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Warning 

Risks involved in the use of so-called SlMATIC-cornpatible modules of non- 
Siemens manufacture 

"The manufacturer of a product (SIMATIC in this case) is under the general obligation to give 
warning of possible risks attached to his product. This obligation has been extended in recent 
court rulings to include parts supplied by other vendors. Accordingly, the manufacturer is 
obliged to observe and recognize such hazards as may arise when a product is combined with 
products of other manufacture. 

For this reason, we feel obliged to warn our customers who use SlMATlC products 
not to  install socalled SIMATICcompatible modules of other manufacture in the form 
of replacement or addon modules in SlMATlC systems. 

Our products undergo a strict quality assurance procedure. We have no knowledge as to 
whether outs~de manufacturers of so-catled SIMATE-compatible modules have any quality 
assurance at all or one that is nearly equivalent to ours. These so-called SIMATIC- compatible 
modules are not marketed in agreement with Siemens; we have never recommended the use 
of so-called SIMATIC-compatible modules of other manufacture. The advertising of these 
other manufacturers for so-called SIMATIC-compatible modules wrongly creates the 
impression that the subject advertised in periodicals, catalogues or at exhibitions had been 
agreed with us. Where so-called SIMATIC-compatible modules of non-Siemens manufacture 
are combined with our SlMATlC automation systems. we have a case of our product being 
used contrary to recommendations. Because of the variety of applications of our SlMATlC 
automation systems and the large number of these products marketed worldwide, we cannot 
give a concrete description specifically anaiyzing the hazards created by these so-called 
SIMATIC-compatible modules. It is beyond the manufacturer's capabilities to have all these 
so-called SlMATlCcompatible modules checked for their effect on our SlMATlC products. If 
the use of so-called SIMATIC-compatible modules leads to defects in a SlMATlC automation 
system, no warranty for such systems will be given by Siemens. 

In the event of product liability damages due to the use of so-called SIMATIC-compatible 
modules. S~emens are not liable since we took ttmely action in warning users of the potential 
hazards ~nvolved in so-called SIMATIC-compatible modules." 
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1 Introduction 

Closed-loop control is a process in which the measured value of a controlled condition (controlled 
variable, actual value) is compared with a preset value (reference variable, setpoint) and correct- 
ed, depending on the difference. 

The control action takes place in a closed-loop system comprising the controlled system or plant 
and the controller. 

This generalized definition, which is based on DIN 19226, is illustrated in the following block 
diagram. 

Interference 
variable (2 )  

Figure 1-1 Block diagram of a control loop 
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The controlled system is normally affected by interferencesthat result in unwanted changes in the 
control/ed variable. 

variable (W) deviation (e) * ? 

The controller compares the controlled variable (actual value) with the preset reference variable 
(setpoint) and computes the regulating variable from the difference (deviation). The regulating 
variable corrects the deviation of the controlled variable from i t s  setpoint caused by the inter- 
ference. 

1 .l The PID Controller 

One controller type that has proved i t s  worth is the PID controller. The PID function 

Controller 

is the basis on which the majority of industrial analog controllers operate: (y (t) = regulating 
variable, e(t) = deviation). 
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The proportional-action component (P component) determines the system deviation. 

The integral-action component (I component) determines the average system deviation. 

The derivative-action component (D component) determines the rate o f  system deviation. 

The proportional-action value Kp, integral-action time TN and derivative-action time TV are the 
controllerparameten. 

Figure 1-2 shows the classical control loop with a PID controller and the symbols used 
(W = setpoint, X = actual value, e = W-X = deviation, y = regulating variable). 
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Figure 1-2: Classical PID control 

Because P I 0  structures have proven successful in a great variety of appl~cations, and because 
practical design procedures are available for them, efforts are being made to combine the advant- 
ages of PID control with the enormous flexibility of digital control systems. 

A PID controller based on digital techniques in the form of a program executing on a micro- 
computer must therefore closely approximate the dynamic performance of an analog controller. 

What would this mean in real terms? 

The setpoint and actual value of a control loop are sampled only within the program processing 
cycle of the controller, i.e., at discrete instants 



The PID operation i s  simulated by a program-based PID algorithm. Using stored historical process 
signal values, the algorithm computes a differential equation in each sampling step. 

A controller that takesa string of input values 

and generates a string of regulating variables 

i s  called a sampling controller. 

The interval between two such updating cycjes is referred toas the scan time TA. 

The computed value of the regulating variable isconverted from digital t o  analog form (actuator) 
and forwarded to  the process via a final control element. 

The quasi-analog action required of the digital PID controller is attained by sufficiently frequent 
sampling, i.e., by selecting a suitable scan time. 

1.2 Selecting the Scan Time 

1.2.1 Problem Definition 

The scan time is a characteristic of digital control loops which has no counterpart in  analog control 
systems. It represents the interval or period between two controller program cycles. 

The scan time should be as long as possible to reduce program run time. The longer the scan time, 
the less often the control system need call upon the services of the processor services, so that the 
number of control loops the processor can handle increases. 

The scan time must not be too long, however, as the controller is otherwise not able t o  react fast 
enough to  a interference. 

On the other hand, the scan time should not be below a certain minimum prescribed by the 
program execution times and the times the ADCs and DACs need for conversion. If, for example, 
the ADC (6E55-465-4U module) were to  provide a new measured value only every 400 ms, there 
would be no sense in  having a scan time of less than 400 ms. 

Another important aspect i s  the software controller, which should be able to be assigned param- 
eters in  the same manner as an analog controller, and still have the same performance character- 
istics. This requires that a software controller have approximately the same dynamic behavior as 
the analog controller. 

Selection of a suitable scan time is  therefore crucial. 



1.2.2 Rule of Thumb for Selecting the Scan Time 

The following must be taken into consideration before an attempt is made to formulate a rule o f  
thumb for selecting the scan time: 

The scan time is  generally a compromise between several requirements, many of which are 
contradictory. For this reason, a general formulation can be a guideline at best. 

- Strictly speaking, the term "time constant" is  defined only for first-order time-delay ele- 
ments. in practice, however, the majority of systems have an order > 1, i.e., they have more 
than one time constant. 

In this case, it is therefore meaningful t o  define at least the dominating time constant, or 
possibly a substitute time constant T. This could be allocated t o  a system based on its 
settling time Tg5 in accordance with the approximate relationship Tg5 = 3 * T for the TDI 
component (!). (Tg5 i s  the time taken by a controlled system t o  reach 95% of the final steady 
value in response to a step change in the regulating variable.) 

- The dynamic response of the control loop, and thus the selection of the scan time, is  
determined neither by the "smallest" nor the "largest" nor "the" system time constant, but 
rather by the controlled system's time constants; the latter result from the controller 
parameters that were set, and one of the controlled system's time constants i s  often a 
dominating time constant. Finally, the objective of a control system i s  usually a fast settling 
time, i.e., a reduction in the number of time constants effective within the control loop. 

"Rule o f  thumb" for selecting the sampling time (for a quasi-analog controller): 

Experience has shown that a sampling time of approximately 1/10 of time 
constant TRK, which determines the step-function response of the closed control 
loop, will result in a controller response comparable to that of an analog 
controller: 

I - TA = - 
I0 

TRK 



1.3 Compact Closed-loop Control System - Characteristics and Objectives 

The essential aspects of a compact closed-loop control system can best be illustrated by classifying 
the various possible control concepts. 

One method of solving a control problem is the implementation of a "tailor-made" controller. 
This is the optimum solution, since it is adapted to suit specific requirements. 

I t  is, however, a single-purpose controller, designed for a specific system, and must be redesigned 
for any other system. Any advantages in  terms of functionality are outweighed by high develop- 
ment overhead. 

I ts counterpart i s  the modular concept. The modular concept enables the user to  interconnect self- 
contained subfunctions in the form of pre-programmed software blocks t o  produce a controller 
structure of virtually unlimited complexity. This complexity presents great difficulties. 

The compromise between these two extremes is the compact closed-loop control system, which is 
characterized by a restricted range of certain elementary functions. Structuring overhead is  thus 
reduced to  the omission of unnecessary subfunctions. 

This concept is s t i l l  relatively flexible, i.e., it is easily adaptable to changing process situations, 
requires only average know-how on the part of the user, and requires little time t o  produce a 
highly efficient control system. 

It was this reasoning which led t o  the development of the R64 controller structure. This controller 
was developed for temperature control, drive control, volumetric flow control, level control and 
so forth. The controller provides the following advantages: 

- In addition to  the actual controller with PID algorithm, the compact controller provides 
functions for preprocessing of the setpoint and actual values and postprocessing of the 
computed regulating variable. 

I t  also provides display and monitoring functions. 

- This basic function set can also be configured to a limited extent. Subfunctions or entire 
branches can be disabled via so-called structuring switches. 

- Parameters need to  be assigned only for the program sections remaining in the reduced 
structure. 

- Implementation of a control system using the R64 controller structure, from structuring 
through initialization all the way up to i t s  invocation by the operating system, requires no 
programming overhead, nor does it require knowledge of the STEP5 language. 



2 General Remarks 

2.1 Standard Package 

The R64 controller structure is delivered as a software function block (FB702) on a PCPIM-86 
diskette suitable for a programmer. The function block is on the REGR64 ST.S5D file. This file also 
contains a DB1 whose use is  described in detail in section 2.5.1.2. The diskette also includes the 
REGLERSTSSD file, which contains controller data blocks as sample applications (see chapter 6). 

2.2 Performance Characteristics 

The R64 controller structure's most important performance data are listed below. Note that the 
controller can be put into operation without programming experience, i.e., without a STEP 5 pro- 
gram. Parameters are used to  interface the controller to the 110 module. 

Scan times: A maximum of eight different scan times is  permissible. 
Shortest scan time TA = 20 ms 

Program run time: < 2.5 r n s  

No. of controllers: As many as64, depending on the sampling times 
Max. 8 controllers when TA = 20 ms 
Max. 64 controllers when TA = 160 ms 

Data memory: One 1 K byte controller DB per controller 
A 64K user RAM submodule i s  thus required for 64 controllers. The 
number of controllers is restricted to 22 (R processor) l 45 (928 module) 
when using an EPROM submodule. 

Program memory: 

Setpoint branch: 

Actual value branch: 

The controller function block must be loaded only once into the 
module's user memory, regardless of the number of controllers used, 
and requires approximately 8K bytes. 

Input of a periodic sequence of setpoint values (setpoint string) 
Setpoint input over ADC 
Setpoint input from the programmer in the form of a constant 
Setpoint input via a STEP 5 program, e.g., for cascaded controllers 
Setpoint input through a setpoint generator (integrated in the ramp- 
function generator) 
Ramping of setpoint step changes (ramp-function generator) or filter 

Actual value input over ADC 
Actual value input from the programmer in the form of a constant 
Actual value input and measured value conditioning via a STEP 5 pro- 
gram 



Controller types: 

Elimination of mavericks from the conversion module (validity check) ( 
Actual value filtering (smoothing) 
Linearization of a non-linear characteristic (polygon curve) 

Controllers with continuous output (analog) and actuating signal 
conditioner 
Controllers with mark space output (pulse duration modulation of con- 
tinuous regulating variable) 
Point controlters 
Manual mode (open-loop mode) with precautionary measures for 
mode switching 

Process visualization: Display of status variables (setpoint, actual value, regulating variable) 
at specific measuring points by means of programmer (PG) or 
communications processor (CP) 
Output of these measured values to DAC 
Flagging of limit violations a t  these measuring points 

Operator-process 
communication: On-line modification of parameters via programmer, communications 

processor or STEP 5 program 

2.3 System Components 

The following hardware and software components are required for constructing a control loop 
based on the compact controller concept. 

2.3.1 Hardware 

A SIMATIC SS-13511 programmable controller with R-processor (CPU 922 beginning release 6) or 
CPU 928 i s  required. 

One of the following analog input modules i s  required: 

6ES5-463-4U (coding time 20 ms for 4 channels) 
6ES5-460-4U (coding time 0.48 sec for 8 channels) 
6ES5-465-4U (coding time 0.48 sec for 8 channels, 

0.96 sec for 16 channels) 
Both modules need these 
plugin range cards: +l- 20 mA 

+l- 50 mV, 500 rnV, Pt 100 
+l- 1 v,5v, l 0 V  
4 - 20 mA, see below 

Both modules must be set for cyclic sampling (two's complement) 

In the measuring range 4 to  20 mA, the value for 4 mA must be converted to  zero % ( =  OH). This 
can be set by a switch on the 463 module. The 460 and 465 modules convert 4 mA to 25% 
( =  1000H) and 20 mA to 125%. 
The controller must therefore adapt the format, which can beseleaed by setting D 24.6 to 1. 



6ES5-243-1 A (coding time 35s) 
This module can be used only in conjunction with aSTEP S program (+ 2.3.1.1). 

One of the following analog output modules, where applicable, is required: 

6ES5-243-1 A with STEP S program only (+ 2.3.1.1) 

One of the following digital I10 modules, where applicable, is  required: 

A PG 635, PG 675, PG 685 or PG 695 programmer. 
Process-specific peripherals (switches, displays, power supply, etc.). 

2.3.1 .l Adapting the Module Format 

The 243 analog I10 module can be used only when a STEP 5 program matches the input and output 
value to the controller's analog 110 format. 

a) Analog input module, bipolar mode, + l -  5 V or + l -  10 V 

In the example below, controller DB 50 i s  supplied with a setpoint and an actual value from 
a 243 analog module set t o  module address 192. 

L KHOOOO 
T PY199 
T PY198 
C DB50 
L PW198 
L KH8000 
-F 
SRW 1 
T DW168 
L KH0001 
T PY199 
T PY198 
L PW198 
L KH8000 
-F 
SRW 1 
T DW169 

Select channel 0 
(PY = peripheral byte) 
Start ADC 
Select controller, e.g. DB50 
ADC value from channel 0 
Match data format 

Setpoi nt in controller DB 

Select channel I 
Start ADC 
ADC value from channel 1 
Match data format 

Actual value in controller DB 

The SRW 1 command must be omitted when only half of the convertible voltage range is to  
be used, thus providing an overflow of 100% to 200%; 5 V isthen converted t o  100%. 

b) Analog input module, unipolar mode. 0 - 10 V 

In the following example, controller DB 50 is  supplied with a setpoint and an actual value 
from the 243 analog module, which is set to  moduleaddress 192. 



L KHOOOO 
T PY199 

T PY198 
C DB50 
L PW198 
SRW 1 
T DW168 

L KH0001 
T PY199 
T PY198 
L PW198 
SRW 1 
T DW169 

Select channel 0 
(PY = peripheral byte) 
Start ADC 
Select controller, e.g. D050 
ADC value from channel 0 
Match data format 
Setpoint in controller DB 

Select channel 1 
Start ADC 
ADC value from channel 1 
Match data format 
Actual value i n  controller DB 

The SRW 1 command must be omitted when only half of the convertible voltage range is t o  
be used, thus providing an overflow of 100% to 200%; 5 V is then converted t o  100%. 

c) Analog output module 

In the following example, the actuating signal at DAC 1 of the controller with DB number 
50 is output t o  channel 1 of a 243 analog module. 

C DB50 
L DW208 
L KHFFFF 
XOW 
SRW 3 
A D208.15 
T DW21O 
= D210.15 
L DW210 
T PW192 

Select controller DB, e.g. 50 
Value of regurating variable from controller DB 
Match data format 

Output to  channel 1 of module 

SRW 3 must be replaced by SRW 4 when only half of the convertible voltage range is to be 
used, thus providing an overflow of 100% t o  200%; 5 V is then converted to 100%. 

The dead time between the read-in of an exact actual value and output of the computed 
correcting signal can be calculated in the worst case (only when the value is supplied and 
read by a STEP 5 program) from the sum of: 

the ADC's coding time 
the scan time of the STEP 5 program for format-adjustment on input 

- the controller's sampling time 
the scan time of the STEP 5 program for format-adjustment on output 

- the DAC's conversion time 

The dead time varies, as the ADC, the STEP 5 program and the time-controlled controller call are 
asynchronous. 



2.3.2 Software 

The following software is required: 

Diskette for programmer with Personal CPIM-86 System 

Diskette with SS-DOS basic package 

Diskette with COM REG software package 

Diskette with controller software 

User diskette for storing the controller data blocks 

Where applicable: PG 670 I PG 675 operating system for generating and modifying a STEP 5 
control program 

COM REG is the programmer software for the R64 controller structure, and supports the follow- 
ing: 

- Input and modification of controller parameters through generation and modification of 
a controller DB 

- Transfer of controller DBs and the function block toifrorn programmer (floppy, 
Winchester) /programmable control ter 

- Processor mode control (STOP, cold restart, warm restart) and setting the mode on indi- 
vidual controllers (STOP, Start) 

Visualization of status variables (setpoint, actual value, regulating variable) on individual 
controllers on line 

Modification of controller parameters and modes on-line 

Note: . The controller DBs, as well as DB2, must be generated with COM REG. DX blocks can- 
not be used as controller data blocks. 

On 'Output'and ' Test', COM REG checks for a controller DB by viewing the version 
number (DW2). 

COM REG checks only a few parameters for validity. 
For this reason, particular attention must be paid to the applicable value ranges when 
the parameters are assigned. Critical values are shown in bold type in the tables in  
chapter 3. 

Figure 2-1 shows the interconnection of the hardware components and their interfaces to the 
process to  be controlled; particular emphasis has been placed on the control loop structure. 



z 4q .l 
F~gure 2-1 SIMA'TIC 55-1 35U In a control ioop 



2.4 Block Transfers between Diskettes with Different Formats 

a) Function and data block handling with the SS-DOS basic package: 

The programs in the 55-00s basic package store blocks in files on diskette in the same format 
as COM REG. These software packages can thus accessthe same files. 

b) Function and data block handling with the PG 670 /PG 675 operating system (STEP 5 software 
for the PG 675 which cannot execute under PCPiM or 55-DOS): 

Data blocks can be transferred to a STEP 5 diskette via the module, which acts as a buffer. (The 
blocks are transferred to the programmable controller with COM REG and from there to  the 
STEP 5 diskette). 
Controller function blocks cannot be transferred with this software, and an attempt t o  do so 
could result in a system crash. 
The following must be carefully observed: 
Because the function block is written in assembly language, it must be stored at a paragraph 
address when transferred to  the programmable controller. (The FB header must begin at 
address XXXOH or XXX8H, i.e., the starting address of the FB must be XXX5H or XXXDH). The 
STEP 5 software mentioned above cannot do this; the result i s  a system crash on execution of a 
cold restart. 
This can be prevented as follows: 
Transfer the controller FB twice consecutively t o  the programmable controller and invoke the 
'COMPRESS' function. 
The controller FB now begins at a paragraph address, thus enabling a cold restart. 

As previously mentioned, the controller FE i s  written in assembly language and cannot be 
decompiled. 

2.5 Invoking the Controller over the Operating System 

2.5.1 Initializing the Call via DB 2 

The controller PB need not be invoked with a JU FBxxx. A controller's call interface to the 
operating system is data block DB 2, referred to as the controller l ist. The numbers of the 
controller data blocks must be entered in  DB2, and the number of the controller FB (which is 
delivered as FB102) in the controller DBs. 
On a coldrestart, the OS checks to  see whether a DB2 i s  in the processor's memory, and puts the 
controller into operation in  accordance with the sampling times selected for the DBs. 
Thus, before a controller can be put into operation, the R processor's memory must contain a DB2, 
the controller DBs entered in the DBZ's list, and the controller FB whose number was specified in  
these controller DBs. 



Figure 2-2 shows how the system software organizes the various blocks. 
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Flgure 2-2: Organlzatton of block processing 

The priority of the program levels is evident, i.e. it increases in the progression. A higher-priority 
program can interrupt a lower-priority program at the end of a block (presetting) or statement. 
The latter must be programmed in the DXO block (see the programming manual for the 
processor). 

A special feature is the updating of the controller's process input image. The operating system 
maintains a process input image for each controller ( + 2.5.1.2). The input image is not generated 
or updated as a function of the controller, but rather at the precise sampling instant, indepen- 
dently of any program. The controller executes i t s  functions as shown above. 



Both DB2 and the controller DBs must be generated with the COM REG programmer software. 

* * 
* W'-'= Module : R - P m .  S t r u c t .  : * * C c n m l l e r  list Saure/Dest. : File Block : DB 002 * * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  * 
* * 
* T i m  base : 20 ns * 
* * 
* Ihe Scan tims of the colrmrns are: -k 

* * 
* 100s 1 4 0 m s  1 1 0 s  I lGUm j 1 . 0 0 h n  I 1 S t 0.10h 1 20m * 
2- 4 - _r -a.+ --+ - A- 

* DB DB I DB DB I D3 I DB I DB I DB * 
* - - - - - - - - - + - - - - - - - - - + . - - - - - - - - - + - - - - - - - + + + +  * 
* 33 1 59 1100  1 37 45 1 77 1 1 1  1 3 * 
* I I l 67 l l l I - - -  * 
* I - - -  I l 1 1 I 1 * - -  * 
* I - - -  I I 1 l I 1 - - -  * 
* I - - -  I I I I I I - - -  * 
* I - - -  I 1 I I I I - - -  * 
* I - - -  I I - - -  I i 1 I - - -  * 
* I - - -  I I - - -  I I l I - - -  * 
* * 
A- * 
* F 1  ! F 2  ! F 3  ! F 4  ! F 5  ! F 6  ! F 7  ! F 8  * 
* r t I I I I * 
* h t e r  DB !Rennve lX!Tim base! I ! I Re&y ! Break * 
* * 
$ ~ : 1 ; % % ~ ~ ~ % % W 1 : ~ ~ % W ~ M % Y d ~ % % d ~ % % % ~ % ~ % % % ~ ~ % % W ~ ~ ~ % % % ~ ~ ~ % a % 1 : ~  

F~gure 2-3:  Example of a completed D02 screen form (controIler I ~ s t )  

Details on the scan times (+ 4.1 ): 
- - - 

100 ms = 100 rnill~seconds 
10 s = 10 seconds 

0.10 hm = 0 hours, 10 minutes 

--- indicates that fewer than eight controller DB entries may be made in one controller list 
column. 

The first item in the controller list must be the time base. (The time base is discussed in detail in 
section 2.5.1 . l ) .  When selecting the time base, note that it must be a common divisor for all of the 
controllers' scan times. 

Once the time base has been chosen, the controllers can be entered in the l i s t  by specifying their 
DB numbers. Observe the following when doing so: 

- Point controllers and controllers with mark space outputs are entered in the controller l i s t  
(DB2) with minimum pulse du f~ t i on  T,,,, rather than with the scan time. 

- The minimum pulse duration is the shortest possible duration of a pulse. A pulse can be an 
integer multiple of the minimum pulse duration. These controllers must be called with the 
minimum pulse duration, as they can modify a pulse output only onr;e each time they are 
invoked. 



The minimum pulse duration thus corresponds to the pulse width. The controller DBs (which , 
are initialized with eitherthe required scan time or the minimum pulse duration) must already 
be present in  the DB2's destination device (floppy disk. Winchester disk or programmable 
controller) when the controller l i s t  is generated. 

If they are not, the programmer software cannot enter the controller i n  the l i s t  following 
entry of the DB number because it does not know its scan time (or the minimum pulse dura- 
tion). 
COM REG accesses the correct value (scan time or minimum pulse duration) when generating 
DB2, basing i t s  choice on the type of controller involved. 

Controllers with identical scan times are entered in the same column in data block 082. The 
maximum number of controllers that can be entered in one column is ascertained by dividing the 
scan time by the time base, but may not exceed eight. 

The processing time per controller call i s  < 2.5 ms. The maximum number of controllers which can 
be invoked (from 8 to 64) depends on the scan times. 

2.5.1.1 Selecting the Time Base 

The time base determines the time within which the controllers in one line of the controller l i s t  are 
invoked. Each controller is assigned an equal slice of the time base t o  ensure that the STEP 5 
programs that are executing in  parallel wil l  do so as uniformly as possible. 

Thus, the larger the time base, the better i t s  distribution among the various controllers. If the time 
base is short (20 ms is the minimum), the controllers will execute consecutively in as little time as 
possible. This results in leftover time, dead time, in which no controller can be invoked (as all must 
wait for the next clock pulse for the first controller). 

The interval between invocation of the controllers in one line i s  the time base divided by the 
number of columns in which entries have been made. 
When the time specified by the time base has expired, the controllers that were entered on the 
next line of the l is t  are invoked. The interval between the controllers in a column is thus identical 
t o  the time base. The interval between the last and the first controller in a column is computed as 
follows: 
Interval = column scan time - (time base (number of controllers - l)), where the number of con- 
trollers i s  the number of controllers in the column. 
The controllers in  a cascade should be invoked in as short a time as possible. This is  done by specify- 
ing the lowest possible value, which i s  20 ms, as time base. 



Two different times are of interest when a STEP 5 program i s  to  execute in addition t o  the control 
system : 

* The average processor load attributed t o  the control system is computed from the sum of the 
in-service times of the individual controllers, i.e. the sum of execution timelscan time for all 
controllers (execution time C 2.5 ms). 

* The maximum processor load within a specific period of time is important, as it enables 
computation o f  the maximum amount of time by which the STEP 5 program cycle can be 
prolonged because of controller processing. The maximum processor load within the period 
prescribed by the time is computed with the formula: 
2.5 ms * number of columns occupied in  the controller l i s t  I time base. The time base should 
define the longest possible time period in order to minimize thisvalue. 

2.5.1.2 Controller Process Image 

Until recently, there was a process image for the cyclic STEP 5 program only. In a configuration 
with R processor and CPU 928, there is also a so-called controller process image for each controller 
executing under operating system control. The controller process image is  located in the controller 
data block. 
The process image is updated and read out via the H0 modules with the aid of the address l is ts  
(also located in the controller DB) and of the I f0 addresses required for the controller process 
image. In this connection, not only the digitallanalog modules and the IPC flag area on the 
coordinator, but also the processor's flag area, is regarded as an I/O area. 
The controller process image i s  updated independently of the STEP 5 process image. When a 
controller references an I10 address lower than 128, that address need not be specified in DB 1, as 
is the case when referenced by a STEP 5 program. 
A conflict ensues when a controller writes to an output address < 128 for which a STEP 5 process 
image is also to be generated. This can be avoided by initializing a DB1 in which this address is  not 
specified. (This is described in  more detail in  section 5.7). Program file REGR64STS5D contains a 
"blank" DB1 for those who want t o  use a controller without the STEP 5 program. Transfer of this 
DB1 t o  the programmable controller prevents generation of a STEP 5 process image on initiation 
of a cold restart. 

Two different procedures, both of which can be specified via COM REG, are available for updating 
the controller process i mage: 

Common updating o f  inputs and outputs: 

The presetting option is  a common update o f  controller inputs and outputs immediately 
prior t o  controller processing. 
In this case, the dead time between process input and processoutput image is invariable, and 
is identical t o  the scan time. The dead time can be taken into account when the controller 
parameters are defined. 



Separate updating o f  inputs and outputs: 

Through selection of the controller behaviour: 
The controller outputs should be updated immediately following controller 
processing: YES 

D 2.6, PIQ = 1, see chapter 7), updating of the controller process image is carried out in two 
stages, i.e. the inputs are read before the controller i s  invoked, and the output values are 
output immediately prior t o  controller processing. 
This could result in a varying of the dead time between updating of the process input and 
process output images. The process input image i s  updated precisely in union with a con- 
troller's timing signal, but processing of the interrupted STEP 5 block is  completed before the 
controller is invoked. 
The dead time thus varies between 2.5 ms and the execution time of the longest STf P 5 block. 
The variation in the dead time i s  scarcely noticeable when the scan time is appreciably longer 
than the longest STEP 5 block's execution time (which is frequently the case). 
In conjunction with a number of processors, a variation in the dead time can be intrusive and 
may result in instability. The option for common updating of inputs and outputs has been 
provided for this reason. 
Variations in the dead time between input and output can also be eliminated by enabling 
the interruptability of STEP 5 programs in block DXO following completion of a statement, 
should this be feasible. 

Example o f  a DXO block: 

DWO : K5 = MASKXO 
DW3 : KH = 0601 ; 
DW4 : KH = 1008; 
DW5 : KH = EEEE; 

When DXO is input as shown in the example above, a STEP 5 program can be interrupted by a 
controller program or hardware interrupt following execution of a statement ( program- 
ming manual for the relevant processor). 

2.5.2 Calling a Controller in  a STEP 5 Program 

Beginning with release 4 of the SS-DOS basic package. a controller can also be called by a STEP 5 
program. No DB2 is used in this case. 

NOTE: When a controller is invoked by a STEP 5 program, the number of the controller DB 
the controller is to  work with must be entered in line 'DBR : '. 
Examp1e:'DR : DB25' 

When a controller is called in  a STEP 5 program, certain bits must be set i n  the controller DB prior 
t o  initiating a cold or warm restart. (For details on these bits + chapter 7). The controller process 
image is not updated, as is the case when a DB2 is used, i.e., the STEP 5 program must also supply 
the controller with process status information. 



The following routine must be included in OBZO (the operating system calls this block on every 
processor cold restart) for each controller DB: 

:O F 0 . 0  
:ON F 0 . 0  
:C D B x x x  
:S D 2 . 0  
: J U  F B 1 0 2  

NAME : F B l O 2 S T A  
DBR : D B x x x  

SET RTLO 
SELECT CONTROLLER DBxxx 
SET BIT 2.0 IN THE DB (RIN) 
CALL CONTROLLER FBI 02 
NAME OF THE CONTROLLER FB 
ENTER CONTROLLER D0 

The following program must be included in 0B21 (the block that the OS calls on a manual 
processor warm restart) and in 0B22 (the block that the OS calls on an automatic processor warm 
restart) for each controller DB: 

:O F 0 . 0  
:ON F 0 . 0  
:C D B x x x  
:S D 2 . 3  
: J U  F B 1 0 2  

NAME :FBlOZSTA 
DBR : D B x x x  

SET RLO 
SELECT CONTROLLER DBxxx 
SET BIT 2.3 IN THE DB (WAB) 
CALL CONTROLLER FBI 02 
NAME OF THE CONTROLLER FB 
ENTER CONTROLLER DB 

Calling the controller in OB13 (which the OS processes every l00 ms) will ensure that the scan time 
is observed. Scan times of more than 100 ms can be implemented by programming a counting loop 
in OB13. 
When using point controliers and controllers with mark space output, the interval between execu- 
tion of two controller programs must correspond to  the minimum pulse duration. 

The scan time and, where applicable, the minimum pulse duration must be specified correctly 
when initializing the controller DB. 

The controller can be called in  the following manner: 

:C D B x x x  
: L  PW128  
:T DW168 
: L  PW130 
: T  DW169 
: J U  F B 1 0 2  

NAME : F B 1 0 2 S T A  
DBR : DBxxx 

: L  DW208 
: T  PW144 

SELECT CONTROLLER DBxxx 
READ PERIPHERAL WORD 128 
ENTER IN CONTROLLER DB AS SETPOINT 
READ PERIPHERAL WORD 130 
ENTER IN CONTROLLER DB AS ACTUAL VAL. 
CALL CONTROLLER FB 102 
NAME OF THE CONTROLLER FB 
ENTER CONTROLLER D3 
READ OUT MAN. VAR: FROM CONTROLLER DB 
OUTPUT TO I/O MODULES 

Please note the numerical formats of the I/O modules used; format conversions described in  sec- 
tion 2.3.1 -1 must also be carried out where necessary. 



The processor load resulting from the call can be reduced by the programming of counting loops , 
in  051 3. For example, two controllers with sampling times of 200 ms can be invoked in such a way 
that only one of the two will execute every 100 ms. Unlike definition of the time base i n  DB2.0613 
does not support minimization of the processor load. 

2.6 Structuring 

It is  recommended that compact controllers be structured as shown in Figure 2-4. 

Start the PCPIM program on the programmer 
Start the 55-DOS operating system 

(by entering 'SS') 
Call the COM REG utility 

and select 'Input' 'frog. File' 

Select the 'R664' controller structure 
Enter the DB number (3, . . . ,255) 

Specify the scan time 
Specify controller response and FB numer 

(entering the controller name and the 
area name for CP526 where applicable) 

Specify physical dimension 
Initialize required functions 

/ 
\ 

Any more controllers? '2 
I Yes 

Enter the time base and the DB numbers 
in the controller list (DB2 screen form) 

Connect programmer to PC and set PC to STOP 
Transfer the controller DBs, D52 and the 

controller FB t o  the PC 

Start up: 
Initiate a cold restart on the PC 

F~gure 2-4: Conf~guring procedure 



2.7 Entering and Modifying Input Variables 

2.7.1 Parameters that Cannot be Modified during Operation 

The scan time and minimum pulse duration parameters cannot be modified during operation. 

Note: When the scan time or minimum pulse duration is  changed, the associated controller 
must be deleted from DB2 and then reentered (and a cold restart subsequently initiated). 

The structuring switch in data words 23 and 24 may not be changed either. The only exception is 
structuring switch S8 (ADC setpoint, presetting D 23.7), which can be modified during operation 
(via a STEP 5 program only; COM REG does not permit modification of the S8 switch). 

2.7.2 Parameters that Can be Modified during Operation 

The controller program converts the user-specified parameters (e.g. PID controller parameters Kp, 
TN, TV) into a numerical format which is  not identical to  the input format. In addition, arithmet~c 
conversions are also required in  some cases. For example, user parameters TN and TV are converted 
on the basis of scan time TA into module parameters TI = TAnN and TD = Tv/Ta when the 
controller in  question is a PID controller. 

These conversions are carried out on a cold restart. 

The user must inform the controller of his intention to modify a parameter during operation by 
setting an operator control bit. 

The modifiable parameters (which are located i n  DW25 to DWl05 in the controller DB) are divided 
into two groups, each of which has its own operator control bit. 

The time required for parameter conversion i s  divided between the two groups. 

- Operator control bit BED7 (D 7.8) must be set to  modify a parameter located in DW25 - 
DW55. 

- Operator control bit BED2 (D 7.9) must be set to  modify a parameter located in  DW56 - 
DW105. 

When a parameter is modified (forced) over COM REG, the associated control bit i s  set automatic- 
ally. 

The relevant operator control bit must be set when a parameter i s  modified via a STEP 5 program 
or the STEP 5 programmer software. When an operator control bit is set, the controller converts 
the parameters but does not compute the output values (e.g. regulating variable). 

To ensure that continual setting of an operator control bit in  a STEP 5 program will not suppress 
computation of the output values altogether, the controller must be called once with a JU FBI02 
(without supplying input or output values) when an operator control bit has been set. When 
called with JU FB 102, the controller converts the parameters. 

The controller then resets the operator control bit. 



The operator control bits have different effects on different types of controllers: 

a) Controllers with continuous output signal 

Processing of the controller program is arrested for one cycle when only one of the two 
operator control bits (BED1 or BED2) i s  set, and the parameters allocated to that bit are 
converted instead. 

When both BED1 and BED2 are set, the controller program executes once following con- 
version of the parameters allocated t o  BED1 before BED2 takes effect, thus preventing 
deferment of the program cycle twice ~n succession. 

b) Controllen with two-step or three-step output signal 

Point controllers and PID controllers with mark space output require no special provisions for 
a situation in which both BEDl and BED2 are set ( =  l ) ,  the reason being that the minimum 
pulse duration (T,,,) of the relevant pulse output module, rather than scan time TA, i s  
decisive for invoking them. 

