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Preface

Introduction

The SIMATIC® TI15050 Programming Reference Manual contains the
information that you need to design an application program for any of these
Series 50500 and Series 50000 programmable controllers:

. SIMATIC® TI15250 /T15350

. SIMATIC® T1520C0O /TI1530CO /TI1530TO

. SIMATIC® T15450

. SIMATIC® T15550

. SIMATIC® TI15600 /TI15650 /TI1560TO /T1565P0
. SIMATIC® TI15750

This manual describes the complete instruction set for the complete line of
SIMATIC TI500/T1505 controllers. Your controller will not support every
feature or instruction described, but it will support all instructions common
to the Series 505 and Series 500 families and those particular instructions
or features identified by your controller model number.

Additionally, this manual assumes that the controller referenced is at the
current firmware release at the time of publication, as listed in Table 1. If
your controller is not at the current release, an instruction or feature
described in this manual may not be supported. If your controller is at a
newer firmware release level, the Release Notes included with your
controller or firmware upgrade kit may document new features not covered
in this manual.

Table 1 SIMATIC TI500/TI505 Controller Firmware Release Levels

Controller Release Controller Release Controller Release
T1545-1101 2.1 TI1560 3.2% TI530T 1.6
T1545-1102 3.0 TI1565 3.3 TI525 2.2
TI555 3.0 TI575 3.0 TI535 11
TI560T 6.0 TI1520C 2.6
TI565P 2.0 TI530C 2.6

*T1560 Release 3.2 and earlier does not support features new to Rel. 6.0, listed on page xxxiv.
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New Features

How to Use This

Manual

XXXV

Preface

NOTE: Earlier model controllers (as listed in Table A-4 in Appendix A) have
certain restrictions on the memory locations to which they can read and
write. Refer to Table A-5 for the memory locations that are valid in each
field of an instruction when designing an RLL program for these controllers.

The following new features are described in this edition of this manual:

. Password protection for application-specific memory areas.

. XSUB VMEDbus error bit.

«  Text Box, which allows user-supplied text to be stored in L-Memory.
. STW223 through STW225, which represent binary time of day.

. STW226, which provides time of day status.

. STW227 and STW228, which provide the 32-bit VMEDbus access
address if a VMEbus access error occurs.

e STW229 and STW230, which provide the U Memory offset of the
instruction that caused a VMEbus access error.

Refer to the Release Notes included with your controller or upgrade package
to determine if your controller model supports these new features.

The RLL instructions that can be used with any of the Series 505/500
controllers are noted by the following tab in the upper left or right corner of
the page near the instruction mnemonic.

Series 500
Series 505

The RLL instructions that can be used with specific controllers are noted by
controller model, as shown in the example below.

Series 500: TI520, TI530, TI560, TI565
Series 505: TI525, TI535, TI545, TI555, TI575

To help you in your program design tasks, you will find the following
additional information in the appendices: Status Words for all controller
models and performance data for the T1545, T1555, and TI1575.
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This manual is not intended to be a primer on RLL or SF programming. If
you are not familiar with the techniques of RLL programming or of loop
dynamics, you should refer to other documentation or call your Siemens
Industrial Automation, Inc., distributor or Sales Office for technical
assistance. Training classes in RLL and Special Function programming are
available at a number of locations. Contact your distributor for more
information. Because there are references to various hardware components,
you should review the appropriate hardware and installation manuals for
your controller as you design your programs.

Programming To program the controller with the latest features, you need an IBM®

Software PC/AT® compatible personal computer with TISOFTO Programmable Logic
Controller Programming Software (Release 5.0 or later) to enter your RLL,
loop, analog alarm, and Special Function programs.
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Manual Contents Topics are listed below by chapter.

. Chapter 1 gives an overview of the components of the Series 505 and
Series 500 systems, local, distributed, and remote 1/O, the concept of
1/0 numbering and the hardware/software interface.

*  Chapter 2 describes the formats used to represent data types.

. Chapter 3 describes how 1/0O is read and updated.

. Chapter 4 describes the various controller memory types.

»  Chapter 5 presents programming concepts.

. Chapter 6 describes the RLL and box instructions.

. Chapter 7 describes the Special Function Program statements.

e Chapter 8 describes analog alarm programming.

. Chapter 9 describes loop programming.

*  Appendix A lists all the variables used by Series 505/500 controllers.

e Appendix B lists the RLL instructions, the amount of memory each
requires, and instruction numbering guidelines.

«  Appendix C gives information needed to calculate controller program
scan times.

e Appendix D provides the formats for the loop and analog alarm flags.
« Appendix E gives application examples for selected RLL instructions.
e Appendix F lists the Special Function Program error codes.

« Appendix G lists the status words supported by the Series 505/500
controllers.

«  Appendix H describes how to design an external subroutine, and
includes an example subroutine.
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1.1 The TI1545 and TI555 Systems

System The programmable controller interacts with your equipment through

Components input/output (I/0) modules that relay information between the equipment
and the programmable controller. When you design your program, you need
to know the physical and logical configuration of these 1/O modules, how
your equipment is connected to them, and how they are addressed and
accessed. The relationships among the system components of the T1545 and
the TI555 systems are illustrated in Figure 1-1. For details about hardware
components and installation, refer to the SIMATIC T1545 System Manual or
the SIMATIC TI1555 System Manual.

Local and 1/0 modules are grouped into local and remote 1/O categories depending

Remote I/0 upon their physical location. The local 1/0 comprises those modules located
in the same base assembly as the programmable controller. The base
containing the local 1/0 is numbered 0. Only Series 505 1/0 modules can be
installed in the local base.

You can connect up to 15 additional base assemblies to the system,
numbered 1-15. The I/0O modules in these bases make up the remote 1/0O as
shown in Figure 1-1. Both Series 505 and Series 500 I/O can be connected to
a T1545 or TI555 controller as remote 1/0.

