.

Valid reference for INT, UINT, or WORD data only; not valid for DINT or DWORD.

Valid reference for WORD data only; not valid for INT, UINT, DINT, or DWORD.

>o

Note
For restrictions within a parameterized subroutine block, For restrictions within a

parameterized subroutine block, refer to “Restrictions on Formal Parameters
Within a Parameterized Subroutine Block” in Section 2 of Chapter 2.

Example:

In the following example, WIDGETS is a table with 20 integer elements. When the enabling input
%MO00346 is ON, the pointer increments and the contents of the next element of the table is copied
into ITEM_CT. %L00001 functions as the pointer into the data table. %M01001 is used to signal

when all items of the data table have been accessed.

%MO00346 | |

[ | TBL_|—

| RD_|

[ INT]| %M01001

WIDGETS—|TB EM|
[ LEN |
[00020]
%L00001—|PTR Q|—ITEM_CT
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TBLWRT  (INT, UINT, DINT, WORD, DWORD)

The Table Write (TBLWRT) function is used to sequentially update values in a table that never
becomes full. When the pointer reaches the end of the table, it automatically returns to the
beginning of the table.

table

pointer -~

1. The function increments the pointer by one.

2. The function copies data from input parameter IN to the position in the table indicated by the
pointer. (It will write over any value currently at that location.) Additional program logic
must then be used to place the data in the input reference.

3. Steps 1 and 2 are repeated each time the instruction is executed, until the table is full (PTR =
LEN).

4. When the table is full, the pointer wraps around to the beginning of the table.
Note

TBLWRT and TBLRD functions can operate on the same or different tables. By
specifying a different reference for the pointer, these functions can access the
same data table at different locations or at different rates.

The TBLWRT function has four input parameters and two output parameters. When the function
receives power flow, the pointer (PTR) increments by 1. If this new pointdidods the last item

in the table, the output FL is set to ON. The next time the function executes, the pointer will
automatically be set back to 1. After incrementing the pointer, the TBLWRT function writes the
content of the input reference to the current pointer location, overwriting data already stored there.

The function always passes power to the right when power is received.

| |
(enable) (ok)

[ ]
| WRT_|
| WORD)|

(table elements) —|TB FL|— (output parameter FL)
| LEN |
|00001|

(pointer) —|PTR |
| |

[ ]
(input parameter IN) —|IN |
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10-6

Parameters:
Parameter Description
enable When enable is energized, the table write is performed.
B TB contains the elements in the table.
PTR PTR is incremented,; it then points to the next table element to be written.
IN IN contains the element to be written to the table.
ok The ok output is energized whenever the function is enabled.
FL Output FL is energized when IN is written to the last element of the table.
LEN LEN must be between 1 and 32,767.

Valid Memory Types:

Parameter

flow [ %l |%Q [%M [T PSS WG %U %R %P %L %Al %AQ %UR copst ngne

enable

B

PTR

IN

3 0 0 0 0 A 0 . . . . . . .

ok

FL

Note: Indirect referencing is available for all register references (%R, %P, %L, %Al, %AQ, and %UR).
. Valid reference or place where power may flow through the function.

—+>0

Valid reference for INT, UINT, or WORD data only; not valid for DINT or DWORD.
Valid reference for WORD data only; not valid for INT, UINT, DINT, or DWORD.
%SA, %SB, %SC only; %S cannot be used.

Note

For restrictions within a parameterized subroutine block, For restrictions within a
parameterized subroutine block, refer to “Restrictions on Formal Parameters
Within a Parameterized Subroutine Block” in Section 2 of Chapter 2.

Example:

In the following example, WIDGETS is a table with 20 integer elements. When the enabling input
%I100012 is ON, the pointer increments and the contents of %P00077 are written into the table at
the pointer location. %L00001 functions as the pointer into the data table.

%I00012] |
[ | TBL_|—

| WRT_|

[ INT | %M01001
WIDGETS—|TB FL|

[LEN|
[00020]
%L00001—|PTR |

|

| |
%P00077—]|IN |

Series 90™-70 PLC CPU Instruction Set Reference Madamabiary 2000 GFK-0265J
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LIFORD

GFK-0265J

(INT, UINT, DINT, WORD, DWORD)

The Last-In-First-Out (LIFO) Read (LIFORD) function is used to move data out of tables. Values
are always moved out of the top of the table. If the pointer reaches the last location and the table
becomes full, the LIFORD function must be used to remove the entry at the pointer location and
decrement the pointer by one. The LIFORD function is used in conjunction with the LIFOWRT
function, which increments the pointer and writes entries into the table.

LIFO WRITE LIFO READ

table same table

l

pointer —*>

pointer —>

T

B S AN N
B SR AN N

Sequence of events:

1. The function copies data indicated by the pointer to output parameter Q. Additional program
logic must then be used to place the data in the input reference.

