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LIST OF FUNCTION BLOCKS FOR THE PSR PROCESSING UNIT PP B022 / PP C322

LIST ARRANGED ACCORDING TO FUNCTION

FUPLA- Function block description Page
block name
_____________________________________________________________________________________

A)   Basic analog functions

ABS Absolute value converter....................................................................................24

ACOS Arccosine function ..............................................................................................25

ADD Adder/Subtracter ................................................................................................27

ADMLT Adder/Multiplier ..................................................................................................29

ASIN Arcsine function..................................................................................................32

COS Cosine function...................................................................................................48

DIV Divider ................................................................................................................52

FCTL Function generator, linear ..................................................................................71

FCTP Function generator, polynomial ..........................................................................73

MULT Multiplier ...........................................................................................................111

MULTF Multiplier factor variator ....................................................................................113

SIN Sine function.....................................................................................................149

SQRT Square root extractor........................................................................................156

B)   Basic binary functions

2OF3 2 out of 3 binary selector ....................................................................................21

2OF4 2 out of 4 binary selector ....................................................................................22

AND AND gate ............................................................................................................30

CHKSU Word exclusive OR gate.....................................................................................44

CNT Counter...............................................................................................................45

EXOR Exclusive OR gate..............................................................................................68

MS Monostable element, constant, ms or s ...........................................................107

MS& Monostable element, pulse interruption, ms or s .............................................109

OFD   Switch-off delay ms or s ...................................................................................119

OND       Switch-on delay ms or s ...................................................................................121

OOD       On/off delay ms or s, binary filter .....................................................................123

OR         OR gate ............................................................................................................125

RSFF       RS bistable element .........................................................................................140

TOGFF       TR bistable element .........................................................................................166
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FUPLA- Function block description Page
block name
_____________________________________________________________________________________

C)   Basic combined analog/binary functions

INT       Integrator, settable, ms or s ............................................................................... 89

INT-I       Integrator, interrupt-based ................................................................................. 91

LIM       Limiter ................................................................................................................ 94

LIM-HYS       Limiter with variable hysteresis .......................................................................... 96

MAX       Maximum value selector .................................................................................... 98

MAX-HYS       Maximum value selector with variable hysteresis............................................ 100

MERGE       Merge two 16 bit words into a 32 bit percent value ......................................... 102

MIN       Minimum value selector ................................................................................... 103

MIN-HYS       Minimum value selector with variable hysteresis............................................. 105

SPLIT       Split a 32 bit number into two 16 bit words ...................................................... 155

SWI       Switchover element.......................................................................................... 157

SWIF       Switchover element for factor, time formats .................................................... 160

THRLL       Threshold element to trip below threshold....................................................... 162

THRUL       Threshold element to trip above threshold....................................................... 164

TR16/32       Transfer a 16 bit percent number to a 32 bit one............................................. 167

TR32/16       Transfer a 32 bit percent number to a 16 bit one............................................. 168

TRAN       Transfer............................................................................................................ 169

TRANW       Word transfer ................................................................................................... 171

TR-OUT       Transfer with output selection .......................................................................... 190

D)   Highly integrated arithmetic functions

AVG       Digital filter with limited memory ........................................................................ 34

AVG-M       Digital filter/multiplier with limited memory......................................................... 36

DMUX       Demultiplexer ..................................................................................................... 54

DQPOL       Coordinate transformation d,q to |A|,PHI ........................................................... 58

DQRST       Coordinate transformation d,q to 3-phase ......................................................... 60

FCGEN       Sine/cosine/triangle/square wave generator...................................................... 69

G2(Z)       Differential equation, second order .................................................................... 74

MUX       Multiplexer........................................................................................................ 115

PI-R0       PI-controller...................................................................................................... 129

PI-R1       PI-controller...................................................................................................... 132

RSTDQ       Coordinate transformation 3-phase to d,q ....................................................... 141

S&H       Sample and hold .............................................................................................. 143
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FUPLA- Function block description Page
block name
_____________________________________________________________________________________

E)   Highly integrated logic functions

DECOD       16 bit decoder.....................................................................................................50

ENCOD       16 bit encoder.....................................................................................................62

EVENT       First event indicator with n inputs.......................................................................64

PBCNT       Programmable binary counter ..........................................................................127

F)   Sequence control of user program

BRREL       Branch, relative ..................................................................................................41

IMASK       Masking block.....................................................................................................79

LABEL       Label of jump address ........................................................................................93

TRCNT       Counter, interrupt-based ..................................................................................172

TRIG       Trigger block.....................................................................................................188

G)   Data convert functions and data transfer blocks

%-BCD       Percentage to BCD Converter............................................................................19

BCD-%       BCD to percentage converter.............................................................................38