Individual 1/0 modules in the remote bases communicate with the controller
through Remote Base Controllers (RBC). The RBC in each remote base
transmits all information from the 1/0 modules in that base directly to the
controller. The T1545/T1555 remote 1/O consists of one channel. A channel
comprises up to 15 remote bases.

Assigning I/0 You must assign the 1/0O point and slot numbers from the 1/0O Configuration

Point Numbers Chart on your programming device. The programmable controller does not
update discrete or word 1/O points in non-configured 1/0 modules. Refer to
your TISOFT user manual for instructions about configuring the 1/0.

For the T1545, a maximum of 2048 1/0 points can be assigned. Of these, up
to 1024 can be analog or word points, which must be numbered 1-1024. The
next 1024 points are discrete only. Up to 32,768 control relays are available.

For the T1555, a maximum of 8192 1/O points can be assigned in any mix of
discrete and word 1/0. Up to 32,768 control relays are available.

You do not need to assign 1/0 point numbers consecutively. For example, in
a remote system, Base 2 can be assigned 1/0O points 897-960. If a base is
configured and the modules in the base do not match the configuration, the
programmable controller logs a non-fatal error. Misconfigured modules are
not accessed by your program. Inputs are read as 0; outputs are ignored.
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A Special Function Module is divided into the 1/O portion and the special
function portion. When a Special Function Module is inserted into a T1545
or TI555 system, the special function portion of the module is automatically
logged in, and can send data to and receive data from the controller.

NOTE: You must configure the 1/O portion so that the controller updates the
1/0 points. Non-special function modules are not logged in automatically.

PIS
TI545

or Series 505 I/0
TI555 4,8, and 16 slots Local I/0 up

to 16 1/O slots

PIS R
C Series 505 1/0
4,8, and 16 slots

PPX:

505

6851
Remote /O
up to 15 L — - —
additional bases [, 0 - - O
Series 500 and
Series 505 I/0

can be used

Series 500
6, 8% 12,
14, 16*
1/0 slots

1 0 e o) o1

*The 8-slot and 16-slot I/O bases operate with the PPX:500-5840 Adapter.

Figure 1-1 Components for the TI545/TI555 System
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The TI545 and TI555 Systems (continued)

Program Execution

Interrupt RLL
Execution

Cyclic RLL
Execution

Discrete Scan

The T1545 and TI1555 controllers execute four scan operations during the
programmable controller scan.

¢ Interrupt RLL execution* e Discrete scan
e Cyclic RLL execution » Analog task processing

The interrupt 1/O feature allows you to program a specific response which
executes immediately in response to a field input transition (interrupt
request) from your application. Interrupt I/O operation requires the use of
at least one Interrupt Input Module (PPX:505-4317) installed in the local
base. See Section 3.4 for more information on interrupt 1/O operation.

A cyclic RLL program consists of a section of ladder logic, usually short for
quick cycle times, that runs independently of the main RLL program. Cyclic
RLL is executed periodically throughout the entire programmable controller
scan, interrupting the discrete scan and the analog scan as necessary.
Because the execution of a cyclic RLL task is not synchronized with the 1/0
update, use the immediate 1/O instructions to access the 1/0.

The discrete scan consists of three primary tasks that are executed
sequentially (Figure 1-2) and at a rate that can be user-specified.

Normal I/0 Update. During the normal 1/O cycle update, the programmable
controller writes data from the image registers to the outputs, and stores
data from the inputs into the image registers. The length of the 1/0 update
cycle is dependent upon the number of bases and types of modules (analog,
discrete, or intelligent). All 1/0O points are fully updated each scan.

Main Ladder Logic Cycle. The programmable controller executes the main
RLL task.

Special Function Module Communication. Communication with special
function (SF) modules, e.g., NIM, BASIC, PEERLINKU", etc., consists of the
following actions.

. Service requests from a previous scan for which processing has been
completed are transmitted to the SF modules.

. Remote bases are polled for initial SF module service requests.
. Remote base communication ports are polled for service requests.

. Service requests from SF modules and remote base communication
ports are processed.

*Interrupt RLL operation available on TI1555 Release 1.1 or greater.

1-4 Series 505/500 System Overview SIMATIC TI505 Programming Reference



Each SF module that requires service increases the scan time, depending
upon the type of module and task. Each type of module is allowed a certain
number of service requests per scan. Once these are completed, this function
is terminated. Some service requests can be deferred, and these are
processed during the analog task time slice described below.

Interrupt
RLL

Interrupt RLL interrupts all processes below whenever
an interrupt module sends an interrupt request.

Cyclic
RLL

Cyclic RLL interrupts the discrete scan as
necessary to complete its cyclical execution.

v ‘ v
/10 Main SdF |
update RLL module

access

! f
T

Analog tasks are also executed
during windows occurring in the
discrete scan.

Analog
tasks

Figure 1-2 Discrete Scan Sequence for the TI545 and TI555 Controllers
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The TI545 and TI555 Systems (continued)

Analog Task
Processing

Cyclic Analog
Tasks

The analog portion of the scan is composed of five general types of tasks
(Figure 1-3), which are cyclical or non-cyclical in their execution.

Analog tasks are guaranteed execution once per scan, following the discrete
scan, provided there is processing to be done. Analog tasks are also
processed during windows of suspended activity that occur during the
normal 1/0 and SF portions of the scan. RLL execution is not interrupted by
analog tasks.

You can adjust the amount of time spent per controller scan for all analog
tasks, except diagnostics, with a programming unit and using AUX
Function 19. The time allocation for a given analog task is referred to as its
time slice.

The following types of processes are executed cyclically. Each has a sample
rate which determines how often it is executed.

e Loops
¢ Analog alarms
e Cyclic SF programs

The programmable controller has an analog task that executes each type of
cyclic process. When enabled, each cyclic process is placed in the execution
queue that is managed by the analog task responsible for executing that
type of process.