2. The function decrements the pointer by one.

3. Steps 1 and 2 are repeated each time the instruction is executed, until the table is empty (PTR
= LEN).

4. The pointer does not wrap around when the table is full.

The LIFORD function has three input parameters and three output parameters. When the function
receives power flow, the data at the pointeatmn is copied to output Q, then the pointer is
decremented. If this causes the pointer location to become 0, the output EM is set ON. Therefore,
EM indicates whether or not the table is empty. If the table is empty when the function receives
power flow, no read will occur. The pointer always indicates the last item entered into the table.

The function passes power to the right if the pointer was in range for an element to be read.

(enable; ! (0k)

I
| RD_|
| WORD|
(table elements) —|TB EM|— (output parameter EM)
LEN

|00001]
(pointer) —|PTR Q|— (output parameter Q)
I |

Chapter 10 Data Table Functions 10-7
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10-8

Parameters:
Parameter Description

enable When enable is energized, the read operation is performed.
B TB contains the elements in the table.

PTR PTR points to the next LIFO element to be read; after the read, it is decremented.
ok The ok output is energized when EN is ON and 0 < RTEN.

EM Output EM is energized when the last element is read.
Q Output Q contains the element read from the table.

LEN LEN must be between 1 and 32,767.

Valid Memory Types:

Parameter

flow [ %l |%Q |%M [T PSS WG %U %R %P %L %Al %AQ %UR copst ngne

enable

B

. 0 0 0 0 0 AT 0 . . . . . .

PTR

ok

EM

Q

. 0 0 0 0 AT 0 . . . . . . .

Note: Indirect referencing is available for all register references (%R, %P, %L, %Al, %AQ, and %UR).
. Valid reference or place where power may flow through the function.

—+>0

Valid reference for INT, UINT, or WORD data only; not valid for DINT or DWORD.
Valid reference for WORD data only; not valid for INT, UINT, DINT, or DWORD.
%SA, %SB, %SC only; %S cannot be used.

Note

For restrictions within a parameterized subroutine block, For restrictions within a
parameterized subroutine block, refer to “Restrictions on Formal Parameters
Within a Parameterized Subroutine Block” in Section 2 of Chapter 2.

Example:

In the following example, PRODUCT is a LIFO table with 100 word-sized elements. When the
enabling input PACK_IT is ON, the data item at the top of the table is copied into the reference
indicated by the nickname CART. The reference identified by STK_PTR contains the table
pointer. Output coil EMPTY indicates when the table is empty.

PACK T |
— | ILIFO_|—

| RD_

| WORD)| EMPTY
PRODUCT—|TB EM|

[LEN |
[00100]
STK_PTR—|PTR Q|—CART

Series 90™-70 PLC CPU Instruction Set Reference Madamabiary 2000 GFK-0265J
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LIFOWRT  (INT, UINT, DINT, WORD, DWORD)

The Last-In-First-Out (LIFO) Write (LIFOWRT) function is used to increment the table pointer by
one, and then add an entry above the pointer location in a table. Values are always moved in at the
top of the table. If the pointer reaches the last location and the table becomes full, no further values
can be added by the LIFOWRT function. The LIFORD function must then be used to remove the
entry at the pointer location and decrement the pointer by one.

LIFO WRITE LIFO READ

table same table

l

pointer —*

pointer —>

T

B SR AN N
B SR AN N

Sequence of events:
1. The function increments the table pointer by one.

2. The function copies data from input parameter IN to the position in the table indicated by the
pointer. (It will write over any value currently at that location.) Additional program logic
must then be used to place the data in the input reference.

3. Steps 1 and 2 are repeated each time the instruction is executed, until the table is full (PTR =
LEN).

4. The pointer does not wrap around when the table is full.

The LIFOWRT function has four input parameters and two output parameters. When the function
receives power flow, the pointer increments by 1; then the new data is written at the pointer
location. If the pointer was already at the last location in the table, no data is written and the
function does not pass power to the right. The pointer always indicates the last item entered into
the table. If the table is full, it is not be possible to add more entries to it.

The function passes power to the right after a successful execution.

| |

(enable? | (ok)
| WRT_|
| WORD]|

(table elements) —|TB FL|— (output parameter FL)

| LEN |
|00001]

(pointer) —|PTR |
||

| 1
(input parameter) —|IN |

GFK-0265J Chapter 10 Data Table Functions 10-9
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10-10

Parameters:
Parameter Description
enable When enable is energized, the write operation is performed.
B TB contains the elements in the table.
PTR PTR is incremented,; it then points to the next element to be written.
IN IN contains the element to be written to the table.
ok The ok output is energized when the function is enabled and PTR < LEN.
FL Output FL is energized when the last element has been written.
LEN LEN must be between 1 and 32,767.

Valid Memory Types:

Parameter

flow [ %l |%Q [%M [T PSS WG %U %R %P %L %Al %AQ %UR copst ngne

enable

B

PTR

IN

3 0 0 0 0 A 0 . . . . . . .

ok

FL

Note: Indirect referencing is available for all register references (%R, %P, %L, %Al, %AQ, and %UR).
. Valid reference or place where power may flow through the function.

—+>0

Valid reference for INT, UINT, or WORD data only; not valid for DINT or DWORD.
Valid reference for WORD data only; not valid for INT, UINT, DINT, or DWORD.
%SA, %SB, %SC only; %S cannot be used.