TA should be defined as n * T,,, (where n 2 1). as the regulating variable computed by the 
controller - converted into pulse duration - must be output in a smaller time grid. The 
complete controller program is thusactually executed in the scan time's (TA) cycle. 
Program calls between two sampling periods serve onlyto update the relevant pulse output. 
Since the pulse generation program needs only little time to execute, enough time is  still left 
to  convert the parameters allocated to  one operator control bit. 
If the entire controller program must execute, it is delayed by one controller call t o  enable 
conversion of the parameters allocated t o  BEDl or BEDZ. 

2.7.3 Process Image Input Variables 

The following mechanism is used for ADC inputs and relays (DW180): 

The operating system automatically updates the process image. When an I10 address of an input is 
allocated an address value (+ chapter 4 for details on the numerical representation of addresses), 
a value is read from the relevant I10 module (or from a flag or interprocessor communication flag) 
and entered in the corresponding process image (a data word in  the controller DB). The controller 
then evaluates this data word. The controller DB must therefore not be supplied with these values 
by a STEP 5 program. 

A value can be written to  a process image by a STEP 5 program or modified with the programmer 
using the 'Force' function (e.g. the relays using COM REG). In this case, however, the associated I10 
address cannot be assigned a value. When using COM REG, blanks must be specified when the I10 
address is entered (blanks, not a zero, as zero would be interpreted as I10 address 0). The 
operating system then no longer updates the process image in the controller DB. 



The I f 0  addresses may be modified during operation (using a control program, not COM REG). It is 
therefore possible t o  disable and enable automatic process image updating. 

NOTE When COM REG is used t o  disable an ADC input (structuring switches 58,511, S13 and 
S12), the corresponding 110 address i s  not deleted, i.e. the 110 module will s t i l l  be 
addressed. 
If it is necessary t o  prevent this, the address must be deleted when the input i s  
disabled (by the overwriting of it with spaces) before the structuring switch is 
modified. 

When using an analog input module with an effective range of 4 t o  20 mA, you can choose 
controller-initiated format adjustment when specifying the controller behaviour (D 24.6 = 1); 256 
units are subtracted from the input value when you use a 463 module, 512 units when you use a 
465 or 460 module. This adjustment operation i s  carried out at all ADC inputs. (Although the bit 
cannot be set with COM REG release AO2, it can be set using the STEP 5 program software.) 

2.8 Output Variables 

2.8.1 Measured Values 

COM REG's TEST function displays a controlfer's measured values (see the structure diagram). 
These can be read out and processed further using a STEP 5 program fDW232 t o  DW243). 
Attention must be paid to the numerical format (with dimension or as percentage -P 4 and 7). 

2.8.2 Process Image Output Variables 

The same mechanism for automatic process image updating is used for the DAC outputs and 
output bits (DW220) as is used for the process input image: 

The controller stores the output value in a data word in the controller DB. If the I/O address of an 
output i s  allocated an address value (for details on the numerical representation of addresses -B 

chapter 4), the operating system reads the value from the relevant data word in the controller DB 
and outputs it t o  the I/O module (or flag or interprocessor communication flag). 

If a value in the process image is  to be evaluated by a STEP S program only (or not at all), the 
associated 110 address may not be assigned a value. When using COM REG, spaces must be entered 
when the I/O address is input (spaces, not a zero, as a zero would be interpreted as I10 address 0). 
The operating system then no longer addresses an 110 module for thisoutput. 



The I/O addresses may be modified during operation (using a control program; not COM REG). It i s  , 
thus possible t o  enable and disable automatic process image updating. 

NOTE: When COM REG is used to disable a DAC output (structuring switches 53, 515, 516, 
519,520) the corresponding I/O address is not deleted, i.e. the I/O modules will s t i l l  be 
addressed. 
If this is  not acceptable, the address must be deleted (overwritten with spaces) when 
the output i s  disabled before the structuring switch is  changed. 

2.9 Interconnecting Inputs and Outputs 

A controller's output value can also be the input value for another controller 

This is done by entering the value at a DAC output into a flag word (when the controller updates 
the process image). When another controller updates i t s  process image, it can read in this value 
over an ADC. 

A STEP 5 program can also establish this 'link' by reading a process output image and writing it t o  
the required process input image. Format adjustment is unnecessary, as all values are in ADC 
format (+ chapter 4). 

Measured values can be supplied t o  a controller as input values in one of two ways: 

The simplest way is t o  connect a test socket a t  the measuring point. The controller then 
converts the value into ADC format and enters it in the process image of either DAC 3 
(DW218) or DAC4(DW219). 

A STEP 5 program can read it out from there (in the controller DB) 

By specifiying a flag word when initializing the test socket with COM REG, you can trans- 
ferthe value to a flag word during process image updating and read it out from there. 

- TAnother way is  a direct readout of the measured value (DW232 to DW243). In this case 
attention must be paid t o  the data format when the value is to  be evaluated and pro- 
cessed further (with dimension or as percentage, + chapter 4). 



2.10 Effects of the Various Startup Modes 

2.10.1 Processor Cold Restart 

On a cold restart, the start routine first sets data words DW208 to  DW511 in all controller DBs to 
zero, thus deleting all internal historical values of the controller, as well as the process output 
image and the measuring points. 

The parameters are then converted. 

The actual processing of the controller program then begins, including evaluation of the first 
process input image. 

2.10.2 Processor Warm Restart 

As far as controller program processing i s  concerned, there is no difference between a manual and 
an automatic warm restart. On the basis of deviation e = W - X, the following restart criterion is 
checked in both cases: 

If this condition is true, it is assumed that the interruption was of such short duration that actual 
value X has not yet deviated much from setpoint W, and that it is therefore possible t o  continue 
using the old historical values and the old regulat~ng variable for subsequent computations. 

If the condition i s  not fulfilled, all historical values are deleted and the control system is  started as 
if a cold restart has been initiated; the regulating variable is zero. 

2.10.3 Restarting a Controller (Cold Restart) 

A single controller can be stopped using the special COM REG function 'Controller processing' (D 
7.0 = 0 in the controller DB). 

When the controller i s  switched back on (D 7.0 = l ) ,  i t  i s  started in the same way as for a processor 
warm restart. 

B i t  D 7.0 can be used only t o  stop or start a controller that was entered in DB2 when the processor 
cold restart was initiated. 

2.1 1 Transition from RUN -- > STOP 

When initializing the controllers, you must specify whether the 1/0 channels are to  be set t o  0 
(D 2.7) when the PC goes from the RUN t o  the STOP mode, or when one controller is switched off 
(+ 2.10.3). 



When using COM REG, you must specify this when defining the controller behaviour. l 

This procedure refers only t o  the controller outputs declared in the output address l is t  in the 
controller DB. 

I f  the function i s  disabled with 'NO' (D 2.7 = O), the relevant I10 port retains itscurrent state. 

2.1 2 Operator-process Communication and Process Visualization Using Com- 
munications Processors 

In addition to  the COM REG utility, many other sophisticated programs are available for operator 
control and monitoring of the R64 controller structure using standard displays and communica- 
tions processors (CPs). These programs can output graphic displays or printouts of essential values 
from one or more control loops. Data display terminals equipped with a process keyboard can be 
used to  enter and display parameters and input variables. 

The standard software blocks for closed-loop control and communication (SRK) provide the 
following facilities. 

- ~ o c a l  operator-process communication and process visualization 
(Local Operator System, LOS) 

- Centralized opera tor-processor communica tion and process visualization 
for up to  eight programmable controllers (Master Operator System, MOS) 

- A message control system for standard CPs. 

2.1 2.1 Local Operator System 

Together with the data handling blocks, the SRK-LOS software package serves as the interface 
between processor and communications processor. Only the first slot in the programmable 
controller i s  available forthis purpose, i.e. each PC may be equipped with only one processor. 
COM SRK is the comparable utility for the programmer. The following displays are available: 

Loop Display 

A loop display enables the user t o  control and monitor a single controller. The following functions 
have been implemented: 

- Setpoint, actual value and regulating variable are displayed in  the form of numbers 
and colored bars. 

- The following limits are displayed when exceeded 

- Upper danger limit 
- Upper warning limit 
- Lower danger limit 
- Lower warning limit 
- Upper setpoint limit 
- Lower setpoint limit 
- Upper limit for the regulating variable 
- Lower limit for the regulating variable 



- The following parameters are displayed and may be modified: 
- Proportional value Kp 
- Proportional gain R 
- Integral-action time TN 
- Derivative-action time TV 
- Actuating time TM (point controller) 
- Upper threshold for the dead band (point controller) 
- Lower threshold for the dead band (point controller) 

The following modes are available: 

- Automode 
- Manual mode, value input from keyboard or ADC 
- Internal mode (setpoint input from keyboard, controller setpoint) 
- External mode (setpoint input via ADC) 

- The controller can be switched off and on 

Group Display 

A group display enables the user t o  monitor the setpoints, actual values and regulating variables, 
as well as the modes, of up to six controllers: all values can be displayed as numbers andlor bars. 

The user may specifiy the mode, setpoint and manual input value for any controller in  the group 

Plant Display 

The plant display is the highest-level display. Proceeding from this display, the user may select as 
many as eight group displays. I t  i s  thus possible to  control and monitor as many as 48 controllers 
(eight groups of six control loops each). 

Required Hardware Configuration 

The following components are required in  addition t o  those necessary for putting the R64 
controller structure into operation (i.e. programmer, programmable controller, I10 modules: + 
2.3.1): 

- A CP526 communications processor 
- A color monitor 
- A process keyboard 
- Cable for connecting the process keyboard to the CP 

Required Software Configuration 

The following software packages are required in addition to  those necessary for starting up the 
R64 controller structure (i.e., PCPIM, SS-DOS, COM REG, R64 controller structure: + 2.3.2): 

- COM 526 
- Data handling blocks for communications processors 
- COM SRK utility (programmer software) 
- SRK-LOS software package (PC software) 



2.1 2.2 Master Operator System I 
Controllers in  up t o  eight PCs can be serviced and monitored using the SRK-MOS software 
package. The PCs are interfaced over the SINEC H 1 local area network in conjunction with a CP 535 
comrn unications processor. 
The scope of the SRK-MOS software (loop, group and plant displays) is identical t o  that of the SRK- 
LOS software, but includes an option for showing as many as eight plant displays, i.e. up t o  384 
controllers in eight PCs. in a single overview display. 

2.13 Programming EPROMs 

COM REG cannot be used t o  write or blow blocks into EPROM. 

The 55-DOS EPROMIEEPROM package, beginning with release 4, can be used for this purpose 

Note the following when using the PG 670 / PG 675 operating system to transfer blocks to  
EPROMs: 

Because the function block is written in assembly language, it must begin at a paragraph 
address (this means that the FB header must begin at address XXXOH or XXX8H, i.e. the FB 
itself starts at address XXXSH or XXXDH). The starting address of the EPROM (the address 
at which the first block transferred is stored) is a paragraph address. 

The controller FB (FB 102) must be blown as first block t o  an empty EPROM 

Failure to do so, i.e. failure to  transfer the FB first to  make sure that it starts at a paragraph 
address, will cause the R processor t o  have an undefined state following a cotd restart. 

On the first cold restart, controller DBs stored in EPROM must be copied to DB RAM following an 
Overall Reset. Because the controller DBs are initialized before the restart 0% executes, they must 
be reinitialized after they have been transferred to RAM. 

The following sample program (which is in  0820) copies controller DBs 3 and 4 to  RAM and ini- 
tializes them only when they are located in EPROM. The program can be easily modified for one or 
more controller 00s. 



Network 1 
0000 
0001 
0002 
0004 
0005 
0006 
0007 
0008 

:C DB3 
:L DW210 
: L  KF+1 
: +F 
:T DW210 
:L DW210 
: ! = F  
: BEC 

0009 :O F 0 . 0  
OOOA :ON F 0 . 0  

OOOB 
OOOD 
OOOE 
OOOF 
0011 
0013 
0014 NAME 
0015 DBR 

0016 
0018 
0019 
O O l A  
O O l C  
OOlE 
OOlF NAME 
0020 DBR 
0021 

Check to see if DB3 is in 
the EPROM 
(by attempting to write and 
then read out a word) 

Block end when DB is in RAM 

Set RLO 

Copy DB3 to RAM 

Set initialization bits for 
cold restart in DB3 
initialize controller 

Copy D04 to RAM 

Set initialization bits for 
cold restart in D54 
Initialize controller 

Blocks D81 and D82 need not be copied to RAM. 



3 Functional Description 

When you read this section, place the structure diagram of the controller ( +  11) next t o  the text. 
Before going into the various controller branches, note the following in regard to  input of a DB 
using COM REG: 

Before entering a controller DB, it is necessary to specify the positions of the structuring 
switches (DW23 and DW24). With the exception of 58, D23.7 these switches cannot be 
modified once a cold restart has been initiated. 

The relays (DW180) can be modified only by use of the COM REG test function 

As the switches are numbered in the structure diagram but referred to by name in COM REG (e.g. 
S5 = validity check), both designations have been given in the text. 

A physical dimension may be specified when parameters are entered in the setpoint and actual 
value branches (+chapter 4, Numerical Formats). This consists of a unit (up to  six characters, e.g. 
DEG-C) and allocation of the values read in  on the ADC as a percentage of the conversion range. 
For example, the value 20 DEG-C can be allocated to 0% on the ADC, the value 1200 DEG-C to 
100% on the ADC ( =  nominal range). The value assigned t o  0% may be a negative quantity. The 
highest value that may be entered is  10000, and may have a decimal point at any location (e.g. 
10.000 or 1000.0). The number of decimal places in the 0 percent and in the 100 percent value 
must be identical. 

3.1 Setpoint Branch 

The setpoint for measuring point MP 1 may be input as follows: 

Over ADC 1 
(-2.7.3) 

Over the control setpoint ADWentry 
This value may be entered from the (58. D 23.7) 
programmer or via a STEP 5 program Control setp./setpoint string 

(D 180.5 can be modified with 
COM REG in Test mode only) 

Over the setpoint string ADUentry 
(58, D 23.7) 
Control setp.lsetpoi nt string 
(D 180.5 can be modified with 
COM REG in Test mode only) 

The setpoint at measuring point M P  1 can be processed by the ramp-function generator 
(59, D 23.8 = l) and the filter (S1 0, D 23.9 = 1). 

The setpoint at measuring point M P  2 i s  monitored by a limit monitor. D 255.5 = 1 indicates that 
the upper setpoint limit has been exceeded, D 255.4 = l that the setpoint has violated the lower 
setpoint limit. The setpoint itself is not limited. 



The setpoint used for computation of the deviation can be locked at zero percent (setpoint 
disable, D 180.6 = 1). 

3.1 .l Setpoint String 

A periodic, stepped or ramp-shaped setpoint profile can be generated from up t o  ten specifiable 
setpoint values. 

Stepped Profile (D 24.4 = 0) 

The output variable is stabilized at a setpoint for the duration of the interval, and goes to 
the next setpoint when the interval is up. The procedure begins again at the first setpoint 
when the interval for the last setpoint expires. 

Interval 
\ 

V 
/ 

Period 

F~gure 3-1 : Stepped setpoint profile 
Example w ~ t h  three setpolnt values 

Linear interpolation (24.4 = I )  

A ramp-shaped setpoint profile is generated. 
The slope is computed from: 
(preceding setpoint - next setpoint) / interval. 
When the last setpoint is reached, linear interpolation takes place between the last and the 
first setpoints and the period is  subsequently resumed. 



- 
Interval 

v 

Period 

Figure 3-2: L~near  lnterpolatron 
Example w ~ t h  three setpo~nts 

A change from/to steppedrlinear does not take effect until the next cotd restart 

When you switch from control setpoint to setpoint string (D 180.5 = 1), the setpoint string begins 
at instant zero of the preceding period, as on a cold restart. 

The setpoint string i s  independent of the controller mode, e.g., manual mode, controller disable. 

3.1.2 Ramp-Function Generator 

On a step change in the setpoint at the input, the ramp-function generator generates a ramp- 
shaped output signal which approaches the required setpoint. 

A positive slope (away from zero) is computed with the formula: 
Increase * ramp-up time 

A negative slope (toward zero) is computed with the forrnu la: 
lncrease * ramp-down time 

Figure 3-3 shows the slope produced by the ramp-up time, ramp-down time and increase 
parameters. 



W 

Increase 

Higher I 
l 

Lower I l 1 t 

I I . 

Delete I I t 
b 

RUN 
[ 
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1 ! I l t 
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[Dim .] 

W J . . . .  y- 
- 0 
, 

Figure 3-3: Slope generated by the ramp-functlon generator and response In setpo~nt 
Adjustment mode and on startup (STOP = = > RUN. See allowance for actual value) 

Allowance for Actual Value 

The ramp-function generator (and the filter or smoothing element in the setpoint branch) starts 
the output variable at the current actual value (i.e. at measuring point M P  9) on a cold restart, a 
warm restart, on a controller enable (special COM REG function "Controller processing") and 
when a switch is  made to one of the following modes: 

- Disable controller (D 180.9 = 1 for point controller, 
D 180.15 = 1 for PID controller) 



- Constant regulat- (D 180.13 = 1 for PID controller) 
ing variable 

- Manual mode (D 180.1 1 = 1). 

The controller then begins with the small deviation prescribed by the slope (and the filter time 
constant), thus ensuring a specifiable modification of the  regulating variable. 
The display at measuring point MP2 i s  somewhat higher (or lower) than the value at measuring 
point MP9 in this case. The difference corresponds t o  the increase of the value initialized by the 
slope or smoothing element time constant, one such increase being permissible per sampling 
period. The deviation with which the controller begins t o  control when switched to  auto mode is 
thus shown at measuring point MP3. 

Setpoint Adjustment 

The output variable generated by the ramp-function generator can be increased in accordance 
with the slope (up to  the maximum setpoint + 100%) by setting the higher bit (D 180.2). 

Conversely, the output variable can be decrernented in accordance with the slope (up to the 
minimum setpoint -1 00%) by setting the lower bit (D 180.1). 

The current output value i s  retained when the higher or lower bit is  reset or when both are set 
simultaneously. 

The delete bit (D 180.0 = 1) resets the ramp-function generator's setpoint adjustment mode; the 
generator's output variable i s  adjusted t o  the input variable in accordance with the initialized 
slope. 

The higher or lower bits have priority over the delete bit. 

The ramp-function generator's setpoint adjustment mode is reset on a cold restart (as when the 
delete bit i s  set). 

Allowance is made for the actual value in setpoint adjustment mode (see above). The ramp then 
rises to the preceding setpoint. 

3.1.3 Smoothing in  the Setpoint Branch 

A first-order time-delay element (VZ1) is  simulated with the transfer function 

Filter time constant TG is specified in DD56. 



The formula for computing the output variable is 

The same allowance is made for the actual value during smoothing in the setpoint branch as by 
the ramp-function generator (+ 3.1.2). 
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Input Variables in the Setpoint Branch 

Output Variables in the Setpoint Branch 

Designation 

ADUentry 
Control setp./setpoint string 
Control setpoi nt 
ADC l (address) 

I ADC l (value) 

No. of setpoints 
1 Setpoi nt  1 

i 
J Setpoint l 0  
Interval 

Stepped/l inear 

Ramp-function generator 
Ramp-up time 
Ram p-down time 
Increase 
Higher bit 
Lower bit 

: Delete bit 

/ Filter setpoint 
j Filter time constant 
l 

1 Upper limit for setpoint 1 Lower limit for setpoint 

1 Disable setpoint 

Address 

D 23.7 
D 180.5 
DW191 
DW 120 
DW168 

DW38 
DW4 1 

DW50 
DD39 

D 24.4 

D 23.8 
DD51 
DD53 
DW55 
D 180.2 
D 180.1 
D 180.0 

D 23.9 
DD56 

DW98 
DW99 

DW 180.6 

Designation 

Measuring point MP 1 
Measuring point MP 2 

Upper setpoint limiting 1 value violation 
Lower setpoint limiting 

1 value violation 

Format 

Bit 
B i t  

With dim. 
Address 
Analog 

Non-dim. 
With dim. 

With dim. 
Timer 

Bi t  

Bit 
Timer 
Timer 

With dim. 
Bit 
Bit 
Bit 

Bit 
Timer 

With dim. 
With dim. 

Bit 

Address 

DW232 
DW233 

D 255.5 

D 255.4 

Setting range 

O/ 1 
O/ l 

-100% t o +  100% 

-1 00% t o  + 100% 

1 - 10 
-1  05% to  + f 00% 

-100% to  + 100% 
TA - 59.59 hhmm 

n *scan time, 
n = 1, 2, ... 32767 

O/ 1 

01 1 
TA ... 59h 59rnin 
TA ... 59h 59min 

O... + 100% 
01 1 
01 1 
01 1 

01 1 
fA/2 ... 59.S9hhmm 

-100% to c 100% 
-1 00% to + 100% 

011 

Format 

With dim. 
With dim. 

Bit 

Bit 

Output range 

-100% to + 100% 
-1 00% to + 100% 

O/ 1 

01 1 



3.2 Actual Value Branch 

The actual value for measuring point MP 8 is  read in via ADC 2 (+ 2.7.3). The actual value can be 
processed by the validity check (55, D 23.4 = l ) ,  the filter (522, D 24.5 = 1) or the polygon curve 
generator (57, D 23.6 = 1). 

A switch can be made to the initial actual value prior t o  measuring point MP 9 (initial enable, 
D 180.7 = 1). 

A limit monitor monitors the actual value at measuring point MP 9; D 255.3 i s  set t o  1 to  indicate 
an upper warning limit violation; D 255.2 is set to  1 t o  flag a lower warning limit violation; 
D 255.1 is set to  1 when the upper danger limit i s  exceeded, and D 255.0 is set to  1 when the value 
violates the lower danger limit. The value itself is not limited. 

3.2.1 Validity Check 

Interferences which cause the deviation between two  consecutive sampling values to exceed a 
specifiable maximum value are suppressed. 

Actual output variable Xak i s  computed as follows: 

Xak = Xek for I Xek-Xak-, 1 l max. perm. difference 

(Xak-l-Xak_z) + (Xak_t-Xaka) 
Xak = Xakml + 

2 
for l Xek-Xak-l ( >max. perm. difference 

If, however, a deviation exceeding the permissible maximum persists for more than three 
sampling periods, the input variable is regarded as being valid and the output variable i s  brought 
into line with the input value by applying the power function. 

The output variable is  set t o  the value of the input variable when the deviation between the two 
once again falls below the maximum permissible limit. 

3.2.2 Filter in  the Actual Value Branch 

Filtering in the actual value branch is  implemented in  accordance with the same formula used in  
the setpoint branch. The filter time constant is specified in DD104. 

Filtering or smoothing in the actual value branch is not possible when you are using COM REG 
release AO2, but an averaging function can be enabled instead (D 23.5 = 1). The following special 
situation applies when bit D 23.5 is set t o  1 (and D 24.5 t o  0): 

- The filter time constant (DD104) i s  not evaluated. Instead, filtering is implemented with 
time constant 8 * scan time. 



No allowance i s  made for the actual value (as in the setpoint branch) in connection wi th  the filter 
i n  the actual value branch. 

3.2.3 Polygon Curve Generator 

A function value Xa = f (Xe) is computed via linear interpolation for an input value (abscissa) Xe 
from interval X (1) S Xe r X (N), where N = 1,2 ..., 10. 

The function is  defined by N = 1, ..., 10 value pairs ( X (I), f (1) } (N = number of interpolation 
points). The N abscissa values X (l), ..., X (NI are specified by abscissa value X (1) of the first inter- 
polation point (initial value) and distance DX between the interpolation points. 

The abscissa values are equidistant. 

The associated ordinate values must be entered in the order f ( l ) ,  f ( 2 ) ,  ..., f (N) 

\ / 

Definition interval for the function 

F~gure 3-4: Funct~on curve generated by the polygon generator (xe = Input value, xa = output value) 

The function value i s  defined outside the definition interval as follows: 

Xa = f (l) for Xe < X (1) 
Xa = f (N) for Xe > X (N) 



Example of Generating a Polygon Curve 

In this example, the characteristic of a temperature sensor is t o  be linearized without reference t o  
a real characteristic wi th  precise dimensional specifications. 

The user knows the temperature sensor's resistance values a t  a specific temperature. A 
characteristic of  the voltage versus temperature results when constant current i s  applied t o  the 
sensor. The injected current must be chosen so that it produces the input module's maximum 
voltage (e.g. 10V) a t  the maximum temperature ( = at the maximum resistance). An analog input 
module converts this voltage value into a digital percentage value. The characteristic curve 
derived from these computed percentage values and the associated temperature values must 
then be plotted (Figure 3-5). 

Temperature 

Figure 3-5: Sensor characteristic (percentage versus degrees) 

The linearized characteristic resulting from the specification of  zero percent and one hundred 
percent values via COM REG i s  plotted i n  Figure 3-6. 

The initial value of  the X (1) abscissa values must be specified next. The input range o f  the 
polygon curve is  determined by specifying the number of interpolation points and the distance 
between these points (Figure 3-6). 



Ftgure 3-6: Sensor characteristic and linearrzed characterrst~c 

The output value to be allocated to an input value is ascertained as follows: 

Determine the percentage value associated with an input value on the linearized curve. 
The temperature value belonging to this percentage value on the non-linearized curve is the 
corresponding output value of the polygon curve. 

In Figure 3-7, output value f (9) is allocated to input value X (9). 

. . 
DX F(9) Temperature 

Figure 3-7: Allocatrng output values t o  input values 
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Input Variables in the Actual Value Branch 

Output Variables in the Actual Value Branch 

Designation 

ADC 2 (address) 
ADC 2 (value) 

Validity check 
Max. perm. deviation 

Actual value filtering 
Filter time constant 

Polygon curve 
No. of Interpolation 

points 
Initial value 
Distance between 

interpolation points 
Ordinate 01 

Ordinate 10 

Start enable 
Initial actual value 

Upper warning limit 
Lower warning limit 
Upper danger limit 
Lower danger limit 

Format 

Add ress 
Analog 

B i t  
With dim. 

B i t  
Time 

B i t  
Wlo dim. 

With dim. 
With dim. 

With dim. 

With dim. 

B i t  
With dim. 

With dim. 
With dim. 
With dim. 
With dim. 

Address 

DW121 
DW169 

D 23.4 
DW58 

D 24.5 
DD104 

D 23.6 
DW25 

DW26 
DW27 

DW28 

DW37 

D 180.7 
DW94 

DW100 
DWIO1 
DW102 
DW103 

Output range 

-200% t o  + 200% 

O/ 1 
0 t o  + 100% 

O/ 1 
TA12 t o  32765 * TA 

01 1 
1 t o  10 

-100 % to + 100 % 
+ O % t o  + l o o %  

-100 % to  + 100 % 

-100 % to + 100 % 

01 1 
-100% t o  + l00 % 

-100% to + 100% 
-1 00% t o  + 700% 
-100% t o  + 100% 
-100% t o  + 100% 

Designation 

Measuring point M P  8 
Measuring point MP 9 

Upper warn. limit viol. 
Lower warn. limit viol. 
Upper danger limit viol. 
Lower danger limit viol. 

Add ress 

DW239 
DW240 

D 255.3 
D 255.2 
D 255.1 
D 255.0 

Format 

With dim. 
With d ~ m .  

B i t  
B i t  
B i t  
B i t  

Output range 

-200% t o  + 200% 
-200% to  + 200% 

O/ 1 
O/ 1 
O/ 1 
O/ 1 



3.3 Controllers 

The deviation (limited to ? 200 %) is shown at measuring point MP 3. 

Both startup and transfer t o  auto mode are burnpless. A maximum increase in  the regulating 
variable can be attained by using the ramp-function generator or the filter in the setpoint branch 
(+ 3.1.2, Allowance for Actual Value), or by limiting the increase. The purpose of these measures 
can prolong the service life of an actuator or adapt t o  an actuator's speed t o  prevent dynamic 
loss, i.e., to  improve the control system. 

The following controllers may be used: 

- A controller with continuous output signal 
(51, D 23.0 = 0,53, D 23.2 = Q), 

- A controller with mark space output signal (pulse duration modulation of the regulating 
variable, e.g. colling heating in a temperature control system, 51, D23.0 = 0,53, D23.2 = 
1) 

- A point controller (e.g. for driving an actuator) 
(51, D 23.0 = 1). 

When a continuous controller or a controller with mark space output is  used, the regulating 
variable is  computed with one and the same program at measuring point MP 4. 

3.3.1 PID Controller 

The equation for a continuous PID controller in the time range 

where Kp = Proportional value (controller gain) 
TN = Integral-action time 
TV = Derivative-action time 
y = Regulating variable 
e = Deviation 

is simulated by a PID velocity algorithm with trapezoidal integration. 

Particularly when you are using a PI controller, trapezoidal integration enables precise simulation 
of an anlog controller's integration. 

The P component is multiplied with auxiliary gain factor R, thus enabling the P component, for 
example, t o  be set to zero. 

A time-delay element (delay of the first order) with time delay constant TA (can be deactivated) is 
integrated in the D branch. 



The regulating variable i s  computed according to the following formula: 

where 

Dk 0.5 * [ TvJTa * C (ek - ek-l) - (%-l - ek-2) I + Dk-I I 

A controller branch can be deactivated by setting the relevant parameter (R, TN, TV) t o  zero. TN = 
0 also deactivates the I component, a fact which i s  not obvious from the quotient TA/TN. 

3.3.1.1 Standard Version of the PID Controiler 

The standard controller version (52, D 23.1 = 0) has the following properties: 

Auxiliary gain R i s  not  specifiable, and is  set to 1.00. 

The controller can be set to  manual mode (D 180.1 1 = 1). The regulating variable must then 
either be entered manually as constant (513, D 23.12 = 0) or read in  via ADC 5 (513, 023.12 = 
1). 

If entered manually from the programmer (513, D23.12 = 0), this value i s  matched to  the mani- 
pulated variable i n  auto mode (DW9.5 : DW235). The controller's output thus remains constant 
after a switch t o  manual mode. The manual entry made a t  the programmer can be modified 
only in  manual mode, thus enabling the value to be specified via a manual value adjuster im- 
plemented in  a STEP S program. Using I10 bits for control, the manual value can be ramped up 
or down in manual mode. 

In the example below, input 0.0 i s  used as manualiauto switch. input 0.1 = 1 raises the manual 
input value (and has priority); input 0.2 = 1 lowers it. A progressive incrementation function has 
been included in  the example for modifying the manual value, i.e., the longer input 0.1 remains 
set, the faster the value increases (the same applies for lowering the value). 

:A I 0.0 
:= D 180.11 SET MANUAUAUTO BIT 
: JC =MANUAL 

KLDE :L KF+100 
:T DW253 SET INITIAL DELTA VALUE 

BEU AUTO 
HAND :L DW253 

:L DW95 
:A I 0.1 
:JC = ON 
:A 1 0.2 
:JC2 =OFF 
:JU =KLDA 

ON :+F "MAN.ONM ACTIVE 



: JU 
OFF : -F 
END :T 

: 0 
: ON . - . - 
:JU 

NAME : FB1 
DBR : 

:L 
:L 
: +F 
: T 

DW9 5 
I 0 . 0  
I 0 . 0  
D 7.9 
FB102 
OZSTA 
DBxxx 
DW253 
KF+10 

"MAN OFF" ACTIVE 
LOAD PG MANUAL INPUT VALUE 

SET OF CONTROL BIT 
CALL F0 'l 02 FOR 
PARAMETER CONVERSION 
xxx = CONTROLLER D8 NUMBER 

INCREASE DELTA VALUE 
(PROGRESSION) 

If the value read in via the ADC is t o  serve as the manual input value (S 13, D 23.1 2 = l ) ,  it i s  not 
matched to the regulating variable. In this case, the regulating variable is matched to  the manual 
input value as follows after switching from auto to manual mode: 

Ak = 0.5 * (manual input value + yk.?) 

The manual input value can be monitored at measuring point MP 10. 

When the controller i s  switched from manual to  automatic mode, the regulating variable reacts 
with a step change whose magnitude depends on the deviation applicable at that instant. The 
deviation i s  thus adjusted as for a step change in the setpoint. 

If the deviation i s  zero at the instant at which the mode is  switched, the controller's output re- 
mains unchanged. Transfer i s  bumpless. 

Limiting of the increase in  the regulating variable when switching from manual t o  automatic can 
be attained by suitable structuring of the ramp generator, the filter, or both, in  the setpoint 
branch. The output values of both the ramp generator and the filter are set to the current actual 
value at the instant at which the mode change takes place, and rises to the setpoint read in in 
accordance with the module parameter. The system deviation i s  thus limited, and the rate at 
which the regulating variable is modified is correspondingly slower. 

The regulating variable itself can be limited. When i t  reachesthe prescribed upper limit, the 
I-action component is  disabled to  prevent integral windup, and is once again enabled when it 
contributes t o  a reduction in  the regulating variable. 

Overflow flags (D 255.7 and D 220.6 for the upper limit; D 255.6 and D 220.7 for the lower limit) 
are set when the regulating variable violates the prescribed limits. 

The identifiers in data word 220 can be transferred t o  the I/O module area, flag area or IPC flag 
area, when the process image i s  updated (+ 2.8.2). 

The controller disable bit (D 180.15 = 1) sets the regulating variable to  zero regardless of the 
states of the remaining controller inputs. 

The ramp generator or the filter in the setpoint branch can be used to prevent a step change in 
the regulating variable when the controller is enabled (+ 3.1.2). 



The precision of the controller's integration is  limited, and depends on deviation e, scan time TA, 
regulating variable y and integral-action time TN. 
Integration i s  possible when 

3.3.1.2 Enhanced Version of the PlD Controller 

In addition to the functions provided by the standard version, the enhanced version (52, D 23.1 = 
1) enables the following: 

A separate input variable 'xz' (S1 1, D 23.10 = 1) can be chosen instead of deviation 'e' as input for 
the controller's D branch. 
This variable is read in over ADC 3, and can be monitored at measuring point MP 11. 
The D component is computed with the formula 

To counteract a measurable interference 't' as early as possible, ' X '  can be added to the computed 
regulating variable (512. D 23.1 1 = 1 and D 180.14 = 1) along the lines of a feedforward injector 
of the interference variable. The measured interference must be injected as a negative value, as i t  
is added to the regulating variable without sign inversion. The value is read in via ADC 4 and can 
be monitored at measuring socket M P  12. 

During operation, a change in the regulating variable can be prevented by the interference 
variable (interference enable, D 180.14 = 0). 

The D-action component can be computed wi th a time delay (delay t ime = scan t ime 
corresponding to  a real PID controller, D 180.12 = 0) or without a time delay (corresponding t o  
an ideal PID controller, D 180.12 = l ) .  
The real PID controller's regulating variable reacts to a transient interference in the actual value 
with smaller step changes than does the regulating variable of the ideal PID controller. 

The regulating variable can be stabilized independently of the deviation (D 180.13 = 1). This is 
necessary, for example, when a cascade control loop is split up. 

The correcting rate, i.e. the correction increase, may be limited, a feature which is useful for a 
slow final control element. A negative correcting rate limiting value must be specified as a nega- 
tive value. 

Note the following about the controller behaviour: 

The I-action component i s  not disabled until the limiting value for the manipulated value has 
been reached. If the I component's increase is greater than the maximum increase for the regulat- 
ing variable, as defined by the increase limiting value, a higher value may be used internally until 
the regulating variable reaches i ts  maximum value. The controller might require more time t o  
decrease this internally computed value, however, when sign inversion of the system deviation is 
involved, i.e. the regulating variable remains at i t s  limiting value longer. 



This type of response becomes apparent when the following condition remains true for a longer 
period of time (e = deviation): 

e * Kp * TA/TN > positive correction increase limiting value 

e * Kp * TAKN < negative correction increase limiting value 

Make sure that the value chosen for limiting the correction increase or integral-action time TN is 
not too low (in accordance with the formulas shown above). 