The cyclic processes are time-ordered in their individual queues according to
when each process is rescheduled for execution, relative to the other cyclic
processes within the same queues. The process with the highest priority
(closest to overrunning) is executed first. The process is executed until it is
completed or until the time specified for that particular task’s time slice
expires. If the executing process is completed before the time slice expires,
the process with the next highest priority is executed. If the time slice
expires before the process is completed, the process (and the task) is put on
hold in its current position.

The programmable controller then advances to the next analog task. When
the programmable controller sequences through its operations and returns
to an analog task with a cyclic process on hold, the process resumes
execution from the hold point, unless a higher priority process was
scheduled since the last respective time slice. If a process in a cyclic time
slice is not finished executing when it is scheduled to execute again, an
overrun flag is set.

Restricted SF programs, which are called by loops or analog alarms, are
executed from within the loop or analog alarm tasks. Therefore, their
execution time is included within the loop or analog alarm time slice.
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SF subroutines, which are called by SF programs or other SF subroutines,
are processed during the calling program'’s time slice.

Cyclic
RLL

Cyclic RLL interrupts the analog tasks as
necessary to complete its cyclic execution.

'

'
' ' ' ' '

Loops >

Analog SF Service RBE . i
alarms :> programs )| requests ) Event | Diagnostics

detection

*Enabled for execution at the completion of the discrete scan.

Figure 1-3 Analog Task Scan Sequence for the TI545 and TI555 Controllers

Non-cyclic Analog
Tasks

The following types of processes are executed non-cyclically:

. Priority/Non-priority SF programs.

. RLL-requested SF subroutines.

e Service request messages.

. Report by Exception (RBE) event detection. |

. Run-time diagnostics.

Priority and Non-Priority SF Programs are non-cyclic processes that are
gueued when the SFPGM RLL box instruction receives power flow. There is
an analog task that executes priority SF programs, and another analog task
that executes non-priority SF programs. These processes are executed in the
order that they are queued in the appropriate task’s execution queue. When
the programmable controller completes one of these processes, it removes
the process from the respective queue and turns on the SFPGM output.
There are no overrun flags associated with these processes.

RLL-requested SF Subroutines are queued into one of two SFSUB
gueues when the SFSUB RLL box instruction receives power flow. One
gqueue handles SFSUB 0 instructions and the other handles all other
SFSUB instructions.
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The TI545 and TI555 Systems (continued)

Setting the Scan

Service Requests received from the communication ports are placed on one
of two communications queues. Read and write commands are placed on the
priority communication queue for fastest response. Commands that may
require several scans to complete, e.g., program edits and the TISOFT FIND
function, are placed in a non-priority communications queue.

Report By Exception event detection task only executes when the
programmable controller is used with SIMATICH PCSU, Release 3.0 or later.
The RBE event detection task monitors PCS-defined process events and
notifies the PCS when an event is detected.

Run-time Diagnostics are enabled for execution at the completion of the
discrete scan. The time slice for diagnostics is 1 ms and cannot be changed.

The T1545/T1555 scan is defined as the time between normal 1/O updates.
You can set the scan for the controller as follows.

. Fixed — The programmable controller starts a new discrete scan at the
specified time interval. The controller executes the discrete scan once
and then cycles to the analog scan portion, executing the analog tasks
at least one time. If the analog tasks are completed within the specified
time, the controller goes into a loop mode (processing analog tasks or
idling) until time to start the next scan.

A scan overrun status bit is set (bit 14 in Status Word 1) if the total
execution time for the discrete scan portion and the first execution of
the analog scan portion exceeds the fixed scan time.

e Variable — The programmable controller executes all tasks once and
then starts a new scan. All discrete and analog tasks are guaranteed
one execution per scan. Specify variable scan for the fastest possible
execution of the discrete scan.

e Variable with upper limit — The programmable controller executes the
discrete scan once and then executes the analog tasks. The controller
remains in the analog portion of the scan as long as there are analog
tasks to be done. When the upper time limit expires, or no analog tasks
require processing, a new scan is begun.

The analog scan portion is executed at least one time. A scan overrun
status bit is set if the total execution time for the discrete scan portion
and the first execution of the analog scan portion exceeds the upper
limit.
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The TI545 and TI555 Systems (continued)

Cycle time for the cyclic RLL can be a fixed value or a user-specified

variable. As a variable, the cycle time can be changed by logic in your
application program. If the cyclic RLL completes execution in less than the
specified cycle time, execution does not resume until the next cycle begins.
The programmable controller scan time is extended by the amount of time
to execute the cyclic RLL multiplied by the number of times the cyclic RLL

is executed during the programmable controller scan.

The timing relationship of the scan operations is shown in Figure 1-4. Refer
to the Appendix C for details about how to configure the time slices.

Interrupt RLL
execution

Cyclic RLL
execution*

NN\
NX\XN
XN\

]
1

Discrete scan

1

£

Analog scan

Time —— »

One programmable controller scan

*Cyclic RLL program is executed to completion each time it runs.

Figure 1-4 Timing Relationship of the TI545/TI555 Controller Scan Operations
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1.2 The TI560/TI565 System

TI560/TI565 System
Components

TI560/T1565
Remote I/O

The programmable controller interacts with your equipment through
input/output (I/0) modules that relay information between the equipment
and the programmable controller. When you design your program, you need
to know the physical and logical configuration of these 1/O modules, how
your equipment is connected to them, and how they are addressed and
accessed. The relationships among the system components of the
TI560/T1565 controllers are illustrated in Figure 1-5. For details about
hardware components and installation, refer to the SIMATIC TI1560/T1565
System Manual.

The TI1560/T1565 chassis holds the main CPU (T1560), the Special Function
CPU (TI1565), the Remote Channel Controllers (RCC), memory expansion
cards, and the Hot Backup Unit.