Note

For restrictions within a parameterized subroutine block, For restrictions within a
parameterized subroutine block, refer to “Restrictions on Formal Parameters
Within a Parameterized Subroutine Block” in Section 2 of Chapter 2.

Example:

In the following example, PRODUCT is a LIFO table with 100 word-sized elements. When the
enabling input STORE is ON, a data item from NEW_ITEM is copied to the table location pointed
to by the value in STK_PTR. Output node FL will pass power when PTR = LEN, firing the FULL
coil. No further data from NEW_ITEM can be added to the table without first copying data out,
using the LIFORD function.

STORE | |
— | ILIFO_|—

| WRT_|

| WORD| FULL
PRODUCT—|TB FL|

[LEN |
[00100]
STK_PTR—|PTR |

||
NEW_ITM—|IN |
I

Series 90™-70 PLC CPU Instruction Set Reference Madaraliary 2000 GFK-0265J
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FIFORD

GFK-0265J

(INT, UINT, DINT, WORD, DWORD)

The First-In-First-Out (FIFO) Read (FIFORD) function is used to move data out of tables. Values
are always moved out of the bottom of the table. If the pointer reaches the last location and the
table becomes full, the FIFORD function must be used to remove the entry at the pointer location
and decrement the pointer by one. The FIFORD function is used in conjunction with the
FIFOWRT function, which increments the pointer and writes entries into the table.

FIFO WRITE FIFO READ

table same table

l

pointer —»

pointer —»

T

N W o
SN (PN B )

Sequence of events:

1. The function copies the top location of the table to output parameter Q. Additional program
logic must then be used to place the data in the input reference.

2. Theremaining items in the table are copied to a lower numbered position in the table.

3. The function decrements the pointer by one.

4. Steps 1 and 2 are repeated each time the instruction is executed, until the table is empty
(PTR = LEN).

5. The pointer does not wrap around when the table is full.

The FIFORD function has three input parameters and three output parameters. When the function

receives power flow, the data at the firsiiion of the table is copied to output Q. Next, each item

in the table is moved down to the next lower location. This begins with item 2 in the table, which

is moved into position 1. Finally, the pointer is decremented. If this causes the pointer location to
become 0, the output EM is set ON. Therefore, EM indicates whether or not the table is empty.

The FIFORD function passes power to the right if the pointer is greater than zero and less than the
value specified for LEN.

|
(enable? | (ok)
| RD_|
| WORD)|
(table elements) —|TB EM|— (output parameter EM)
| LEN |
|00001|

(pointer) —|PTR Q|— (output parameter Q)

Chapter 10 Data Table Functions 10-11
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10-12

Parameters:

Parameter Description

enable When enable is energized, the FIFO read is performed. It is always the first
element of the FIFO table that is read.

B TB contains the elements of the FIFO table.
PTR PTR points to the last element of the FIFO table.

ok The ok output is energized when the function is enabled and 0 < PTR < LEN.
EM Output EM is energized when the final element is read.

Q Output Q contains the element read from the FIFO table.

LEN LEN must be between 1 and 32,767.

Valid Memory Types:

Parameter

flow [ %l |%Q |%M [T PS WG %U %R %P %L %Al %AQ %UR copst ngne

enable

B

. 0 0 0 0 A 0 . . . . . .

PTR

ok

EM

Q

. 0 0 0 0 AT 0 . . . . . .

Note: Indirect referencing is available for all register references (%R, %P, %L, %Al, %AQ, and %UR).
. Valid reference or place where power may flow through the function.

—+>0

Valid reference for INT, UINT, or WORD data only; not valid for DINT or DWORD.
Valid reference for WORD data only; not valid for INT, UINT, DINT, or DWORD.
%SA, %SB, %SC only; %S cannot be used.

Note

For restrictions within a parameterized subroutine block, refer to the
“Restrictions on Formal Parameters within a Parameterized Subroutine Block”
section of Chapter 2.

Example:

In the following example, PRODUCT is a FIFO table with 100 word-sized elements. When the
enabling input PACK_IT is ON, the PRODUCT data item in the table location pointed to by
STK_PTR is copied to the reference location specified in CART. This table location pointed to
would be the bottom, or oldest data item in the table. The number in STK_PTR will be
decremented. A copy of the oldest data item in the PRODUCT table will be left behind in each
table location as the current data is copied out duriogesgive PACK _IT triggers. Output node
EM will pass power when the PTR = 0, firing the coil EMPTY. No further data from the
PRODUCT table can be read without first copying data in using the FIFOWRT function.

PACK T |
— | |FIFO_|—

| RD_|

| WORD)| EMPTY
PRODUCT—[TB EM|

[LEN |
[00100]
STK_PTR—|PTR Q|—CART

Series 90™-70 PLC CPU Instruction Set Reference Madaraliary 2000 GFK-0265J
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FIFOWRT  (INT, UINT, DINT, WORD, DWORD)

The First-In-First-Out (FIFO) Write (FIFOWRT) function is used to increment the table pointer by
one, and then add an entry at the new pointer location in a table. Values are always moved in at the
bottom of the table. If the pointer reaches the last location and the table becomes full, no further
values can be added by the FIFOWRT function. The FIFORD function must then be used to
remove the entry at the pointer location and decrement the pointer by one.