BIBS       Bits to bit set conversion ....................................................................................39

BSBI       Bit set to bits conversion ....................................................................................42

COMPW       Compare two words ...........................................................................................47

R-IND       Read data indirect ............................................................................................135

RDLA       Read word from B448 long address range ......................................................137

ROTAT       Rotate word (right/left)......................................................................................138

SHIFT       Shift word (right/left) .........................................................................................147

W-IND       Write data indirect ............................................................................................199

WRLA       Write word to B448 long address range...........................................................201
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block name
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H)   Configuration, diagnosis and supervision

GETTIME       Get time of internal timer.................................................................................... 77

INSP       Inspection block ................................................................................................. 81

SLAVE-I       Initialize slave device on the B448................................................................... 150

SME       SME annonciation ............................................................................................ 154

TREC       Transient Recorders......................................................................................... 173

TSUP-MS Time Supervision millisecond .......................................................................... 193

TSUP-US Time Supervision microsecond........................................................................ 196
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LIST OF FUNCTION BLOCKS FOR THE PSR PROCESSING UNIT PP B022 / PP C322

LIST IN ALPHABETIC ORDER

FUPLA- Function block description Page
block name
_____________________________________________________________________________________

%-BCD       Percentage to BCD Converter............................................................................19

2OF3       2 out of 3 binary selector ....................................................................................21

2OF4       2 out of 4 binary selector ....................................................................................22

ABS       Absolute value converter....................................................................................24

ACOS       Arccosine function ..............................................................................................25

ADD       Adder/Subtracter ................................................................................................27

ADMLT       Adder/Multiplier ..................................................................................................29

AND       AND gate ............................................................................................................30

ASIN       Arcsine function..................................................................................................32

AVG       Digital filter with limited memory.........................................................................34

AVG-M       Digital filter/multiplier, with limited memory ........................................................36

BCD-%       BCD to percentage converter.............................................................................38

BIBS       Bits to bit set conversion ....................................................................................39

BRREL       Branch, relative ..................................................................................................41

BSBI       Bit set to bits conversion ....................................................................................42

CHKSU       Word exclusive OR gate.....................................................................................44

CNT       Counter...............................................................................................................45

COMPW       Compare two words ...........................................................................................47

COS       Cosine function...................................................................................................48

DECOD       16 bit decoder.....................................................................................................50

DIV       Divider ................................................................................................................52

DMUX       Demultiplexer .....................................................................................................54

DQPOL       Coordinate transformation d,q to |A|,PHI ...........................................................58

DQRST       Coordinate transformation d,q to 3-phase..........................................................60

ENCOD       16 bit encoder.....................................................................................................62

EVENT       First event indicator with n inputs.......................................................................64

EXOR       Exclusive OR gate..............................................................................................68

FCGEN       Sine/cosine/triangle/square wave generator ......................................................69

FCTL       Function generator, linear ..................................................................................71

FCTP       Function generator, polynomial ..........................................................................73

G2(Z)       Differential equation, second order ....................................................................74

GETTIME       Get time of internal timer ....................................................................................77
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IMASK       Masking block .................................................................................................... 79

INSP       Inspection block ................................................................................................. 81

INT       Integrator, settable, ms or s ............................................................................... 89

INT-I       Integrator, interrupt-based ................................................................................. 91

LABEL       Label of jump address........................................................................................ 93

LIM       Limiter ................................................................................................................ 94

LIM-HYS       Limiter with variable hysteresis .......................................................................... 96

MAX       Maximum value selector .................................................................................... 98

MAX-HYS       Maximum value selector with variable hysteresis............................................ 100

MERGE       Merge two 16 bit words into a 32 bit percent value ......................................... 102

MIN       Minimum value selector ................................................................................... 103

MIN-HYS       Minimum value selector with variable hysteresis............................................. 105

MS       Monostable element, constant, ms or s ........................................................... 107

MS&       Monostable element, pulse interruption, ms or s ............................................. 109

MULT       Multiplier ........................................................................................................... 111

MULTF       Multiplier factor variator.................................................................................... 113

MUX       Multiplexer........................................................................................................ 115

OFD       Switch-off delay ms or s................................................................................... 119

OND       Switch-on delay ms or s................................................................................... 121

OOD       On/off delay ms or s, binary filter ..................................................................... 123

OR         OR gate............................................................................................................ 125

PBCNT       Programmable binary counter.......................................................................... 127

PI-R0       PI-controller...................................................................................................... 129

PI-R1       PI-controller...................................................................................................... 132

R-IND       Read data indirect ............................................................................................ 135

RDLA       Read word from B448 long address range ...................................................... 137

ROTAT       Rotate word (right/left)...................................................................................... 138