The 1/0 modules are housed in 1/0 base assemblies. An 1/O base assembly
has slots for a remote base controller (RBC), a power supply, and the 1/0
modules. Individual 1/0 modules in the remote bases communicate with the
programmable controller through the base controllers. The RBC in each
remote base assembly transmits all information from the 1/O modules in
that base assembly to the RCC.

The RCC serves as the master device in servicing the 1/O points. The RCC
requests and receives 1/0O updates from an RBC over the remote link. Each
RCC board contains two channels capable of controlling 1024 1/O points per
channel. A maximum of eight channels (four RCCs) may be used. Up to 16
base assemblies may be connected to a channel.
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Up to 4 Remote Channel
Controllers (RCCs)
PIS R
TI560(TIS65| ¢
PPX:
560~
2126B/
21278
12|(34|56 |7 8| =— Channel numbers
L]
R
P/S B
C .
Series 505 /O
PPX: 4, 8, and 16 slots
505-
6850/
Remote I/O 6851
up to 16 bases
per channel,
2 channels per RCC (] ] L] ] ]
Series 500 and/or
Series 505 /0
can be used in any
combination.
[]
RBC
Series 500
* P/S | PPX:
6. 8% 13' 500-
14,16 2114/
1/O slots 5114
[ [ ]
*The 8-slot and 16-slot I/O bases operate with the PPX:500-5840 Adapter.

Figure 1-5 Components for the TI560/TI565 System
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The TI560/T1565 System (continued)

Assigning I/0 Point You must assign the 1/0O point and slot numbers from the 1/0O Configuration
Numbers Chart on your programming device. The programmable controller does not
update discrete or word 1/O points in non-configured 1/0 modules. Refer to
your TISOFT user manual for instructions about configuring the 1/O.
1/0 addresses are restricted to the range of points available in each channel.
Each channel has the address range shown in Table 1-1.

A Special Function Module is divided into the 1/O portion and the special
function portion. When a Special Function Module is inserted into a
TI560/T1565 system, the special function portion of the module is
automatically logged in, and can send and receive data from the controller.

NOTE: You must configure the 1/O portion so that the programmable
controller updates the 1/0 points. Non-special function modules are not
logged in automatically.

The channels on the RCC boards are read and assigned channel numbers in
their defined ranges according to where the RCC board is located in the
chassis. The RCC board in the slot closest to the TI560 CPU is assigned
Channels 1 and 2; the next RCC, Channels 3 and 4, etc. The assignment of
1/O identifiers (Xs, Ys, WXs, WYs) to physical points on the bases is limited
only to a block of contiguous points required for the particular module, and
the points must be within the address range for the particular channel.

Table 1-1 Remote I/0 Channel Address Range

Channel Address Range Channel Address Range
1 1-1024 5 4097-5120
2 1025-2048 6 51216144
3 2049-3072 7 6145-7168
4 3073-4096 8 7169-8192
TI560 Scan The TI560 controller requires approximately 8.0 milliseconds (Rel. 1.x) or
Operation 11 ms (Rel. 2.0 and later) for overhead tasks. This time is distributed

throughout each scan, illustrated in Figure 1-6.

I/0 Update. The RCC cards simultaneously write data from the image
registers to the outputs, and update the image registers with data from the
inputs. The length of the 1/0 update cycle corresponds to the RCC that
requires the longest update time. This is primarily dependent upon the
number of bases and types of modules on each channel. Each RCC has two
channels which update in parallel. All 1/O points are fully updated each
scan.
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Ladder Logic Cycle. Upon completion of the I/O update, the main CPU
starts the execution of the RLL program. While the program is being
executed, the RCCs run background tasks: polling for unconfigured bases
and servicing operator interfaces connected at the 1/O bases if that RBC has
requested service. For NIM 4.0 releases, SF module read requests may be
processed during RLL execution. The main CPU executes RLL programs in
2.2 milliseconds (Rel. 3.0 or earlier) or 1.5 ms (Rel. 5.0 or later) per k words
of program instructions. The entire program is fully executed each scan.

HBU

RCC

Main
CPU

Continuously
communicating

*

with other unit T \ I

Start

update Update SF module Scan time
complete complete check &
‘ % acknowledge
SF
module
access [ ]
Communication
* ‘ {} updates
Start Memory updates from operator
update Update Start Request/ from SE modules interfaces &
complete access response programmers
I L J J
SF Comm
Diagnostics RLL module :> port
access access

SIMATIC TI505 Programming Reference

Figure 1-6 Scan Sequence for the TI560 Controller

Special Function Module Communication. Upon completion of the RLL
scan, the Special Function (SF) module communications begin. The Main
CPU executes task codes, which were gathered from the SF modules by the
RCC, and the resulting information is made available to the RCCs for
transfer back to the modules.

Each SF module that requires service during this period adds scan time
according to the type of module and the type of task. Each type of module is
allowed a certain number of task code requests, block transfers, or
store-and-forward operations per scan. Once these are completed, the SF
cycle is terminated by the RCC.
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The TI560/T1565 System (continued)

TI565 CPU
Functions

Communication Port Service. The TI1560 services communication port
requests from the two (local) ports on the main CPU and the (remote) ports
on all the RBCs. The amount of time spent executing the port
communication requests depends on the scan type — variable or fixed. For a
variable scan, the port communication cycle is suspended as soon as either
one of the following conditions is true.

e All requests have been serviced, or

e At least 6 ms have been spent executing requests.

For a fixed scan, the port communication cycle is suspended as soon as the
next scan is scheduled to start, and either of the above conditions is true.

Execution of communication requests is time-shared between the ports on a
turn-by-turn basis. A request from local port 1 receives 2 ms, if needed, and
then a request from local port 2 receives 2 ms, if needed. Then, a request
from any remote port receives 2 ms, if needed. This is repeated until
execution is suspended for either one of the reasons listed above.