FIFO WRITE FIFO READ

table same table

l

pointer —»

pointer —»

T

SN (PN B )

N W o

Sequence of events:
1. The function increments the pointer by one.

2. The function copies data from input parameter IN to the position in the table indicated by the
pointer. (It will write over any value currently at that location.) Additional program logic
must then be used to place the data in the input reference.

3. Steps 1 and 2 are repeated each time the instruction is executed, until the table is full (PTR =
LEN).

4. The pointer does not wrap around when the table is full.

The FIFOWRT function has four input parameters and two output parameters. When the function
receives power flow, the pointer is incremented by 1. Then, input data is written into the table at
the pointer location. If the pointer was already at the last location in the table, no data is written
and the function does not pass power to the right. The pointer always indicates the last item
entered into the table. If the table becomes full, it will not be possible to add more entries to it.

The FIFOWRT function passes power to the right after a successful execution.

[
(enable? | (ok)
| WRT_|
| WORD]|
(table elements) —|TB FL|— (output parameter FL)
| LEN |
|oo001|

(pointer) —|PTR |
||

| |
(input parameter IN) —|[IN |
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Parameters:
Parameter Description
enable When enable is energized, the write operation is performed.

B TB contains the elements of the FIFO table.

PTR PTR points to the last element of the FIFO table.

IN IN contains the value to be written to the FIFO table.

ok The ok output is energized when the function is enabled and PTR < LEN.

FL Output FL is energized when the last element position of the FIFO table is written to

LEN LEN must be between 1 and 32,767.

Valid Memory Types:

Parameter | flow | %l [%Q |%M [%T PoS %G %U %R PP %L %Al %AQ %UR const ngne
enable .
TB o] 0 0 o | Af 0 . . . . . .
PTR . . . . . . . . . . .
IN . o] o] o] o] A 0] . . . . . . .
ok . .
FL . .

Note: Indirect referencing is available for all register references (%R, %P, %L, %Al, %AQ, and %UR).
. Valid reference or place where power may flow through the function.

Valid reference for INT, UINT, or WORD data only; not valid for DINT or DWORD.

Valid reference for WORD data only; not valid for INT, UINT, DINT, or DWORD.

%SA, %SB, %SC only; %S cannot be used.

—+>0

Note

For restrictions within a parameterized subroutine block, For restrictions within a
parameterized subroutine block, refer to “Restrictions on Formal Parameters
Within a Parameterized Subroutine Block” in Section 2 of Chapter 2..

Example:

In the following example, PRODUCT is a FIFO table with 100 word-sized elements. When the
enabling input UNPACK is ON, a data item from P_CODE is copied to the tablolopointed

to by the value in STK_PTR. Output node FL will pass power when PTR = LEN, firing the FULL
coil. No further data from P_CODE can be added to the table without first copying data out, using
the FIFORD function.

UNPAC | |
— | [FIFO_|—

| WRT_|

| WORD| FULL
PRODUCT—|TB FL|

[ LEN |
[00100]

STK_PTR—I|PTR |
[

[ 1
P_CODE—|IN |
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SORT

GFK-0265J

(INT, UINT, WORD)

The SORT function is used to sort an array in ascending order. The function has two input and two
output parameters. EN is a Boolean enable; IN is the array to be sorted. OK is a Boolean output
providing power flow, and Q is an array of integers that gives the index that the sorted elements
had in the original array or list. Q is exactly the same size as IN. It also has a specification (LEN)
of the number of elements to be sorted.

The SORT function is restricted to operate on arrays with up to 64 elements. When EN is ON, all
of the elements of IN are sorted into ascending order, based on their type. The array Q is also
created, giving the original position that each sorted element held in the unsorted array. OK is
always set ON.

Note

Do not use the SORT function in a timed or triggered input program block.

(enable; | (oK)

|
| WORD|
[ |
(input parameter IN) —|IN Q|— (output parameter Q)

| LEN'|
|00001]
[

Parameters:

Parameter Description

enable When enable is energized, the sort is performed.

IN IN contains the array of elements to be sorted. At the conclusion of the sort, the
elements of IN are in sorted order.

ok The ok output is energized whenever LEN is less than 65. However, the
programmer does not limit the LEN parameter to 64. If LEN is greater than 64,
the function block operates only on the first 64 units of LEN.

Q Output Q contains an array of indexes that gives the position of the sorted
elements in the original array.
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10-16

Valid Memory Types:

Parameter

flow | %l [%Q (%M [T PoS WG %U %R %P %L %Al %AQ %UR const ngne

enable

IN

ok

Q

Note: Indirect referencing is available for all register references (%R, %P, %L, %Al, %AQ, and %UR).
. Valid reference or place where power may flow through the function.