Figure 3-8 shows the PID controller's fundamental signal flow (enhanced PID controller). For the 
sake of clarity, the figure shows only the basics rather than a detailed diagram of the irnplement- 
ed structure. The figure does not show how to stabilize the regulating variable. 

L 

1 - 
TN K P 

e 

1 
value 

F~gure 3-8: The PID controller's s~gnal flow (enhanced vers~on) 

3.3.2 Controller with Continuous Output Signal 

When final control element or actuator adjustment i s  required (514, D 23.13 = l ) ,  the controller's 
output value (according to the formula a * y + b) i s  multiplied by a gain factor, and an offset is 
added to the result. 

The result can be monitored at measuring point MP 5, and is output via DAC 1 ( -P 2.8.2). 



B8576365-04 

lnput Variables for the PID Controller with Continuous Output 

Output Variables of the PID Controller with Continuous Output 

Designation 

Continuous/step 
Standardlenhanced 

Sep. D input 
ADC 3 (address) 
ADC 3 (value) 

Interference input 
ADC 4 (address) 
ADC 4 (value) 
Interference enable 

Manual input PGIADC 
ADC 5 (address) 
ADC 5 (value) 
Autolmanual mode 

Disable controller 
Reallideal P I0  controller 
Mani. variable constant 
Auxiliary gain 
Pos. limiting value for correction 

increase 
Neg. limiting value for correction 

increase 
Upper controller limiting value 
Lower controller limiting value 
Proportional value 
Integral-action time 
Derivative-action time 

Cont./PDM output 
Actuator adjustment 
Gain 
Offset 

DAC l (address) 

Address 

D 23.0 
D 23.1 

D 23.10 
DW122 
DW1 70 

D 23.1 l 
DW123 
DW171 
D 180.14 

D23.12 
DW124 
DW172 
D 180.1 1 

D 180.15 
D 180.12 
D 180.13 
DW74 
DW81 

DW82 

DW79 
DW80 
DW73 
DD75 
DD77 

D 23.2 
D23.13 
DW96 
DW97 

DW 144 

Designation 

DAC l (value) 

Overflow flag for upper 
limit 

Overflow flag for lower 
limit 

Measuring point MP 3 
Measuring point MP 4 
Measuring point MP 5 
Measuring point MP 10 
Measruing point MP 11 
Measuring point MP 12 

Format 

B i t  
B i t  

B i t  
Address 
Analog 

B i t  
Add ress 
Analog 

B i t  

B i t  
Address 
Analog 

Bit 

B i t  
B i t  
Bit 

Wlo dim. 
% 

% 

Oh 
% 

W/o dim. 
Time 
Time 

Bi t  
Bit 

Wlo dim. 
?4 

Add ress 

Address 

DW208 

D 255.7 
D 220.6 
D 255.6 
D 220.7 

DW234 
DW235 
DW236 
DW241 
DW242 
DW243 

Setting range 

01 1 
01 1 

01 1 

-1 00% to + 100% 

01 1 

-100% to + 100% 
01 1 

01 1 

- 100% to  + 100% 
01 1 

01 1 
01 1 
O/ 1 

-99.99 to  + 99.99 
0 %  t o  + 100% 

-100% too% 

-100% to + 100% 
-1 00% to  + 100% 
-99.99 to + 99.99 
0 to 59.59 hhmm 
0 to 59.59 hhmm 

O/ 1 
01 1 

-99.99 to + 99.99 
-100% to + 100% 

Format 

Analog 

Bit  
Bit 
Bit 
B i t  

With dim. 
% 
% 
O h  

% 
% 

Output range 

-200 % to  + 200 % 

01 1 
01 1 
01 1 
01 1 

-200% t o  + 200% 
-100% t o  + 100% 
-200% to + 200% 
-1 00% t o  + 100% 
-1 00% t o  + 100% 
-100% to  + 100% 



3.3.3 Mark Space Output 

When the mark space output is used (53, D 23.2 = l ) ,  the controller's regulating variable is con- 
verted into pulses by a pulse duration modulator. 

The pulse grid must be specified by the minimum pulse duration, where the scan time must be an 
integer multiple of the latter. 

The pulse duration modulator functions as follows: 

The duration of a pulse per scan time is proportional t o  the regulating variable. 

A regulating variable of 30 % thus means: 
A positive pulse of 0.3 * scan time, 
no pulse for 0.7 * scan time. 

This pulse duty factor i s  recomputed at each sampling instant. 

A negative regulating variable results in output of a negative pulse whose duration is propor- 
tional to  the variable. 

When the controller is to  be used as a two-point controller, the output of negative pulses can be 
suppressed (D 23.14 = 0). Three-step output is selected with 51 S, D 23.14 = l .  

The pulses are output via a digital (S1 6, D 23.15 = 1) or analog output (S1 6, D 23.15 = 0). 

When digital output i s  selected, the positive pulses are flagged in D 220.15, the negative pulses in 
D 220.14. Transfer of the bits to  I10 modules by process image updating is possible only in  word- 
serial mode (+ 2.8.2) ,  i.e. one digital output word is required per controller to  enable the best 
possible output timing accuracy. 
The status of the pulse outputs can be output to  individual I/O bits via a STEP 5 program. When 
the controller is invoked by initializing DB2, this STEP 5 program is  not processed in synchronism 
with the controller call. This can be attained by invoking the controller per STEP 5 program 
(OB13) (+ 2.5.2). 

When analog output is selected, a positive pulse i s  output as + 100 % via DAC 1, a negative pulse 
as + 100% over DAC 2. 

Significance of the Response Threshold 

The response threshold enables the minimum duration of a pulse or pulse interval to  be limited t o  
a specific value ( 2  minimum pulse duration) to  protect the actuator better. 



As an example, a response threshold of 10 % means (y = regulating variable, TA = scan time): 

No pulse isoutput for-10 % < y < + 10 %. 

A positive pulse of duration TA is  output for y > 100 % - 10 Oh. 

A negative pulse i s  of duration TA is output for y < -100 % + 10 Oh 

Duration of 
positive pulse 

Duration of 
negative pulse 

Figure 3-9: Example 1 (adjustment factor = 1.00) 

Significance of the Adjustment Factor 

The adjustment factor is used t o  modify the ratio of the duration of negative to positive pulses 
(e.g. when the heating unit heats faster than the cooling unit cools). 

Adjustment factor = 1 : The duration of positive and negative pulses is computed by multiply- 
ing the regufating variable by the scan time 
Pulse duration = [ y l * TA. 

Adjustment factor < 1: The pulse duration computed by multiplying the  regulating variable by 
the scan time i s  shortened by the adjustment factor at the negative 
pulse output. 
Positive pulseduration = ] y l * TA 
Negative pulse duration = ( y 1 * TA * adjustment factor 

Adjustment factor > 1: The pulse duration computed by multiplying the regulating variable by 
the scan time i s  shortened at the positive pulse output by lfadjustment 
factor. 
Positive pulse duration = l y ( * TA/ adjustment factor 
Negative pulse duration = l y l * TA 

The standard value for the adjustment factor is 1.00. 



The response threshold is modified by the adjustment factor. 

A adjustment factor < 1 means that the response threshold for negative pulses is multiplied by 
the adjustment factor. 

As an example, a response threshold of 10% and a adjustment factor of 0.5 means: 

No pulse is output for -5% < y < + 10%. 

A positive pulse of duration TA (scan time) is output for y > 700% - 10% 

A negative pulse of duration 0.5 * TA (scan time) is output for y < -1 00% + 5%. 

Duration of 
positive pulse 

l 

i 1 - ( l  00% - 0.5 * ASW) 
. . - . - . . - . 

I I - 0.5 * ASW 
4 '  1 

, . 
I I - . . Tb *  S #  

! !  

Duration of 
negative pulse 

Figure 3-10: Example 2 (adjustment factor = 0.5) 



A adjustment factor > 1 means that the response threshold for positive pulses i s  multiplied by 
l/adjustment factor. 

For example, a response threshold of 10% and a adjustment factor of 2.00 means: 

Nopulseisoutputfor-10% < y <  +S%. 

A positive pulse of duration TA/2 (scan time) is output for y > 100% - 5%. 

A negative pulse of duration TA (scan time) is output for y < - 1  00% + 10% 

Duration of 
positive pulse 

* 
Duration of 
negative pulse 

T A *  0.5 
TA *0.5*(100%-ASW) 

- 100% TA * 0.5 * ASW 

F~gure  3-1 1: Example 3 (adjustment factor = 2.0) 

..,.-.-.-.- ~ -.-.-.-.-.-.-.-.-.-.-. 

..- 

I 
I F - 0.5 * ASW I ; Y  

(100% - 0.5 * ASW) i ; 
I b o ~ b /  
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Input Variables for the PID Controller with Mark Space Output 

Setting range 

O/ 1 
01 1 

01 1 

-100% t o  + 100% 

01 1 

-1 00% t o  + 100% 
01 1 

O/ 1 

-100% t o  + 100% 
O/ 1 

O/ 1 
O/ 1 
01 1 

-99.99 to  + 99.99 
0% t o  + 100% 

-100%to 0 %  

-100% t o  + 100% 

-100% t o  + 100% 

-99.99 t o  + 99.99 
0 to 59.59 hhmm 
0 t o  59.59 hhmm 

O/ 1 

20 ms ... TA 
TA = scan time 
O % t o  + l o o %  

0 t o  + 99.99 
01 1 
O/ 1 

Designation 

Continuouslstep 
Standardlenhanced 

Sep. D input 
ADC 3 (address) 
ADC 3 (value) 

Interference input 
ADC 4 (address) 
ADC 4 (value) 
Interference enable 

Manual input PGIADC 
ADC 5 (address) 
ADC 5 (value) 
Auto/manual mode 

Disable controller 
Reallideal PID controller 
Mani. variable constant 
Auxiliary gain 
Pos. l~rnit ing value for 

correction increase 
Neg. limiting value for 

correction increase 
Upper controller l imiting 

value 
Lower controller l imiting 

value 
Proportional value 
Integral-action time 
Derivative-action time 

Cont./PDM 
Min. pulse duration T,,, 

Response threshold 
Adjustment factor 
213-step controller 
Analog-digital output 

DAC l (address) 
DAC 2 (address) 

Add ress 

D 23.0 
D 23.1 

D 23.10 
DW122 
DW170 

D 23.1 1 
DW123 
DW171 
D 180.14 

D 23.12 
DW124 
DW172 
D 180.1 1 

D 180.15 
D 180.12 
D 180.13 
DW74 
DW81 

DW82 

DW79 

DW80 

DW73 
DD75 
DD77 

D 23.2 
DD12 
DD14 

DW92 
DW93 
D 23.14 
D23.15 

DW144 
DW145 

Format 

3 i t  
Bit 

Bit 
Address 
Analog 

Bit 
Add ress 
Ana I og 

Bit 

Bit 
Add ress 
Anal og 

B i t  

Bit 
Bit 
B i t  

W lo  dim. 
Yo 

% 

YO 

% 

W/o dim. 
Time 
Time 

Bit 
*2.5 ms 
Time 

YO 
W/odirn. 

Bit 
Bit 

Address 
Address 
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Output Variables of the PID Con troller with Mark Space Output: 

Designation 

Overflow flag for 
upper limit violation 

Overflow flag for 
lower limit violation 

Positive pulse 
Negative pulse 
DAC l (value) 
DAC 2 (value) 

Measuring point MP 3 
Measuring point MP 4 
Measuring point MP 5 
Measuring point MP 6 
Measruing point MP 7 
Measuring point MP 10 
Measuring point MP 1 1 
Measuring point MP 12 

Format 

Bit 
Bit 
Bit 
Bit 
Bit 
B i t  

Analog 
Analog 

With dim. 
?40 
YO 
?'D 

% 
YO 
YO 
VD 

Address 

D 255.7 
D 220.6 
D 255.6 
D 220.7 
D 220.15 
D 220.14 
DW 208 
DW 209 

DW234 
DW235 
DW236 
DW237 
DW238 
DW241 
DW242 
DW243 

Output range 

01 1 
O/ 1 
01 1 
01 1 
O/ 1 
01 1 

-1 00% to  + 100 % 
-100% to + 100% 

-200% to + 200% 
-100% to + 100% 
-100% to + 100% 
-100% to + 100% 
-100% to + 100% 
-100% to  + 100% 
-100% to + 100 % 
-100% to + 100 % 



3.3.4 Point Controller 

The point controller is used t o  drive a final control element with integrating function. The output 
pulses position the actuator in the positive and negative directions. No pulse means that the 
actuator retains i t s  current position (one example would be the use of an actuator for valve 
adjustment). 

The equation for the continuous PID controller in the time range, 

where Kp = Proportional value (controller gain) 
TN = Integral-action time 
TV = Derivative-action time 
y = Regulating variable 
e = Deviation 

y = kp (e + InN* 

i s  simulated by PID velocity algorithm with trapezoidal integration. 

e (v) dv + Tv*e), 

Particularly when a PI controller is used, trapezoidal integration enables precise simulation of an 
analog controller's integration. 

A delay element (first order) with time delay constant TA is integrated in the D branch. 
Instead of the regulating variable, the point controller computes the number of pulses (X) using 
the formula: 

where 

TM = Actuator runtime 
T,,, = Minimum pulse duration 

Specification of actuator runtime TM and minimum pulse duration T,,,,,, i s  therefore required in 
addition to  the controller parameters. The minimum pulse duration is the shortest pulse possible 
for the actuator, i.e. depends on the actuator used. 
The actuator runtime i s  the time which the actuator needs to go from end stop to  end stop at 
maximum speed. 
Quotient T M  / Tmin in the formula thus determines the number of pulses required to  move the 
actuator so as to  accord with the deviation. 

A controller branch can be disabled by setting the relevant parameter (TN, TV) to  zero. TN = 0 also 
disables the I component, which is not obvious from the quotient TAffN. 



Before it is forwarded t o  the point controller, the deviation first passes through a dead band with , 
hysteresis. 

The dead band has the following purpose: 

The minimum pulse duration does not permit an exact approach to  the setpoint, and the 
controlled variable will be either slightly too low or slightly too high. 

To prevent hunting of both final control element and controlled variable, the controller's 
function is disabled when the absolute value of the deviation drops below the lower 
response. No further pulses are computed, and the actuator or final control element 
remains in its current state. 

The controller does not go into operation again until the deviation exceeds the absolute 
value of the upper response threshold. 

The deviation is  thus maintained at a value lower than the upper response threshold. 

I T AB AN ee 

'-v-" 
Hysteresis 

Figure 3-12: Dead band (ee = input value, ea = output value, 
AN = upper threshold, AB = tower response) 

The algorithm i s  such that the change in  the deviation when the dead band is entered or exited 
does not affect the pulses at the controller's output. 

The dead band function can be disabled only for the I-component (D 180.10 = 1). 



Point Controller in Manual Mode 

The following are two  different methods for adjusting the actuator or final control element 
when the point controller i s  set for manual mode (D 180.11 = I f :  

1) A manual input value specifies the pulse duration per scan time. A negative value defines the 
duration for negative pulses. 

If bit D 180.8 is set (manual input value effective), the number of positive or negative pulses 
output per scan time is based on the manual value. 
No pulses are output when D 180.8 = 0. 

The manual input value may be entered as a constant by setting D 23.12 = 0 or read in via 
ADC 5 by setting bi t  D 23.12 to  1. 

2) The following adjustment is  possible only when D 180.8 = 0. 

D 180.12 = 1 means the actuator's maximum negative adjustment rate (close manual mode, 

yhneg). 
D 180.13 = 1 means the actuator's maximum positive adjustment rate (open manual mode, 
yhp05)- 

& 

No further pulses are output when the controller is disabled (D 180.9 = 1). 

No further positive pulses are output when the 'Final OPEN position reached' input is set (D 180.4 
= 1 Eopen). 
No further negative pulses are output when the 'Final CLOSED pos~tion reached' input is set 
(D 180.3 = 1, Eclosed)- 

The pulses are output over a digital (S1 6, D 23.15 = l) or analog (516, D 23.1 5 = 0) output. 

When digital output i s  selected, the positive pulse is flagged in D 220.15, the negative pulse in 
D 220.14. The bits can be transferred t o  the 110s during process image updating in  word-serial 
mode only ( + 2.8.2), i.e. one digital output word is required per controller in order t o  attain the 
best possible timing accuracy. 

The status of the pulse outputs can be output to  individual I/Os via a STEP 5 program. When the 
controller is invoked by the initializing of  082, this STEP 5 program is  not  executed in  synchronism 
with the controller call. This i s  made possible by  invoking the controller over a STEP 5 program 
(OB13) (+ 2.5.2). 

When analog output is selected, a positive pulse is output as + 100 % via DAC I ;  a negative pulse 
as-100% via DAC2. 



1 - 
TN KP 

e Dead - v - 
' * band + D 180.10 

TV TA 

Ftgure 3-13: The potnt controller's s~gnal flow 



88576365-04 

Input Variables for the Point Controller 

Output Variable from the Point Controller 

Designation 

ContinuousIStep 

Manual input val. PG/ADC 
ADC S (address) 
ADC 5 (value) 
Autolmanual mode 
Manual input vat. effective 
Close (manual mode) 
Open (manual mode) 

Final OPEN pos. reached 
Final CLOSED pos.reached 
Disable controller 
Dead band ineffective 
Proportional value 
Integral-action time 
Derivative-action time 
Actuating time 
Min. pulse duration fmi, 

Upper response threshold 

Lower response threshold 
Analog-digital output 

DAC l (address) 
DAC 2 (address) 

Add ress 

D 23.0 

D 23.12 
DW124 
DW172 
D 180,l l 
D 180.8 
D 180.12 
D 180.13 

D 180.4 
0 180.3 
D 180.9 
D 180.10 
D W83 
DD84 
DD86 
DD88 
DD12 
DD14 

DW 90 

DW9 1 
D 32. f 5 

DW144 
DW145 

Designation 

Final OPEN pos. reached 
Final CLOSED pos.reached 
Positive pulse 
Negative pulse 
DAC 1 (value) 
DAC 2 (val ue) 

Measuring point M P  3 
Measuring point MP 5 
Measuring point M P  6 
Measruing point MP 7 
Measuring point MP 10 

Format 

Bit  

B i t  
Add ress 
Analog 

B i t  
Bit 
B i t  
Bit 

Bit 
B i t  
B i t  
Bit 

W/O dim. 
Time 
Time 
Time 

*2.5 ms 
Time 

WIO dim. 

% 
B i t  

Address 
Address 

Address 

D 255.7 
D 255.6 
D 220.15 
D 220.14 
DW208 
DW209 

DW234 
DW236 
DW237 
DW238 
DW241 

Setting Range 

O/ 1 

01 1 

-100 % to + 100 % 
01 1 
01 1 
01 1 
01 1 

01 1 
011 
01 1 
01 1 

-99.99 to 4 99.99 
0 to 59.59 hhmm 
0 to 59.59 hhmm 

Tminto 59.59 hhmm 

20 ms to TA 
TA = scan time 

LR threshold to l 0 0  % 

0 % to  UR threshold 
01 1 

Format 

Bit 
B i t  
B i t  
Bit 

Analog 
Analog 

with dim. 
% 
YO 
YO 
Yo 

Output Range 

01 1 
01 1 
O/ 1 
01 1 

-100 % to + 100% 
-lOO%to + 100% 

-200% to + 200% 
-1 00% to 4 100% 
- 100% to 4 100% 
- 100% to  + 100% 
-100% to + 100% 



3.4 Controller Monitoring Functions 

3.4.1 Test Sockets 

The values at the controller's measuring points can be output t o  I/Os via two  test sockets (519, 
D24.2 = 1 or 520, D 24.3 = l), thus enabling the measured values t o  be recorded. The test sockets 
can be connected to  all active measuring points. 

The test sockets also enable connection to  other contro[lers, since you can specify output of a 
measured value t o  a flag word by setting the relevant parameter. 

The test sockets can also be used for format conversion. The test socket stores the measured value 
in analog I10 format in  the controller DB (DW218 or DW219). I f  format conversion only is 
required, the user must enter spaces instead of the I f0  address when initializing the test socket 
with COM REG. 

3.4.2 Limit Monitors 

Two limit monitors can also be connected to  the controller's measuring points (517, D24.0 = 1 or 
S 18, D24.1 = 1 ). The limit monitors can be connected t o  all actrve measuring poin'is. 

A bi t  is set in data word 220 to  flag violation of a positive or negative limiting value (see table). 
The contents of  data word 220 can be output to  110s by entering address DA 01, or suppressed by 
entering spaces in place o f  the address. The status of data word 220 can also be evaluated via a 
STEP 5 program. 

Input Variables for Test Sockets and Limit Monitors 

Designation 

Test socket l 
Measuring point number 
Address DAC 03 

Test socket 2 
Measuring point number 
Address DAC 04 

Limit monitor 1 
No. of l imiting values 
Measuring point number 
Limiting value 01 
Limiting value 02 
Limiting value 03 
Limiting value 04 
Limiting value 05 
Limiting value 06 

Address 

D 24.2 
DW116 
DW154 

D 24.3 
DW117 
DW155 

D 24.0 
DW59 
DW118 
DW60 
DW61 
DW62 
DW63 
DW64 
DW65 

Format 

Bit 
w/o dim. 
Add ress 

Bit 
wlodim. 
Address 

B i t  
wlo dim. 
WIO dim. 
w ~ t h  dim. 

or 
% 
% 
% 
% 

Setting range 

O/ 1 
1 t o  12 

Of 1 
1 to 12 

O/ 1 
1 t o 6  

1 t o  12 
- 100% to  + 100% 
-100% t o  + 100% 
-100% to  + 100% 
-1 00% t o  + 1 OOOh 
-100% t o  + 100% 
-100% t o  + l 0 0  % 



Output Variables for Test Sockets and Limit Monitors 

Limit monitor 2 
No. of limiting values 
Measuring point number 
Limiting value 01 
Limiting value 02 
Limiting value 03 
Limiting value 04 
Limiting value 05 
Limiting value 06 

D 24.1 
DW66 
DW119 
DW67 
DW68 
DW69 
DW70 
DW71 
DW72 

Designation 

DAC 03 (value) 

DAC 04 (value) 

Limiting value flag 01 
Limiting value flag 02 
Limiting value flag 03 
Limiting value flag 04 
Limiting value flag 05 
Limiting value flag 06 

Limiting value flag 01 
Limiting value flag 02 
Limiting value flag 03 
Limiting value flag 04 
Limiting value flag 05 
Limiting value flag 06 

Bit 
W/O dim. 
W/O dim. 
w i th  dim. 

o r 
YO 
% 
% 
% 

Address 

DW218 

DW219 

D 220.2 
D 220.1 
D 220.2 
D 220.3 
D 220.4 
D 220.5 

D 220.8 
D 220.9 
D 220.10 
D 220.1 l 
D 220.12 
D 220.13 

01 1 
1 to  6 

1 t o  12 
-1 00% t o  + 100% 
-100% to + 100% 
-100% t o  + 100% 
-100% t o  + 100% 
-100% to + 100% 
-100% t o  + 100 Oh 

Format 

Analog 

Analog 

Bi t  
Bit 
Bit 
Bit 
B i t  
Bit 

B i t  
Bit 
Bit 
Bit 
B i t  
Bit  

Output range 

-200% t o  + 200% 

-200% t o  + 200% 

01 1 
01 1 
01 1 
O/ 1 
O/ 1 
O/ 1 

01 1 
01 1 
O/ 1 
01 1 
O/ 1 
O/ 1 



3.5 Miscellaneous Controller Parameters 

The FE number entered in the controlier DB determines which function block the operating 
system is to  invoke. The R64 controller structure is stored as F3102 in the REGR64STS5D file. 

Miscellaneous Controller Parameters 

Description of the bits in  the table above: 

Designation 

FB number 
Sscan time 

Controller physical dimension 
Controller and interface 

data area name for CP526 
Process output image (PIQ) 
I/O reset bit (PLB) 
Operator control bit 1 

(BED1) 
Operator control bit 2 

(B ED2) 
Controller management bit 

(RVB) 

PIQ (process output image, D 2.6) specifies when the process output image is to  be updated. 
When PIQ= 0, the controller inputs and outputs are both updated prior t o  execution of the 
controller program. When PIQ= 1, the  inputs are updated on a time-controlled basis be- 
fore the controller program executes and the outputs immediately after it executes. 

PLB (110 reset bit, D 2.7) specifies whether the outputs are to be set t o  zero following a 
transition to the STOP mode, or upon selective disabling of controllers (in accordance with 
RVB. See below). 
PLB = 1 = = = > Reset outputs 
PLB = 0 = = = > Do not reset outputs 

Address 

DRO 
DD8 
DD10 
DW 7 7-DW22 
DW192 to 
DW199 
D 2.6 
D 2.7 
D 7.8 

D 7.9 

D 7.0 

RVB (controller management bit, D 7.0) is used to disable and reenable a controller that has 
been entered in  D32. When enabled, the relevant controller responds as upon initiation of 
a cold restart. 
RVB = 1 = = = > Enable controller 
RVB = 0 = = = > Disable controller 

BED1 (operator control bit, D 7.8) is the operator control bit for the parameters in DW25 - DW55 

Format 

W/O dim. 
"2 .5  rns  
Time 
ASCll 
ASCII 

Bit 
B i t  
B i t  

B i t  

Bit 

BED2 (operator control bit, D 7.9) is the operator control bit for the parameters in DW56 - DW105 

Setting Range 

1 to  255 

20 ms - 59.59 hhmm 

01 l 
O/ 1 
01 1 

01 1 

O/ 1 



4 Number Formats 

The operator must enter andlor specify a number of different types of variables when initializing, 
servicing or monitoring the controller; these include 

* Times 
* Percentages 
* Variables with physical dimension 
* Variables without physical dimension 
* Number formats for analog 110 modules 
* Number formats for I10 addresses 

The formats for all values in the controller DB are listed in  chapter 7. 
The sections dealing with these formats discuss the entry of values from the programmer using 
COM REG and their entry in the data block. 

4.1 Times 

Examples of times: - PID controller parameters TN and TV 
- Scan time TA 
- Minimum pulse duration T,,, 
- Filter time constant 

Modes of representation on the programmer: 

0.1 msec to 9999 msec 
0.00 1 sec t o  9999 sec 
00.01 hh.mm to 59.59 hh.rnrn (fixed-point) 

Representation in the controller 08: 
The programmer generates two l &bit data words from the user's entry: 

One time as 16-bit fixed-point number 

One format identifier as 16-bit fixed-point number: this identifier is  used for coding the 
time unit and locating the decimal point. 

Synopsis of time formats: 

r 

Entry on programmer 

00.00 to 59.59 h min 

0000 to 9999 sec 

000.0 to  999.9 sec 

00.00 to  99.99 sec 

0.000 to  9.999 sec 

0000 to 9999 msec 

000.0 to 999.9 msec 

Time in the DB in fixed-point format 

0 t o  5959 

0 to  9999 

0 to 9999 

0 t o  9999 

0 to  9999 

0 to 9999 

0 to 9999 

Identifier 

1 

2 

3 

4 

5 

6 

7 



Example: PID controller's integral-action time TN = 23.55 sec 

= = > DW75 = KF + 2355 (DF = fixed-point constant) 
DW76 = KF + 0004 (identifier 4) 

4.2 Percentages 

Examples of percentages: - Limiting values for regulat~ng variables 
- Manual input value (programmer) 
- Threshold of the mark space output 
- Measuring points MP4 - MP7 and MP10 

Representation on the programmer: 

For inputs: + 0.01 % to 2 100.00 % 
For outputs: 2 0.01 % to  +_ 200.00 % 

Extension to  2 200 % is necessary to  enable representation of the deviation at a measuring point 
when setpoint W = 100 % and actual value X = - t 00 %. 

Representation in the controller DB: 

- Percentages are stored in the controller DB as 16-bit fixed-point numbers (1 00% = = > 
l0000 FP). 

Example: Value entered on programmer = 34.1 5 % 

= = > DW9S = KF + 3415 (KF = fixed-point constant) 

4.3 Variables with Physical Dimension 

Examples: -Abscissas and ordinate values in a polygon curve 
- Upper response threshold of the point controller's dead band 
- Initial actual value 
- Control setpoi nt  
- Upper setpoint limiting value 

Representation on the programmer: 

+ .0001 [dim] t o  + 10000. [dim] 

The physical dimension specification allocates the variables with physical dimensions to  the values 
read in  via the analog-digital converters. 
When entering a variable with physical dimensions on the programmer, the operator must first 
define the dimension and then allocate a value to the zero percent value and the 100 percent 
value on the ADC. 
The number of decimal places in these two values must be identical, and is stored in DW22. 
All values entered with physical dimensions after the dimension has been defined must have the 
same number of decimal places, as they are stored in the controller DB without a decimal point. 
For example, a value of 32.55 DEG-C is stored in  the controller D0 as KF + 3255 (KF = fixed-point 
constant). 

(0 percent on the ADC may correspond to 0 volts, 0 amperes or 4 mA). 



Representation in the controller DB: 

The specified physical dimension is stored in the controller DB in words DW17 to DW22. 
A variable with physical dimension i s  stored as a word (without identification of the decimal 
point location). 

Example: 

PHYS. DIMENSION D1 : DEG-C 
0 PERCENT CORRESPONDS TO 20.0 DEG-C 

100 PERCENT CORRESPONDS TO 850.0 DEG-C 

= = > DW17 = KH 4752 (KH = hexadecimal constant, 4752 = ASCll "GR") 
DW18 = KH4144 (41 44 = ASCll "AD") 
DW19 = KH 5F43 (5F43 = ASCII "-C") 
DW20 = KF + 200 (KF = fixed-point constant, 

200 = 0 percent value) 
DW2 1 = KF + 8500 (8500 = 100 percent value) 
DW22 = KF+1  (1 means one decimal place) 

Variables with physical dimension may be entered once the dimension has been defined. A single 
numerical value is  represented as a 16-bit fixed-point number. 

Example: Control setpoint = 155.0 DEG-C 

= = > DW191 = KF + 1550 (KF = fixed-point constant) 

NOTE: When the number of decimal places i s  changed after .the dimension i s  defined, all 
variables with physical dimension entered previously will be incorrectly interpreted. 
If the 0 percent value is changed to 20 DEG-C and the l00 percent value to 1200 DEG-C 
in the example above, the previously entered controt setpoint is interpreted as 
1550 DEG-C instead of as 155.0 DEG-C. 

4.4 Variables without Physical Dimension 

a) Integers 

Examples: - Number of limiting values for limit monitor 1 
- Measuring point number for test socket 1 

Representation on the programmer: 

-32768 ,..., + 32767 

Representation in the controller DB: 

Stored as a word in KF format (fixed-point constant) 

Example: Measuring point number for test socket 1 = 5 

= = >  DW116 = KF+5  (KF = fixed-point constant) 



b) Variables with decimal point 

Examples: - Proportional value Kp 
- Adjustment factor for the Mark space output 

Representation on the programmer: 

2 00.01 . . . + 100.00 (fixed-point) 

Representation in the controller DB: 

16-bit fixed-point notation (100 * value input) 

Exarnpie: Kp = 1 1.40 (for PlD controller) 

= = = > DW73 = KF + 1140 (KF = fixed-point constant) 

4.5 Analog 110 Format 

The compact controller requires U-range analog modules as interfaces between process and 
controller ( -+ 2.3.1, Hardware). 
These modules have the following characteristics: 

- Unitized format for analog input and analog output: 
The format is uniform for all modules, thus making format conversion unnecessary. 
(Exceptions: 460 and 465 analog input modules with a measuring range of 4 to 20 rnA. In this 
case, format conversion must be selected by setting D 24.6 to 1 ; + 2.3.1). 

- Representation of the nominal range: 
The nominal range is linear, and is identical for all measuring ranges. 

- Representation of values in  two's complement format 

- Overflow: 
An overflow is  available in addition to  the nominal range. 

Significance of the bit positions in the data word: 
(the numbers in the blocks indicate the percent of the nominal range) 

Bits 0 to 2 or 0 to 3 are irrelevant, depending on the module's precision. 



Examples: 

100 % = K F +  16384 ( = 4000 H = 0 l00 0000 0000 0000 B) 

0 % = KF+O ( = 0000 H = 0000 0000 0000 0000 8) 

100 % = KF-16384 ( = COO0 H = 1 100 0000 0000 0000 B) 

(KF = fixed-point constant) 

The overflow in which the analog modules s t i l l  convert correctly corresponds in  size to the 
nominal range. The maximum value acceptable to an analog module i s  thus approximately 
+ 199.9%. 

4.6 Format of the I10 Address 

As mentioned in sections 2.7.3 and 2.8.2, i t  is the entry of 1/0 addresses which causes the 110s to  
forward input values to  the controller and the controller to  forward output values to the 110s. 

Entry using COM REG: 

Addresses need not necessarily be real 110 addresses, but may also be flags and IPC flags 
(refer to  the STEP 5 Programming Guide). Only even-numbered addresses are permissible, 
however, as process image updating is word-serial. 

When spaces are entered (=  presetting), there is no exchange of inputloutput values 
between controller and 110s. 

Representation in the controller DB: 

Type of 110 I Stored in Controller DB 

Digital 110s (0- 1 26) 

Analog and digital 110s (128-254) 

Flags (0-254) 

IPC flags (0-254) 

Q-range 110s (0-255) 

F080H-FOFEH on readlwrite 

7EOOH-7EFEH on readlwrite 

FZOOH-FZFEH on read/write 

F1 00H-F200H on readlwrite 

OOOH 

NOTE: IPC flags (i.e. interprocessor communication flags) are flags on the coordinator in  the 
interface data RAM. 



4.7 Table for Number Format Conversion 

When using the controller, i t  is sometimes necessary to  convert number formats. For example, a 
controller's output on DAC 1 can be interfaced t o  a secondary controller's setpoint input over the 
control setpoint only when the analog format has been converted t o  the secondary controller's 
physical dimension format. The purpose of the table below isto facilitate conversions of  this type. 
Format conversion is not required t o  interface variables o f  like type, e.g. analog output on DAC 1 
wi th the secondary controller's analog output on ADC 1. 

Terms used in the table: 

Q : The converted value required for further processing 

I : The value supplied by the controller and which i s  to  be converted into another 
format 

0 % : The value specified via COM REG (e.g. 0 % = 1 .OO kg) 

100 % : The valuespecified via COM REG (e.g. l00 % = 80.00 kg) 

The values t o  be converted (I, as in input) must be interpretedlentered as fixed-point numbers 
without decimal places, i.e. as integer fixed-point numbers. Accordingly, a percentage value of 
54.62 % must be entered as KF + 5462, a value of 227.4 mlh with physical dimension as KF + 2274. 
The procedure for converted values (Q, as in output) i s  analogous t o  that for input values. 
Assuming that the 0% values were defined as 0.000 volts (i.e. wi th three decimal places), a 
converted value of  KF + 2674 (with physical dimension) is interpreted as 2.674, a converted value 
of KF + 3434 (percentage) as 34.34 % . 

Example: 

The percentage at measuring point  MP 5 (data word 236) of a master controller is t o  be 
forwarded t o  the control setpoint of a slave controller (data word 191). The slave controller's 0 % 
value was defined as 0.000 volts, the 100 % value as 5.000 volts. 

C 
0 

V 

U 

t e  
e S 

Percent- 
ages 

Values 
with 
physical 
dimens. 

Analog 
I10 
format 

V a l u e s  t o  b e  c o n v e r t e d  

Percentages 

Q =  l 

100% -0% 
Q =  

l0000 

16384 , , Q =  
10000 

Values w i th  phys, di mens. 