Hot Backup Unit Communications. During all of the above periods, the
HBU transmits messages between the T1560 or T1565 systems (with
standby unit on line). The HBU adds approximately 9.0 ms for T1560
operation and approximately 1 to 4 ms additional for T1565 updates.

The T1565 CPU executes loops, analog alarms, and special function (SF)
programs throughout the programmable controller timeline. During the 1/0O
cycle, the T1565 CPU continues to run until it needs to read an 1/O point.
Once the 1/0 cycle completes, the TI565 CPU resumes running.

The TI1565 can do 32 loop calculations, update 16 analog alarms, and
execute up to 1200 additional floating point calculations as called from SF
programs in 1 second. This assumes the scan time is equal to, or greater
than, 50 milliseconds to allow the T1565 to complete tasks without having to
process interrupts from the T1560.

NOTE: The PPX:565-2820 can execute loops, analog alarms, and special
function programs approximately three times faster than the rates given
above. Actual execution times are not available at time of publication.
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A scheduler prioritizes the analog alarm, loop, and cyclic SF program tasks

executed by the processor. If there are no tasks of a particular type to be

executed, the processor does not idle, but spends the minimum time
necessary and then advances to the the next task type. For example, if no
analog alarms are programmed, the processor begins executing SF
programs after processing loop calculations.

TI565 CPU Communications. The Main (T1560) CPU is idle during T1565
CPU communications and gives the T1565 CPU full access to the bus. This
time period typically is less than 1.0 millisecond, but is dependent on the
number of SF programs being called from ladder logic and other requests
queued for processing by the TI1565 CPU. Figure 1-7 shows the relationships
of the processors’ operations.

Continuously SF
HBU communicating CPU
with other unit I\ access
Start ‘ J Memory
update Update Chtecg%odnts update
let 0 i
‘ comi) ete SF modules checkpoint
u complete
Running until 1 Resumes running SF
memory updates CPU
SF CPU I/O needed into holding buffer access
Tl
Verify error  ndate Memory updates Scan time
check of I/O complete from SF modules " check &
‘ emory acknowledge
4 update
SF
110
RCC update module
access
Conwnunmanon
f ‘ {} updates
Start from operator
update Update Start Request/ interfaces &
‘ complete access response programmers
v L] - Y
SF Comm
Main Diagnostics| RLL ) module ) CPU ) port
CPU access access access

Figure 1-7 Scan Sequence for the TI565 CPU
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1.3 The TI575 System

TI575 System
Components

TI575 Local and
Remote I/0O

TI575 Scan
Operation

The T1575 Control System provides a means by which various control
products can communicate over a VMEbus backplane. The T1575 system is
a scaleable/flexible control system that can accept multiple T1575 Central
Processing Unit (CPU) cards.

The T1575 programmable controller system interacts with your equipment
through input/output (I/0) modules that relay information between the
equipment and the CPU. When you design your program, you need to know
the physical and logical configuration of these 1/O modules, how your
equipment is connected to them, and how they are addressed and accessed.
The relationships among the system components of the T1575 System are
illustrated in Figure 1-8. For details about the hardware components and
installation, refer to the SIMATIC TI575 System Manual.

1/0 modules are grouped into local and remote 1/O categories depending
upon their physical location. The local 1/0 comprises those modules located
in the same base assembly as the CPU.

When you install the optional remote I/O annex card (PPX:575-2126), the
TI1575 can communicate with Series 505 and Series 500 1/0O. You can connect
up to 15 Series 505/500 base assemblies to each CPU. The I/O modules in
these bases make up the remote 1/0 as shown in Figure 1-8.

Individual 1/0 modules in the remote bases communicate with the TI1575
through remote base controllers (RBC). The RBC in each remote base
transmits all information from the 1/0 modules in that base directly to the
CPU. The TI575 CPU remote 1/O consists of one channel. A channel on the
TI575 CPU comprises up to 8192 1/O points.

Both Series 505 and Series 500 1/O can be connected to a TI575 CPU as
remote I/O. The TI575 controller is capable of addressing directly the
PPX:505-6851 RBC in a Series 505 base assembly, or the PPX:500-5114
RBC in a Series 500 base assembly. The I/O numbering scheme for remote
1/0 is identical to that of the T1545. For a discussion of the Series 505/500
remote 1/0O numbering, refer to Section 1.1. For information about
communicating with VME-compatible 1/O, refer to the user documentation
for the TI1575 system.

The TI575 scan operation is identical to that of the T1545 and T1555
controllers. Refer to Section 1.1 for a detailed discussion of the scan
functions.
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Figure 1-8 Components for the TI575 System
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1.4

The TI525/T1535 Systems

System

Co

mponents

Local and
Distributed 1/0

The programmable controller interacts with your equipment through
input/output (I/0) modules that relay information between the equipment
and the programmable controller. When you design your program, you need
to know the physical and logical configuration of these 1/O modules, how
your equipment is connected to them, and how they are addressed and
accessed. The relationships among the system components of the
TI525/T1535 controllers are illustrated in Figure 1-9. For details about
hardware components and installation, refer to the hardware manual for
your system.

1/0 modules are grouped into local or distributed 1/O categories depending
upon their physical location. The local 1/0 comprises those modules located
in the same base assembly as the programmable controller. The local 1/0
includes 1/0 modules in up to 2 logical (8-slot) bases numbered 0 and 1.