Note

For restrictions within a parameterized subroutine block, For restrictions within a
parameterized subroutine block, refer to “Restrictions on Formal Parameters
Within a Parameterized Subroutine Block” in Section 2 of Chapter 2.

Example:

In the following example, new part numbers (%100017 - %100032) are pushed onto a parts array
PLIST every time %Q00014 is ON. When the array is filled, it is sorted and the output %Q00025
is turned on. The array PPOSNIwontain the original position that the now-sorted elements held
before the sort was done on PLIST.

If PLIST was an array of five elements and contained the values 25, 67, 12, 35, 14 before the sort,
then after the sort it would contain the values 12, 14, 25, 35, 67. PPOSN would contain the values
3,5,1,4, 2.

%Q00014 [ |
[ ILIFO_|—
| WRT_|
[ UINT] | 7 %Q00025
PLIST —|TB FL| |SORT_|
| LEN | | UINT]
[00005] |
%L00041—|PTR | PLIST —|IN Q|—PPOSN
| | LEN |
I [00005]
%I00017—]IN | |
(I

Series 90™-70 PLC CPU Instruction Set Reference Madaraliary 2000 GFK-0265J
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ARRAY_MOVE  (INT, UINT, DINT, BIT, BYTE, WORD, DWORD)

GFK-0265J

Use the Array Move (ARRAY_MOVE) function to copy a specified number of data elements from
a source array to a destination array.

The ARRAY_MOVE function has six input parameters and two output parameters. When the
function receives power flow, the number of data elements in the count indicator (N) is extracted
from the input array starting with the indexed location (SBN\NX — 1). The data elements are
written to the output array starting with the indexed location (DX — 1). The LEN operand
specifies the number of elements that make up each array.

For ARRAY_MOVE_BIT, when word-oriented memory is selected for the parameters of the
source array and/or destination array starting address, the least significant bit of the specified word
is the first bit of the array. The value displayed contains 16 bits, regardless of the length of the
array.

The indices in an ARRAY_MOVE instruction are 1-based. In using an ARRAY_MOVE, no
element outside either the source or destination arrays, as specified by their starting address and
length, may be referenced.

The ok output will receive power flow, unless one of the following conditions occurs:
* Enable is OFF.

* (N + SNX) is greater than LEN.

(N + DNX) is greater than LEN.

I
(enable) ERGRINIE (ok)

[ ]

|IMOVE_|

| BIT |

(source array address) —|SR DS|— (destination array address)

LEN

|00001|

(source array index) —|SNX |
[

[
(destination array index) —|DNX |
[

[ 1
(elements to transfer ) —|N |
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10-18

any

Parameters:
Parameter Description
enable When the function is enabled, the operation is performed.

SR SR contains the starting address of the source array. For ARRAY_MOVE_BIT, any|
reference may be used; it does not need to be byte aligned. However, 1 bit,
beginning with the reference address specified, is displayed online.

SNX SNX contains the index of the source array.
DNX DNX contains the index of the destination array.

N N provides a count indicator.

ok The ok output is energized whenever the function is enabled. If NX is out of
range, ok will not be energized.

DS DS contains the starting address of the destination array. For ARRAY_MOVE_BIT,
reference may be used; it does not need to be byte aligned. However, 1 bit,
beginning with the reference address specified, is displayed online.

LEN LEN specifies the number of elements starting at SR and DS that make up each arra

1y.

Valid Memory Types:

Parameter | flow | %l [%Q |%M [%T PoS %G %U IR %P %L %Al %AQ %UR const ngne
enable .
SR . 0 0 0 0 Al o 0 . . . . . .
SNX . . . . . . . . . . . . .
DNX B B B B B B B B B B o B B
N . . . . . . . . . . . . .
DS . o| o 0 o| t 0 . . . . . .
ok . .

. Valid reference or place where power may flow through the function. For ARRAY_MOVE_MOVE_BIT, discrete user

references %I, %Q, %M,

and %T need not be aligned.

Valid reference for INT, UINT, BIT, BYTE, or WORD data only; not valid for DINT or DWORD.
%U is allowed for ARRAY_MOVE_BIT only.

—+D>

Valid data type for BIT, BYTE, or WORD data only; not valid for INT, UINT, DINT, or DWORD.
%SA, %SB, %SC only; %S cannot be used.

Note

For restrictions within a parameterized subroutine block, For restrictions within a
parameterized subroutine block, refer to “Restrictions on Formal Parameters
Within a Parameterized Subroutine Block” in Section 2 of Chapter 2..

Series 90™-70 PLC CPU Instruction Set Reference Madaraliary 2000
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Example 1:

In this example, %R00003 - %R00007 of the array %R00001 - %R00016 is read and then written
into %R00104 - %R00109 of the array %R00100 - %R00115.

%I100001 | |
| |[ARRAY|—
|_MOVE]|
|_WORD|
%R00001—|SR DS|—%R00100
| LEN |
|00016]
CONST —|SNX |
00003 | |
| |
CONST —|DNX |
00005 | |
| |
CONST —|N |
00005 | |

Example 2:

Using bit memory for SR and DS, %M00011 - %M00017 of the array %MO00009 - %M00024 is
read and then written to %Q00026 - %Q00032 of the array %Q00022 - %Q00037.