I - 0% . looOo Q =  
100% - 0% 

Q= 1 

Q =  *l6384 

100% - 0% 

Analog I/O format 

l0000 . Q = 
1 6384 

100% -0% * , +o% 
Q =  

l0000 

Q =  I 



The value 20.50 % was read from measuring point MP S. According to the table, the result is the 
following: 

This result must be interpreted as 1.025 volts. I t  is forwarded as fixed-point number 1025 t o  data 
word 191 of the slave controller. 



5 Error Handling 

This chapter deals with the various errors which can occur in the control system. Sections S. 1 and 
5.2 relate only to  the controller call initialized via D82 (controller list). 

5.1 D62 Errors 

In all restart modes, a check is made to  make sure that the controller DBs specified in DB2, as well 
as the controller FBs entered in these DBs, are loaded. 

I f  a block is missing, the restart attempt is aborted and the type of  error, the block type and the 
block number are entered in the PC's memory in system data words 3 and 4. Such an error is fatal 
and the programmable controller enters the STOP mode regardless of what is occurring at the 
user interface. 

The following error identifiers are possible, depending on the processor reiease (cf. programming 
manuals for the relevant processors). 

The error information can be read out v ia  the 'INFO ISTACK' when using the 55 programmer 
software and via the OS memory area (SD3: EA03H, SD4: EA04H) when 'INFO ADR' is used 
ANL-ABB and error identifier DBZ-FE are also flagged in the control bits. 

Cause of error 

Controller data block not loaded 
(xx = number o f  the missing data block) 

Controller function block not loaded 
(yy = number of the missing function block) 

Controller function block not an assembler FB 
(yy = number o f  the bad function block) 

Controller function block not a t  a paragraph 
address in user memory 
(yy = number of the relevant function block) 

Controller data block not 1034 bytes 
(XX = data block number) 

SD 3 

042 1 H 

0422H 

0423H 

0424H 

0425H 

SD 4 

DBxxH 

FBYYH 

FB yy H 

FBYYH 

DBxxH 



5.2 Controller Errors 

The term controller error i s  used t o  designate errors which occur during execution of the 
controller's program. Two examples of controller errors are exceeding of the scan time and a 
delayed acknowledgment from the 110s (time-out). Errors of this type may have one of several 
effects: 

- A controller program abort, which would set the PC t o  the STOP mode 

- Invocation of the controller error 0 5  (OB 341, which then determines subsequent system 
performance 

Continuation of the program without any reaction to  the error 

When a controller error i s  detected, the error-specific user information shown in the table below 
i s  entered in 55 registers ACCUM1 and ACCUMZ. 

ACCUM l 

080 1 H 

0802H 

0803H 

0804H 

0805H 

0806H 

ACCU M2 

D B x x H  

D B x x H  

FBYY H 

FBYYH 

FBYYH 

D B x x H  

Cause of error 

Scan time error 
(xx = D8 no. of the 
controller) 

Reaction 

Calls 0334 
unless masked 
(D 4.0 = 1) 

Controller data block not loaded 
(xx = DB number) 1 

Controller function block not 
loaded 
(yy = Fb number) 

Controller function block not an 
Asembler FE 
(yy = FB number) 

Controller function block not at 
paragraph address 
(yy = FB number) 

Controller data block not 1034 
bytes 
(xx = D6 number) 

Calls 0B34 

Calls 0834 

Calls 0834 

Calls 0834  



Whether some of the error codes listed above are implemented depends on the processor release 
(cf. programming manual for the relevant processor(s)). 

On the programmer, error identifier REG-Fe i s  flagged in the control bits in al t cases (when the PG 
670lPG 675 operating system is used, the error identifier is  shown in the free field in the bottom 
line of the CONTROL BITS screen form). 
All further reactions are dependent on the controller-specific user interface, the controller error 
OB (0834): 

ACCU M 1 

0880H 

a) The entire PC enters the STOP mode if no 0 B 3 4  has been loaded. 
The cause of error can be ascertained by reading out the ISTACK (ACCUMl, ACCUMZ). 
Individual reactions to errors are not possible. 

ACCUM2 

zzzzH 

Cause of error 

Time-out occurred during process 
image updating 
(zzzz = t i  me-out address) 

Note: A missing block error occurs only when the relevant block was deleted or 
declared invalid during the PC cycle. 

Reaction 

Calls 0634 

b) If you have loaded 0634, you can initiate an error-dependent error recovery routine by 
evaluating ACCUMl and ACCUMZ in a STEP S program. After the error recovery routine 
has executed, the program i s  resumed at the point of interruption unless 0B34 contains 
a STOP command. 
0834 need comprise only a BE command i f  you want to ~gnore any controller errors. 

c) A scan time error has special significance among the controller errors. A scan time error 
occurs when updating of the process image and execution of the controller's program 
get "out of step" because of higher-priority operating system activities. 

A scan time error can be treated either as a normal controller error as described in a) 
and b), or can be suppressed by means of a mask. 
Setting bit D 4.0 (which is  not possible via COM REG) prevents the PC from entering the 
STOP mode (even when no 0634  has been loaded) when a scan time error occurs on 
one of the controllers. 
Setting of this bit also informs the operating system that failure of this controller is 
acceptable. 

When programming the error OB, note that its execution time increases the execution time 
required for the controller program and can therefore result in a timing error. 



5.3 Bad Controller DB 

A controller DB must be generated using the COM REG programmer software. It then has a size of 
1034 bytes. 

When a controller DB entered in  DB 2 i s  overwritten by a DB with a length other than 1034 bytes, 
and the controller call is initialized over D82, the result is the error described in section 5.2, i.e., 
"Controller data block not 1034 bytes". 
(R processors older than revision level 6 do not check the length of controiler DBs, and an error 
can therefore cause the entire system to assume an undefined state.) 

When the controller FB is called via a STEP 5 program, the system i s  stopped with an STP command 
on detection of a DB comprising more or fewer than 1034 bytes. Error code 0806H is entered in 
ACCUM1 and DBxxH in ACCUM2 (xx i s  the number of the bad DB). 

The length of a DB can be queried using the STEP 5 programmer software function " INFO DIR". 
COM REG's "Display" and "Test" functions check the version number in data word 2 t o  ascertain 
whether the DB i s  a controller DB, aborting the relevant function with an error message should 
the check prove negative. 

5.4 User Errors 

When using the R64 controller structure, errors made a t  crucial points may result in  the 
controller's not operating at all, in i t s  failure to produce the relevant output variables, or in a 
reaction that the user does not expect. Errors of this type, as well as ways to  remedy them, are 
discussed in the remainder of this section. 

The initial state of the bit variables in the Controller's process input image (DW180) was chosen 
so that the controller can operate in a "normal" mode when these bits are zero. For this reason, 
note that setting the controller enable bit to  1 (D 180.9, D 180.15) will disable the controller. This 
arrangement was necessary to enable the controller to operate without a digital input module 
and without altering the preferred states of the relays. 

When a previously configured test socket is disabled via COM REG, the latter does not permit the 
test socket t o  be reinitialized; the I/O address entered in the input address list, however, is not 
deleted. This may cause problems when the address is to  be used elsewhere, e.g. by another 
controller, as i t  i s  assumed that the process image for this address will no longer be updated. To 
disable a test socket in the proper manner, i t s  address must first be deleted (by entering blanks) 
and then the appropriate structuring switch set to  zero. 



5.5 The Controller Does Not Operate 

One good way to  test a controller is to configure a setpoint string (ADUmanual entry, D 23.7 = 1 
and control setpointlsetpoint string, D 180.5 = 1). 
By specifying two setpoint values and selecting the interpolation function, COM REG can be used 
to  check whether anything i s  happening by checking measuring point M P  1. One of the following 
may be the cause of the controller's failure to  respond: 

a) The PC is  in the STOP mode, in which case it is necessary to initiate a cold restart. If the 
processor fails to  go into cyclic operation, i t  could be that the controller DBs entered in D62 
are not in the PC's memory. The missing data block(s) must then be transferred to the PC. 
Another reason for the error may be a missing function block: either an F% was forgotten and 
not transferred to the PC, or the wrong F6  number was entered in a data block during 
initialization. The relevant FB must be tranferred to the PC or the bad FB number corrected. 
The processor will not enter the RUN mode when an I10 address which cannot be referenced 
was specified. 
The I10 addresses specified when the data blockswere initialized can be printed out in a cross- 
reference list. 
To correct the error, the I10 address must be corrected in the data block (if necessary by 
overwriting i t  with blanks) or an I/O module with this address plugged into the program- 
mable controller. 

b) The PC is in cyclic operation (the RUN LED is on). First check DB2. Has it been loaded into the 
PC, and has the controller been entered? Was a cold restart executed after transferring DB2 
to the PC or after entering the controller DB? If so, it i s  possible that the controller manage- 
ment bit (RVB, D 7.0 in  the controller DB) has not been set. This can be ascertained by 
invoking the COM REG function "Controller processing". The controller must functjon when 
this bit is set and all of  the instructions given above have been followed. 
(There is an error which can be remedied by specifying a DB1. This error i s  discussed in detail 
at the end of the section.) 

Once the controller has been induced to respond by the modifying of a value a t  measuring point 
M P  1, you can proceed measuring point by measuring point until a regulating variable has been 
output. 

5.6 Difficulties with I10 

For the control algorithm, the process input image (DW168 to  DW191) i s  a "read-only" memory 
area, i.e., an area from which information can only be fetched. 

There are different ways of entering information into this area. One way i s  to  enter an address in 
the process input image's address l ist (DW120 t o  DW143). Each word in this l i s t  is allocated to a 
specific word in the value list. Prior to each call, the R processor's operating system supplies those 
values in the input value l i s t  for which an address other than zero has been specified. 
Values may also be entered in the value list via a STEP 5 program, or the COM REG test function 
(e.g., for controlling relays) can be used. A conflict may result when both the operating system in 
the process of updating the process image and a control program attempt to enter input values. 

It is pointless to attempt to control bits in the process input image when a program or the 
operating system also has write access to these bits. This possibility is presented only t o  make you 
aware of all the options at your disposal. 
I t  is your responsibility to  restrict yourself t o  the permissible modes of access, and therefore to 
avoid such problems. 



Problems can also occur as regards the process output image. Again, i t  i s  possible to have the 
operating system output the value stored in the value l i s t  t o  llOs by specifying a corresponding 
address in the address list. The value l i s t  can also be read out via a STEP 5 program. Care must be 
taken, however, that the value output to  an I/O module i s  not overwritten from the other side. 
The regulating variables of two controllers cannot be output to  the same address. 

Inexperienced users can expect the most difficulties with the cyclic STEP 5 program's process 
image. The processor reads the current values a t  110 addresses 0 - 127 and writes them to the 
process input image during each cycle (in accordance with the cyclic controI program's execution 
time). The values in the process output image are also written to I t0 addresses 0 - 127. 

The addresses for which this STEP 5 process image is generated can be specified (byte by byte) in a 
DBI. If no D01 has been loaded into the PC's memory, the processor (single-processor mode) 
checks for modules having addresses 0 - 127 on initiation of a cold restart, and generates the 
process image for the STEP 5 program accordingly. If, for example, a controller's digital output i s  
applied to PW 0 and the processor is operating in single-processor mode without a DB 1, both the 
controller and the STEP 5 program's process image facility will write t o  I/O addresses 0 and 1, thus 
jeopardizing the reliability of the information. To prevent such a conflict, a D61 (in which, in this 
example, addresses 0 and 1 have not been specified as outputs) must be loaded into the PC. 

lf only controllers, but no control program, are used in the processor, and no output addresses 
lower than 128 are to be used, then the "empty" DB1 provided on the controller diskette can be 
loaded into the PC. 

Changes in DB1 are transferrable following a cold restart only 

NOTE: The possibility of error when accessing I/Os is even greater in multiprocessor mode. 

Additional information can be found in the programming manual for the relevant processor 
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3 General N o t e s  

3.1 Structure  of the Masks 

As in other SIHATIC S5 operator areas, the dialog betveen the user 
and COM REG is executed exclusively by means of masks. All the 
masks are structured basically the same: 
- two headlines with information on the selected function and the 
block which is being processed 

- 19 lines of working area 
- three lines of function key menu for selecting functions and 
controlling the parameter input. 

This structure is illustrated in the "Controller selectionn mask. 
This mask appears immediately after selecting "COM REG" by means 
of the G1> / eackage key. ALL existing COH REG packages are 
displayed. 

* lh foLLcwe upezzmr mzims are apailahle: rc 
. * * 

* A- 

* am im for ttae m & x u m k  smxture . . . c : m * m  * 
* C : ~ . C M D  * 
* Cam IEG for lP 252 Closed lcqp anaol nadule C:SSCElZZ.Q4!I A- 

* c:.sSam3x.m * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* S- 

* %- 

* * 
* F 1  ! F 2  ! F 3  ! F 4  ! F 5  ! F 6  ! F 7  ! F 8  . %- 

* m. ! ! I l I I I * 
* 854 ! P252 ! I I I I ! Break * 
* * 
* ~ ~ Y . ' x % - X ~ ' X ~ ~  

In the "Controller selection" mask the user chooses the controll- 
er he vishes to work with using the COX software. For this purpo- 
se, che function keys offer the folloving options: 

Controller structure R64 
<F2> Closed-loop controller IP 252 
<F8> Break 

The assignment of the function keys cFk- to G 7 >  in the mask 
shovn above depends on the e x i s t i n g  packages. 



COM REG 

After a module has been selected the preset mask is displayed. 

To exit COM REG press the break key <F8>. Then the command inter- 
preter is loaded which will display again all available packages. 
To exit SS-DOS press the function key a 8 > .  This command must be 
confirmed by activating the <Enter> key. 

3.2 Selecting Functions 

COH REG is operated by means of the alphanumeric keyboard, the 
cursor keys, the eight function keys, the <Break> key, the 
<Enter> key, and the a r d  copp key. All other STEPS specific 
keys are ineffective. 

When you press an ineffective key the message wBLOCICED KEY" is 
displayed; afterwards you can correct the input. Keyboard entries 
are closed by pressing the <Carriage re-. After that the user 
is prompted to enter further data or, the next menu is automati- 
cally displayed. 

COM REG is structured hierarchically, i. e. there are different 
levels on which the program may run. The upper level is the main 
menu. When the user selects a function from the main menu (for 
example output) a new menu is displayed from wbich the data that 
is to be output may be selected. When the user selects, for 
example, "PARAMETERw the third level is enrered. The folloving 
diagram shows this in detail: 

Main menu Oatput Parameter output 

Input +- S t r u c ~ i n g  
I 

Output Scan time 

I 
Transfer & Response t Controller 

Delete 
I 
c- Phys. dimension I 

t A c t u a l  value 

I I 
Special functions +- Parameter ---.------t Setpoint value 

Informat ion 
I 
t Test socket 

Test 
I 
t Digital peripheral 

Normally a function is closed by pressing the function key -7> 
(Ready); then the program returns to the next higher Iwel. 
The entries or changes made are stored. When a function is can- 
celled by pressing -8> the program returns to the next higher 
level without storing the entries or the changes. 
As with other operator areas the <Break> key and the <Carriage 
re- are effective under COX E E G .  Often the area- key func- 
tions the same as <F8> and the a t e r ,  key functions in the same 
way as @7>. 
When the hardcopy key is pressed the screen contents may be 
output at any time v ia  a connected printed. 
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3-3 Entry Fields 

You enter data into the entry fields by means of the alphanumeric 
keyboard and close the entries by pressing the anter> key. 
Before pressing this key you can m w e  the cursor within the entry 
field and correct wrong entries. 
Before you start to enter data into the entry field the cursor is 
positioned in the leftmost positfon of the field. Uhen the entry 
field is blank, data can be entered left-justified. dfter you 
have pressed the e t e r >  key COX REG displays the entry right- 
justified. When the entry field is not blank you can enter data 
in one of two ways: 

- You enter the nev value left-justified. Since the previous 
entry is still displayed, right- justifLed, it is not over- 
vritten completely. A blank must follow the last character of 
the new entry so that COH REG can recognize it. Bfter pressing 
the anter> key W H  REG accepts the new value and displays it 
right-justified. In the folloving example the value "10.5" 
should be replaced by "9.5".  (Blanks are represented by "-") 

Before the entry is made: " 10.5" 
Before pressing the -Sneer> key: "9.5-5" 
After pressing the anter> key: * 9 . 5 "  

- You w e m 5 t e  the old value with the new one in such a vay that 
the positron of the decimal point is maintained, i. e. the nev 
value is entered right-justified. The advantage of this method 
is that only those characters that really have to be changed 
are entered. In the previous example "10" is overwritten with 
"-9" . 
Before the entry is made: " - 10.5" 
Before pressing the anter> key: '-9.5" 
Bfter pressing the anter> key: "-9.5" 

When ycm wish to enter' parameters of different time units or data 
types COX BEG offers poss-ible time units such as ms, S, hm or 
different data types such as IFV, XU, PW, FU in the £unction key 
me-, during completion of the entry field. The default unit can 
be changed by means of the appropriate function key before press- 
ing the e t e r >  key. 
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3.4 Types of and their Input Formats 

There are different types of parameters under C023. BEG and for 
each type of parameter only particular input formats are allowed. 
In the folloving table all types of parameter are listed: 

Dimension-dependent parameters are parameters d t h  the same unit 
as the values to be controlled, for example the setpoint value, 
the error signal, the setpoint value error limits, the processed 
actual value. For further information see chapter 4, section 
"Input/Entering a standard controller/Inprrt characteristic". 

Type of 
Parameter 

Controller no. 

DB no. 

FB no. 

Bit value 

Address 

Fixed point 

Percent value 

Times 

Determination 
of physical 
dimens ion 

D Lmens ion- 
dependent 
parameter 

Range 

1 - 8  

2 - 255 

0 - 255 
0/1 

0 - 254 
+/-loo. 00 

+/-loo. 00 

0.0 - 999.9 
0 - 9999 

0.000 - 9.999 
0.00 - 99.99 
0.0 - 999.9 
0 - 9999 

0.00 - 59.59 
0.0000 - 1.0000 
0.000 - 10.000 
0.00 - 100.00 
0.0 - 1000.0 
0 - 10000 

foimat determined 
above 

Dimension 

- 
- 
- 
- 

- 

Sign 

no 

no 

no 

no 

no 

D e c a l  
places 

0 

0 

0 

0 

0 

2 

2 

1 
0 

3 
2 
1 
0 

2 

4 
3 
2 
1 
0 

as 
determ. 
above 

- 
% 

ms 

sec 

hm 

6 optional 
characters 

6 optional 
characters 

Ye* 

Y e s  

no 

no 

no 

yes 

yes 
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3 -5  Recommendations for the Procedure 

You can project a controller by means of COW REG according to the 
steps described below: 

- Enter the controller structure and parameters into a program 
file . 

- Create the controller list (only for controller structure R64)  
- Transfer the data blocks (and possibly the function blocks) 
from the program file to the module. 

- Online test of the controller; optimize the parameters. 
- Change the structure with "Outputw, i£ required, and test it 
again. 

- Store the tested controller data block in the program file. 
- Program the data blocks in EmOMs, if required. 
- For documentation, print the controller structure and param- 
eters. 

3.5.1 Entering a Controller 

In order to structure a controller the "Il?PUTW-function is se- 
lected from the main menu by pressing function key ek-. In order 
not to lose any data, in the event of interference, it is ad- 
visable to initially enter controller data blocks into a file and 
not send them directly to the module. Vhen you enter data COH REG 
guides you vith masks so that you can enter the data in a suita- 
ble order: 
- structuring 
- determining the sampling time l) 
- determining the controller response 
- determining the physkal dimension 
- parameterking the branches and modules that vere switched on 

during structuring 
When a controller is being entered no values are preset by COH 
BEG in order to avoid unintended controLLer functions being 
activated. For an appropriate parameterhation of controller 
structure R64 it is necessary to enter values X 0 for the foll- 
oving parameters: 

- Scan time l) 
- Time base of the controller list 
- Upper limit (of the controller) 
- Lower limit (of the controller) 
- Positive increment limit 
- Negative increment limit 
- Adjustment factor on a continuous controller with pulse/pause 
output 

- Gain of the actuator adjustment 
- Minimum pulse duration m a step or continuous controller with 
pulse/pause output 

- Number of vertices of the polygon m e  
- Distance between the vertices of the polygon curve 
- Number of setpoints of the setpoint sequence 
- Filter time constant 
- increase at the ramp-functfon generator 
- Number of limit values of the limit monitors 
- Measuring point number for limit monitors and test sockets 

l) Here, 'sampling time' and *scan timet have rhe same meaning 



3.5 -2 Creating the Cantroller L i s t  < d y  for R64) 

The system program of the processor must be informed in the 
reseroed data block DB2 in which sequence each controller is 
called. Therefore, after the creation of the data blocks, each of 
which contains a controller structure, the controller list must 
be created by CON REG. 

In order to be able to test the controller the data block should 
be transferred from the file to the module using the function 
G 4 >  "TRANSFERw. When working vith controller structure R64 the 
function block (FB102) and the controller list (DB2) must be 
transferred along vith the data block in vhich the controller 
structure is stored. 

3.5.4 O n l h e  T e s t  of the Controller 

After starting the PC the controller can be tested 'by means of 
the function -87 "TEST". It is recommended to ensure that the 
controller receives the correct values from the input module by 
selecting a test point table where the different test point 
values are visible at a glance. 

You can optimize the parameters online during the conrroller test 
by werwritbg the current parameter u s i n g  the function "FORCE". 

Since only the parameters may be changed during test you have to 
exit the test and select the function <F2> "OUTPUT" 5n order to 
change the structure. It is reasonable to change the data blocks 
at the module (in STOP state) since it is there that %he parame- 
ter changes, resulting from test, will be accepted, in contrary 
to the data block on file. After a strttcture has been changed the 
processor must be restarted. The user may now change the masks 
completed by "INPUT". In contrary to input, the aser won't have 
to follov the complete sequence of masks, but may select directly 
the masks to be changed. The "Testw and "Change" steps are re- 
peated until the desired controller characteristics are obtained. 

3.5-6 Transferring t o  a F i l e  

After the test all data blocks that have been changed shoald be 
saved %n the file using the function -S4> "TWBSFER". 
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3.5-7 Pr- the ESaOHs 

When you work with the IP252, COH REG offers the possibility to 
program the created data blocks into EPROMs using the function 
4?4> "TRANSFER". When using the "controller structure R64" the 
programming of EPROMs is only possible using the STEPS program 
package. 

After you have finished projectkg the controller, the structures 
and parameters should be printed. To do this, select <F8> "PRINT 
OUTPUTn using the 472> key. In addition to the parameters, a 
cross reference list with the input/output modules used by each 
controller can be printed. 

3.6 Possible Sources of Errors 

Tbis section attempts to list all possible problems and sources 
of errors so that you may avoid them after having studied this 
section. 

- If there are notes on the delivered program version at the 
beginning of this mamtal, please pay attention to the remarks 
given ! 

- A valid filename should be preset vhen blocks are to be read 
from or written onto floppynard disk. The valid form of a 
filename is: "X:Y2ZZZZST.S5Dw where "Xn is a valid drive name 
(e. g. "Aw), "Pn is a capital letter and "2" a capital letter 
or a digit. 
When you do not enter a filename or when you enter one incor- 
rectly COH REG cancels the access to the floppy/hard disk and 
displays the message "ERROR EXTERN& STOBAGEn. If this error 
occurs vhen you are vriting a data block this block can be 
saved because the data is still in the "programmern medium, 
although the input medium "FILE" vas selected. You can save 
this data block from the programmer by transferring it into a 
valid file by means of the function "TBANSFER". 

- Rhen you work with the controller structure B64 and the IP252 
you should store the data block for both devices in different 
files so that they are not mixed unintentionally! 

- After disconnecting and reconnecting the cable between PG and 
PC, when a power failure on the PC occurs, or following a cold 
restart of the R-Processor a transfer error occurs that is 
detected during the next communication between PG and PC. COM 
REG then cancels the transfer and displays the message "PC <-> 
PG TRANSFER ERROR". When the cancelled function is called again 
the connection may be established. 

- In order to increase data security each data block is almost 
always simultaneously sent to the PG storage as you process a 
data block (input, output, transfer). It is this PG storage 
that alvays contains the last data block processed, even if it 



was input to the module or into a file. 
When you cancel the input or output function unintentionally 
the PG storage retains the data block until you work on a 
different one; therefore the block can be saved by transferring 
it from the PG to the module or the file. 

- The input function offers "PG" as the target for a data block. 
Because of the characteristics of the PG storage mentioned 
above this data block is overvritten without varning when you 
work on another DB. Therefore you are advised against selecting 
the PG as destination for input! 

- When you cancel the function "OUTPUTm (except "OUTPUT/PARA- 
METERn) not only the output of the mask but also output of the 
complete data block is cancelled vith the result that all other 
changes (e. g. parameters) are lost. This block can only be 
saved by means of the PG storage mentioned above. 

- The encoding switch of the printer PT88 should be set as it was 
when the printer vas delivered, i. e. all switches "OH". 

Note: An incorrect printout indicates that the parity of the 
printer interface Ss not set correctly. 

3.7 Checklist for Troubleshooting 

The following list contains the most frequent causes of the most 
important possible user errors, from call of CCM BGG to cantroll- 
er test. 

PCs are highly ctnuplex, high performance devices where many 
functions must run correctly at the same time. h particular h 
the ntultitasking mode, in order to realize the required action. 
The large number of available functions may lead to a large 
number of possible operator errors. It is therefore reasonable to 
restrict the troubleshooting of particularly stubborn and 
apparently inexplicable faults to the necessary modules and 
functions. Experience has shown that faults are not necessarily 
found in the function where they appear but in a different one. 
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COlZ BgG earmot be started 

- Does the floppy/hard disk contain all tools and drivers re- 
quired? 

- Were all tools and drivers taken from the same ZEmT package? 
- Does the floppy/hard disk contain all C M  BEG files? 
- Vere all COH REG files taken from the same COH REG package? 

Yaa cannot exLt a WH BEG rask 

- Is there still a wrong entry in the input field (e. g. entry of 
time base or determination of inpat characteristic)? 

- Is it possible to leave the mask by pressing the area- key or 
the anter> key? 

- Is the keyboard locked with t h e  key switch? 

Probl- lhen worldng with the program file 

- Is the name of the default program file in the correct format? 
- Is there enough space on the floppy/hard disk? 
- Is the attribute of the selected program file "Read onlyw? - Is the selected program file scored in a different user area? 
{User areas can read files vith the attrTbute "SYSw from user 0 
but cannot write into them) 

- Is the disk formatted? 
- Is the disk d r i v e  closed? 

Problem when accessing fhe -e 

- Is the default of COM BEG "Online"? 
- Is the PC supplied with power? 
- Is the module plugged in? 
- Is the cable connection between the PC and the PG correct? 
- Is the connection cable servicable? 
- Are the correct SSDOS drivers used? 

The following module-specific notes refer to the controller 
structure R64: 

Following cold restart, the processor does not enter fie BmO mode 

- For multiprocessing: Is there a valid DBl? 
- For nniltiprocessing: Is the coordinator installed? Are all jum- 
pers set correctly? Is the correct mode set? 

- Is the controller function block missing? 
- Is a data block that was entered in the controller list mis- 
sing? 

- Do all accessed input/output modules exist? (Print out cross 
reference list!) 

- Is the correct base address set for all modules? 
- Do all modules receive the enable and supply voltage required? 
- Are the modules plugged in correctly? 

Chapter 5 in vhich the controller structure R64 is described 
gives information on how controller faults (and acknowledgement 
delay on controllers) can be identified and evaluated. 



!ale processor is in the =m' but the caltrouer does ant 
fmnction correctly. Then refer to the folloving checklist: 

- After any transfer/change on the module a restart must be. 
carried out 

- The controller must be entered in the controller list 
- The controller must be enabled (see Special functions/Controll- 
er processing) 

- If you entered an address in digital Fnpats: Was this entry 
supplied vith meaningful values (by STEP5 programs, CP, or 
switch)? E.g., flagvords must be filled with values by the CP 
or the STEPS program, special svitches connected vith 1/13 
modules. Special attention is to be paid to the position of the 
bit values for "Inhibit controller" , "Final posit ion ON achiev- 
ed", "Final position OFF achievedw, "Manual operationn, and 
"Maintain regulating variable constant". 

- The bits mentioned above could have been set in tes+. 
- Are all parameters preset vith meaningful values? (see chapter 
"Entering a controllern) 

- The address of an ADC (W) may not be maintained in a switched 
off branch. (You should activate the appropriate branch using 
the structure switch to check it!) 

- Do the input/output modules work correctly? Were they para- 
meterized for the correcz range? 

- Do the input/output modules work vith the correct data format? 
(Negative values must be represented h two's complement!) 

- Does a STEP5 program describe an incorrect data vord in the 
controller data block? 

Valmes eatered during the test  are not sccepted or overwrirten 

- Not all parameters may be changed during the test! 
- Were the parameters entered in the correct format? 
- Was an input made vith the addressing for the digital inputs? 
Then the digital inputs cannot be controlled durfng the test! 
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4 Projecting the Controller Structure R64 

4.1 Processing the Controller FB 

The processor executing the control process is a vord processing 
control processor that recognizes the common STEPS functions and 
organization blocks (031, OB13; etc.). 
Only vhen data block D32 (controller list) containing usable data 
is available, following restart, will the time-controlled call-up 
cycle of the controllers be started by the system program. 
Each controller is represented by a data block. The system pro- 
gram receives information from the controller list as to which 
controller is called vith vhich scan time. Uhen calling, the 
appropriate data block is selected. In data vord 0 the number of 
the function block, which contains the control algorithm (e.g. 
102 for the controller structure R64) is entered. This function 
block which is called by the system program processes the pro- 
jected controller structure using the data in the data block. 
During this procedure all input values (setpoint, actual value 
etc.) can be taken from the data block. The computed output 
values (e.g. regulating variable) are stored in the data block. 
The process image (takes input values from the peripheral to the 
data block and output values from the data block to the peripher- 
al) is produced by the system program, if there is an address 
given h the appropriate parameters. The fnput/output values can 
also be supplied by a STEPS program. h this case no addresses 
may be allocated with the respective parameters so that the 
system program does not execute a process image for these parame- 
ters. The function block that contains the controller strac-ture 
must exist only once for a11 controllers because all controller 
specific data is stored in the data block. 

Those times not marked for controller processing are available to 
the STEP5 program. During these times, optional STEPS programs may 
run to process input and output values of controllers. Thus 
multi-loop control systems may be created. 

The higher the processor load, i. e. the more controllers that 
are entered in the controller list, the longer the cycle time of 
the STEP5 program. The STEP5' programs lun aspchronically com- 
pared with the controllers. 
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The followtng blocks must be available f.n order to enable a 
control procedure : 

- DB 2 controller list - DB X a controller data block (3 < x < 255) 
- FB 102 function block vith the can&olalgoritbm 

Since a STEP5 program always runs in the background (idle cycle 
if no program was input) the operating system executes the pro- 
cess image for the digital peripherals (PB O . . . PB 127). When 
the control procedure uses input/output devices vhose addresses 
are less than 128, the process image of the STEP5 program over- 
writes their process images. In order to avoid this a DB 1 that 
does not assign input or output to the STEPS program should be 
entered in the processor. In order to execute a control procedure 
without STEPS software and without any knowledge of STEPS, a 
"dummy DB1" vhich prevents the cyclic STEPS program from access- 
ing peripheral addresses < 128 is delivered together w i t h  the 
controller structure R64. 

Note: - The file wREGR64ST.S5Dn contains the control algorithm as 
funcrion block FB102. Uhen you already use an FB102 on 
your system you can assign snocher block nrrmber to the 
delivered one uslng COH REG or "IAD CSF STLw. You should 
enter this nev name in the controller data .block. 

- All chunges to the structmre and tbe m l l e r  list are 
-ferred correctly only a processor is re- 
s e d .  ConUollers must not be dbanged as* the ftmc- 
ticw "-. draiPg proccssfmg! U y  tbose changes tbat 
the ftmct3.m "2ESP offers are -d. Before m i n g  
the stracture the processor m t  be bmagls to the aSTOPw 
& in order to accept the mes aft-& by means 
of the frmct5rm "msmwr-. 

- In the folloving sections the processor is also called 
"modulen following the conventions of COM REG. 

You can find more detailed information an the processor and its 
system program in the User's Guide for the processor and in the 
description of the controller structure 864. 

Please pay particdlar attentton to the application ecmple given 
in the coptroller s tmctare  R64 descriptian and to the qlana- 
tljLan of a l l  =errs used by WM BEG! 
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After S5DOS i s  started and COM REG is selected (see section 
"Starting COM REGw) COM REG displays the preset mask. 

-*%L 

* S- 

* &dde r R--. S f n t c t .  : S- 

* h-ese* scxme/Dest. : BLock : S- * ................................................................................ * 
* 9.- 

* S- 

* * 
* h&!: * Offline S- 

* CMiRe %- 

* * 
* S- 

* l?duct: * antmlzer s m t u r e  R% h 

* * 
* %- 

* Prqyan file: ST.SSD d- 

* * 
* S- 

* k 

* * 
* * 
* * 
* * 
* * 
* F 1  ! F 2  ! F 3  ! F 4  ! F 5  ! F 6  ! F 7  ! F 8  -k 

* t f I I ! R K g m !  ! * 
* O f f l i ~ ! C a J i n e !  f t ! file ! ! Break * 
* * 
*k%IL 

Select the operating mode and the program f i l e  from the Preset 
mask. 

- "ONLINE" means that the PG can cammrmicare direct ly  with the 
module. Y o u  can select t h i s  operating mode only when the module 
i s  ready to  operate and when it is connected v i th  the PG. In  
the online mode. controllers can be projected directly t o  the 
module. 
If no PC is provided, the controller data blocks can be created 
using COM REG and stored i n  a program f i l e .  In t h i s  case, you 
should select the operating mode "OFFLINE". 

- COM REG can store data and function blocks in a program f i l e .  
M1 folloving accesses t o  external storage (floppy or hard 
disk) refer to  the blocks in the specified program f i l e .  Y w  
can enter the program f i l e  name af te r  you have pressed the <F6> 
key. The format of the filename is  "X:YZZZZZST.S5DW vhere "Xn 
is the drive name (e. g. "A:", "B:", o r  "C:"), "P" is an upper 
case and "2" an upper case l e t t e r  or  a d ig i t .  The name should 
have the number of characters specified above, othervise it is 
f i l l e d  vith "@". The entry i s  completed with <C-. 
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Example : "B:KIXNOPST. STD" 
The name of the program file should refer to the project. In 
the specified program file, STEPS DB, F3 and controller DB and 
FB can be stored together. 

By pressing the function key G 7 >  you can e x i t  the preset mask 
and enter the main menu. To return to the modale selection press 
a8>. 
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4.3 Hain Menu 

-k &dde : R-E2-t~. Stnact. : 
* F U N C T I O N - S E L E C T  mm.: Block : * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* S- 

* * 
* * 
* S- 

* F 1  ! F 2  ! F 3  ! F4 ! F 5  ! F 6  ! F 7  ! F 8  S- * I 1 I t ! S '  ! I * 
* l ipat ! O u p t  ! Test ?T%mfer ! l khce  !fin=- ! Info ! Break * 
* * 

The maTn menu is the highest mask level of COM BEG. From there 
you can select the following hnctions: 

INPUT - enter the controller data blocks 
- enter the controller list 

OUTPUT 

TEST 

- change the existing controller data blocks 
- change the existing controller list 
- print the controller structure 
- print the cross reference list 
- test controllers online: starting-up, operat- 
ing, monitoring and changing the parameters 

TRANSFER - transfer the data blocks and function blocks 
between the module (programmable controller), 
program file and block memory of the PG 

DELETE - delete data and function blocks in the module 
and program file 

- delete the program file and all blocks within 

SPECIAL FUNCTIONS - cold restart of the processor 
- varm restart of the processor 
- stop the processor 
- compress the data blocks in the processor 
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- change the presetting 
- controller processing 

- list of contents of a l l  control loops on the 
module, program file or submodule 

- SYSID module 
- SYSID submodule (frame number, version) 
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4.4 Input 

Using the function "INPUT" you can project controllers by creat- 
ing a controller data block. Additionally a controller list (DB2) 
can be created using the function "INPUT". 