You can connect up to 14 additional logical bases to the system, numbered
2-15. The 1/0 modules in these bases make up the distributed I/0O as shown
in Figure 1-9. Except for the PPX:525-1102, the T1525 and T1535
controllers support both local and distributed 1/0. Both Series 500 and 505
1/0 can be connected to a TI1525/T1535 controller as distributed 1/O.

|
e}
C
TIS25%  Series 505 I/O c Local TI525|  Series 505 I/O
P/S TIs3s | 4, 8,and 16slots | ppy- I(;ga PIS T1535 | 4,8, and 16 slots
505—
6830
g |
D
B
Distributed 1/0O P/S c Series 505 I/0
up to 14 logical ppx:| 48 and 16 slots
bases 505—
6840
Series 500 and/or
Series 505 I/0 ] [ [
can be used [f T T ;l
*The PPX:525-1102 does not support distributed 1/O.
Figure 1-9 Components for the TI525 and TI535 Systems
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Series 505
Logical Base

SIMATIC TI505 Programming Reference

For a Series 505 system, a base assembly is composed of one or two logical
bases. A logical base is defined as a group of eight 1/O slots, as shown in
Figure 1-10. Therefore, the 16-slot base assembly contains two 8-slot logical
bases, while the 8-slot base assembly contains one logical base. The four-slot
PPX:505-6504 base also contains one logical base, but slots 5-8 do not
physically exist.

PPX:505-6508 8-slot base

//%/_/

Power TI525/  One logical base
supply TI535 8 slots
controller

PPX:505-6516 16-slot base

/l

Power TI525/ Logical base Logical base
supply TI535 8 slots 8 slots
controller

PPX:505-6504 4-slot base

Power TI525/ One logical base

supply TI535 4 physical slots
controller 4 non-existent slots

Figure 1-10 Definition of Series 505 Logical Base
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The TI1525/T1535 Systems (continued)

Assigning I/0 Point
Numbers

You must assign the 1/0O point and slot numbers from the 1/0O Configuration
Chart on your programming device. The T1525/T1535 controller does not
update discrete or word 1/O points in non-configured 1/0 modules. Refer to
your TISOFT user manual for instructions about configuring the 1/O.

A Special Function Module is divided into the 1/O portion and the special
function portion. When a Special Function Module is inserted into a
TI525/T1535 system, the special function portion of the module is
automatically logged, and can send and receive data from the T1525/T1535.

NOTE: You must configure the 1/O portion so that the programmable
controller updates the 1/0 points. Non-special function modules are not
logged in automatically.

You can configure local 1/0 to a maximum of 512 1/O points. You can obtain
this with base PPX:505-6516 (16 slots) and 32-point I/O modules.

The programmable controller permits a maximum number of 1023 points
for a distributed system. You do not need to assign the point numbers
consecutively. For example, in a distributed system, Base 2 can be assigned
1/0 points 897-960, but the highest number that you can assign to any point
is 1023. After you have entered an 1/O configuration, the programmable
controller logs a non-fatal error when a module(s) is present but not
configured. You cannot use that module until it has been configured.

You do not need to assign 1/O point numbers to empty slots or to
non-existent slots in logical bases that have fewer than eight slots.
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Scan Operation

The functions executed by the T1525/T1535 controllers are described below
and illustrated in Figure 1-11.

I/0 Update. During the 1/O cycle update the programmable controller
writes data from the image registers to the outputs, and stores data from
the inputs into the image registers. The length of the 1/O update cycle
depends upon the number of bases and types of modules (analog, discrete or
intelligent). All 1/0 points are fully updated each scan.

Ladder Logic Cycle. The programmable controller executes the relay
ladder logic program. The entire RLL program is executed each scan.

Special Function Module Communication. The programmable controller
executes task codes that were gathered from the Special Function (SF)
modules. The resulting information is transferred back to the SF modules.
Each SF module that requires service adds scan time; how much depends on
the type of module and the type of task. Each type of module is allowed a
certain number of task code requests, block transfers, or store-and-forward
operations per scan. Once these are completed, the SF cycle is completed.

Communication Port Service. The programmable controller executes tasks
received through the communication ports. A minimum of two milliseconds
is allotted for this function. If the scan time has been fixed, then the time
remaining after all other functions are finished is devoted to task
processing. When the allotted time has expired, task processing is continued
on the subsequent scan.

Diagnostics. The programmable controller executes self-diagnostics at the
end of each scan.

1/0 update executed SF module Scan time check
complete each scan complete & acknowledge

Entire program

lfe}
update

[ SF Comm
> RLL module ;‘> port Diagnostics
access access

Figure 1-11 Scan Sequence for the TI525/TI535 Controllers
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15 The TI520C/TI530C/TI530T Systems

System
Components

Local and
Distributed 1/0

1-22 Series 505/500 System Overview

The programmable controller interacts with your equipment through
input/output (I/0) modules that relay information between the equipment
and the programmable controller. When you design your program, you need
to know the physical and logical configuration of these 1/O modules, how
your equipment is connected to them, and how they are addressed and
accessed. The relationships among the system components of the
TI520C/TI530C/TI1530T controllers are shown in Figure 1-12. For details
about hardware and installation, refer to the hardware manual for your
system.

1/0 modules are grouped into local or distributed 1/O categories, based on
their physical location. The local 1/O comprises those modules located in the
same base assembly as the programmable controller. The local 1/0 includes
1/0 modules in up to two logical (eight-slot) bases numbered 0 and 1.

You can connect up to 14 additional logical bases to the system, numbered
2 to 15. The I/O modules in these bases make up the distributed 1/0 as
shown in Figure 1-12. The TI1530C and the TI530T support both local and
distributed 1/0O. Both Series 505 and Series 500 1/0O can be connected to a
TI530C/TI530T controller as distributed 1/0.

1y e e
Series 500 8 TIS30T Local Series 500
6,812, |PIS| & /o 6,812,  |p/s|T1530T
14, 16* 500— 14, 16*
I/O slots 2108 1/O slots
[ ]
— |DBC
Series 500 PPX:
o 6, 8%, 12, PIS 500-
Distributed 1/0 14 16 2103
up to 14 logical I/O’slots 2109
bases
Series 500 and/or ﬂ ! M 1
Series 505 I/O L0 - —
can be used

*The 8- and 16-slot bases require the PPX:500-5840 Adapter Base except
when the PPX:500-2103 DBC is used.
** The TI520C does not support distributed I/O.