%I00001 | |

N |ARRAY|—
|_MOVE]|
[ BIT|
%MO00009—|SR DS|—%Q00022
| LEN |

[00016]
CONST —|SNX |
00003 | |

| 1
CONST —|DNX |
00005 | |

| 1
CONST —|N |
00007 ||

GFK-0265J Chapter 10 Data Table Functions
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Example 3:

Using word memory, for SR and DS, the third least significant bit of %R00001 through the second
least significant bit of %R00002 of the array containing all 16 bits of %R00001 and four bits of
%R00002 is read and then written into the fifth least significant bit of %R00100 through the fourth

least significant bit of %R00101 of the array containing all 16 bits of %R00100 and four bits of
%R00101.

%I00001] |
[ JARRAY|—
|_MOVE]|
[ BIT|
%R00001—|SR DS|—%R00100
[ LEN |
[00020]
CONST —|SNX |
00003 | |
| 1
CONST —|DNX |
00005 | |
|
CONST —|N |
00016 ||
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SRCH_EQ and SRCH_NE (INT, UINT, DINT, BYTE, WORD,

DWORD)

SRCH_GT and SRCH_ LT
SRCH_GE and SRCH_LE

GFK-0265J

Use the appropriate Search function listed below to search for all array values for that particular
operation.

Abbreviation Function Description
SRCH_EQ Search Equal Search for all array values equal to a specified value.
SRCH_NE Search Not Equal Search for all array values not equal to a specified
value.
SRCH_GT Search Greater ThapSearch for all array values greater than a specified
value.
SRCH_GE Search Greater Than|&earch for all array values greater than or equal to a
Equal specified value.
SRCH_LT Search Less Than Search for all array values less than a specified valud.
SRCH_LE Search Less Than of Search for all array values less than or equal to a
Equal specified value.

Each function has four input parameters and two output parameters. When the function receives
power, the array is searched starting at (AR + input NX). This is the starting address of the array
(AR) plus the index into this array (input NX).

The search continues until the array element of the search object (IN) is found or until the end of
the array is reached. If an array element is found, output parameter (FD) is set ON and output
parameter (output NX) is set to the relative position of this element within the array. If no array
element is found before the end of the array is reached, then output parameter (FD) is set OFF and
output parameter (output NX) is set to zero.

The valid values for input NX are 0 to LEN — 1. NX should be set to zero to begin searching at the
first element. This value increments by one at the time of execution. Therefore, the values of
output NX are 1 to LEN. If the value of input NX is out-of-range, (< 8 bEN), the value of

output NX is set to the default value of zero.

(enable; | (oK)

[EQ_]|

| WORD|
(starting address) —|AR FD|—
| LEN

|00001|
(input index) —|NX NX|— (output index)
| |

|1
(object of search) —|IN |
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Parameters:
Parameter Description
enable When the function is enabled, the operation is performed.
AR AR contains the starting address of the array to be searched.
Input NX | Input NX contains the index into the array at which to begin the search.
IN IN contains the object of the search.
Output NX | Output NX holds the position within the array of the search target.
FD FD indicates that an array element has been found and the function was
successful.
ok The ok output is energized when the function is performed without error.
If NX is out of range, ok will not be energized.
LEN LEN specifies the number of elements starting at AR that make up the array to be sgarched.
It may be 1 to 32,767 bytes or words.
Valid Memory Types:
Parameter | flow | %l [%Q (%M [T PSS %G WU JR %P %L %Al %AQ PR const ngne
enable .
AR . 0 0 0 0 A 0 . . . . . .
NX |n . . . . . . . . . . . . .
IN . 0 0 0 0 A o) . . . . . . .
NX out . . . . . . . . . . . .
FD . .
ok . .
. Valid reference or place where power may flow through the function.
o Valid reference for INT, UINT, BYTE, or WORD data only; not valid for DINT or DWORD.
A Valid reference for BYTE,or WORD data only; not valid for INT, UINT, DINT, or DWORD.
Note
For restrictions within a parameterized subroutine block, For restrictions within a
parameterized subroutine block, refer to “Restrictions on Formal Parameters
Within a Parameterized Subroutine Block” in Section 2 of Chapter 2.
Series 90™-70 PLC CPU Instruction Set Reference Madaraliary 2000 GFK-0265J
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Example 1:

The array AR is defined as memory addresses %R00001 - %R00005. When EN is ON, the portion
of the array between %R00004 and %R00005 is searched for an element whose value is equal to N.
If %R00001 = 7, %R00002 = 9, %R00003 = 6, %R00004 = 7, %R00005 = 7, and %R00100 = 7,
then the search will begin at %R00004 and conclude at %R00004 when FD is set ON and a 4 is

written to %R00101.