After selection of the function "IKPUT" by pressing the function 
key U?1> the main menu offers the possible destinations where 
entries may be stored automatically: 

G1> program file 
<F4> module 
4?5> programmer (PG) 

Note : - It is advisable, even in online mode, that the entries 
are stored in the program file first and then transferred 
to the module so that fn the case of disturbances at the 
PC (e. g. unintentional removal of the module etc.), 
the data is still available. 

- You should never enter the data dlrectly into the PG be- 
cause its data block storage can only hold one block, as 
described by STEPS. The block stored in the PG is lost 
w i t h o u t  uarntng when you vork on the next one (e. g. 
input, output, transfer). 

In the following mask input of a controller data block and a 
controller list is offered: 

controller data block 
<F8> controller list 

It is only realistic to create a controller list after the crea- 
tion of all controller data blocks. Following the input of a 
controller data block or the controller list, described below, 
the mask is displayed again so that yau can make further entries. 

The f%mct+an wZHPRw is eezminated by pressing tbe Break key! 

Note: If COH REG realizes that an entered data block already 
exists on the specified destination medium the following 
question is displayed: "OVERWRITE EXISTING DATA BLOCK? 
(Y/N)". If you do not vish to averwrite the existing data 
block, you can save the newly created one. It still exists 
in the PG memory even though you specified the program file 
or the module as destination. In order to save the new data 
block enter "NW and copy the data block from the PG to the 
program file or to the module by means of the function 
"Transfer". The data block number may also be changed 
during this procedure. 
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4.4-1 Enterlog a Cantroller DB 

The first step on entering a controller D3 consists of specifying 
a data block number bazveen 3 and 255. A controller DB entry is 
generally carried out in a linear way, i. e. all inputs are 
requested one after the other, vithoat branching, in the form of 
masks. Entries are offered in the following order: 

- entry of structure 
- entry of scan time 
- entry of controller behaviour 
- entry of function block number 
- entry of controller and area name for GP526 
- definition of dimensions and numerical range 
- parameterization of selected branches 
Note: Parameterization offers only those branches and modules 

that have been selected during the preceding structuring 
operation. If you realize during parameterizatLon that you 
have forgotten a module when structuring the controller, 
exit  the input and change the structure using "OUTP13TR, in 
order to be able to parameterke the desbed module. 

After enterixlg the data block numbez the structuxhg mask is 
displayed. By means of the structuring function, you can estab- 
lish an individually required controller structure by setting the 
structure-svitches. Based on the given primary structrxre you can 
activate specific controller branches. 

The structure-switches have the functions of either on/off or 
change-over switches. The svitches can only be set by entering 
"0" or "lw. In case of on/off svitches (e. g. "ramp-function 
generatorw), entry of "l" 'causes the module to be activated. When 
entering "0" the module remains switched off. Changeaver switches 
are marked in the text by a slash "/" (e. g. wconthuous/stepw), 
&ere one of two selections is possible: "On for the alternative 
preceeding the slash or "lw for the alternative following the 
slash. 
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* 2-/3 Point cmtmller 0 S- 

* Anal./oig.alqa o -*- 

* Ad. /L l ig .  0 at 

* A c t u a t o r d ~ ~  0 k 

* %- 

* at 

* * 
* F 1  ! F 2  ! F 3  ! F 4  ! F 5  ! F 6  ! F 7  ! F 8  A- 
* I f ! ScroLf ! SCLVLL I r f * 
* t f ! F !daa2 !Help ! h i d y ! & r e a k  * * * 

dfter each entry of "0" or "1" the cursor shows the next logical 
switch, i. e. only switches of branches that have been activated 
can be moved. Thus, you are spared unnecessary and confusing 
entries. If ycnr select, for example, the continuous controller 
"standardn by '0' the cursor will never point to the item 'inter- 
ference input' since the latter is optional only for the upgraded 
controller. 

The cursor may also be mwed to the respective switches using 
the four cursor keys. Since the list of switches is longer than 
the available space, the list can be scrolled up or down using 
the function keys <F4> and -S>. 

Notes: - If the switch indicated by the cursor position is preset 
to "On and you do not wish to change it, you are never- 
theless recommended to enter "0" .  As a result, the 
cursor is positioned to the next logical switch by the 
program. Entering the digits one or zero exclusively 
prevents you from actuating a svitch several times or 
not at all. If you move the cursor using the cursor keys 
you do this without prompting from the program! 

- The change-over svitches "Manual Value PG/ADCW and "Ana- 
log/Digital Output" are given several times fn the list 
for reasons of program structure. However, COM REG sets 
the cursor to the respective switch only once, depending 
on the specified structure. 
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- The branches "Controllern, "Actual Valuen and "Digital 
Addressesu cannot be svitched off, thus they are present 
in each controller. 

- When structuring you can only set structure-svitches, 
digital inputs may not be set. Relays can be controlled 
during online test only. 

In order to show the relationships betveen the structuring mask 
and the svitches of the controller block diagram, a list with the 
corresponding assignments is provided in the description of the 
controller structure R64 (chapter 3. Tables). 

Structuring operations are terminated by pressing the function 
key -S7> after vhich the next entry mask is displayed. Entry can 
be cancelled by pressing U?8>; all preceding entries are lost. 

Note: If the entry is not cancelled daring structuring but at a 
later point in time, COM REG attempts to store the data 
block along with previous entries at the destination me- 
dium! Only if a data block with the same nlrmber exists the 
question "Block X overwrite (Y/N)n is displayed. 

The "scan timeu mask enables you to enter individual scan thnes 
for each controller. 
The scan time is the per%& of time in whkh the input valmes 
Cacmal value, setpoint, etc.) are read in a c e  and the wtput 
values (e. g. manipulated variable, 1Mt) are evaluated and 
output to the process. 
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* Irsut m e  : R-APc. Stnrt. : Gnml. * 
* S C A N - T I H E  s z m e m . : F i Z e  Block  : a93 * 

Scan tiE: 

* Ccmnnt : For the quasi-- design the f 

* r e c a m E I l d e d ~ t i E v a k a e i s 1 0 8 a f t h e  S- 

* ~ ~ c o l r s t ; n z t a f t h e c m t r o Y e d  %- 

* systan- * 
* Tkscmnkgt iPEfortheR-Prcc.  i s a d t i p l e  f 

* a f 1 0 n s a n d q l l o t & l e s s ~ 2 0 ? l s .  * 
* * 
* * 
* mnl5 * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* F 1  ! F 2  ! F 3  ! F 4  ! F 5  ! F 6  ! F 7  ! F 8  * 
* I I I f I I I . . k 

* ! I q a & !  I f I  break * 
* * 

The scaa time may be entered after pressing the fimction key 
<F2>. The notes an the sequence of keys during entry, given in 
the section "Input fieldsw should be observed. The following 
points are important for the numerical value: 

- In the quasi-cantiuuous controller outline, the recommended 
scan time value amounts to 10% of the dominating t h e  constant 
of the system to be controlled. 

- The scan time must be an integer multiple of 10 ms, i.e. each 
at least 20 ms. 

- For step controllers and continuous controllers with pulse/ 
pause output, the scan time must be an integer multiple of the 
minimum puls duration. 

- A processor can process a mxxinnmr of eight different scan 
times. 

- The smaller the scan time the higher the processor load. There- 
fore, fewer controllers can be processed at the same time. In 
other vords the cycle time of a STEP5 program in the background 
is becoming longer. 

- In the controller list which is to be entered later, the maxi- 
mum common divisor of the scan times of all continuous control- 
lers must be entered as time base. If an unusual value is 
specified for the scan tLme it should either be corrected 
later, or the time base should be selected to be unnecessarily 



COH BEG 

small causing an increased processor load and STEP5 programs to 
be processed more slowly. 
(It is not possible, for example, to enter a controller with a 
scan time of 30 ms and another with a scan t i m e  of 50 ms into 
the controller list at the same the; the maximum common divi- 
sor is 10 ms while the minlmum time base must be 20 E.) 

- After changing the scan time the controller DB in DB2 must be 
svitched off, then on again. Then, a cold restart is to be 
executed for the processor. 
(Further information can be found in the description of the 
controller list and the controller stractpre R64.) 

Use function key a 7 >  to terminate entry of scan time and step to 
the next entry mask. Entry may be cancelled by pressing the 
data block is then created. 
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This mask requires fomc entries. !l!he cursor may be moved by use 
of the keys <cursor up> and <cursor dovn>. Yes/no entries are to 
be made by means of the function keys <F1> and @3>. The function 
block number should be entered via the keyboard and terminated by 
pressing the <Carriage Return>. 

* * 
* &W m e  : R - h .  S t l ~ ~ l t .  : (zmzxd. fi 
* SxmeJkst.: File Blcck : 003 i- * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  * 
* * 
* * 
* m.-Behavian: * 
* ---- ---- -------- * 
* Lfthe&.ismt- * 
k t f i e ~ a r e s e t m z e m :  Yes * 
-k a 

* ~ f ~ b ~ ~ & - ~ i n 4  * 
* (for d e s  with-ut mi2hi@: Ab * 
* * 
* Iqutcfm-*: X 

* --..---------------- * 
* ~ C u l t z V l L e r ~ m i s i n m :  * 
* * 
* * 
* * 
* F 1  ! F 2  ! F 3  ! F4 ! F 5  ! F6 ! F 7  ! F 8  * 
* I r I I I r * 
* Yes ! h b !  I r ! Ready ! Break -X- * * 
**ss- 

With the PG you can switch on and off individual controllers 
during operation without influencing the other controllers (Spe- 
cial functions/controller enable). For this status and for the 
"STOP" status of the processor you can specify, w i t h  the first 
entry, if in case of a controller stop all outputs of the con- 
troller should be set to zero or if they are to remain in the 
same states as before the controller stop. 

By means of the second entry, you may specify whether the con- 
troller output is to be updated immediately following the con- 
troller processing, or time controlled, i. e. together with the 
controller input. 
In the first case, dead time is short but not constant due to a 
variable program execution time. In the second case, dead time is 
constant but of the same length as the scan time. This entry is 
relevant for those controlled systems where the time constant is 
about the same duration as the scan time. You then have to decide 
vhich entry to select, depending on the controlled system. 

With the analog input modules 6ES5-460-4U and 6ES5-465-4U, the 
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measuring range 4 ... 20 7114 is not mapped to 0 ... loo%, but to 
25 (1000B) . . . 125% (5000H). 
You may select a suitable ahptation via the controller. 25% are 
then subtracted from all ADC inpat values of this controller. 

Entering the function block number informs the processor vhich 
function block contains the control algorithm. Therefore this 
entry is mandatory. (The controller structure R64 is supplied 
vith the function block number 102.) 

Press the function key (F7> to terminate this entry and step on 
to the next entry mask. Entry can be cancelled by use of G8>;  
the data block is then created. 

4.4.1.4 GP526 Adaptatfan 

m ~ h *  

* 2 

* k d d e  : R - h .  Srnxz. : CSZ&C?~. a t  
* S u r c e ~ . : F i l e  Block : D 3  003 2 

This mask should be completed only if you wish to operate and 
monitor the controller using CP526. 
Entries for controller and area name are used for display build- 
ing of CP526 and they are stored in the dara vords 192 .. 199 of 
the data block. The entry comprises of eight characters maximum; 
letters, digits, spaces and underscores ("-") are allowed. 

Press the function key <F7> to conclude the entry and go on to 
the next entry mask. The entry may be cancelled by pressing -g>; 
the data block is then created. 



4.4.1.5 Input Characteristic 

Analog input/output modules work with normalized signals, e. g. 
with 4..20 mA for the analog part and with the range of values of 
0000h. . .4000h on the digital part. With a temperature of 300 O C 
a transducer provides a current of 12 M. The analog input module 
transforms this current into a hexadecimal value, e. g. 2000h. 
This is the value that the controller structure B64 receives from 
the analog input. In order to vork with COM R E G  using the actual 
numerical values and units you should tell the controller by 
means of this mask hov to interpret the hexadecimal value of 
2000h, i. e. the characteristic of the inpat range should be 
determined. 

The controller structure R64 assumes that the input/output mod- 
ules represent the positive range of values of 0..100% as digital 
value of 0000h..4000h. Negative walues are expected in two's 
complement (for 4...20 mA = 1000U ... 5000U see chapter 4.4.1.3). 
Three entries are required in order to specify the characteris- 
tic : 

- physical dimension (6 characters maximum) 
- numerical value of the controlled condit%on to be provfded 0 % 
(=0000h) by the controller in the data format 

- numerical value of the controlled condition to be provided 
100 % (4000h) by the controller in the data format 

Notes: Etany analog input/output modules have a resolution of 2048 
units. On the digftal part the modules work with 16-bit- 
m& where the three 1eas-t: sign5ficant b i t s  are not 
evaluated or set, 1. e. the units that correspond to the 
analog value are shifted 3 bits to the left (multiplied by 
8).  Therefore, for a resolution of  2048 units, m the 
digital part is represented by 16384, corresponding to 
4000h. 

Example 1: range of actual value: -50 . . 150 Degr-C 
transducer provides 4 .. 20mA 
analog input provides OOOOh .. 4000h 

0 . . 2048 units 
controller interprets 0 % .. 100 % 
During the vork with COM =G, in the initial position 
the following entries (fn italics) apply: 

Dimension D1 : Degr-C 
0 Percent corresp. -50.0 Degr-C 

100 Percent corresp. 150.0 Degr-C 
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Z G ~ ~ ~ ' " ' . ' ' " - " u . ' ' " ' . " " - " u . ' . . - . - . . - . - . - - . - . - . - . - - . - . - . - . - . - - - - - - -  I 
* * 
* m= M e  : R - h .  scmct. : Gxmv1. * * P A R A M E T E R  Scun=em. :  File B l o c k  : m 003 * * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  S- 

* S- 

* S- 

* ~ a f d e s i r e d F h p s i c a l ~ i o n :  s- * k 

* k 

* * 
* D i m n s i m  Dl:  --C S- 

* O Pexrat aarresp. -50.0 - C * 
* 1m Pexrat carresp. 150.0 =:c S- * k 

* k 

* * 
* k 

* k 

* S- 

* f 

* * 
* * 
* S- 

* F 1  ! F 2  ! F 3  ! F 4  ! F 5  ! F 6  ! F 7  ! F 8  * 
* I t l I I I # * 
* I I I 1 * ! R e a d y ! B r e a k  * 
* S- 

* * S -  

Both input values that specify the characteristic of the input 
range determine the number of declmal places with which all 
dimension-dependent parameters are inpnt and output. The follow- 
ing values apply for the valid input range: 

The five formats, shown above, have the m a x h n ~  resolution, i. e. 
the greatest possible number of decimal places. The user may 
ignore a part of the resolution by specifying less decimal places 
than permitted for this format. For example 1, the entry of 
-50..150 Degr-C voald also be correct. Since most of the analog 
input modtiles can also process negative current and voltages the 
input range in example 1 is -250. -150 Degr C. - 
Note: - The algorithm specified in the input characteristic, with 

vhich the controller is to process the hput/mtput, is 
valid for all dimension dependent parameters. Therefore, 
all input/output modules should have the same data 
format. 
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- Rhen a digit vhose format is not mentioned in the list 
above, is entered for the 0 % or 100 % values, the entry 
cannot be completed by <C-, G 7 > ,  <P8>, the <Enter> key 
or the area@ key. Only after correction of the format 
is further processing possible. 

- For all further entries of -ion dependent parameters 
the format described lpst be kept. Un the other hand. the 
foxmat ar the a s  of &c- places urmrot be modi- 
f ied  after the entry of the pnmmeters w i t b u t  mod- 
a l l  diaensicm dependent ~ t - 1  

By pressing the function key 4?7> the entry is completed and the 
next input mask is displayed. You can break the input procedure 
by pressing G 8 > ;  then the data block is filed. 
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* W e  : R--. S e t .  : -1. * 
* P A R A M E T E R  scum$kt.:File Block :B 003 -k * ................................................................................ * 
* * 
* S- 

* l: lzkntmuer 2: llctllll vaLue * 
* * 
* 3: Setpint 4: Limit nmi tar  1 -k 
* 3 

* 5: Limit nrnitor 2 6 r T e s c ~ 1  * 
* S- 

* 7: Test socket 2 8: D i g i t a l  aidress * 
* * 
* * 
* * 
* A- 

* k 

* * 
* A- 

* * 
*. Pledse mter ttde W ndtx: -k 

* * 
* F 1  ! F 2  ! F 3  ? F 4  ! F 5  ! F 6  ! F 7  ! F 8  * * I I t I I I t * 
* I t 1 l I ! a d y ! B r e a k  * 
* * 
...--...%I% 

The first mask of the parameter input contains a list of all 
active branches and their numbers. Since you can select the 
branch you wish to parameterize first, the linearity of the input 
in the function "Parameter input" is interrupted. This is realiz- 
ed by the independence of the input for the parameterizing of the 
controller branches, i. e. the order of input is unimportant. 
This program structure enables the user to modify a branch that 
is already parameterized, without leaving the function "Parameter 
input". 
The controller branch to be parameterized is selected exception- 
ally by entering its number by means of the alphanumeric keyboard 
and then pressing the <Carriage Re-. This procedure enables 
CON REG to also process controllers vith mre than eight 
(= number or £unction keys) branches. 

You can exit the branch selection menu by pressing the function 
key G 7 > .  The data block entered is stored at the specified 
destination medium. 

For parameter input, note the folloving: 

- When you make the first parameter input you always should 
select branch 1 first, COM REG then guides you (function 
key G 7 >  must be activated) through a L 1  branches. Only when you 
wish to enter modifications should you directly select the 
branch to be modified. 
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- For several parameters no input may be required (e. g. the 
danger limit of the actual value need not be entered when the 
corresponding bit is not evaluated). Under particular circum- 
stances complete controller branches can be jtnnped without 
input (e. g. the branch digital address vhen neither digital 
input or digital output is intended). 

- In addition to the input fields the masks also contain output 
fields that show the selections made vhen structuring. The 
cursor can be moved to the input fields w l y  by using the keys 
<cursor up> and <cursor do-. When parameters are entered the 
procedure recommended in the section "Input fieldsn is to be 
considered. 

- Since several parameter lists need more space than provided on 
the screen, these lists should be scrolled up or dovn (automati- 
cally) while the user completes them. Pressing the function 
keys <F5> "Scroll down" and CF6> "Scroll upn has the same 
effect. In order to show the end of a list the message "List 
end is reached !" is displayed when the last entry is trans- 
ferred. This message must not be interpreted as an error 
message referring to the last entry! 

- Uhen an entry is made in the address of an ADC, DAC. DO or D1 
(i. e. input/output module) the corresponding parameter (e. g. 
actual value, setpoint, digital input, etc. ) is described when 
the controller is operated by the system program creating the 
process profile. When Ssplct vslmes are not supplied by the 
3qmt wdules bat: by tbe GP or the m t o  be tested (e. g. 
digi- inpats) no e n w  last be made in the corresponding 
address of the 3nput/astput module a - e  the specifged 
value Xs by the pmcess profile. (The default pro- 
vides "PU" for each address. A n  entry is only accepted if this 
abbreviation (resp. " I ~ " ,  "FWu, "XWn) is followed by a number. 
Entries may be deleted by overvriting this nmnber vith three 
blanks. 

In the following sections the peculiarities of each controller 
branch are briefly discussed. 
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4.4.1.7 Controller Branch 

S' 
* * 
* k h l e  : R-ADC. s m .  : -1. * * P A R A M E T E R  Sau&kt.: FiZe Blodc : DB 003 * * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  * 
* k 

* B d  1: czm&v11er * 
* * 
* * 
* -1s- 0 * 
* S-- 0 * 
* H3n .d  value El;/m 0 * 
* axEzmt m. v a Z ~  30.00 % * * * 
* Higl l  limit 100.09 % * 
* mff l imir -100.00 % * 
* ArrprrtiayfMZue 1-23 k 
* ~ a c t i c n t i m ?  2.121 sec * 
* Lkt-ivative acrirn i=im= O s e r :  -X- * * 
* CQlt-/nmk-F= 0 * 
* * 
* * 
* * 
* F 1  ! F 2  ! F 3  ! F 4  ? F 5  ! F 6  ! F 7  ! F 8  * 
* m- ! !idazrs ! ! SQnll! s c 2 ' Q u ! N e x t  !M * 
* ~ ! ~ ! ~ !  ! dasl! q  selection* * * 

*.**,b** A % % * 7 % -  

In order to put a continuous controller into operation, the 
values entered for parameters "High limit" and "Lover limitn 
must not equal zero, othervise t h e  regulating variable is 
l i m i t e d  to zero. 

The same is valid for the parameters "POS increment limitw and 
"NEG increment limitw of the upgraded controller, i.  e. the 
values should not be zero. 

If an actuator adjustment is projected the gain may not be zero. 



4.4.1-8 Actual  V a l u e  Branch  

C%%* 
* * 
* kbdde : R-APc. SDxc t .  : b t ro l .  fi * P A R A M E T E R  Sxmq/aest.: FTle Blcck  : LIB 003 * * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  * 
* * 
* Branch 2: ActzwlvaZue S- 

* S- 

* %- 

* Address m 02 * 
*  limit * 
*. LcwerwzmirgLimit k 

* h5ghd3ngerLimit * 
* LcwerdmgerLimit * 
* X 

* Start-LpacruaZ Tm.k * 
* * 
* * 
* a 
* xL 

* S- 

* * 
* * 
* ~ a f l i s t i s r e a a h e d !  * 
* F L  ? F 2  ! F 3  ! F 4  ! F 5  I F 6  ! F 7  ! F 8  * 
* I I ! ! S c r n ; U ! ~ ! N ~  ! B &  * 
* I l 7 ? &m!  zq, ! ~ ! S e l f x r i o n *  
* xL 

L'""'-'-"""-'-'-'-'"""' 

The parameters for the varning limit and rhe danger limit need 
not be entered if the corresponding bits in the digftal mtput 
word are not evaluated. 

If a polygon cume vas entered daring structuring the number of 
vertices in the mask for the parameterizing of the achlal value 
branch is preset vith zero. Only when a m b e r  between one and 
ten is entered will the corresponding number of lines be dis- 
played, which is required for parameterizing the ordinal values 
of the polygon curve. Although COX BEG would accept the default 
number of zero vertices, this number is illogical; it must be set 
to a value between one and ten. 
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4.4.1.9 Setpolnt Branch 

h%%<- 
* * 
* m m : R-Zfroc. s a t .  : &xl,tzoI. k * P A R A M E T E R  F i l e  Blcck : 003 -X- * - - - - - - - - - - - - , - - - - - - - - - - - - - - - - - - - - - - - , - - -  * 
* * 
* Branch 3: .%pint d- 
* * 
* k 

* m- * * Ackiress PDC 01 k 

* * 
* Setpint high Limit + 
* Setpoint h e r  Limit. * 
* * 
* 9r 

* k 

* %- 

* S- 

* s" 
* S- 

* * 
* * 
* W a f l i s t i s r e a c l a e d !  * 
* F 1  ! F 2  ! F 3  ! F 4  ! F 5  ! F 6  ! F 7  ! F 8  -k 
* I t I ? ScIDU. ! Scroll ! Next ! B 4  * 
* I I I ! & m !  q ? B & ! S e l e c t i a n x "  
* * 

The parameters "Setpoint high l imi tw  and "Setpoint lower limit" 
do not limit the setpoint but a bit is set in the digital output 
word when these limits are exceeded. Uhen these bits are not 
evaluated these parameters need not be entered. 

When a setpoint sequence vas entered during s w n r r i n g  the 
default number of setpoints in the mask for the parameterizing of 
the setpoint branch is zero. Only when a &er betveen one and 
ten is entered will the corresponding number of lines be dis- 
played, vhich is required for parameterizing the setpoints of the 
setpoint sequence. Although COPI REG would accept the default 
number of zero setpoints, this number is illogical; it must be 
set to a value between one and ten. 

Note: When the structure key S8 is set to "lw, i. e. when the 
setpoint is specified by a STEPS program or the setpoint 
sequence, and a module address was entered in the address 
of ADC1, the specified input module should exist, although 
the values are not used. 
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4.4.1.10 -t -tor B r a n c h  

* * 
* M e  : B-&. S-. : &ntml. * 
* P A R A M E T E R  s a u c @ ~ X . : F i l e  B l o c k  :LB 003 * 
* * 
* B& 4: Limitlunitorl * 
* * 
* * 
-k Ruder af Limit vaLues * 
* Pksuring pint rudxzr -X- 

* Limit 01 <- 

* Limit 02 * 
* Limit 03 * 
* Limit 04 * 
-k Limit 05 XL 

* Limit 06 * 
* * 
* >;- 

* * 
* * 
* * 
* * 
* EkdofListisreached! * 

1 F 3  ! F 4  ! F 5  ! F 6  ! F 7  ! F 8  * F 1  ! F 2  . * 
X 1 I I ! SzzvU ! SCrpLZ ! N ~ x t  ! Branch * 
* I l I ! dasl! up ! ~ ! S e l e c t i c a z  * 
* * 

The number of limit values is preset to zero; it may be increased 
to 6 maximum. All limit values of the limit monitor branch refer 
to the same measuring point. Uhen a positive or negative limit 
value is violated, the corresponding bit of the digital output 
word is set. The limit monitors can only refer to active measur- 
ing points. 



4.4.1.U. T e s t  Socket 

* * 
* m m e  : R - h .  S m t .  : -1. 9.- * P A R A M E T E R  I N P U T  k m c q & s t . : F i Z e  B l o c k  : B  0%' * * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - , , - - - - - - - - - - - -  * 
* k 

-A. B& 6: Test sccket 1 * 
* * 
* * 
* Meaalr~pintndx?.r * 
* Address L X  03 * 
* * 
* * 
* * 
* * 
* S- 

* <- 
* k 

* * 
* * 
* * 
* * 
* * 
* * 
* F 1  ! F 2  ! F 3  ! F 4  ! F 5  ! F 6  ! F 7  I F 8  * 
* iktepmc! I ! ! S u v 1 1 ! ~ ~ ! N ~  ! i b n c h  * 
* c m . * !  ! I/o ! d !  h !  tip ! B r a t a c h ! S e l e c t l s 2 *  
* * 

The test sockets enable the user to output internal controller 
values to external recording instrmnents. By means of the simul- 
taneous output of the read setpoint and the processed setpoint on 
a recorder, the functions of all modules of the setpoint branch 
may be checked (the same refers to the actual value branch). 

In contrary to the ADC address, the measuring poht number can be 
modified online during the test. 

Note: Before a test socket can be switched off using the struc- 
ture key, the address of the ADC should be overwritten with 
blanks; othervise, the system program attempts to output 
the contents of the measuring point to the A D C .  This means 
that the ADC should exist physically, else the processor 
passes into the STOP state signalling a controller fault 
(see chapter 5, description of controller structure R64. 
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4.4.1.12 DigZtal Addresses 

c<<** 
* * 
* li4M: HodLZe : R - k .  Struct. : i h t t v I .  * 
* P A R A M E T E R  Scm-ce/kst.:FiZe Block : 003 >t. * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  * 
* * 
* B&' 8 : D i g i ~ ~ e s  t 
* * 
* * 
* Adir. ofdigitaZcurprta301 EW 2 * 
* M&-. of digital irqnrt D1 Of EW * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* F 1  ! F 2  ! F 3  ! F 4  ! F 5  ! F 6  ! F 7  ! F 8  * 
* Illt-! J ! W  ? ~ f i ! k ? l V ~ !  i ' i ~ ! ~ ~  * 
* arm. flag! ! I p  ! sod  ? &in ! ! B& ! SeLeccim * 
* * 
*%kW 

The description of controller structrue R64 shows that the con- 
troller has a digital output word (DO) and a digital input 
word (DI). 

The output vord output out the statuses of the limit monitor and in 
particular the status of the step controller outputs ("Open" and 
"Close") and the continuous controller with fulse/Pause output. 
When the regulating variable is to be output digitally the ad- 
dress of a digital output module should be entered into the mask. 

Use one of the following options to control the digital inputs, 
for instance, the signals "End position open reached", "End posi- 
tion closed reached", "Inhibit controllern, "Dead zone effect- 
ive", "Upper". "Lower", "Deletem etc.: 

- When the address of a digital input module is entered for the 
input "Address D1 01" the digital input vord is read in auto- 
matically by the operating system and stored in the particular 
data word. 

- When a (interprocessor communication) flag is enrered for the 
input "Address D1 01" the input word may be specified by a 
STEP5 program or by a CP where the defined flag is described. 
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- The dig i ta l  input word can also be specified direct ly  by a 
STEPS program where the data word 180 in  the controller data 
block is  described. 

- The b i t  values of the digi ta l  input vord may be controlled by 
the PG during t e s t .  

In the l a s t  tvo cases data should not be entered under any c i r -  
cumstances for the input "Address D1 01" since the dig i ta l  input 
word i s  wervri t ten by the operating system when the process 
image i s  created. 

Important Note: - The d3gital inppt rard cantahs m important 
b i t  values. Vhen ome of these bit valmes 5s in 
an incorrect surtus the -troller cannot can- 
tinue -mmmhg (e. g. the bit  con- 
tTollerW) . 

- When the user rabes sn ea- in the address 
f m  the dig i ta l .  input the specified a-ss, 
respectively the specified flag shoald -19 a 
defined d o e .  

- Vhen tbie user .uatea an e n w  in the aditress for 
the digital illput the relays cannclt be con- 
aroUed -3ng test! 
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4.4.2 -t of the Cartrpller List 

c%%%%%%L 
* * 
* m e  : R - h x .  St3uct. : * 
* CcntIoLZer List hzce/&st.:File B l o c k  : 002 * * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  * 
* * 
* T i E b a s e :  5om * 
* * 
-k Z k  Scan rimes of the w1ums are: S- 

* A- 

* 100ms 1 150nsI 0 s  I 0 s  I O S  ] O S  I O S  I O S  * 
* -+ L* 

* I D B  1 1 2 2 3  1 1  I a 9  I D B  * * ------a-+------- +-------+-------+-------+-------+-------+- * 
* 3 1  4 1  I I I I I -X 

* I I I I l I l * * --- I I l I 1 l I * * --- I --- 1 1 I 1 I I XL * --- I --- I I l I I I * * --- I --- 1 I I l I I XL * - -- 1 --- l l I t I I * * I --- l l I I 1 I * * * 
* * 
* F 1  ! F 2  ! F 3  ! F 4  I F 5  ! F 6  ! F 7  ! F 8  * 
* I I I I I I I * 
* Errter LB .!Emme lB.T.  base! f I ! E & y ! B m k  * 
* * 
** 

The entries in the controller list determine the calling sequence 
of the controllers. 

The controller list shows clearly the method of vorking and the 
loading of the processor: 

The processor is able to manage a nurimrmr of 8 different scan 
times, corresponding to the eight columns of the controller list. 
The processor processes the columns one after the other selecting 
only one controller per column, then stepping on to the next 
column. The time which passes after one controller of a column is 
processed until the next one in the same column is processed, is 
called time base which is to be entered into the head of the 
mask. When the time base, for erample, is 100 ms the processor 
should process a controller every 25 ms vhen tbere are 4 lists; 
vhen there are 8 lists, a controller of a list should be process- 
ed every 12.5 ms. Since the processing time of a controller is 
2.5 ms maximum, 22.5 ms or l0 ms respectively, are available for 
the processor to execute a STEP5 program between two controller 
processes, in the example above. 

When, for this example, a list is processed every 100 ms it may 
contain a controller vith a scan time of 100 ms. When the scan 
time of the controller of this column is 200 ras it should be 
called in every second column. Therefore, this column may contain 
tvo controllers with a scan time of 200 ms each. The number of 
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controllers per column is derived from the quotients of the 
controller scan time of the colunm and the time base. The number 
of controllers, however, is limited to 8 since storage, not time, 
Its restricted. All scan times (minimum pulse duration) of the 
projected controllers (see description below) should be an inte- 
ger multiple of the time base so that the quotient is an integer. 
The maximum common divisor of all scan times (minimum pulse 
duration) should therefore be entered for the time base. 

If a column does not contain any cmtl;ollers or if the maximum 
number of controllers per col- is not reached the operating 
system detects this and may possibly execute an existing STEPS 
program instead of a controller. 

For step and continuous controllers vith a pulse/pause output the 
regulating variable is converted into the number of pulses. In 
order to output a pulse vith the length of the parameterized 
minimum pulse duration the controller structure R64 should be 
called at least once during the minimum pulse duration to enable 
the bit of the digital controller output to be set or reset. 
This is vhy the minimm pulse duration is decisive for entry of 
step and continuous controllers vith pulse/pause outputs into the 
controller list. 

When the controller list is processed the time base is to be 
entered first. The following two conditions should be met: 

- It should be a multiple of 10 ms, at least 20 ms. - It should be the maximum common divisor of the scan times (re- 
spectively the minimum pulse duration) of the controller to be 
processed. When a smaller scan time is selected the processor 
loading increases because of unnecessaxy administration work. 

It is only possible to leave the entry field when a valid time 
base was entered. The f-unction keys are assigned the folloving: 

cT1> Enter DB 
cTB Remove DB 
cT3> Time base 
(FR Beady 
4?8> Break 

In order to enter the controllers into the controller list, press 
the function key G1>, enter the data block number, and conclude 
the input by pressing <Carriage Re-. In order to simplify 
the entry CON REG does not return to the previous menu but re- 
quires the entry of a new data block number. This input loop may 
be broken by pressing the a r e a b  key. 

after the data block number is entered the program reads the scan 
time (minimum pulse duration) from the particular data block of 
the selected destination meditxn and attempts to enter the con- 
troller into the controller list. During this procedure the 
existing columns vith the same scan time are filled before a new 
column is opened. If the scan time (minimm pulse duration) is 
not a multiple of the time base the controller cannot be entered 
and the time base or the scan time (minimum pulse duration) must 
be modified. The removal of Lndividual controllers from the con- 
troller list is also carried out tn form of a loop that is to be 
terminated by presshg the a r e a -  key. 
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After the function key 4?3> is pressed the time base may be 
modified. However, the nev value is only accepted if it is an 
integer divisor of all controllers contahed in the list. The 
value is not deleted before a valid value is entered. If there is 
no further value, which meets all conditions for the time base, 
the old value should be entered again so that the user can leave 
the input field. If the modification was successful the con- 
troller list is updated. 

The input of the controller list may be terminated by pressing 
<F7>; the DB2 that was created is stored. By pressing G 8 >  the 
input is terminated; the entries are lost. 
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By means of the function "Outputm an already existing controller 
data block or the controller list may be checked, amended or 
corrected. Additionally all controller data and a cross reference 
list may be printed aut using a print function. The only diffe- 
rence between the functions "Inputn and wOutputw is that, in 
contrary to the rigid operator prompting in the input function, 
the mask the user wishes to complete may be directly selected in 
the output function. 

After "Outputw is selected from the main mem the user may select 
the medium on vhich the data block to be processed is stored. The 
print function may be branched to from this menu. 