RSFF       RS bistable element ......................................................................................... 140

RSTDQ       Coordinate transformation 3-phase to d,q ....................................................... 141

S&H       Sample and hold .............................................................................................. 143

SHIFT       Shift word (right/left) ......................................................................................... 147

SIN       Sine function .................................................................................................... 149

SLAVE-I       Initialize slave device on the B448................................................................... 150

SME       SME annonciation ............................................................................................ 154

SPLIT       Split a 32 bit number into two 16 bit words ...................................................... 155

SQRT       Square root extractor ....................................................................................... 156

SWI       Switchover element.......................................................................................... 157

SWIF       Switchover element for factor, time formats .................................................... 160

THRLL       Threshold element to trip below threshold....................................................... 162
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THRUL       Threshold element to trip above threshold.......................................................164

TOGFF       TR bistable element .........................................................................................166

TR16/32       Transfer a 16 bit percent number to a 32 bit one.............................................167

TR32/16      Transfer a 32 bit percent number to a 16 bit one.............................................168

TRAN       Transfer ............................................................................................................169

TRANW       Word transfer....................................................................................................171

TRCNT       Counter, interrupt-based ..................................................................................172

TREC       Transient Recorders.........................................................................................173

TRIG       Trigger block.....................................................................................................188

TR-OUT       Transfer with output selection ..........................................................................190

TSUP-MS Time Supervision millisecond...........................................................................193

TSUP-US Time Supervision microsecond ........................................................................196

W-IND       Write data indirect ............................................................................................199

WRLA       Write word to B448 long address range...........................................................201
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LIST OF FUNCTION BLOCKS FOR THE PSR PROCESSING UNIT PP B022 / PP C322

LIST WITH EXECUTION TIME IN ALPHABETIC ORDER

Remark: The following execution times are worstcase time with inputs and outputs as internal or
mailbox (short or long). When inputs or outputs are 'BUSSHORT IO' or 'BUSLONGIO' then an
additionall time should be added. This additional time is functional of number of master
devices on B448.

A typical value is:

ù  'BUSSHORTIO' 1.6 µs
2.2 µs (by boolean output)

ù  'BUSLONGIO' 2.4 µs

FUPLA- Function block description Execution time
block name [æs]
_____________________________________________________________________________________

%-BCD Percentage -> BCD converter 10.150
2OF3 2 out of 3 selector, binary 2.425
2OF4 2 out of 4 selector, binary 2.725
ABS Absolute value converter 1.025
ACOS Arccosine function 14.150
ADD Adder/Subtracter 1.225 + n * 0.3
• double precision percent, long integer 3.350 + n * 0.9

(n = number of inputs)
ADMLT Adder/Multiplier 2.600 + n * 0.3

(n = number of inputs)
AND AND gate
• boolean with 2 inputs 1.175
• boolean with 3 inputs 1.450
• boolean with n inputs 0.825 + n * 0.275
• bitset with 2 inputs 0.925
• bitset with 3 inputs 1.225
• bitset with n inputs 0.650 + n * 0.3
ASIN Arcsine function 14.300
AVG Digital filter with limited memory 4.425 + m * 0.575

(m = number of previous samples)
AVG-M Digital filter/multiplier with limited memory 2.000 + m * 0.575

(m = number of previous samples)
BCD-% BCD -> percentage converter 4.275
BIBS Bits to bit set conversion 3.300
BRREL Branch, relative 1.175
BSBI Bit set to bits conversion 11.125
CHKSU Word exclusive OR gate 0.650 + n * 0.175

(n = number of inputs)
CNT Counter 2.425
COMPW Compare two words 1.575
COS Cosine function 2.625
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FUPLA- Function block description Execution time
block name [æs]
_____________________________________________________________________________________

DECOD 16 bit decoder 1.825
DIV Divider
• percent 4.250
• integer 23.900
DMUX Demultiplexer for analog or binary signals

(n = number of outputs)
• percent, integer, bitset factor, time formats, BCD, word 1.750 + n * 0.375
• boolean 1.700 + n * 0.750
DQPOL Coordinate transformation d,q -> |A|,PHI 28.975
DQRST Coordinate transformation d,q -> 3-phase 5.700
ENCOD 16 bit encoder 5.950
EVENT First event indicator with n inputs 3.675 + n * 5.250

(n = number of inputs)
EXOR Exclusive OR gate
• boolean 1.150
• bitset 0.925
FCGEN Sine/cosine/triangle/square wave generator 8.900
FCTL Function generator, linear 1.625 + (n-1) * 4.850

(n = number of input breakpoints)
FCTP Function generator, polynomial 1.575 + n * 1.05