%I00001] |
[ |SRCH_|—
|EQ_|
[ INT| %Q00001
%R00001—|AR FD|
[ LEN |
[00005]
CONST —|NX NX|—%R00101
00003 | |
[ ]
%R00100—]|IN |
(I

Example 2:

Array AR is defined as memory addresses %AIl0001 - %AI0016. The values of the array elements
are 100, 20, 0, 5, 90, 200, 0, 79, 102, 80, 24, 34, 987, 8, 0, and 500. Initially, %AQ0001 is 5.
When EN is ON, each sweep will search the array looking for a match to the IN value of 0. The
first sweep will start searching at %AI0006 and find a match at %AI0007, so FD is ON and
%AQO0001 is 7. The second sweep will start searching at %AI0008 and find a match at %Al0015,
so FD remains ON and %AQO0001 is 15. The next sweep will start at %AI0016. Since the end of
the array is reached without a match, FD is set OFF and %AQ0001 is set to zero. The next sweep
will start searching at the beginning of the array.

%I00001] |

N |SRCH_|—

| EQ_

| WORD| %M00001

%AI0001—|AR FD|
| LEN |
[00016]

%AQ0001—|NX NX|—%AQ0001
|

|
CONST —|IN |

0000 | |
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ARRAY RANGE (INT, DINT, WORD, DWORD)

10-24

The ARRAY RANGE function is used to compare a single input value against two arrays of
delimiters that specify an upper and lower bound to determine if the input value falls within the
range specified by the delimiters. The output will be an array of bits that is set ON (1) when the
input value is greater than or equal to the lower limit and less than or equal to the upper limit. The

output is set OFF (0) when the input is outside this range or when the range is invalid, as when the
lower limit exceeds the upper limit.

Note

The Array Range function is only available on a Release 5 or higher CPU.

The ARRAY RANGE function operates on these types of data:

Data Type Description
INT Signed integer.
DINT Double precision signed integer.
UINT Unsigned integer.
WORD Word data type.
DWORD Double word data type.

The default data type is signed integer; however, it can be changed after selecting the function. For
more information on data types, please refer to “Data Types” section on page 2-16.

When the function is enabled, the ARRAY RANGE function block will compare the value in input
parameter IN against each range specified by the array element values of LL and UL. Output Q
sets a bit ON (1) for each corresponding array element where the value of IN is greater than or
equal to the value of LL and is less than or equal to the value of UL. Output Q sets a bit OFF (0)
for each corresponding array element where the value of IN is not within this range or when the
range is invalid, as when the value of LL exceeds the value of UL. If the operation is successful,
the ok output will receive power flow.

(enablg)— EQ_| (ok)

INT |
LEN'|

(lower limjt) —]LL Q|- (array of bits)
(upper limit) =JUL |
(input valtlje) —|Il\|| |
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Parameters:
Parameter Description
enable When the function is enabled, the operation is performed.
LL LL contains the lower limit of the range.
UL UL contains the upper limit of the range.
IN IN contains the value to be compared against each range specified by L1
and L2.
ok The ok output is energized unless an error is encountered.
Q Output Q is energized when the value in IN is within the range specified by I1 and
L2, inclusive.
Note: Q is not aligned. It is displayed in bit format. It will display either a 1
(ON) or a 0 (OFF) for the first array element. For discrete references, it represents
the reference displayed. For word references, it represents the low order bif of the
reference displayed.
LEN LEN is the number of elements in the arrays.

Valid Memory Types:

Parameter | flow | %l [%Q (%M [T PSS %G WU JR %P %L %Al %AQ %UR const ngne
enable .
LL 0 0 0 0 0 . . . . . of
UL 0 0 0 0 0 . . . . . ot
IN 0 0 0 0 0 d d d d d
ok o 0 0 0 0 . . . . .
Q M L]
Note: Indirect referencing is available for all register references (%R, %P, %L, %Al, %AQ, and %UR).
. Valid reference or place where power may flow through the function.
0 Valid reference for INT or WORD data only; not valid for DINT or DWORD.
+

Constants are limited to integer values for double precision signed integer operations.

Note

For restrictions within a parameterized subroutine block, For restrictions within a
parameterized subroutine block, refer to “Restrictions on Formal Parameters
Within a Parameterized Subroutine Block” in Section 2 of Chapter 2.
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Example 1:

In the following example, the lower limit (LL) values of %R00001 through %R00008 are 1, 20, 30,
100, 25, 50, 10, and 200. The upper limit (UL) values of %R00100 through %R00108 are 40, 50,
150, 2, 45, 90, 250, and 47. The resulting Q values will be placed in the first 8 bits of %R00200.
The bit values low order to high are: 1, 1, 1,0, 1, 0, 1, and 0. The bit value displayed will be set
ON (1) for the low order bit of %R00200. The ok output will be set ON (1).

%I00001] | %Q00001
[ JARRAY|

|RANGE|
[INT |
|
%R00001—|LL Q|—%R00200
| LEN
[00008]
%R00100—|UL |

| |
40—|IN |

Example 2:

In the following example, the lower limit (LL) array contains %T00001 through %T00016,
%T00017 through %T00032, and %T00033 through %T00048. The lower limit values are 100, 65,
and 1. The upper limit (UL) values are 29, 165, and 2. The resulting Q values of 0, 1, and 0 will
be placed in %Q00001 through %Q00003. The bit value displayed will ®ER),(representing

the value of %Q00001. The ok output will be set ON (1).