G 1 >  Program file 
a 4 >  Module 
G 5 >  Programmer (PG) 
d 8 >  hint 

After the medium is selected and the data block number is entered 
the mask selection menu is displayed. When data block two 5s 
selected the controller list may be processed. The controller 
list Fs output the same way as it was i n p u t .  

The followFng description applies to controller data blocks, not 
to the controller list. 
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m % % h % b  

* * 
* Ctrtprt k d i k  : R-Proc. sauct. : mm1. * * S M c e m . :  File Block  : 003 * 
* ................................................................................ S- 

* * 
* * 
* k 

* * 
* S- 

* * 
* * 
* * 
* * 
* * 
* * 
* * 
* %- 

* * 
* * 
* * 
* * 
* * 
* XL 

* F 1  ! F 2  ! F 3  ! F 4  ! F 5  ! F 6  ! F 7  ! F 8  + 
* Struc- I-le ! Bm II??g=sicaZ fXnitiaZ-I !Scare! * 
* na* ! timz !P,zram%x!-ia2! * ! ! ca?tz. ! Break * 
* * 
k........ 

Uhen the user presses function key -L>, G 2 > ,  or -4>, the asso- 
ciated mask is displayed and may be directly completed; however, 
when function key <F3> is pressed, another menu is displayed, 
from vhich the user may select the masks, controller response/FB 
number or CP526 adaptation. When function key a 5 >  is pressed, the 
menu displayed for the controller branch selection is the same as 
for input displayed. 

Uhen the masks are terminated by press* G 7 >  "Ready" COM BEG 
returns to the mask shovn above. men a mask is terminated by 
pressing <F8> "Breakw the user leaves not only the processing of 
the mask but also the complete output of the data block. The 
program returns to that level vhere the user is requested to 
enter the data block number. In order to save changes already 
made, the data block which is in PG block memory may be trans- 
ferred to the module or program file by means of the function 
"TRBNSFER" . 
When the user leaves the output menu by pressing <F7> "Store 
controllerw, CON REG avervrites the old data block with the new 
one once the prompt "Block X overvrite (YD) 1" is answered. If 
this prompt is answered vith "8" or if the output menu is left by 
pressing <F8> "Breakw the modified data block can still be saved 
from the PG memory. 

Note: - When a structure svitch is modified by means of the 
function "OUTPUTw, GOM REG changes this switch only, not 
the parameters that become invalid by this procedure. For 
example, when the polygon curve is switched off with the 



B8576388-02 COM REG 

corresponding structure switch the parameters for the 
polygon curve are maintained in the data block so that it 
need not be entered again when the polygon m e  is 
reactivated. Another consequence is that the ADC address 
is still stored in the data block after the test socket 
was svitched off with the structure svitch or after the 
setpoint vas transferred from the ADC to the setpoint 
sequence. As already described, this existing address 
input requests the system program to read cyclically 
the particular variable of the input module. This means 
that the input module must exist although the variable 
read is not evaluated. Therefore the ad&ess of each ADC 
or M C  slxmld be averwritten rftb blanks Mare the 
bmmchrfththedDC W) is dtchedoffbymzans of a 
st ructure  switch! A f t e r  the address was a - d  off w i t h  
the structure d t c h  it caxmot be deleted a e  it is 
no lcmger offered for ~ t e r i z - !  

- Rhen the format or the number of decimal places is modi- 
fied during entry of the input characteristic, all di- 
mension dependent parameters are falsified by the decimal 
power that corresponds to the modification to the number 
of decimal places, i. e. all dimension-dependent param- 
eters should be entered again. 

Erample : 0% corresponds to 0.00 V. 
100% corresponds to 10.00 V 
Setpoint upper L h i t  1.23 V 

After the format of the input characteristic vas 
modified to one decimal place the upper limit of 
the setpoint is f a l s i f i e d .  

0 $ corresponds to 0.0 V 
100 % corresponds to 10.0 V 
Setpoint high limit 12.3 V 

As described abwe, the function "OUTPUT" also contains the 
option to print out the controller data entered. After the func- 
tion "Print" is selected by pressing function key <F8> of the 
first output menu the following functions are offered: 

<F2> Print a controller data block 
<F5> Print all 
(F6> Print cross reference list 
<F8> Break 

After being selected all three functions request information on 
which medium (program file/module) the data to be printed is ro 
be red. When only one controller data block is to be printed the 
block number should be entered. Of course, a printer ready to run 
should be connected to the module. When the "SIE1IENS PT88" 
printer is used, all DIL switches shouLd be set to "ONw. 
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The cross reference list looks like this: 

The cross reference list shows the controllers and the input/out- 
put module types and the required addresses, vhether addresses 
are accessed twice, and the channel of modules not yet assigned. 

When the function "Print alln is selected the controller list and 
all controllers entered are printed. The representation of the 
controller data corresponds to the representation of the con- 
troller input. 

When the function "Print a controller data block" is selected 
one slngle controller may be printed. 
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4.6 Transfer 

By means of the function "Transferw any (i. e. also STEPS) data 
and function blocks may be transferred between the media "pro- 
gram file", "module". and "PG". 

* - - - - , - - - - , - , , - - - , , , - - - - - - - - - - - - - - - - - - - - - -  * 
* k 

* * 
* k 

* * 
* * 
* * 
* * 
* * 
* 9 

* * 
* * 
* * 
* k tmsx tre  :File To-: W e  k * File name : B:ERl lBT.S5D F& m : ------- * 
* B l o c k  :m BIG& : m * 
* B l o c k r p .  : 3 BMm* : 3 f 

* * 
* * 
* * 
* F 1  ! F 2  ! F 3  ? F 4  ! F 5  ! F 6  ! F 7  ! F 8  k 
* I !ckcge ! ? t I I * 
* I !bLxk m ! !-! .T~asfer ! Break X' 

* * 

In order to transfer data the source medim should be selected by 
pressing the corresponding function key. When the program file is 
selected as source the name of the preset program file is dis- 
played automatically. Afterwards the user specifies the block 
type (DB or FB) to be transferred by pressing a c t i o n  key G1> 
or -2>. If all blocks of the selected type are to be transferred, 
function key <F1> should be pressed in place of the entry of a 
block number; othervise the block &er must be entered. The 
destination medium may also be selected bp means of the frmction 
keys. When the program file was selected as destination, the name 
of the destination file may be entered accordisg to.the conven- 
tions described in section wPresetting". The destination file may 
be identical to the source file. This is only useful when the 
block number is modified during the transfer procedure. When the 
user vishes to change the block rmmber, function key a 3 >  "Change 
block no." should be pressed and the nev number entered. 
When all entries are correct the function key <F7> "Transfer" map 
be pressed. The entries may only be corrected after Q75> is 
pressed. The cursor is moved over each input line which may then 
be corrected or acknowledged by means of <Carriage Return>. 
The input may be terminated at any time by pressing function key 
e8>. 



B8576388-02 COW BEG 

Notes: - "PG" is the term for the block memory of the progran- 
mer. It may contain only one block and is over- 
written each time a new block is created. 

- When blocks are transferred from the program file to the 
module they are initially stored in the plug-in RAM 
module of the processor. When this storage is occupied 
other data blocks, except function blocks, may be stored 
in the data block storage of the processor. Therefore, 
it is advisable to transfer the fmzctton block(s) first 
to the module. 

- When no more blocks can be transferred to the module 
because there is not enough free memory the function 
"Compress PC" may possibly provide the memory required. 



By means of the function "Deleten single data and function 
blocks, or the complete program file may be deleted. After the 
function is called the function key m e w  offers the following: 

* * 
* * 
* * 
* * 
* * 
* F 1  ! F 2  ! F 3  ! F 4  ! F 5  ! F 6  ! F 7  ! F 8  * 
* D d e c e ! D e l e t e !  ! Delete ! r t ! * 
* fiLe !-.file! ! i7zxi.de ! I t t Break * * * 

e 1 >  Delete single blocks from the program file 
CF2> Delete the complete program file 
<F4> Delete single blocks from the module 
-S8> Break 

When single blocks are to be deleted, the block type (DB or FB) 
and the block number should be selected by pressing function key 
CF1> or 4 2 > .  When a program file is to be deleted, the name of 
this file should be entered. By means of this function not only 
the preset program file may be deleted but also each program file 
in the current user area of the user's disk (hard disk). 

The function "Deleten may be terminated at any time by pressing 
the <Breab key. 



COB REG 

4.8 Special Functions 

Bfter the "Special £unctionsw key is pressed the folloving menu 
is displayed: 

C%* 
* * 
* M5de : R-Prcz. Struct. : * 
* SpesiaZkticns ~ ~ . :  Block : * * - - - - - - - - - - - - - - - - , - - - - - - - - - - - - - - , , , - - - - - - - - -  * 
* * 
* * 
* * 
* * 
* %- 

* * 
* * 
* * 
* S- 

* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* F 1  I F 2  ! F 3  I F 4  ! F 5  ! F 6  ! F 7  ! F 8  f 

* Cold ! W - !  ! . ! K !  !i2Il&vLZ.! * 
* resmm!resblrt! ? !rrapress I Preset I-. ! Break * * * 

Each function, except "Preset" may be called ff an operational 
processor is connected to the PG and if "OdLfne" was selected 
when COM BEG was preset. 

- "Cold restartw has the sane function as the manual restart of 
the R-Processor. "Cold restart" causes a nev interpretation of 
the controller list and the acceptance of the modifications of 
the controller structure or modifications of the number of 
controllers. The cold restart deletes all internal controller 
variables (e. g. a large integral-action cwtponenent vhich was 
created on the basis of a long-range controller deviation). 
The cold restart of the PG can be executed only if the operat- 
ing mode svitch of the processor is set to "RUHw. 

- The "Warm restart" causes the processor to continue the cycle 
vith all previous values after it was stopped by means of 
"Stop". A warm restart may be executed only if the operating 
mode switch of the processor is set to wRUHw. 

- "STOP" will interrupt the running processor. The processor 
sets the digital output modules to zero by using the "command 
output inhibit" ('BASP') signal. 
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- When blocks are deleted from the processor the storage contains 
gaps that cannot be used because new blocks transferred are 
always stored after the already allocated storage. The function 
"Compress PC" compresses the blocks in the processor so that 
the gaps disappear and the continuous free storage increases. 
"Compress PC" may be called during operatton. 

- 8 6 >  calls the presetting mask described fn the chapter "Pre- 
setting". By means of this function the program filename may be 
changed for example. 

- The function "Controller processing" enables or disables each 
controller of the module. <F1> (Yes) enables, (F2> (No) dis- 
ables the controller. The cursor may be moved to each con- 
troller by means of the cursor keys. The response of each 
disabled controller regarding the outputs may be determined for 
each controller vhen the mask "Controller response" is complet- 
ed. 

Note: Only those controllers that vere entered in the con- 
troller list may be enabled or disabled. The function 
"Controller processingn may be called only if the 
processor contains a correct controller list. 

The user may exit the menu "Special functionsw w i t h o u t  an entry 
being made by pressing the CBreak> key. 
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When the function "InfoW is called, the list of contents refer- 
ring to data and function blocks of the preset program file or 
the module is displayed. For purchased function blocks the lib- 
rary number is displayed in addition to the block number. 

After "Info" is called the user selects - after pressing G 2 >  - 
between program file by pressing cF1> and module by pressing 
44>. The block type is then to be specified by pressing the 
function keys al.> and <F2>. 

The function "Infow may be exited at any time by pressing the 
<Break> key. 

Note: Not only the blocks created using COLI REG are displayed but 
all blocks contained on the selected medium. 
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The controller test enables the user to test operating and moni- 
toring of the controllers in online mode (operating mode of the 
module: "RUN"). This a c t i o n  enables the user to 

- start-up the system 
- control the digital inputs 
- change and optimize the parameters 
- obtain an overview of all important controller statuses. 

In addition to the correctable parameters the different masks 
also display the structure switch position, the input values, the 
averaging (measuring points), and the output values. 

Each value is requested several times per second from the module 
and updated on the screen. 

After the function "Test" is selected and the data block number 
of the controller to be tested is entered, the branch selection 
mask is displayed. This mask contains only the active branches as 
in the parameter input. In addition, a start-up branch and a 
measuring point table are avaglable. 

After the branch number is entered all data of the selected 
controller branch is displayed and permanently updated on the 
screen: 

Note: The measuring points of the limit manitors can also be 
changed h test operation. If you want to change measuring 
points of different dimensions (-le: -4 regulating 
variable given as %, MP1 actual value dimension dependent). 
it may be necessary to re-enter the limit values in order 
to obtain a correct indicatton of the limit monitor bits. 
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S* 
* * 
* m : R-&. Snuct. : faletvI .  2- 

* C O N T R O L L E R  T E S T  ~ ~ . : ~  Block : D B  #3 f * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  * 
* * 
* BzZnch 1 : G n r r O k  * 
* * 
* * 
* HP 03: GntroLler dwiaticn 0.0 l2Uz-C * * S- 

* --/SW 0 * 
* S t . i r & n i W e d  0 * 
* l3 in .d  vaZrre PG/m 0 -X- 

* c2ns=m. value 30.00 % * 
* * 
* -c- 0 * 
* NP 10: klmllzd value 0.00 8 * 
* GmmdZer disable D * 
-k High wezflcw D 0 * 
* LowerwetflcuID 0 * 
* * 
* * 
* * 
* F 1  ! F 2  ! F 3  ! F 4  ! F 5  ! F 6  ! F 7  ! F 8  * 
* ! f ! . kmLL ! SCrpLZ ! ! N a z t  !B- * 
* ! Force ! ! T !h ! ! Rzznch ! s e l e t i g l  * * * 
t X X L i i l l P 1 X L X I A  

During the status display the function keys are assigned the 
folloving : 

<F2> Force 
G4> Scroll up 
CF5> Scroll down 
CF7> Next branch 
G 8 >  Branch selection 

When the list requires more space on the screen than is available 
the display may be scrolled up (4'4>) or scrolled down (<F5>). 
The next branch is selected by pressing e 7 > ;  when the user 
presses -S8> he is led back to the menu for branch selection. 

dfter the function key <F2> is pressed the cyclical stams dis- 
play is frozen on the screen and the cursor may be moved by 
means of the cursor keys to the Lnpnt field required. As soon as 
the nev parameter value is enterd and the <Carriage Re- is 
pressed the new value is sent to the module by the PG and shown 
in the nev cyclical status display. Since the value displayed 
comes from the module. it is confirmed that the module has accept- 
ed the value. 
The following variables may not be controlled and thus must be 
changed by means of the function "Outputw: 



- structure svitch 
- addresses 
- number of limits 
- number of vertices of the polygon curve 
- number of setpoints for the setpoint sequence 
The measuring point table is the most important aid for prwiding 
an overoiev of all important controller data. It supplies the 
f olloving inf ormstion : 

- Do the input modules supply the correct vaLues? 
- Do the output modules output the correct values? . 

- Does the controller run? (the modLfied setpoint or actual value 
should be displayed at latest after the scan tine) 

- By comparing the fed and processed actual value (setpoint) the 
function of the processing modules may be tested in the corre- 
sponding branches. 

- Are the controller parameters correct, does the controller 
output the expected regulating varfable? 

c** 
* * 
* W e  : R-Pnx. S-. : Chml. * 
* C O N T R O L L E R  T E S T  ~ ~ . : l 5 d d  Block : 003 fi * - - - - - - - - - - - - - - - - - - - - * - - - - - - - - - - - - - - - - - - , *  * 
* * 
* 9: kasurbgpint table fi * * 
* * 
* w01: Setpointirput 0.0 IMW C * 
* HPa2:Pra:dSeL?vint 0.0 DE&@c * 
-f. W Q3: ChtmlZer deviazim 0.0 IM;R C - * 
* W m: ~ 1 1 t ? r c ~ t p t  0.m 8 * 
* W 05: vatiab1e 0.m % * 
* MF08:ActuaLvalueinpn 0 -0 lEGl2-C * 
* HP 09: Pnxessad acrual value 0.0 E2X-C fi 

* HP 10: kknud value 0.00 % * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* F 1  ! F 2  ! F 3  ! F 4  ! F 5  ! F 6  ! F 7  ! F 8  fi 
* r I ! ScroLZ I &m11 ! !Next ! Bzzfndl * 
* ! Force ! ! r q ~  !b ! ! Bzzmch ! seZecriQPl * * * 
* 5 5 5 % *  

Note: When a data block is transferred from the module to the 
program file after test, the positions of the digital 
inputs are also transferred. 
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5 Projecting Controller S t r u c t u r e s  for IP252 

The previous chapters (COM REG) described how COH-software is 
loaded and hov the user steps from loading to the point where 
he may decide whether to use the COM BEG softvare to operate 
either the R64 controller of the PC SS-135U or the controller 
device IP252. The controller selection menu is now displayed. 

* * 
* * 
* htrol lel-  select: * 
* . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  * 
* * 
* The foLlcw2xg operator nz5nes are &1e: * * * 
* * 
X E H  R E  for the R64 -er S t z x m r e  . . . . B : S X X Z Z X . m  -k 

* B:S509=IE211.Q.P) x' 

* m RE 1W far the S . - m  . . . . . . . . - . - . . . . . B:SXEEX.rn * 
* BrSQXS3x.m * 
* UX R E  for 7P 252 Closed l a p  -1- B:SXEZX.CMl t 

* B : m x . m  * 
* RE GMPRICS for IF 252 C M  d. 3:SXXZX.CMl * 
=.? B:SQZElX.CZD * * * 
* * 
* * 
* * 
* 2- 

* * 
* * 
* F 1  ! F 2  ! F 3  ! F 4  ! F 5  ! F 6  ! F 7  ! F 8  . * 
* Gilt2 ! Qltl ! ! P252 ! I t I fi 

* S 4  ! S-LEU! l2252 ! GRmZCS! ! I ! Break * * * 
*%bkw 

Fig. 5.1 Controller selection 

In the controller selection the user specifies the module he 
wishes to operate using the CON software. The function keys offer 
the f olloving options : 

CF1> : Controller structure R64 
G2> : Control on CPU SS-115U 
CF3> : Closed-loop control module IP252 
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G 4 >  : Closed-loop control module IP252 with graphic parameter- 
ization software 

8 8 >  : Break 

The assignment of the function keys Gl> to G 7 >  of the mask 
shown above depends on the existing packages. 

After the controller selection the presetting menu is displayed. 

5 m 4 : 3 % - ~ -  
* * 
* kxUe : IF 252 Srrract. : * 
* Default .%Ire-.: BLock : * * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  * 
* * 
* * 
* * 
* Op.& : *c$!mmE * 
* cxamE * 
* * 
* 2 

* P ~ u h t :  LP 252 &-l$ atL d * 
* * U/& b / p h  hrs -S cn SS LEU, 13%, IXJ * 
* With b / p h  - tD I,Kk m SS-115U * 
* * 
* * h. h. AR / SR (hm 374-OAAU) * 
* m. &. A&'/ S? (m 374-OPBU) * 
* * 
* * 
* Rxgtm file : B:fP252AST.S5D * 
* * 
* * 
* * 
* F 1  ! F 2  ! F 3  ! F 4  ! F 5  .! F 6  ? F 7  ! F 8  * * r l I 1 .- ! I * 
* ( 3 m m E ! ~ !  I-I ! file FIinisbed ! B r e a k  * * * 

Fig. 5.2 Presetting menu 

This menu-is struchlred the same as a11 other me- of this COM 
package and is an example of the principle structure of me-. 
The structure consists of a header area, foot area, and inbetween 
the particular input and output field. 

In the left part of the header area, the function to be executed 
is displayed (e. g. presetting, input, etc.) The right part of 
this area contains information about entries already made. This 
inforination is: "M~dule:~, "Source/Dest.:", "Str~ct.~, and 
"Block:". "Module:" gives information about whether the user has 
selected the controller structure R64 or the IP252. 
"Source/Dest." shows from where the output data was read or vhere 
the input data is stored. The following entries are possible: 
program file, submodule, module or PG. In the foot area the 
function keys are assigned the corresponding functions; the par- 
ticular inputs and outputs are made in the area bemeen header 
and foot area. 
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The presetting has the following defaults: 

Operating mode : Off line 
Hodule : : IP252 in S5-115U, -135D, -150U without access to 

backplane bus 
AR/SR memory submodule 

In the presetting the user specifies how to operate the module 
with this COM software. The functfon keys off er the following 
opt ions : 

<F1> : OFnINE 
4?2> : ONLINE 
<F4> : Selection 
<F6> : Program file 
4?7> : Finished 
4?8> : Break 

Tbe operating mode depends on whether the user wishes to work 
offline flrst, i. e. progradng into the PG, the submodule or 
the disk, or whether he wishes to program directly to the module 
(ONLINE). 

The functions IP252 with or vithout bus access refer to the 
direct bus access. The direct bus access means that the If252 is 
not restricted to its eight analog inputsfcnxtputs but that it can 
additionally use the analog peripherals of the central control- 
ler. In this case the IF252 behaves as a CO-processor and leaves 
the bus administration to the Cm. However, the bus can be 
accessed only in the S5-ll5U programmable controller. 

The user submodule which contains the structures "ARS/SRn sup- 
ports the connection of control loops 1 to 8 with master and 
servo controllers. Uherever you find AW n in the documentation 
on projecting (chapters 8.2 und 8.3. manual -252) you can enter 
the f ollowing parameters : 

... 7 internal ADC channels 

. . . 254 backplane bus addresses of the 
PC S5 analog peripherals : 
for PC S5-115U only 

fHP-no. C--. here means the controll- 
er numbers 1 to 8 and HP-no, 
the measuring point number of 
this controller structure 

It is thus possible to assign, for example, the processed 
actual value from controller no. 2 to controller no. 3 as a 
setpoint value. The folloving value is entered via the PG 
into the entry field of ADC 6 (of branch 8 of controller 
no. 3) : 

ADC 6 PW 2.12 

Use ehe G 4 >  function key to carry out these presettings. 

For the description of the following masks a standard controller 
with memory submodule AR/SR is taken as an example. 

When the (F7> key is pressed rhe main menu is displayed. 



The main menu is the starting mask for all functions; the user 
can reach it from each position of the program by pressing the 
Break key once or several times. 

Fig. 5.3 Main menu 

Starting from this main menu, the aser steps to the sttb-menus by 
pressing the respective function key. Tbe selectable functions 
are : 

a?1> : Input (see chapter 5.2) 
a?2> : Output (see chapter 5.3) 
-37 : Test (see chapter 5.8) 
<F4> : hansfer (see chapter 5.4) 
-SS> : Delete (see chapter 5.5) 
a?6> : Special functions (see chapter 5.6) 
<F77 : Info (see chapter 5.7) 
G 8 7  : Break 
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5.2 Input 

The term "Input" describes each step for specifying the control 
loop. In order no step is omitted during the initial input the PG 
leads the user in a linear manner, i. e. without branches. 
through all input fnnct ions . 

Input sequence: Select the destination medium 
I 
I 

Enter the control loop number 
I 
I 

Select the structure 
I 
I 

Structure 
I 
I 

Enter the scan time 
I 
I 

Specify the Stop behavim 
I 
I 

Specify the dimension 
I 
I 

Parameterize the brmches 

After the input function is selected the PG replies by displaying 
the menu in figure 5.3. 

This menu requests the inpat of the medium where the data to be 
input should be stored. This information is entered into the 
field "Source/Dest.:" in the header area. The following entries 
are permitted: 

: Program file - ---- 
: Submodule 
: Module 
: Programmer 
: ---- 
: ---- 
: Break 
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.................................................... 
* * 
* m MzUe : IP 252 S m r t .  : ~t- * s u m % ! .  : Block : * 
* . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* d- 

* * 
* * 
* * 
* * 
* * 
* * 
* F 1  ! F 2  ! F 3  ! F 4  ! F 5  ! F 6  ! F 7  ! F 8  * 
* h g l a n !  I r l I I f * 
* fiZe I ! m ! k d d e  I PT; i I !Break * 
* * 

Fig. 5.4 H e m  for destination input 

After the destination is selected the controller structure is 
selected in the same w a y .  The function keys are assigned the 
following : 

C F b  Standard controller 
CF2, Drive controller 
<F8> Break 

At this stage the PG requests the control loop number. Since 
IP252 is able to process up to eight control loops, the entry 
1..8 is permitted. Thus the data entered in the following proce- 
dure is allocated to a specific control loop. 

Each entry made appears in the right part of the header area. 
When the user has entered the control loop number and transferred 
it by pressing the Return key, the stracturfng mask (figure 5.5) 
is displayed. 
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Structuring means that the softvare switches that exist between 
the permanently assigned branches, are set according to the 
application. That means that the switches of the branches re- 
quired are closed (=l) and those of the branches not required are 
open (=O). 

The structuring svitches may function as on-off switches as well 
as changeover svitches. For on-off switches "0" means No and "l" 
means Yes. Changeover svitches are marked with a slash "/" in the 
text and are used to select one of two sub-branches. "0" is 
assigned to the first and "ln to the second alternative. 

The structuring switches are subordinated hierarchically and 
assigned to corresponding levels. These divisions are indicated 
by the indentations of the particular subordinate structure 
switch terms in the structuring mask. 

* * 
* Irqxrt &ra& : m 2  Sauclt. r SmdaYd * 
* S T R U C T U R I N G  S a m @ e s t . : E L I E  Block : W  003 * * ------------------------------------------------*------------------------------- * 
* * 
* * 
* l: Caao11er l 2: A&ud vaZue 1 * 
* -/ S W  0 0 * 
* 13araael irptrt P C / a  0 VaLidity* 0 * 
* S-- 0 Av=@?s 0 * 
* -P- 0 P o l w  m e  0 * 
* me2f-W 0 * 
* M irpraAG/m 0 * 
* PlanaT irqaOR;/IYX; 0 * 
* #  --m-F= 0 * 
* 2-/3PointCmmLler 0 * 
* l k m a t m d m  0 * 
* * 
* 3: setpint 1 4: Limit &tor 1 0 * 
* 0 * 
* ~ - f m x : t i m ~  0 * 
* * 
* * 
* F 1  ! F 2  ! F 3  ! F 4  ! F 5  ! F 6  ! F 7  ! F 8  * 
* I I ! SCrp11 I a l z  I l t * 
* t f ! ! c b G n ! ? i *  ! R E @ y I B r e a k  * 
* * 
*%kW 

Fig. 5.4 Structuring mask 

Since not all the structure svitches of a controller structure 
can be displayed at a time. the contents of the screen may be 
scrolled up or down. 
These functions can be executed by pressing the function keys 
-4> or G 5 > .  The function key <F5> is assigned the function 



Help: by pressing a 7 >  the entries made are transferred, by means 
of C 8 >  the processing of the mask is terminated and the main 
menii -..S displayed. 

-4> : Scroll up 
-SS> : Scroll down 
4'6> : Help 
-S7> : Ready 
4'8> : Break 

The cursor is moved on the screen by means of the cursor keys. 
The user structures the branches and subbranches by entering a 
"1". The branches not selected are suppressed. 

As soon as the branches are set the user has defined the final 
control loop structure. men he is satisfied w i t h  it he may 
terminate the projection by pressing the function key 4 7 >  
(Ready). 

5.2.2 E n w  the Scan T h e  

After the controller structure is defined in the last step, the 
scan time is entered. The user s h a d  note that the scan time may 
only be a two's square value between 4 m s  and 32 sec. 

In the mask shown in figure 5.5, a rough formula is offered for 
selecting the scan time; the possible range is indicated. Belw, 
the set or the default scan time is displayed (default is always 
TA = 4ms). In the bottom line the PG provides information on the 
processor loading according to the selected scan time, for the 
structure selected for the control loop. The unit is percent C%) ,  
100 % indicates complete loading of the processor. 
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* * 
* m : m 2  s e t .  : SIiPadard * 
* S C A N - T I M E  Souroe/Dgt.: I.pE Blodc : &tZ M3 * 
* ,----------------,,,------------------------------------------------------------- * 
* * 
* * 
* * 
* Gnnmt : For the qoasi-axzimxs amtmLZer design the -R 

* r e c a n a s l d e d ~ ~ v a l u e i s 1 0 % Q £ ~  * 
* ~ ~ a m s t a n t C l f t h e ~ L Z s d  * 
* v-- * 
* aE fou.cw3g szzm t h ~ s  are p e r m i d  for 1P252: * 
* 4, 8,  16, 32, 64, 128, 256, 512 r o i l 7 i w  * 
* 1, 2, 4, 8, M, 32 seocncIs * 
* * 
* .%m timk?: 8m; * 
* * 
* P252 Lcxdicg: 27 8 * 
* * 
* * 
* * 
* * 
* * 
* F 1  ! F 2  ! F 3  ? F 4  ! F 5  ! F 6  ! F 7  ! F 8  * 
* t I I r t J I * 
* !Inplt ! r r I ! Ready ! Break * 
* * 
** 
Fig. 5.6 Scan time menu 

The menu offers the following function keys: 

CF2, : Input 
GT> : Ready 

: Break 

By pressing function key CF2> the default scan time can be modi- 
fied. The keys CF7> and G 8 >  are assigned the same functions as 
in the previous menus. 

To which extent the controller works stably with the scan time 
selected is the responsibility of the user. He is also responsi- 
ble for the adaptathn of controller parameters to the modified 
scan time. 
When function key (F7> is pressed the mask for setting the con- 
troller behaviour (see figure 5.7) is displayed.. 



5.2.3 Controller Bchsoiora 

In this menu the user specifies the controller behaviour in the 
case of a controller stop (e. g. vhen power failure occurs). 
For such a case three entries are necessary respectively three 
questions have to be answered. The default is nYesw in all cases. 

a) Should the controller outputs be set: to "0" when the control 
loop is not executed? 

b) Should the system restart, automatically. vfth resumption of 
power supply? 

c) Is a restart condition to be obseroed when the system is 
started automatically (for a detailed description of this 
condition see sections 3.1 and 4 . 7 ) ?  

C * % W  

* * 
* W e  : E252 Srruct. : Stacadard * * ,5hnzem.:m B l o c k  :W 003 * 
* - - - - - - - - - - - - , - - - - - - - - - - , - - - - - - - - - - - - - - - - -  * 
* * 
* * 
* W.-kkviar: * 
* ---------------- * 
* Lf&cntf.ismt & , -nal * 
* I 3 e ~ a r e s e t m ~ :  * 
* * 
* ~ ~ Z e S t a T t d f t e r ~ - ~ ~ ~  * 
* ~ r e s t a r r r m d i t i m i s ~ :  * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* F 1  ! F 2  ! F 3  ! F 4  ! F 5  ! F 6  ! F 7  ! F 8  * * I l f I I I I * 
* Yes . ! ! m !  I I ! R e a d p ! B r e a k  * * * 
*%W 

Yes 

Yes  
Yes  

Fig. 5.7 Setting the controller behaviour 

The displayed responses may be changed by pressing ftmction key 
Q?1> or G 3 > .  The function keys are assigned the folloving: 

-S1> : Yes 
0?3> : No 
-S7> : Ready 
@8> : Break 
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5.2.4 Specifging the Controller m d drea Hame 

After specifying the controller behaviour and pressing the 
"Ready" key a 7 >  each controller (No. 1 to 8) of the IP252 can be 
assigned a coptroller pare and srea pare comprising each not more 
than 8 ASCII characters. Input in this mask, however, is useful 
only if controllers of the 12252 are to be operated and monitored 
via a CP526 or a similar device. 