Figure 1-12 Components for the TI520C, TI530C, or TI530T Systems
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Series 500 For a Series 500 system, a base assembly is composed of one or two logical

Logical Base bases. A logical base is defined as a group of eight 1/O slots, as shown in
Figure 1-13. Therefore, the 16-slot base assembly has two 8-slot logical
bases. The 14-slot base assembly model also has two logical bases, but slots
7-8 on the second base do not physically exist.

PPX:500-5864 PPX:500-5840
8-slot base adapter base

A \
TI520C/TI530C/TI530T
N controller
One logical base

8 slots Power
supply 10CC

Slot# —»| 8| 7| 6| 5/4| 3| 2| 1| B

PPX:500-5840
PPX:500-5828 16-slot base adapter base

AN

TI520C/T1530C/
TI530T controller

Slot# ——\ g | 7| 6|5/4|3|2|1|8| 76|/ 5/4|32/1| B

One logical base One logical base
8 slots 8 slots Power

supply  l10CC

PPX:500-5848 14-slot base

Slot#—>:8:7165432187654321BA\

TI520C/TI530C/TI530T
controller

One logical base One logical base Power
8 slots 8 slots supply
2 slots do not
physically exist

Figure 1-13 Definition of Series 500 Logical Base
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The TI520C/TI530C/TI530T Systems (continued)

Assigning I/0 Point
Numbers

If you intend to use any modules with more than eight 1/O points per
physical 1/O slot, you must assign the 1/O point numbers yourself when you
configure the 1/O numbering. You do this from the 1/0 Configuration Chart
on your programming device. Refer to your TISOFT user manual for
instructions on how to configure the 1/O.

You can configure the local 1/0O to a maximum of 512* 1/O points when you
assign the 1/0 point numbers. This is obtained by using base PPX:500-5828
(16 slots) with the PPX:500-5840 adapter base and 32-point 1/O modules.

The programmable controller permits a maximum number of 1023 points
for a distributed system. You do not need to assign the point numbers
consecutively. For example, in a distributed system, Base 2 can be assighed
1/0 points 897-960, but the highest number that you can assign to any point
is 1023. After you have entered an 1/O configuration, the programmable
controller logs a non-fatal error when a module(s) is present but not
configured. You cannot use that module until it has been configured.

You do not need to assign 1/O point numbers to empty slots or to
non-existent slots in logical bases that have fewer than eight slots.

*1/O Module power consumption requirements may reduce the actual number of 1/0O points
that can be used.
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Using Default I/0 If you do not configure the 1/O, the T1520C, TI530C, and TI1530T controllers

Numbers automatically log in all eight-point modules. Modules having greater than
eight points are not logged in; however, their presence in the 1/O base is
indicated when you execute a Read Base function with your programming
unit.

When the programmable controller logs in the modules and configures the
1/0 automatically, the module points are assigned numbers according to the
slot and the base in which the module is located. The point number
assignments can be determined by referring to Figure 1-14. You can
calculate the module starting address by using the following equation:

Starting Address =1 + [[(Logical Base #) x 64] + [(Slot # — 1) X 8]]

Slot — 8 7 6 5 4 3 2 1 8 7 6 5 4 3 2 1
numbers 151 113 105 97 89 81 73 65 57 49 41 33 25 17 9 1
128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8
Base 1 Base 0
249 241 233 225 217 209 201 193 185 177 169 161 153 145 137 129
256 248 240 232 224 216 208 200 192 184 176 168 160 152 144 136
Base 3 Base 2
377 369 361 353 345 337 329 321 313 305 297 289 281 273 265 257
384 376 368 360 352 344 336 328 320 312 304 296 288 280 272 264
Base 5 Base 4
505 497 489 481 473 465 457 449 441 433 425 417 409 401 393 385
512 504 496 488 480 472 464 456 448 440 432 424 416 408 400 392
1/0 point Base 7 Base 6
number 633 625 617 609 601 593 585 577 569 561 553 545 537 529 521 513
640 632 624 616 608 600 592 584 576 568 560 552 544 536 528 520
Base 9 Base 8
761 753 745 737 729 721 713 705 697 689 681 673 665 657 649 641
768 760 752 744 736 728 720 712 704 696 688 680 672 664 656 648
Base 11 Base 10
889 881 873 865 857 849 841 833 825 817 809 801 793 785 777 769
896 888 880 872 864 856 848 840 832 824 816 808 800 792 784 776
Base 13 Base 12
1017 1009 1001 993 985 977 969 961 953 945 937 929 921 913 905 897
1023* 1016 1008 1000 992 984 976 968 960 952 944 936 928 920 912 904
o Base 15 Base 14
* The total number of 1/O points cannot exceed 1023. Therefore, in base 15, slot 8 consists of seven points.

Figure 1-14 Series 500 I/0 Default Numbering
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The TI520C/TI530C/TI530T Systems (continued)

Using Default
Numbers with 6-,
12-, 14-Slot Bases

The 6-, 12-, and 14-slot 1/O base assemblies hold at least 1 logical base with
fewer than 8 slots. Because the default numbering is configured on
multiples of the 8-slot logical base, 1/0 point numbers are assigned to points
on non-existent slots. For example, in the PPX:500-5848 base assembly
with 14 slots, 1/0 points 113-128 are assigned to the 2 non-existent slots on
the second logical base of this assembly. See Figure 1-15.

If you use the 6- 12- or 14-slot base for the programmable controller and
install an I0OCC as well, the power supply must be installed in Slot B and
1/0 slot 1 is not available. This slot is covered by the power supply in this
situation and cannot accommodate an 1/O module. The 1/O point numbers
(1-8) assigned this slot by the default numbering cannot be used.