%I00001] | %M00001
[ JARRAY|

|RANGE|
[INT |
[ |
%T00001—|LL Q|—%Q00001
| LEN |
[00003]
%T00049—|UL |

|
65—|IN |

10-26 Series 90™-70 PLC CPU Instruction Set Reference Madaraliary 2000 GFK-0265J



Chapter| Conversion Functions

11

Use the conversion functions to convert a data item from one number type to another. Many
programming instructions, such as math functions, must be used with data of one type. This
chapter describes the following conversion functions:

Abbreviation Function Description Page
BCD-4 Convert to BCD-4 Convert an unsigned or signed integentbl-2
4-digit BCD format.
BCD-8 Convert to BCD-8 Convert a double precision signed 11-4

integer to 8-digit BCD format.

UINT Convert to Unsigned Integer| Convert BCD-4, signed integer, or doluble6
precision signed integer to
unsigned integer format.

INT Convert to Signed Integer Convert BCD-4, unsigned integer, or | 11-8
double precision signed integer to signe
integer format.

o

DINT Convert to Double Precision| Convert BCD-8, unsigned integer, or 11-10
Signed Integer signed integer to double precision signed
integer format.
REAL Convert to Real Convert BCD-4 BCD-8, unsigned 11-12

integer, signed integer, or double
precision signed integer to real value
format.

TRUN Truncate Round the real number toward zero. 11114

GFK-0265J 111
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BCD-4 (INT, UINT)

The Convert to BCD-4 function is used to output the 4-digit BCD equivalent of unsigned or signed
integer data. The original data is not changed by this function. The output data can be used
directly as input for another program function.

Data can be converted to BCD format to drive BCD-encoded LED displays or presets to external
devices, such as high-speed counters.

When the function receives power flow, it performs the conversion, making the result available via
output Q. The function passes power flow when power is received, unless the specified conversion
would result in a value that is outside the range 0 to 9999.

(enable% : (ok)

[ TO_|
| BCD4|
(value to be converted) —|IN Q|— (output parameter Q)

Parameters:
Parameter Description
enable When the function is enabled, the conversion is performed.
IN IN contains a reference for the integer value to be converted to BCD-4.
ok The ok output is energized when the function is performed without error.
Q Q contains the BCD-4 form of the original value in IN.
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Valid Memory Types:

Parameter | flow | %l [%Q |%M [%T PoS %G %U %R PP %L %Al %AQ %UR const ngne
enable .

IN . . . . . . . . . . . .

ok .

Q . . . . . . . . . . . .

Note: Indirect referencing is available for all register references (%R, %P, %L, %Al, %AQ, and %UR).
. Valid reference or place where power may flow through the function..

Note

For restrictions within a parameterized subroutine block, refer to the
“Restrictions on Formal Parameters within a Parameterized Subroutine Block”
section of Chapter 2.

Example:

In the following example, whenever input %l00002 is set and no errors exist, the integer at input
location %100017 through %I00032 is converted to four BCD digits and the result is stored in

memory locations %Q00033 through %Q00048. Coil %M01432 is used to checkdessiul
conversion.

%I100002 | | %M01432
|1

[ ] [ INT_]|
| TO_|

| BCD4|
%100017—]|IN Q|—%Q00033
I
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BCD-8

(DINT)

The Convert to BCD-8 function is used to output the 8-digit BCD equivalent of double precision
signed integer data. The original data is not changed by this function. The output data can be used
directly as input for another program function.

When the function receives power flow, it performs the conversion, making the result available via
output Q. The function passes power flow when power is received, unless the specified conversion
would result in a value that is outside the range 0 to 99999999.

||
(enable) DINT (ok)
|_ |
| TO_|
| BCD8|
(value to be converted) —|IN Q|— (output parameter Q)

Parameters:
Parameter Description
enable When the function is enabled, the conversion is performed.
IN IN contains a reference for the integer value to be converted to BCD-8.
ok The ok output is energized when the function is performed without error.
Q Q contains the BCD-8 form of the original value in IN.
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Valid Memory Types:

Parameter | flow | %l [%Q |%M [%T PoS %G %U %R PP %L %Al %AQ %UR const ngne
enable .
IN . . . . . . . .
ok . D)
Q L] L] L] L] L] L] L]
Note: Indirect referencing is available for all register references (%R, %P, %L, %Al, %AQ, and %UR).
. Valid reference or place where power may flow through the function..
Note
For restrictions within a parameterized subroutine block, For restrictions within a
parameterized subroutine block, refer to “Restrictions on Formal Parameters
Within a Parameterized Subroutine Block” in Section 2 of Chapter 2.
Example:

In the following example, whenever input %l00002 is set and no errors exist, the double precision
signed integer at input location %Al0003 is converted to eight BCD digits and the result is stored
in memory l