5 " - " - ' - " ' % 4 E -  

* * 
* m W e  : IP252 Sl3uct. : Staradard * 
* ~ ~ . : ~  Block  :CM% 003 * 
* . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  a 
* * 
* C%mosnt: -k 

* a 
* L f ~ m t r o ~ e r i s t o b e o p e z a t e d a n d o b s e r v ~ ~ ~ i ~ ~ @ 5 2 6 ,  + 
* ~ ~ L i c g m p d ~ U e t - n a ~ f o r t t r e d i s p I q o f t k e C P 5 2 6  * 
* sb3uzd be given. S- 
* * 
* * 
* ~~~: m 002 - * 
* * 
* G k u p  nail!?: TEsr-M1 * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* F 1  ! F 2  ! F 3  ! F 4  I F 5  ! F 6  I F 7  ! F 8  * 
* I r I r I ! I * 
* I r t r ! R & y ! B r e a k  * 
* .  * 
*%*%%- 

Fig. 5.8 Adaptation to CP526 

At this stage, note that there is a difference between standard 
controllers and drive controllers. With the drive controller, ac- 
tivating the 4?7> key will lead directly to the parameter assign- 
ment, vhereas the standard controller still requests an interme- 
diate step. 
In this intermediate step, the dimension and characteristic is 
specified . 
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5 -2.5 Specifying the Dimensicm 

Uhen the standard structure contains values vim physical dimen- 
sions the user may specify an ASCII string and a characteristic 
of the dimension before parameterhation. The defaalt B S C I I  
string with 6 characters contains "8"; the 0% value contains "On, 
and the 100% value contains "100". 
The specification of the dimension conststs of entering 
- the ASCII string, 
- the characteristic. 
The menu for these entries is shown fn figure 5.9. 

C % % * d -  

* * 
* m tlxfuLe : D252 Strract. : S- * 
* P A R A M E T E R  s a r c e m . :  FILE B l o c k  :W GQ3 * 
* - - - - - - - - - - - - - - - - - - - - - - , - - - - - - - - - - - - - - - - -  * 
* * 
* S- 

* ~ a f d e s i t e d ~ ~  dimzsion: s- 
* - %- 

* * 
* * 
t D-im Dl: W - C  S- 

* O Percent mrresp. 15.0 Q&Q-C t 

* 100 Percart cx?neq7. 50.0 a&x-c * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* k 

* * 
* F 1  ! F 2  ! F 3  ! F 4  ! F 5  ! F 6  ! F 7  I F 8  * * I f ! I I f f * 
* I I I t J ! R e a d g ! B r e &  * 
* * 
* S -  

Fig. 5.9 Input of the physical dimension 

In the first line of the menu "Dimension D1" the user nay enter 
the dimension necessary for the control loop, with an ASCII 
string up to 6 characters long if the default "%" does not match. 
Afterwards the cursor jumps to the next line and the 3 sign in 
the characteristic lines is replaced by the dimension entered. 
Then the "0  %" value and the "100 %" value are assigned a numeri- 
cal value. 

When these values are entered the PG checks whether the decimal 
places are identical and whether the characteristic entered is 
positive, I. e. whether the 0% vaLue is less than the 100% value 
(see section 4.4.3). 



COM REG 

The last step of the input is to enter the parameters of the last 
structured controller. Here the PG offers only those subfunctions 
(branches) activated in the prevfous structuring mode, for para- 
meteriz ing . 
The parameterizing starts with the PG displaying a list of the 
connected branches &ere each branch is assigned a selection 
number, which is identical to the branch number (see figure 
5.10). By means of the selection rmmber the user may call the 
parameter list of the subfunctions to be parameterized. After the 
selection number is entered the branch selection is terminated by 
presshg the <Enter> key. 

h*%- 

* * 
* & w e  : m 2  s=t. :stzm&& * 
* P A R A M E T E R  ~CUKE-.: F T E  Block : htl 003 2 * ................................................................................ S- 

* * 
* * 
* I :  Cca2troLZer 2: ktual value A- 

* A- 

* 3: %pint 4: Limit 1 * 
* * 
-k 6: Test socket 1 * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* Please enter t)E brarsch madrer: * 
* * 
* F 1  ! F 2  ! F 3  ! F 4  ! F 5  ! F 6  ! F 7  ! F 8  f 
* f l I t I r f * 
* I I t I I ! R e a @ ! B r e a k  * 
* * 
--r%%%C 

Fig. 5.10 Parameter input/Branch overviev 

After a branch is selected the corresponding parameter list is 
displayed. Only the parameters of the selected subbranches are 
displayed. 

After the branches are parameterized each entry should be termi- 
nated by pressing <Carriage Re-, whereas the complete param- 
eter list of each branch is terminated by pressing the 



<Entem key. Then the parameter list of the pert branch is dis- 
played until all branches are parameterbed. Figure 5.11 shows 
the parameters of branch 3 of the standard controller vben the 
memory submodule ARS/SR is used. 

H ~ 5 4 s ~ X -  

* * 
* Pkd& : -2 Stn.b=t. : S- * 
* P A R A M E T E R  Source/aest.: F17E Bla% : ChtZ #3 * * - - - - - - - - - - - - - - - - - - , - - - - - - - - - - - - - - - - - , , - ,  * 
* * 
* B l z d l  3:setpint  * * * 
* * 
* * 
* Address PDC 01 * 
* A- 

* Sewint hi& Limit * 
k Sew& h e r  limit ~t- 

* * 
* k 

* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* F 1  ! F 2  ! F 3  ! F 4  ? F 5  ! F 6  ! F 7  ! F 8  X * I f f ? SCtwLZ! S c r a L Z ! M  ! B I a l &  * 
* f f I ! ckun! 1- !seLecticn * 
* * 
*% 

Fig. 5.11 Parameter input 

Following this proceduze the PG redisplays the list of all 
activated branches. This enables the user to correct the entries 
later. When all the values are modified the G 7 >  key is pressed 
and the data, entered so far, is transferred. When the destina- 
tion device already contains a data set with the same controller 
rmmber the programmer displays a merm vhich prompts the user 
whether the data set stored in the PG may be deleted. 

The user must answer the prompt "Controller x overvrite (Yfl)". 
He does this by pressing the function key "Yes" or "Now. Uhen 
"Yesw is pressed the data set just entered is stored and the data 
set in the destination medium is overwritten; vhen -No" is press- 
ed the new data set is lost. 
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5.3 Output 

When the user selects the function "Outputn in the m a i n  menu by 
pressing function key a2> the output menu as  shovn in figure 
5.12 is displayed a f t e r  entry of the destination medium and the 
control loop number. By means of thfs function an already exist- 
ing control block may be checked, amended or corrected. 

Contrary t o  the linear prompting during input, the desired masks 
may directly be selected in the output function. The screen masks 
"STRUCTURING", "SCAN TIME", "COLPTR0I;LER BEHBVIO13Bn, "PHYSICAL 
DIMENSIONn, and "PABAMETERIZINGn are handled in the output 
function as described in the previous section. 
After each step the program returns to  the output menu. If the 
a r e a k ,  key or the a t e r >  key is  pressed th i s  menu is  l e f t  and 
the saving dialog started. 

8 M j , = 4 % 5 7 : % 4 1 = L  

* S- 

* - i%We .- E252 sata. : Sczidad 9.- 

* s a R - c € / D e s t . s ~  B k d c  :W  063 * * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  * 
* * 
* * 
* S- 

* * 
* S- 

* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* F 1  ! F 2  ! F 3  ! F 4  ! F 5  ! F 6  ? F 7  ! F 8  -k 

* Stmc- !S;mplitg ! BMI !FIpicaL !him- ! !S to re  ! f 

* !tin&? . T m ! D m i c n ! -  ! ! d. ! Break * 
* * 
*%%k%k\%* 

Fig. 5.12 Output menu 

In the submenu to  

<F3> BESY. parameter 

the softkeys 
a 3 >  Behaviour 
-4> Adaptation t o  CP526 

are displayed (see also figures 5.7 and 5 . 8 ) .  
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g* 
* * 
* WPt k d d e  : D252 S-&. : S- * * U-.:= Block : Q2tl 003 * 
* ----------------------------,---------------------------------------------------- * 
* * 
* * 
* * 
* * 
* * 
* 3- 

* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* S- 

* * 
* * 
* * 
* F 1  ! F 2  ! F 3  ! F 4  ! F 5  ! F 6  ! F 7  ! F 8  * * t I I ! G'S26 ! !&tpt ! * 
* t !&m ! !jhc&%ce! ! m z i u ! B r e a k  * 
* * 
*%%* 

Fig. 5.13 Submenu to function "BESY parametern 

CAUTION : 
Uhen the controller is parameterized the set dimension i s ,  if 
necessary, displayed initially and may be modffied In the output 
function. The user should note that the modification of the 
characteristic does not cause another check of the values pre- 
viously entered. After the characterstfc is modified the new 
values may exceed the input range and lead to undefined states. 

!the %er is campletely responsible for the modification of the 
dkensian characteristic in the outpat! 

When the user presses function key G 2 >  in the main menu the 
output mode is called. When at this stage the "Print" function 
key is pressed, the "Printw menu shovn in figure 5.14 is dis- 
played. 

In this menu the user may select the following printouts: 

e 2 >  : Print block 
G 5 >  : Print all 
<F6> : Cross reference list 
U?8> : Break 
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The cross reference list contains a list of all inputs and out- 
puts used for each control loop. This documents the interconnec- 
tion and multiple allocations may be avoided. 

With the function "Print blockn the controller structures, scan 
time and all parameters are printed for one selected control 
loop. 

With the function "Print alln the cross reference list, con- 
troller structure, scan t h e  and all parameters of all control 
loops are printed. 

After the program is selected the input of the source medium is 
requested; when the function "Print blockn is selected, the con- 
trol loop number should also be entered. 

When the areak> key is pressed the user returns to the m a i n  
menu. 

h % k k k s % % *  
* * 
-k k d d e  : IIP 252 S m t .  : i 

* Print i5am@k&. : Block : * 
* - , , , ~ * , * , * ~ - - - - - - - - - - - - - - - - - - - - - , _ _ _  * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* 3 

* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* F 1  ! F 2  ! F 3  ! F 4  ! F 5  ! F 6  ! F 7  ! F 8  * 
* !A.int ! I !Print  I I I * 
* ! blodc ! 1 !aU ! QL ! ! Break * 
* * 
-'-"'-'-'-'-'-'-'-'-'-'-'-"-"'"'-'-'-'-'-4:5xL 

Fig. 5.14 Print menu 
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With the function "Transferu the blocks are transferred to the 
individual media; however, only one block can be transferred at 
a time. 
When the fimction key G 4 >  is pressed in the m a i n  menu, the user 
is prompted to enter the source and the destination medium. The 
function keys are assigned the following: 

<F1> : Program file 
<F3> : Submodule 
<F4> : Module 
8 5 >  : PG 
G 8 >  : Break 

The user should additionally enter the block (parameter set) that 
is to be transferred. When an asterisk (*) is entered all blocks 
are transferred. 
Aftervards the PG displays the menu shown in figure 5.15 where 
the function keys are assigned the follwing: 

6 3 >  : Change block number 
+35> : Correct 
<F7> : Transfer 
6 8 >  : Break 
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* * 
* Mdde : 1P 252 StrzY=r. : * 
* Tkinder salmepsr. : 8 7 o c k :  * * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* F2unsaacedev:SUBM Toktinat .d€u: m%) * 
* Fde : ------- F a =  : ------- * 
* Block r &tl B M  : W -k 

* BLockm.  : 3 B l o d c z n .  : 3 * 
* * 
* * 
* * 
* F 1  ! F 2  ! F 3  ! F 4  ! F 5  ! F 6  ! F 7  ! F 8  * 
* ! ! C h g e  ! I I ! T-tans- ! * 
* I !block m. ! !-t! .' fer ! Break * 
* * 
**LL 

Pig. 5.15 Menu for block transfer 

<F3> Change block number This function enables the user t o  
change the block numbers. The input of 
the new numbers is to be terminated by 
pressing <Carriage Return>. 

G 5 >  Correct 

G 7 >  Transfer 

a 8 >  Break 

This function enables the user to 
correct incorrect entries. When for 
example the data set i s  to  be trans- 
ferred not to the selected device 
(medium) but to another one the user 
may change this entrp by means of this  
function. 

This functfon enables the transfer in 
the selected manner. If a block with 
the same number is already stored in  
the destination device (medium) the 
user i s  prompted "Overwrite module? 
(YPI " . 
This  function terminates the function 
without transferring the data. 



5.5 Delete 

The user may call the Delete function by pressing function key 
G 5 >  in the main menu. Then the PG displays the Delete menu shown 
in figure 5.16. 

The folloving delete functions can also be called up by function 
keys : 

-S- Delete block from file 
An individual block of the activated 
program file m y  be deleted. 

<F3> ~elete block from submodule 
Individual controller data sets may be 
deleted from the memory modnle. Uhen 
an asterisk (*) is entered instead of a 
controller number all controllers of 
this memory module are deleted. 

4?4> Delete block from module 
Individual controller data sets may be 
deleted from the module. When an aste- 
risk C*) is entered instead of a con- 
troller number, all controllers are 
deleted from the module. 

G 8 >  Delete complete prog. file 
A program file is deleted completely 
from the disk or the Winchester. Thus 
all blocks are deleted from this file. 
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* 0 

* b M e  : P 252 S m l c t .  : * 
* Delete sam@kst. : Block : * * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  * 
* S- 

* * 
* * 
* S- 

* S- 

* * 
* * 
* S- 

* * 
* * 
* 9.- 

* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* F 1  ! F 2  ! F 3  ! F 4  ! F 5  ! F 6  ! F 7  ! F 8  * 
* BXin !TotaZ ! = i n  !mm ! f . . I f k 

* f i le  ! & c g . f i l e ! ~ e ! ~ e  ! I I ! Break * 
* * 

nnn--nnnn 

Fig. 5.16 Delete menu 

5.6 Special Functions 

The special functions which the user selects from the main menu 
by pressing a 6 >  offer the following: 

01> Start 
This function that only runs online, sets 
the operating mode "Runw for the module. 

<F4> Stop 
This function that only runs online, sets 
the operating mode "Stopw for the module. 

<F6> Preset 
From this menu that is show in figure 5.2, 
the operating mode and the program file may 
be selected. When the operating mode is 
prompted the user should enter, offline, if 
programmer and programmable controller are 
not connected. 
Ihe user is offered two alternatives vhen 
operating the IP252: 
- "fP252 without bus access" (4?3>) 
- "IF252 with bus accessw (-4>). 
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The term "vtth bus accessn respectively 
"without bus accessm means that the IF252 
may behave like a co-processor; LE "with bus 
accessm is  selected the IF252 may access the 
peripheral, plugged into the same central 
processor, without fncreashg the CPU load- 
ing. This direct bus access is described in 
de ta i l  in section 4 and i s  restricted to 
the IP252 in the S5-115U. 
The controller blocks may be stored together 
i n  a program file on an erternal storage 
medium. The file name is optional; the user 
should enter it into thfs presetting mask, 
t o  inform the program. The filename consists 
of 6 characters maximum; when it is  smaller, 
the remaining places are f i l led  v i th  "@" 
signs. Uhen no drive is selected the default 
drive i s  assumed. 

<F7> Controller processkg 
Using this  function vhich runs only online, 
the user i s  able to individually enable or  
disable the control loops of the module. 
This i s  shown in the menu in figate 5-17. 
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! % 4 , 4 . X *  

* * 
* W e  : IP 252 Stclmct. : * 
* Cantroller-sing S n z e ~ .  : Black : * * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  * 
* * 
* S- 

* *free * * - - - - - - - - * 
* * 
* 001 m d- 

* 002 m k 

* 003 YES * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* F l !  F 2 !  F 3 !  F 4 !  F 5  I F S !  F 7 ?  F 8  * * I I I t r l ! Main * 
* Y E !  ! W !  ? t l ! mslu * 
* * 

Fig. 5.17 Controller processing menu 

The cursor may be moved to the indivLdual control loops in this 
menu. The function keys are assigned the following: 

C F D  Yes 
The control loop on vfiich the cursor is posi- 
tioned is enabled. 

Q?3> No 
The control loop on which the cursor is posi- 
tioned is disabled. 

CF8> Main menu 
When this function key is pressed the main menu 
is displayed. 
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5.7 Information Rmctions on the m 5 2  

When the user presses the function key < F R  in the main menu the 
menu "Information" is displayed. The function keys are assLgned 
the following : 

a 2 >  Directory: 
After the source device is selected, the 
programmer supplies a list of contents of all 
control loops of this medium. In addition to the 
control loop number the structare ,  the version 
number, and the processor loadfng are displayed. 

4?4> SYSID Module: 
a 5 >  SYSID Submodule: 

These functions that lead to the m e w  shown in 
figure 5.18 inform the user about the plant to 
be controlled, the module, the submodule, the 
version rmmber of the firmvare, and the bus 
addresses. 
Input is possible in the fields 

"Plant from : &tea and 
"Frame no.: X" (X = 0 to 2 5 4 ) .  

These functions wre Snrroduced in order to enab- 
le the CPU of a programmable controller to ope- 
rate its IPs and CPs and in order to read the 
data described above for diagnostic purposes. 



CON BEG 

S%\! 
* * 
* kdde : P 252 Smart. : * 
* S Y S I D  sumem.: BB Block : fi 
* --------------,------,----------------------------------------------------------- * 
* * 
* lEELEE-mfi. : Pk~kdt? : P-252 * 
* Finware versi.cn : V-l .l B Plant -A. 

* PLiP2tfrnn d.: * 
* ~ a y b l l S ~ :  S k L Z  : * 
* Passwurd * * * 
* lilzul~hb. : 4 M e  vas.: V-1.2 M fi * * 
* * 
* * 
* * 
* k 

* * 
* * 
* * 
* * 
* * 
* * 
* F 1  ! F 2  ! F 3  ! F 4  ! F 5  ! F 6  ! F 7  ! F 8  * * I I f F l I * 
* I I I I I !Finidled ! Break * 
* * 
*%%W 

Fig. 5.18 SYSID menu 

32252 - letror diagnosis 

G 6 >  IP252 fault 
When a fault occurs In the IP252 this function 
displays an error message containing error tnamber 
and description. Only one error message is  d i s -  
'played at a t b e ,  even if several errors should 
have occured. See figure 5.19 for the error mes- 
sages .  
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When the "Info" function in the submenu "Errorw is activated 
IP252 outputs the following messages for error dfagnosis. The 
preceding fault numbers are stored as error code in the dual-port 
RAM (see also chapter 5 ,  manual IP252). 



The following aessages only appty for the 1YL5 structure 

Error code 
(decimal) 

W. 
11. 
12. 
13. 
14. 
15. 

20. 
21. 
22. 

23. 
30. 
31. 

50. 
51. 

m. 
A. 

Fig. 5.19 Error messages of IP252 for  error  diagnosis 

Text displayed 

a t  the PG 

No error 

Hardware 

Hardware 

Hardware 

Hardware 

Hardware 

Uatchcbg 

D i r . bus access 

Uire keak at  d ig i ta l  

iW 
Error i n  analog sec. 

PC STOP 

S&. error 

Error in  analog mDduLe 

Overload 

StDP suit& 

Software STOP 

75. 
76. 
77. 

78. 

79. 
80. 
81. 
83. 
86. 
85. 
86. 
87. . 

A l l  messages l i s t ed  above are recognized by the operating system 
of the IP252 and can also be fetched by the CPU from a specif ic  
RAM area of the IP252 (dual-port RAH) by means of RECEIVE 200. 
A fau l t  entry w i l l  automatically be deleted when the module 
passes from "STOP" t o  "RUN". 

Normally only the message which has been signalled first is  
entered. Message numbers 51 and 75 to 85 are an exception to t h i s  
rule: These messages are overvrftten by each following one! 

Error description 

N o m l  state: "No error i n  IP252It 

Timeout (except analog mobLe) 

C k e c k m  of EPRDWs i s  not val id 

Offset deviation of a DAC > n S B  

Error in  harduare test progran: M 

Error i n  hardware test progran: MUART 

Monitoring time elapsed 

S5 kus i s  not enabled by SS CPU 

Open circui t  a t  d ig i t a l  irput 

Cdi gi t a l  tacho) 

Voltage w l y  of analog sec. has fa i led  

I rh ib i t  camand out- CBASP) i s  active 

Urwlg/no subnodule i n  IP252 

Timewt or cpen c i r cu i t  i n  analog m3dule 

I F  252 overloaded (tie c m f l i c t )  

STDP switch of 1P 252 i n  STOP position 

Stop of fP i S Z  (caused by PG or CPU) 

Prepare sel f -set t iw 

Self-setting active 
Self-setting u r c e s s -  
f u l l y  tern-nated 

St-turim/ 

in i t ia l i z ing  error 

Invalid a 1  Mber 

S q .  time too long 

L o a d  torque too high 

Unsuitable 

Optimization fa i led 

Break by &/PC 

S5 coamnicatim error 

S5 wire break 

Reaction 

of IP 

- 
ISSTOPIS 

IISTO~II 

uSfOP1a 

"STOPs1 

1nSTOPn8 

llSTOP1l 
IISTO~II 

nlSTOPnl 

*STOP" 

*STOPa1 

"STOP11 

mSTOPai 

USTOP" 

LED "Fa* 
flashing 

"STOPn 

nSTOPal 

InraLid controller no. (no. 1 or 2 m ly )  

Sapling time too lcmg (TA& or 8 ms arty) 

I L legal procedure 
Para~eters could not  been calculated 

Break caused by programer 

S5 comanicatim error w i t h  I P  240 
O p n  c i rcui t  i n  IP 240 &Le 

m 

m 
rmne 

none 

none 
none 
none 

m 
none 
m 
none 
none 
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<F7> Processor loading: 
After the source device is entered th i s  function 
supplies a list of all control loops together 
vfth the version number, a controller struchlre, 
the description l ist,  and the processor loading 
of each control loop (IF252 loading). The total 
load of the individual modales must not exceed 
the 100% limit. See figure 5.20 for processor 
loading. 

c%%%L 
* * 
* t5zd~d.e : 1P 252 Struct. : * 
* lkmessor- same-.: MD Block : * * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  k 

* * 
* -X- 

* * 
* * 
* 5tl 1 Vl.0 mve Vl.0 .L5 % A 

* m 2 V1.0 mve 0 LS 8 * 
* W 3 VI.0 E v e  m.0 62 % %- 

* * 
* T d  load = W %  * 
* * 
* 5- 

* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* F 1  ! F 2  ! F 3  ! F 4  ! F 5  ! F 6  ! F 7  ! F 8  S- 

* l I ! ! f I I m * 
* I l I I I 1 ! m -X- 

* * 
*kbkkS*'"".-'-.-.-...i-.-W-%.-.-%SL 

F i g .  5.20 Processor loading 



COH REG 

5.8 Controller ! C e s t  

The controller test function vhich the user calls by pressing 
function key a 3 >  In the main mew, enables the user to operate 
and monitor the controller in online mode; in addition to the 
input and the display of parameters (in control mode) the con- 
troller test shovs actual bit values (e. g. enabling branches or 
limit value identification), input values (e. g. PC setpoints) or 
intermediate results of the algorithm (so-called measuring 
points). All values are reguested and updated by the IP252 seve- 
ral times per second. 

This function is suitable, in particular, for the starting-up 
procedure, error diagnosis and optimization of control loops. 

After the user has selected the function "Test" (-3>) and enter- 
ed the control loop number, the branch selection m e w  is display- 
ed vhich is identical to the branch overviev shown in figure 
5.10. In addition to the branches offered for parameterization, 
there are the tvo functions "Measwing point tablew and 
"Starting-upu in the control test. Within the individual 
branches, bit values and svitch positions are displayed in 
addition to the data displayed for parameterization. After the 
user has selected a branch, a mask is displayed as shown in 
figure 5.21, for example. 

N o t e :  The measuring points of the lhit monitors can also be 
changed in test operation. If you wish to change 
measuring points of different dimensions (example: MP4 
regulating variable given as 3 ,  W1 actual value is 
dhension-dependent) , it is necessary to re-enter the 
limit values in order to obtain a correct indication of 
the limit monitor bits. 
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* * 
* MxkZze : m 2  Struct. : Staedard * 
* C O N T R O L L E R  T E S T  Smrce@sc.: KZl Block : W  * * -------------------------------------------------------------------------------- S- 

* k 

* B& 1: Gmtm11er -X- 

* * 
* * 
* NP 03: Gx&mLZer deviaticn - 15.0 --C * 
* * 
* -/ step 0 * 
* S-- 0 * 
* M inprt AG/m 0 * 
* Cazstia?tarpl. value 0.00 % * * * 
* -m 0 * 
* HP 10: M value 0.00 % * 
* GmavL1er M e  1 <- - * 
* KighmIcwD 0 * 
* h e r  ovdIcu  ID 0 * 
* * 
* * 
* * 
* F l !  F 2 !  F 3 !  F 4 !  F 5 !  F 6 !  F 7 !  F 8  * 
* l I ! Scron f SClPU. ! !W !BEm& x" 

* ! Force ! ! q ! h !  ! %raxh !seLecrim * 
* * - -* 
Fig. 5.21 Controller test menu 

During this controller test the user may change each value except 
the structure switches. These changes should be made by means of 
the "Forcen mode. 

Controlling in the controller test 

During the normal controller test the cursor is not visible. If 
the user wishes to modify a parameter during RUN he may ini- 
tiate it by pressing the "Forcew key. The result is that the 
cyclical status request is terminated and the last display is 
frozen. Then the cursor appears on the first field that can be 
accessed with the "Forcen key respectively on the field that was 
accessed last in this section. In the "Forcew mode, the cursor 
control is the same as in parameterization mode, except that 
the cursor can only be moved to naccessiblen fields' 

When a parameter, on vhich the cursor is to be moved, should be 
changed the existing value is overwritten by the new one and the 
entry is terminated by pressing the Return key. The PG transfers 
this new value immediately to the IP252, cancels rhe control mode 
and returns to the cyclical status output. 
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Non-controllable values: addresses 
measurfng points 
number of limit values 
nuniber of vertices/setpoints 

The following parameters may cause conflicts in the overlayed 
control of the IP252 since these parameters also may access the 
same lines via dual-port-W operation: 

PC setpofnts 
PC enabling 



6.4 Using the Controller in Multiple Control Loops 

The R64 controller structure was developed to provide a SIMATIC control algorithm for single 
control loops such as those required for temperature, level and volumetric flow control. The 
algorithm had t o  be able t o  be put into use with littfe structuring overhead while still providing 
the functions for processing setpoints, actual values and regulating variables so often required 
for complex applications in the field of process engineering. The controller's application range 
can be expanded by conforming to certain rules. It can, for instance, be used without excessive 
difficulty for implementing multiple control loops. Indeed, it i s  even possible to  implement sys- 
tems for blending and ratio control with the help of STEP 5 programs. 

Since interconnection of two or more controllers over DACs and ADCs converters would serve no 
practical purpose, a master controller's output might be applied to  a flag (or possibly an inter- 
processor communication flag). The secondary controller could then read in  i ts  input value (e.g. 
setpoint) from this flag. Both flags and interprocessor communication flags are permissible as 
inputs and outputs for the controller. In a controller cascade, this would mean, for example, that 
the master controller's regulating variable output could be connected to the stave controller's 
setpoint input. 

The next question is  how to  invoke the controllers via DB2. In a multipie control loop, it is  often 
necessary to  invoke the controllers successively in a predetermined order without a delay. The 
internal between execution of the various controller programs i s  often decisive for the stability of 
the control loop, particularly in critical control systems. 

At this point, it should be noted that invoking controllers in a non-critical controller cascade 
present no problems. The interval between calls is of virtually no relevance when the master 
controller's scan time i s  much longer than the slave controller's (e.g. a ratio of 10:l). The 
following procedure is  recommended as regards entry of the controiters in the DB2 list, however, 
when the controllers have scan times of approximately equal length. 

The order in which controllers are invoked is determined by the order in which there are entered 
(controller DBs) in  DB2 (controller list). On a cold restart, the operating system ascertains which 
controllers are in the l i s t  Depending on the time base, the number of columns in which con- 
trollers have been entered, and the scan time for each column, the order in which the controllers 
are invoked and the interval between calls are determined as follows: 

- First, the column interval is determined by dividing the time base by the number of 
columns in which control le~ have been emered. 

- Then one controller is invoked each time a column i s  processed. The first controller is invok- 
ed and then the next and so on until each controlfer in the column has been invoked once. 
The first controller in the column, however, is not invoked until the column scan time has 
expi red. Depending on the number of controllers in a column, a column could be processed 
without a controller being invoked. 

This is illustrated by the following example. 



~Zbchrle : R-P-m. S a t .  : 
C m m l l e r  list Sa-u-ce/Desr.: File Blcxk : DB 002 

______- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

T i m  base : 100 ns 

Ihe Scan tims of the wllmas are: 

9 -  - 

DB I LIB I DB I DB I L ? ?  1 I DB I DB 

F 1  ! F 2  ! F 3  ! F 4  ! F 5  ! F 6  ! F 7  ! F 8  
I I ! I l ! I 
I I I I ! ! Break 

Ftgure 6-3:  Controller l~st w ~ t h  rlx controllers 

Figure 6.3 shows four columns with a total of six controllers. The time base is 100 rns, i.e. one of 
the columns is due for processing every 25 ms (time base / number of columns = 100 msf4 = 25 
ms). The columns are processed beginning with the first. 

The controllers in a column are invoked from top to bottom, i.e. beginning with the uppermost 
line. This means that the first time column two is processed, controller 11 is called first and 
controller 12 100 ms later (time base). No controller in the second column is due to  be called in 
the next three column processing cycles (at intervals of 100 ms). Controller 11 i s  reinvoked in the 
sixth column processing cycle; precisely 500 ms (column scan time) have passed in the interim. 

Figure 6-4 shows the call sequence for the example over a period of 1 second. 



F~gure 6-4: Controller call sequence 

The times not marked for processing the controller programs are ava~lable to the cyclic STEP 5 
background task and for time-controlled processing. This means that any STEP 5 program can 
execute during this time, including one which estabtishes a connection between multiple loop 
controllers. Note, however, that the Sf EP 5 programs and the controller programs execute asyn- 
chronously. 

6.4.1 Cascading Two Controllers 

In the next example, controllers 1 1  and 12 are to be cascaded. This requires as brief an interval as 
possible between controller calls. This can be achieved by entering the contrailers on the same 
line in two contiguous columns and setting the time base to 20 ms (the lowest possible value). 
Since COM REG does not permit the user to enter a controller at a specific l i s t  location, it is 
necessary to employ a "trick." A controller can be entered more than once in a column. If con- 
troller 11 i s  entered 11 times in the column, the next entry will automatically place controller 12 in 
the third column ( + Figure 6-5). 



-c h i d e  : R - P m .  S a t .  : 
&mller list Saure/kst.  : File Block : DB 002 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

T i n ~  base : 20 ns 

i%e Scan times of the colmm are: 

F 1  ! F 2  I F 3  ! F 4  I F 5  ! F 6  ! F 7  ! F 8  
I I I I I ! l 

Enter DB ! m e  aBITime base! I t ! - ! B r e a k  

Figure 6-5: M u l t ~ p l e  entr~es In the c~ntroiler l~st 

Controller 11  must now be removed from the list seven times, and the remaining controllers 
entered. Figure 6-6 shows the finished list. 

Controllers 11 and 12 wi l l  now be invoked successively wi th the least possible delay. 

It is also possible t o  cascade controllers that have different scan times. Normally, the master 
controller has the longest scan time and is  rnvoked first. Even in  this case, however, both control- 
lers must be entered on the same line in the controller list. 



m e  : R - P m .  S t l u c t .  : 
Cantroller list Scurce/Dest.: File Block : DB 002 

_ _ _ _ _ - - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * - - - - - * - - - - - - - - - - - - - - - - -  

Tine base : 20 ns 

The Scan of the w l w  are: 

F 1  ! F 2  ! F 3  ! F 4  I F 5  ! F 6  ! F 7  I F 8  
I I I I I I i 

h t e r  DB !Ratwe D B ! T b  base! i ! R e c a d y ! B r e a k  

F~gure 6-6: Controllers 1 1  and 12 In cascade 

When initializing the two controllers, make sure that they are interfaced over a flag word or 
interprocessor communication flag word in accordance with the control loop structure. The 
master controller enters i ts  regulating variable in a flag word, and the slave controller reads this 
value as i t s  setpoint. Figure 6-7 shows an example of a controller cascade. Figure 6-7 shows an 
example of a controller cascade. 

Master controller Secondary controller 
?- - - - - - - - - - - - - - - - - - - - - - - - - -  ,----------------------------, 
1 I I 
9 I 

Setp. 

I I I I Process 
l 
I 
I 
I 

I 
I 
I 
I I (System) 
b - - - - - - - - - - - - - - - - - - - - - - - - - A  . - - - - - - - - - - - - - - - - - - - - - - - - - - - - A  

FW = Flag word W 
:igure 6-7: Princtple of a controller cascade 



~t is  also possible to cascade more than two controllers: the procedure is basically the same. 
Suitable scan times must be chosen for the controllers to  enable synchronous operation. For 
example, two controllerswith scan tlrnes of 500 and 700 ms cannot be "in step." 

6.4.2 Implementing a Blending Control System 

This section discusses how to implement a blending control system using the R64 controller 
structure. The illustration shows the difference between blending control and cascaded control. 

The control system illustrated below is  to be used to regulate the ratio between a primary 
component and an additive. A master controller i s  to regulate the total amount (the diagram is 
the same in principle, regardless of the number of additives). 

Master controller Secondary controller for m a n  component 
r - - - - - - - - - - - - - - - - - - - - - - - - - - -  

I I I I 
I I I I 

l l I 
I I I 
I 
I 1 
l 1 
I I 
l I 
I I I I .---------------------------, L - - - - - - , - - - - - - - - - - - - - - - - - - - - A  

Secondary controller for addltive 
FW t Flag word r - - - - - L - - - - - - - - - - - - - - - - - - - - - .  

I 

I 
I 
I 
I 
1 
I 
1 

Ftgure 6-8: Pr~nctple of a mtx~ng control system 

The percentage of each component is computed by multiplying the setpoint of the component by 
a ratio factor. 

As in a cascaded control system, flag words are used to interchange the slave controller's setpoint 
and the master controller's regulating variable. The only difference is  that each component's 
setpoint must be multiplied by a ratio factor. 



For this reason, a different flag word (FW 1 in the example) is used as the master controller's 
regulating variable output than for the secondary controller's setpoint inputs (FW 2 and FW 3 in 
the example). If a control program i s  used, the regulating variable in  flag word FW 1 can be 
multiplied with a ratio factor and then transferred to the flag word which the relevant secondary 
controller uses as its setpoint input. 

The setpoint for the secondary controller used for regulating the primary component i s  now 
multiplied with a ratio factor of 0.9 ( =  90 %). 
The STEP 5 command sequence required is as follows: 

: SSW 4 

Read master controller's regulating variable (in U-range 
format) 

Convert into SIMATIC fixed-point format (by shifting the 
value four bits to  the right, the equivalent of dividing i t  tjy 
16) 

: JU 08220 Convert into doubie-word 

: FOG Convert into SlMATlC floating-point format 