One logical base One logical base

1/0 point # 1121 : 113 ' |105| 97 | 89| 81 | 73| 65 | 57 | 49 | 41| 33 | 25 | 17 9 1
I/0 point # | 128 ‘ 120 ! 112 104| 96| 88 | 80| 72 | 64 | 56 | 48 | 40 | 32 | 24 16 8
Slot # 8 7 6 5 4 3 2 1 8 7 6 5 4 3 2 B A
Non-existent I/O PPX:500-5848 14-slot base
point numbers
assigned by default Power Tis20c/TIs30C
PRy TIS30T controller
Figure 1-15 Default I/0 Point Numbers for 14-Slot Base
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Scan Operation

The functions executed by the TI520C/TI1530C/T1530T controllers are
described below and illustrated in Figure 1-16.

I/0 Update. During the 1/O cycle update the programmable controller
writes data from the image registers to the outputs, and stores data from
the inputs into the image registers. The length of the 1/O update cycle
depends upon the number of bases and types of modules (analog, discrete or
intelligent). All 1/0 points are fully updated each scan.

Ladder Logic Cycle. The programmable controller executes the relay
ladder logic program. The entire RLL program is executed each scan.

Special Function Module Communication. The programmable controller
executes task codes that were gathered from the Special Function (SF)
modules. The resulting information is transferred back to the SF modules.
Each SF Module that requires service adds scan time; how much depends on
the type of module and the type of task. Each type of module is allowed a
certain number of task code requests, block transfers, or store-and-forward
operations per scan. Once these are completed, the SF cycle is completed.

Communication Port Service. The programmable controller executes tasks
received through the communication ports. A minimum of two milliseconds
is allotted for this function. If the scan time has been fixed, then the time
remaining after all other functions are finished is devoted to task
processing. When the allotted time has expired, task processing is continued
on the subsequent scan.

Diagnostics. The programmable controller executes self-diagnostics at the
end of each scan.

Entire program
1/0 update executed SF module Scan time check
complete each scan complete & acknowledge
SF Comm .
110 Diag-
RLL module port g
update = e access |— access — nostics

Figure 1-16 Scan Sequence for the TI520C/TI530C/TI530T Controllers
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2.1

Definitions

2-2

The terms listed below are used throughout this manual and have the
following meanings.

Byte. A byte consists of 8 contiguous bits.
1 8
Most — <—— |Least
significant bit m significant bit
Word. A word consists of 2 contiguous bytes, 16 bits.

1 16
anicantoe L LTI LTI LT gomtcant
significant bit significant bit

Byte 0 Byte 1

For example, the contents of V-Memory word V100 occupy 16 contiguous
bits; the word output WY551 occupies 16 contiguous bits.

Long Word. A long word consists of 2 contiguous words, 32 bits, that
represent a single value.

1 32

Byte 0 Byte 1 Byte 2 Byte 3
Word 0 Word 1

Most significant word Least significant word

For example, the contents of V-Memory long word V693 occupy two
contiguous words (32 bits), V693 and V694. The next available address is
V695, which can represent a word (16 bits) or another long word (32 bits).

Image Register. The image register is a reserved memory area used to store
the value of all discrete (on/off) and word 1/O data. Discrete 1/O data is
contained in the discrete image register. Word 1/O data is stored in the word
image register. See Section 3.1 for a more complete discussion of the
function of the image register.

I/0O Point. An 1/O point consists of an 1/0O type and a reference number that
represent a location in the image register. An 1/O point that represents a
discrete bit in the discrete image register is composed of an X or Y 1/O type.
An 1/O point that represents a word in the word image register is composed
of a WX or WY 1/0 type.
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2.2

Integers

Signed integers are stored as 16-bit words in the two’s complement format
as shown in Figure 2-1. The 16-bit format allows you to store values ranging
from —-32,768 to +32,767 (decimal integer values). When bit 1 (the sign bit)
is 0, the number is positive; when bit 1 is 1, the number is negative.

Most \ / Least
significant 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 significant

. (TITTITTITITIITITII] ™

Sign

bit ol 1lafafa]afafa]afafa]a]a[1]1]1] = +32767
\o\o\o\o\o\o\o\o'o\o\o\o\o\o\l\o\ = +2
o/ o/ojojo/o|o/o/olololojo]olo][1] = 41
o/ o/o/ojo|o|o/ojo]o/o|/ojojo]olo] = 40
(afafafafafalalafafalafalalafa]a] = 4
1) 1)afafa)afafa]af1l1]2)1[1]1]0] = =2
1/ o[ofolojolofo/ojolo]ofofolol1] = 32767
|1/ ololojojololololololololofolo] = _32768

Figure 2-1 Format of Signed Integers
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Integers (continued)

You can display data on your programming unit as an unsigned integer. The
16-bit format allows you to display integer values ranging from 0 to 65535
as shown in Figure 2-2.

Most —=1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 «+— |east

sgnwcan [ [ [ [ [ [ [ [ [ [ [ [ [[]]] goniwcan
I

(1faf1/1iafafafa]af1]2]2[2/1]2]1 = 5535

(alafafafalalafafa]a]a][a][1[1]2]0o] = 65534

o[ o[o]oJo[o]o][o][o][o0]o]0[0][0]1]0]
|0/ o[o] of[o[o]o]ofo]o][o[o0]o]0]0]1]
o[ o[o]oJo[o]o[o][o0][o0[0]0[0[0]0]O]

Figure 2-2 Format of Unsigned Integers

Thirty-two bit signed long word integers are stored as 32-bit long words in
the two’s complement format:

Sign bit —» 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Wordo‘o‘ 0‘0‘ 0‘1‘0‘0‘0‘0‘ 1‘1‘1‘1‘0‘0‘0‘ Decimal

equivalent:
word1 | 0] 0/ 1]/ 0/0]0/1/1/0/1]0l0/1]1]0]0] 142,091,084

17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
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