L KG + 1440000 + 02 Multiply with 14.4 = 0.9 * 16; 
0.9 = ratio factor. A division by 16 i s  reversed by mul- 
tiplication by 16. 

: GFD Convert into fixed-po~nt number in U-range format, since 
it is  already multiplied by 16 

Transfer to  flag word 2,  i.e. the flag word which the sec- 
ondary controller uses to read i t s  setpoint 

This routine could, for example, be incorporated into 081. The routine must be called cyclically 
and the cycle time must be shorter than the master controller's scan time. 
The ratio factor for the additive can be programmed in the same way. To do so, flag word 2 can 
be replaced by flag word 3, and a different factor can be used in the sample program shown on 
the preceding page. 



6.4.3 implementing a Ratio Control System 

in a ratio control system, the master controller's actual value, multiplied with a ratio factor, serves 
as setpoint for the secondary controller. In contrast to a mixing control system, there i s  no 
controller for regulating the total amount. 

Secondary controller 

Master controller 
F-- - - - - - - - - - - - - - - - - - - - - - - - - - -  

I l 
I 
I ,  

I 
FW = Flag word I 

I 
I 
I 
I 
I 
---------_------------------A 

I ++ 
I 

Figure 6-9: Princ~ple of a rat~ocontrol  system 

Setp. Controller 

The same STEP S program (i.e. the one shown on page 6-46) can be used to  interface the master 
controller's actual value and the secondary controller's setpoint. The master controller's actual 
value must be transferred to  a flag word through a test socket. Either the actual value that was 
read in (measuring point 8)  or the processed actual value (measuring point 9) may be used. 

I 
I 
I 
I 
l 
I 
I 
I - - - - - - - - - - - - -  - - - - - - - - - - - - - - 4  Process 

(System) 

6.5 Adaptive Parameter Entry 

When adapting the controller parameters to suit the requirements of the controlled system, you 
may need to modify the characteristic controlter values KP, TN and TV as a function of certain 
conditions. For example, it might become necessary t o  set the controller parameters so as to  
respond to setpoint changes on the one hand, and to optimize them to respond to interferences 
on the other. This can be done using a STEP 5 program. 

For example, the parameters could be set to  respond to setpoint changes when the deviation 
exceeds 20%, and then to respond to  interferences when the deviation falls below 10%. This 
hysteresis helps to  avoid a continual back-and-forth effect. 



The STEP S program shown below might help to solve similar problems. 

Physical dimensions: 0% = 0.000 volts 
100 % = 10.000 volts 

SRW 1 
: > F  
: EEC 

: L  DW106 
: L KHOOOO 
: > < F  
: BEC 

: L KHFFFF 
: T DW106 

: 0 F 0.0 
: ON F 0.0 
: S  D7.9 
: JU FBI02 

NAME : FE 1 OZSTA 
DBR : DBxxx 

: BEU 

FUER : L DW106 
: L KHOOOO 
: = F  
: EEC 

: L KHOOOO 
: T  DW106 

: 0 F 0.0 
: ON F 0.0 
:S D7.9 
: JU FBI02 

NAME : FB l O2STA 
DBR : DBxxx 

: BE 

Select controller DB, e.g. DB50 
Deviation at MP 3 
Load 20 % 

Jump if value > 20 % 

Convert 20 % into l 0  % in ACCUM1 

End of block if value > 10 % 

DW106 as Rag: 000 means: 
Parameter set 1 entered 

End of block if < > 0000 
Enter parameter set 2 

Parameter KP = 1.50 

Integral-action time TN = 1.33 
(133 with identifier 4) 

DW106 = FFFFand means: 
Parameter set 2 entered 

Set RLO 
Set operator control bit 2 
Invoke controller for 
parameter conversion 
Controller D0 xxx 

DW106 as flag: 0000 means: 
Parameter set 1 entered 

End of block if = 0000 

Enter parameter set 1 : 

Parameter KP = 0.80 

Integral-action time TN = 2.54 
(254 with identifier 4) 

DW106 = 0000, which means: 
Parameter set 1 entered 

Set RLO 
Set operator control bit 2 
Invoke controller for 
parameter conversion 
Controller DB xxx 



7 Structure of the Data Block 

The tables on the next few pages show the structure of the controller data block from DWO to 
DW255. The input and output bits which appear in the data block are described in detail at the 
end of the tables. 
DW256 to DW511 are used for parameters and historical values to which only the controller 
program has access. 

Note: DW208 to DW255 are set to  zero on a cold restart. 



I Version number (is entered by COM REG) 

! Auxiliary ident~f ier (for programmer) FE number 

I Error word 1 AZF 

l 

RiNa 
! 

P 

Error mask word 

1 LOW Word (32-bit frxed-polnr) 

RFB Status word 

MAZ! 

(free) 
I 

Scan time TA (T~me format) 

l 

! (free) 

! 

- 

l 
T~me format ~ d e n t ~ f i e r  for TA 

I M~nirnum pulse duration Tmin in 2 5 ms unlts High Word 

PLB 

Low Word (32-bir ftxed-poant) 

I 

I 
I Scan time TA in  2 5 ms un~ts High Word 

B E D 2  

i M ~ n ~ r n u m  pulse durat~on Tmin ( T ~ r n e  format) 

PAA 

l Time format Identifier for Tmin ~ 
(free) 

BED1 

6-byte ASCll string (ASCI l) 

WAB 

1 specifying the controller's (ASCII) 

RNEU 

I physical dimension (ASCll) 

RIB 

1 Minimum range ( = 0% value) (with dimension) 
! 

RVBa 

Maximum range ( =  100% value) (wrth dimension) 

RA6 

RVB 

RIN 

No. N ( = 1 ,..., 10) of equidistant interpolation points in  polygon curve (W/O dimension) 

P -  -p - 

j 
Decimal point identifier ( =  no. of places afterthe ".") (wlo dimension) 

l 
Absc~ssa value of 1st interpolation point in polygon curve (with drmensron) 

S10 S16 S9 S6 

i Structuring switches 

I 

S22 S23 

S8 S11 S15 5 5  S7 

SZ! 

S14 S4 

S20 

S13 S3 S12 

S19 

5 2  S 1  

ss18 
1 

517 





1 Dlstance between adjacent interpolatron points In the polygon curve (W. dimension) 

1 Ordlnate value of the 1st interpolation point in the polygon curve (W dimension) 

I Ordinate value of the 2nd interpolation point In the poiygon curve (W. dlmenslon 
- P 

I 

Ord~nate value of the 3rd ln ter~olat lon point In  he solygon curve 
l 

(W d~mension) 

1 

I Ordinate value of the 4th interpolat~on poln: in the polygon curve (W. d~mensron) 

l 
Ordinate value of the 5th interpolatlon polnt ~n the polygoi curve (W d~mens~on) 

l 
1 Ordlnate value of the 6th tnter~oiat lon pornt rn the polygon curve (W d~mens~on) 

P 

I Ordlnate value of the 7th lnterpolat~on polnt in the polygon curve (W d~rnens~on) 

Ord~nate value of the 8th interpolaaon polnt lnrhe polygon curve (W. d~mens~on) 

Ordlnate value of the 9th lnterpolation polnt In the polygon curve (W d~mens~on) 

l 
1 Ordlnate value of the 10th ~nterpolatron pornt ~n the polygon curve (W dlmenslon) 

1 No of setpolnt values rn the setpolnttra~n (w/o drmension) 
P 

I Interval for setpo~nt t r a ~ n  (T~me format) 

l 

Time format rdentrfier for ~ntervai 
P 

1st setpolnt ln setpolnttraln (W drmens~on) 
! 

1 2nd setpoint ln setpointtrain (W d~mension) 

I 3rd setpo~nt ln setpointtrain (W. d~rnension) 
! 
i 

l 4th setpoint in setpointtrarn (W. a~rnensron) 

1 5th setpornt in setpointtra~n (W d~menslon) 
1 

6th setpolnt ln setpolnt trarn (W. d~mens~on) 

l 

7th setpoint ln setpolnt train (W. d~rnens~on) 

8th setpo~nt in setpolnt traln (W. d~mens~on) 

l 

1 9th setpoint rn setpoint train (W. dimension 

10thsetpolnt ln setpoint train (W. dimens~on) 

l 
l 

l Ramp generator's ramp-up t ~ r n e  (f  me format) 

T~rne format ~dentlfier for ramp generator 

1 Ramp generator's ramp-down trme (Trrne format) 



1 Time format identrfrer for ramp-down time 

Increment for ramp generator (W. d~mension) 

T~me constant for filter in setpoint branch (Time format) 

i T~me format identifier for filter tlme constant 

I Max. perm. devlation for validity check (W. d~mension) 

No. of limiting valuesfor 1st limit monitor (W/O d~mension) 

l 1st limiting value for 1st limit mon~tor (d~rnens~on or %) 

2nd limitlng value for 1st l i m ~ t  monltor (dlmens~on or %) 

l 3rd limiting value for 1st limit monitor (d~rnenslon or %) 

I- 4th limiting value for 1st limit mon~tor 
- p--P 

5th lim~ting value for 1st limit monitor 
L 

6th limiting value for 1st limit monrtor (dimens~on or %) 

No. of llmitlng values for 2nd limit monitor (wlod~rnens~on) 

1st l~miting value for 2nd l~m i t  monitor (d~mens~on or %) 

l 2nd l~mr t~ng value for2nd limit rnon~tor (d~menston or %) 
- P 

, 
3rd l ~m i t~ng  valuefor2nd l ~ m ~ t  monltor (drmenslon or %) 

4th l ~ m ~ t ~ n g  value for 2nd llmlt monltor (d~mens~on or %) 

5th lrm~ting value for 2nd llrnlt monitor (d~rnension or %) 

6th limiting value for 2nd limit monltor 

Proport~onal value KP for PID controller (point controller, see DW 83) (wio drrnens~on) 

Sep. gain R of the PID controller's P component (enhanced vers~on) (WIO dlmenslon) 

Integral-act~on trme TN for PID controller (polnt controller, see DW 84) (T~me format) 

Time format identifier for TN 

Derivative-action t ~ m e  for PID controller (po~nt controller. see DW 86) 

p 

(T~me format) 

Time format Identifier for TV 

Upper limit of PID controller's regulatrng variable (%I 

I Lower l ~ m i t  of PID controller's regulating var~able (%) 



I Upper actuator correctrng rate l~rn~t~ngvaluefor  PID controller (%l 

Lower actuator correcting rate limiting value for PlD controller (%l 

Proportional value KP for point controller (w/o dimension) 

Integral-actlon time TN of po~n t  controller (Ttme format) 

Trme format identifier for TN 

Derivative-action time TV of pofnt controller (Time format) 

T~me format identifier forTV 

Actuator runtlme TM (point controller) (Time format) 

Time format identifier for TN 

Upper response threshold of dead band for point controller (W. dimension) 
p p 

Lower response threshold of point controller (W. dimension) 

Threshold value of the mark space output (%l 

Adjustment factor of the mark space output (W/O dimens~on) 

inrt~al actual value for actual value branch (W drmensron) 

l Manual programmer input value for PID of point controiler (%) 

Factor for actuator adjustment 

1 Addltlve constant for actuator adjustment (%l 

Upper setpornt limiting value (limrt monltor In setpoint branch) (W. drmens~on) 

Lower setpornt limiting value (limit monltor in setpo~nt branch) (W, dimens~on) 

Upper warning limit for actual vaiue (W. drmension) 

Lower warning lrmit for actual value (W. d~mensron) 

l Upper danger 11m1t for actual value (W. dlmenslon) 
-pp - 

Lower danger Irmlt for actual value (W. dimenston) 

Tlme constant for filter in actual value branch (Time base) 
r 

i Time format of the filter t ~ m e  constant 

(unassigned) 

I (uanssrgned) 



1 (unasstgned) 
I 

(unasstgned) 

(unasstgned) 

(unasstgned) 

I (unass~gned) 
I 

(unasstgned) 
I 
I 
l 
! (unassigned) 
t 
4 (unassigned) 

I 
Measuring point no. for test socket 1 (wlo dimension) 

Measuring point no. for test socket 2 (wlo d~rnens~on) 

Measuring potnt no. for limit monitor 1 (wlo dirnenslon) 

1 Measuring point no. for limit monttar 2 
l 

(wlo dimension) 

A d  d r e  s s of setpoint rnput's process image (ADC 1) (110 addr.) 

I 

A d d r e  s S of actual value input's process image (ADC 2) (110 addr.) 

l 
l 

A d d r e  s s of sep. D input's process image (ADC 3) (110 addr.) 

1 A d  d r e  s s of disturbance tnput's process Image (ADC4) (If0 addr ) 
I 

A d d  r e  s s of manual Input's process trnage (ADC 5) ( l10 addr ) 

I Address llstfor process Input image 

I 

Address list for process Input image 

! Address list for process Input image 

l 

1 Address ltst  for process input tmage 

Address llstfor process Input lrnage 

Address 1st for process tnput tmage 

I 

l Address list for process input image 

A d d r e  ss of the relay's process Input Image ( I n  addr.) 

1 Address ltstfor process input image 

Address list for process input Image 



Address list for process lnput image 

/ 1 5 1 1 4 1 I ) I 1 2 1 1 1  1 1 0 1  9 1 a 

l Address list for process input image 

7--- - 

-P - 

Address list for process lnput Image 

i Address list for process input image 

7 6 s  

l 

i Address list for process input rmage 
- P -P -Pp 

Address ilst for process ~npu t  Image 

l Address 1st for process Input image 

I Address 1st for process Input image 

u 

Address list for process input image 

A d  d r e ss of process image for correction output DAC 1 (110 addr.) 

3 

! A d  d r e  s s  of process image for correction output DAC 2 (I10 addr ) 

l Address l i s t  for process output image 

2 1  

Pp 

Address 1st for process output rmage 

o 

Address l i s t  for process output Image 

l 

l Address llstfor process output Image 

l 
1 Address list for process output Image 

I Address l i s t  for process output Image 
P 

Address I~s t  for process output image 

Address l i s t  for process output Image 

A d d  r e  s s of process Image for 1st tensocket (DAC 3) (I10 addr.) 

! 
A d  d r e  s s of process Image for 2nd test socket {DAC 4) (I10 addr.) 

A d  d r e  s s of process Image of output b~ ts  (110 addr.) 
~P 

Address list for process output Image 

Address list for process output Image 
- 

Address 1st for process output Image 

Address list for process output Image 

Address 1st for process output image 



Address list for process output image 

Address list for process output image 

Address list for process output image 

1 Address list for process output image 

i 

1 Address list for process output image 

Address l i s t  for process output image 

Process lmage of the setpolnt input (ADC 1) (Analog I10 format) 

Process lmage of the actual value input (ADC 2) (Analog If0 format) 

1 Process lmage of the sep. D input (ADC 3) (Analog I10 format) 

Process Image of the disturbance input (ADC 4) (Analog l10 format) 
i 
I 
I Process image of the manual input (ADC 5) (Analog If0 format) 
I 

I Value l is t  for process Input image 

i Value I~s t  for process input Image I 
I 
! Value l i s t  for process input lmage 

- -  

i Value list for process input image I 

~ Value Ilst for process input Image 
- 

Value l~st for  process Input Image 

1 Value list for process input image 

Process image of the relays (Binary) 

1 Value list for process input image 
l 
I 
I Value list for process input Image 

1 
- p 

Value list for process input image 

Value list for process Input Image 

a Value list for process input image 

Value list for process input image 

1 
Value list for process input image 

Value list for process input image 



Value list for process input Image 

I Value list for process input image 
~ -p--p- ~p 

Control setpoint (W. dimenston) 

Controller (ASCII) 

name (ASCll) 

for (ASCll) 
- 

1 CP526 interface module (4 words) (ASCll) 

Interface data area (ASCll) 

name (ASCll) 

for (ASCll) 

CP526 interface module (4 words) (ASCll) 

(unassigned) 

(unass~gned) 
- 

(unassigned) 

(unassigned) 
.p 

(unassigned) 

(unassigned) 
t 

(unassigned) 

i (unass~gned) 

Process Image of control output DAC 1 (Analog 110 format) 

Process image of control output DAC 2 (Analog 110 format) 

Value list for process output Image 

Value l is t  for process output Image 

Value list for process output Image 

Value list for process output Image 

Value l ist for process output image 

Value list for process output image 



Value list for process output image 

Value list for process output image 

Process image of test socket 1 (DAC 3) (Analog 110 format) 

Process Image of test socket 2 (DAC 4) (Analog 1/0 format) 

I Process Image of the output b~ ts  (Binary) 

Value l ~ s t  for process output lrnage 

Value l~s t  for process output Image 

Value l~s t  for process output Image 

Value ltst for process output Image 

Value 11st for process output Image 

1 Value list for process output Image 

Value 11st for process output lrnage 

Value l ~ s t  for process output image 

Value l~s t  for process output Image 

I Value l~s t  for process output Image 

1 

1 Value Itn for process output Image 

V a I U e of measuring polnt MP 1 (W dirnens~on) 

Va I U e of measurlng polnt MP 2 (W ddrmens~on) 

V a I u e of measuring po~n t  MP 3 (W dimension) 

1 V a I u e of rneasurtng polnt MP 4 (%l 

V a I u e of measurlnq polnt MP 5 (%) 

V a I u e of measurlng polnt MP 6 (%l 

V a 1 U e of rneasurlng potnt MP 7 (%) 

V a I U e of measurlng point MP 8 (W. d~mens~on) 

V a I U e of measuring potnt MP 9 (W d~menston) 

V a I U e of measurlng polnt MP 10 (%) 

V a I U e of measuring po~n t  MP 11 (W dlmens~on) 



7.1 Description of the Status Word (DW255) 

YOG : = 1 : Flag: Upper limiting value of regulating variable exceeded (= D 220.6) 
(PID controller with continuous output signal) 

: = 1: Flag: Final OPEN position reached ( =  D 180.4) (point controller) 

75 

YUG : = 1: Flag: Lower limitingvalue of regulating variable exceeded ( =  D 220.7) 
(PID controller with continuous output signal) 

: = 1 : Flag: Final CLOSED position reached ( = D 180.3) (point controller) 

SOG : = 1 : Flag: Setpoint has exceeded upper limiting value 

14 5 

V a I U e of measuring point MP 12 (%) 

(free) 

(free) 

(free) 

(free) 

(free) 

(free) 

(free) 

(free) 

(f reel 

(free) 

Reserved for operator-process comm. and process visualization 

SUG : = 1 : Flag: Setpoint has violated lower limiting value 

4 3 

OW : = 1 : Flag: Actual value has exceeded upper warning limit 

Status word 
! 

UW : = 1 : Flag: Actual value has violated upper warning Iimit 

6 13 2 1 

YOG YUG 

OG : = 1 : Flag: Actual value has exceeded upper danger limit 

12 7 0 

UG : = 1 : Flag: Actual value has violated lower danger l imit 

SOG SUG OW UW OG UG 



7.2 .. 

RIN 

RlNa 

RAB 

RIB 

WAB 

PAA 

PLB 

RFB 

AZF 

MAZF 

RVB 

Description of the Operating System Bits (DW2 to DW7) a 
(D 2.0) Controller initialization bit: 
- Is set by operating system to  identify startup mode "Cold restart" (also RlNa = 0, 

WAB = O), and i s  reset by the controller program at start of second program cycle 

- Is set by the controller when restart condition is not fulfilled (RINa is also set). This 
informs the operating system that it is to  update only the process input image (and 
NOT the process output image) before the controller program goes into i t s  next 
cycle because the historical values are not correct. After evaluating them, the con- 
troller program resets both bits. 

(D 2.15) Previous controller initialization bit: 
Is used only by the operating system and the controller program; also see RIN 

(D 2.1) Controller request bit: 
Is used by the operating system only 

(D 2.2) Controller program in progress: 
Is used by the operating system only 

(D 2.3) Restart bit: 
Is set by the operating system in the event of a manual or an automatic restart, and is 
reset by the controller program after it has been evaluated. 

(D 2.6) Process image update mode: 
P M  = 0 (presetting) = = > Common updating of controller inputs and outputs prior 
t o  execution of the controller program. 
PAA = 1 = = > Time-controlled updating of the inputs prior t o  execution of the con- 
troller program and updating of the output bits following its execution. 

(D 2.7) 110 reset bit: 
Is set by the user t o  obtain a defined state of the outputs on a transition to  STOP, or 
after selective disabling of controllers: 
PLB = 1 = = > Reset outputs 
PLB = 0 = = > Do not reset outputs 

(D 2.8) Controller error bit: 
The operating system always sets this bit when the error word contains a value other 
than zero. 

(D 3.0) Scan time error: 
A scan time error occurs when the controller program cannot complete i t s  execution 
cycle in the time available between two process image updating cycles and the MAZF 
mask (D 4.0) i s  not set, or the user did not load 0 8  34. The bit is reset on restart. 

(D 4.0) "Scan time error" mask: 
A transition to  the STOP state caused by a sampling error can be prevented by setting 
MAZF to  1. 

(D 7.0) Controller management bit: 
The RVB bit enables the user t o  disable and then reenable a controller specified in DB 
2: 
RV6 = 1 = = > Controller enabled 
RVB = 0 = = > Controller disabled 

(D 7.1) Previous controller management bit: 



Enables the operating system t o  ascertain when a temporarily disabled controller i s  to  
be reenabled 

RNEU (D 7.2) Controller cold restart bit: 
By setting RNEU to 1, the operating system informs the controller program that the 
controller i s  to  go into operation again following a temporary shutdown. 

BED1 (D 7.8) Operator control bit for parameter set t (DW25-DW55) 

BED2 (D 7.9) Operator controt bit for parameter set 2 (DW56-DW103) 

7.3 Description of the Structuring Switches (DW23 to  DW24) 

Structuring switches are binary variables which are defined during structuring in  the STOP mode 
and may not be modified in RUN mode (exception: 58). 

a The following structuring switches are not shown in the controller's structure diagram: 

52 (D 23.1) : PID controller bit: 
0 = Standard version (R= 1, D 180.12=0, D 180.13=0, D 180.14=0, D 23.10=0, upper 

limiting value for the correction increase = loo%, lower limiting value for the cor- 
rection increase = - 100%) 

1 = Enhanced version 

S6 (D 23.5): Filter with time constant 8 * TA in the actual value branch 
0 = Ineffective 
1 = Effective when S22 (D 24.5) = 0 

S 1  1 (023.10): PlD controller bit: 
0 = Separate D input not active 
1 = Separate D input active 

S1 5 (D 23.14): Mark space output bit: 
0 = 2-step output 
1 = 3-step output 

S21 (D 24.4): Setpoint train bit: 
0 = step form 
1 = Linear interpolation (ramp form) 

S23 (D 24.6): Format conversion for 4 - 20 mA analog input ( + 2.3.1) 
0 = No format conversion 
1 = Subtract 1000H from input value 



7.4 Description of the Relays in the Process Input Image (DW180) 

D 180.0: Ramp generator's disable bit: 
0 = Enable manual mode with highedlower key 
1 = Disable manual mode, i.e. the output tracks the input value with the ramp 

function 

D 180.1 : Ramp generator's lower bit: 
0 = lneffective 
1 = Ramp with negative slope 

D 180.2: Ramp generator's higher bit: 
0 = lneffective 
1 = Ramp with positive slope 

D 180.3: Point controller's check-back bit: 
0 = Final CLOSED position not reached 
1 = FinalCLOSEDpositionreached 

D 180.4: Point controller's check-back bit: 
0 = Final OPEN position not reached 
1 = Final OPEN position reached 

D 180.5: Setpoint select bit: 
0 = Control setpoint active 
1 = "Setpoint train" output active 

D 180.6: Setpoint branch disable bit: 
0 = Setpoint branch enabled 
1 = Setpoint branch disabled 

D 180.7: Actual value branch enable bit: 
0 = Actual value branch enabled 
1 = Actual value branch disabled, initial actual value effective 

D 180.8: "Manual input value" enabled (point controller): 
0 = Manual input value not effective, i.e., no pulse output (actuator at standstill) 
1 = Manual input value effective, i.e., frequency of pulse output according to 

manual input value 

D 180.9: Controller disable bit (point controller): 
0 = Controller enabled, i.e., computed value is output 
1 = Controller disabled, i.e., zero is  output 

D 180.10: lnput variable select switch for 1 component (point controller): 
0 = Dead band for 1 component effective 
1 = Dead band for 1 component not effective 

D 180.1 1: Autolmanual mode (PID or point controller): 
0 = Automode 
1 = Manual mode 

D180.12: - PlDcontroller(D23.0=0): 
Ideallreal *PID controller: 
0 = Real 
l = Ideal PID 



- Point controller (D 23.0 = 1): 
Manual mode when D 180.1 1 = 1 and D 180.0 = 0 
0 = No negative pulse 
1 = Negative pulse 

Bit for stabilization o f  the regulating variable (PID controller) 
0 = Noeffect 
1 = Regulating variable constant 

- Point controller (D 23.0 = 1): 

Manual mode when D 180.1 1 = 1 and D 180.8 = 0 
0 = No positive pulse 
1 = Positive pulse 

D 180.14: Feedforward injection o f  interference variable (PID controller): 
0 = Changes in  interference variable are disregarded 
1 = Effective, i.e. interference variable i s  added t o  the computed regulating 

variable 

D 180.15: Controller disable bi t  (PID controller): 
0 = Controller enabled, i.e. computed value is output 
1 = Controller disabled, i.e. zero is output 

(historical values are set t o  zero and no value is computed for the regulating 
variable) 

7.5 Bits in the Process Output Image (DW22O) 

D 220.0 - D 220.5 : Limit bits for l imit monitor 1 
0 = Associated limiting value not exceeded 
1 = Associated limiting value exceeded 

D 220.6: Bit for regulating variable's upper limiting value (PID controller): 
0 = No l imit violation 
1 = Limit violation 

D 220.7: Bit for regulating variable's lower limiting value (PID controller) 
0 = No l imit violation 
1 = Limit violation 

D 220.8 - D 220.13: Limit bits for l imit monitor 2: 
0 = Associated limiting value not exceeded 
1 = Associated limiting value exceeded 

D 220.14: Point controller's binary "close" output 
or 
Mark space output's binary "negative pulse" output 

D 220.15: Point controller's binary "open" output 
or  
Mark space output's binary "positive pulse" output 



m 8 Abbreviations 

The following abbreviations are used in this manual 

ADC 
AI 
A 0  
COM REG 

CP 
D 
DAC 
DB 
DI 
DL 
DO 
DR 
DW 

PG 
P I 
PLC 
S 5 
55-DOS 

Analog-digital converter 
Analog input module 
Analog output module 
Programmer software to  initialize, start-up and test the R64 controller 
structure 
Communications processor 
ldentifiesa bit in  the data block, e.g., D 2.0 means bit zero in data word 2 
Digital-analog converter 
Data block 
Digital input module 
Left-hand byte 
Digital output module 
Right-hand byte 
Data word 
Function block 
Floppy disk (diskette) 
Fixed-point (notation) 
Fixed-point constant 
Hexadecimal constant 
Measuring point 
Personal Control Program for Microprocessors (a registered trademark of 
Digital Research) 
Programmer 
Process image 
Programmable controller 
Designator for a programmable controller, e.g., 55-1 35U 
The 55-DOS basic package contains programs for the input of data and 
program blocks forthe programmable controller. It comprises several 
programs, a number of which are required for running COM REG. (for details, 
+ COM REG manual). 



a 9 Alphabetical Index 

A 
Abbreviations, 8-1 
Acknowledgment delay, 5-2,5-3 
Actual value, 1-1 
Actual value branch, 2-1,3-8 
Actual value input, 7-6,7-8 
Actuator, 1-3 
Actuator adjustment, 3-1 7, 7-5 
Actuator correcting rate, 3-16 
Actuator correcting rate, limiting values for, 7-5 
Actuator runtime, 3-25, 1-5 
Adjustment factor, 3-20,7-5 
Allowance for actual value, 3-4 
Analog input modules, 2-2 
Analog I10 format, 4-4 
Analog output, 3-19 
Analog output modules, 2-3 
Applications, 6-1 
Autolmanual mode, 3-14,7-14 
Auxiliary gain, 3-14 
Averaging, 3-8 

B 
Blending control, 6-45 

C 
Cascades, 2-1 8 
Cascade control, 3-1 6 
Cascading, 6-42 
Cold restart, 2-1 9, 7-1 2 
Communications processor, 2-20 
Compact controller, 1-4 
COM REG, 2-5 

Control, 1-1 
digital, 1-2 

Control ~oop, 1-1.1-2 
closed, 1-4 
multiple, 6-40 

Control loops 
multiple, 6-40 

Control output, 7-7,7-9 
Control setpoint, 3-1,7-9 
Controlled system, 1-1 
Controlled variable, 1-1 
Controller, 1-1,3-13 
Controller call, 2-7,2-12 
Controller data block, 2-5,2-11 
Controller disable, 3-15,7-14,7-15 
Controller error 0%. 5-2 
Controller errors, 5-2 
Controller list, 2-7,2-9,2-14 
Controller management bit, 3-32,7-13 
Controller parameters, 1-2 
Controller processing, 2-1 6,2-19.3-32,7-12 



Controllers, num ber of, 2-1 
Controller structure R64, 1-5 
Controller types, 2-2 
CP526 interface, 7-9 
Cycle, 2-1 9 

D 
D-input, 7-6, 7-8 
Danger limit, 3-8,7-5 
Data block, 5-1,7-1 
Data memory, 2-1 
DB number, 2-14 
DB 1,s-6 
DB2,2-7 
DB2 errors, 5-1 
D02 screen 2-9,2-14 
Dead band, 3-27,7-5,7- 14 
Decimal places, 4-4 
Delete bit, 3-5,7-14 
Derivative-action component, 1-2 
Derivative-action time, 1-2,3-13, 3-25'7-4, 7-5 
Deviation, 1-1,3-13,3-15,3-25 
Differential equation, 1-3 
Digital input/output modules, 2-3 
Digital output, 3-1 9 
Dimension, 1-2 

physical, 3-1 

E 
Enhanced version, 3-1 6,7-13 
EPROM, 2-22 
EPROM submodule, 2-1 
Error flags, 5-1 
Error handling, 5-3 
Error recovery, 5- 1 

F 
FB number, 3-3 1,7-2 
Feedforward injection o f  disturbance variable, 7-15 
Filter, 3-1,3-5,3-8 
Filter time constant, 3-5,3-8,7-4,7-5 
Final control element, 1-3 
Fixed-point number, 4-1 
Flags, 2- 1 1,4-5 
Format identifier, 4-1 
Format matching, 2-3 
Function block, 5-1 

b 

Group display, 2-21 

H 
Hardware, 2-2 
Higher bit, 7-14 



Increase, 3-3 
Initial actual value, 3-8,7-5 
Initialization, 4-1 
Input variables, 2-15 
lnput variables for test sockets and limit monitors, 3-30 
lnput variables forthe PID controller, 3-f8,3-23 
lnput variables for the point controller, 3-29 
lnput variables in the actual value branch, 3-1 2 
lnput variables in  the setpoint branch, 3-7 
Integral-action component, 1-2,3-14,3-25,7-14 
Integral-action time, 1-2,3-13, 3-25,7-4, 7-5 
Interference input, 7-6,7-8 
Interferences, 1-1,3-16 
Interpolation 

linear, 3-2, 3-9 
Interprocessor communication flags, 2-1 1.4-5 
Interval. 3-2 
I10 address, 2- 1 1 
IM)modules,2-19 

L 
Limit monitor, 3-1,3-8,3-31,7-4,7-6 
Loop display, 2-20 
Lower bit, 7-14 
Lower response threshold, 3-26,7-5 

M 
Manuallauto mode, 3-1 5 
Manual input, 7-6,7-8 
Manual input value from programmer, 7-5 
Manual mode, 3-14,3-28 

Measured values, 2-1 7 
Measuring point, 7-1 0 
Minimum pulse duration, 2-9,2-15,2-16,3-19.3-25.7-2 
Monitoring functions, 3-31 

0 N 
Nominal range, 4-4 
Number formats, 2-1 5,4-1 

Analog I10 format, 4-4 
Decimal places, 4-4 
110 addresses, 4-5 
Percentages, 4-2 
Times, 4- 1 
Variables with physical dimension, 4-2 

0 
Operator control bit, 2-1 5,3-32,7-13 
Operator-process communication, 2-2,2-20,4- 1 
Operating system PG 670 I PG 675,2-7 
Output bits, 7-7,7-10,7-15 
Output variables, 2-17 
Output variables from test sockets and I imit monitors, 3-3 1 
Output variables from the PlD controller, 3-18,3-24 
Output variables from the point controller, 3-29 



Output variables in  the actual value branch, 3-12 
Output variables in  the setpoint branch, 3-7 
Overflow flags, 3-1 5 
Overview display, 2-22 

P 
Parameters, 2-1 5 
Parameter entry 

adaptive, 6-47 
P-component, 3-1 3 
PCPJM-86,2- 1 
PDM output, 2-16,3-19, 1-5, 1-15 
Percentages, 4-2 
Performance characteristics, 2-1 
Peripheral reset bit, 3-32,7-12 
PID algorithm, 1-3 
PID controller, 1-1,3-13, 3-25,7-4,7-14 

ideal, 3-1 6 
real, 3- 16 

Plant display, 2-21 
Point controller, 2-1 6, 3-25,7-5 
Polygon curve, 3-8,3-9,7-2 
Process image, 2-1 1,2-16,2-17 
Process image updating, 3-32.4-5,7-12 
Process input image, 7-1 4 
Process output image, 7-1 5 
Process visualization, 2-2,2-20.4-1 
Process load, 2-1 1,2-14 
Programmable control Ier, 2-2 
Programmer, 2-3 
Program execution time, 2-1 
Program memory, 2-1 
Proportional-action component, 1-2 
~ r o ~ o r t i o n a l  value, 1-2,3-13.3-25, 7-4,7-5 

R 
Ramp-down time, 3-3 
Ramp-function generator, 3-1,3-3,7-3 
Ramp-up time, 3-3 
Ratio control, 6-47 
Reference variable, 1-1 
Regulating variable, 1-1,3-13,3-15, 3-25 
Regulating variable, l imiting values for, 3-1 5,7-4 
Relays, 3- 1,7-6,7-8, 7- 14 
Restart, 2-19 
Restart criterion, 2-19 
Restart modes, 2-1 9 
RUN, 2-19 
R64,2- 14 

S 
Sampling controller, 1-3 
Scan time, 1-3,2-1,2- 15,7-2 
Scan t ime error, 5-3,7- 12 
Scan time exceeded, 5-2 



Scan time selection, 1-4 
Setpoint, 1-1'3-3 
Setpoint adjustment, 3-5 
Setpoint branch, 2-1,3-1 
Setpoint input, 7-6,7-8 
Setpoint, lower limiting value of, 3-1,7-5 
Setpoi nt train, 3- 1,3-2,7-3 
Setpoint, upper limiting value of, 3-1, 7-5 
Settling time, 1-4 
Software, 2-5 
Standard displays, 2-20 
Standard package, 2-1 
Standard version, 3-14,7-13 
Startup, 2-14,6-3 
Status word, 7-1 1 
Step-function response, 1-4 
STEP S program, 5-4 
STOP, 2-1 4, 2- 19, 5-1,5-3 
Structuring, 2-14 

a Structuring switches, 1-5,2-15,3- 1,7-2, 7-14 
System - 

controlled, 1-4 
System components, 2-2 
System data word, 5-1 
System deviation, 1-1,3-13, 3-1 5,3-26 
55-DOS basic package, 2-7 

T 
Test socket, 7-6, 7-7, 7- 10 
Test sockets, 3-30 
Three-step controller, 3-1 9 
Three-step output, 2-1 6, 7- 13 
Threshold value, 3-19,7-5 
Time base, 2-9,2- 10, 2- 14 
Time constant, 1-4 

dominating, 1-4 
Time-delay element, 1-4,3-5 
Time formats, 4-1 

Upper response threshold, 3-26,7-5 
User module, 2-1 

v 
Validity check, 3-8, 1-4 
Variables 

with physical dimension, 4-2 
W/O physical dimension, 4-3 

Velocity algorithm, 3-13.3-26 

W 
Warning limit, 3-8,7-5 
Windup 

integral, 3-15 



m 10 Structuring Forms 

R64 Controller Structure Structuring Form I 

Controller InputslOutputs 

DB - NO. 
> - 

Function 

v 

Setpoint 

Control setpoint 

Actual value 

Sep. D-input 

Interference input 

Manual input 

Analoq output 

Analog output 

Digital output 

Digital output 

Test socket l 

Test socket 2 

Converter 

ADC l 

--------- 

ADC 2 

ADC 3 

ADC 4 

ADC 5 

DAC l 

DAC 2 

DA 1 

DA 2 

DAC 3 

DAC 4 

Address 
in Controller 
DB 

DW 168 

DW 191 

DW 169 

DW 170 

DW 171 

DW 172 

DW 208 

DW 209 

D 220.15 

D 220.14 

21 8 

21 9 

Measur- 
ing 
Point 

1 

1 

8 

11 

12 

10 

5 

7 

Valuel 
Address 

- 



* 

R64 Controller Structure Structuring Form 2 

Digital Inputs 

DB - NO. . 

- 

. 

Value/Address Description 

Ramp-function generator: 
Delete bit 
Ramp-f unction generator: 
Lower bit 
Ramp-function generator: 
Hiqher bit 
Final CLOSED position 
Final OPEN position 
Setpoint selection 
Setpoint branch disable 
initial actual value 

., Manual input value in force 
Point controller disable 
Dead band disable 
Autolmanual 
PID: ideal controller 
Point controller: Manual val.neq. 
PID: Man. var. constant 
Point controller: Manual val.pos. 
Feedforward inj. of dist. var. 

P1D controller disable 

Bit in Con- 
troller DB 

180.0 

180.1 

180.2 
180.3 
180.4 
180.5 
180.6 
180.7 
180.8 
180.9 
180.10 
180.1 1 

180.1 2 

180.13 
180.14 

180.1 5 



b 

R64 Controller Structure Structuring Form 3 

Digital Outputs 

DB - NO. 

Description 

Limit monitor 1 

Upper limit violation 
Lower limit violation 

Limit monitor 2 

Negative pulse I close 
Positive pulse 1 open 

Bit in 
Conroller 
DB 

220.0 
.220.1 

220.2 

220.3 
220.4 

220.5 
220.6 

220.7 
220.8 

Value/Address 

220.9 
220.1 0 

220.1 1 
220.1 2 

220.1 3 

220.1 4 

220.1 5 . 



R64 Controller Structure Structuring Form 4 

Controller Parameters Continuous PID Controller 

Description 

Proportional value KP 

Auxiliary gain R 

Integral-action time TN 

Derivative-action time TV 

Upper controller limit 

Lower controller limit 

Pos. corr. increase limit 

Neg. corr. increase limit 

Gain (actuator adjustment) 

Offset (actuator adjustment) 

C 

Data Word in 

Controller D6 

73 

74 

75 

7 7 

79 

80 

81 

82 

96 

97 

VaIue/Address 

Standard 

--..---m--- 

---------- 

Enhanced 



R64 Controller Structure Structuring Form 5 

Controller Parameters PID-Controller with Mark Space 
Output 

Description 

Proportional value KP 

Auxiliary gain R 

Integral-action time TN 

Derivative-action time TV 

Upper controller limit 

Lower controller limit 

Pos. corr. increase limit 

Neg, corr. increase limit 

Response threshold 

Adjustment factor 

Min. pulse duration TMlN 
* 

Data Word in 

Controller DB 

73 

74 

75 

7 7 

79 

80 

81 

82 

92 

93 

14 

Value /Address 

Standard 

--m------- 

a--------- 

---------- 

Enhanced 



R64 Controller Structure Structuring Form 6 

Controller Parameters Point Controller 

DB - NO. 
F 

Description 

Proportional value KP 

Integral-action time TN 

Derivative-action time TV 

Min. pulse duration TMlN 
-. 

Actuating time TM 

Upper resp. threshold 

Lower resp. threshold 

F 

Data Word in 

Controller D6 

83 

84 

86 

14 

88 

90 

9 1 

Vatue/Address 



P 

R64 Controller Structure Structuring Form 7 

Controller List 

DB - NO. 2 

Time Base 

Scan 

D6 

time/Minimum 

D6 

Duration 

DB 

I 

Pulse 

DB 

: 

D8 DB DB DB 