(n = polynome order)
G2(Z) Differential equation, second order 6.950
GETTIME Get time of internal timer 8.875
IMASK Masking block 1.025
INSP Inspection block 17.250
• without SAVE & /-WR 7.075
INT Integrator, settable, short/long term 8.025
INT-I Integrator, interrupt-based 5.050
LABEL Label of jump address 0.475
LIM Limiter 3.650
LIM-HYS Limiter with variable hysteresis 3.625
MAX Maximum value selector 2.450 + n * 1.650

(n = number of inputs)
MAX-HYS Maximum value selector with variable hysteresis 2.475 + n * 1.650

(n = number of inputs)
MERGE Merge two 16 bit words into a 32 bit percent value 1.300
MIN Minimum value selector 2.500 + n * 1.650

(n = number of inputs)
MIN-HYS Minimum value selector with variable hysteresis 2.525 + n * 1.650

(n = number of inputs)
MS Monostable element, constant, short/long term 3.375
MS& Monostable element, pulse interruption, short/long term 3.375
MULT Multiplier
• percent 1.375
• integer 1.575
• double precision percent 4.050
MULTF Multiplier factor variator 1.600
MUX Multiplexer
• percent, integer 2.425
• boolean 2.575
• bitset, factor, time, formats, BCD, word 2.100
OFD Switch-off delay short/long term 3.500
OND Switch-on delay short/long term 3.375
OOD On/off delay short/long term, binary filter 3.750
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FUPLA- Function block description Execution time
block name [æs]
_____________________________________________________________________________________

OR OR gate
• boolean with 2 inputs 1.175
• boolean with 3 inputs 1.450
• boolean with n inputs 0.825 + n * 0.275
• bitset with 2 inputs 0.925
• bitset with 3 inputs 1.225
• bitset with n inputs 0.650 + n * 0.3
PBCNT Programmable binary counter 3.250
PI-R0 PI-controller 13.775
PI-R1 PI-controller 16.300
R-IND Read data indirect 2.400
RDLA Read word from B448 long address range 0.650
ROTAT Rotate word (right/left) 1.425 + n * 0.125

(n = number of shifts)
RSFF RS bistable element 1.600
RSTDQ Coordinate transformation 3-phase -> d,q 5.450
S&H Sample and hold

(n = number of inputs/outputs)
• percent, integer 0.950 + n * 0.925
• boolean 0.950 + n * 0.850
• bitset, factor, time, formats, BCD, word 0.950 + n * 0.575
SHIFT Shift word (right/left) 1.425 + n * 0.125

(n = number of shifts)
SIN Sine function 2.500
SLAVE-I Initialize slave device on the B448
SME SME annonciation 0.775
SPLIT Split a 32 bit number into two 16 bit words 1.325
SQRT Square root extractor 9.550
SWI Switchover element for analog or binary signals
• percent, integer 1.325
• boolean 1.225
• bitset, factor, time formats, BCD, word 1.000
SWIF Switchover element for factor, time formats, BCD, word 1.000
THRLL Threshold element to trip below threshold 1.850
THRUL Threshold element to trip above threshold 1.850
TOGFF TR bistable element 1.600
TR16/32 Transfer a 16 bit percent number to a 32 bit one 0.925
TR32/16 Transfer a 32 bit percent number to a 16 bit one 1.375
TRAN, TR-OUT Transfer
• percent, integer 0.725
• boolean 0.850
• bitset 0.625
• factor, time formats, BCD, word 0.525
TRANW Word transfer 0.525
TRCNT Counter, interrupt-based 1.475
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TREC Transient Recorders:

                  Mode
Type

IDLE RECORDING OUTPUTTING

TREC-TL 8.525 + n * 0.250 17.850 + n *0.775 18.750 + n * 0.775
TREC-TS 8.525 + n * 0.250 18.050 + n * 0.775 18.950 + n * 0.775
TREC-I 8.400 + n * 0.250 13.875 + n * 0.775 14.775 + n * 0.775
TREC-EXT 8.400 + n * 0.250 13.675 + n * 0.775 14.575 + n * 0.775

Remote-controlled + 2.575 + 1.875 + 1.450

TRIG Trigger block 1.775
TSUP-MS Time Supervision millisecond 36.500
TSUP-US Time Supervision microsecond 38.200
W-IND Write data indirect 3.725
WRLA Write word to B448 long address range 1.400
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DESCRIPTION

Summary - elements and element data sheet

Summary
The ABB-PSR (Programmierbarer Schneller Regler) is a high-performance general-purpose control system
with typical applications on large AC drives. The system provides the function block programming language
and software utilities for the process functions.

The Personal Computer language
The function block is the smallest unit of the programming language. Each element performs a complete
function, such as an arithmetical adder, multiplier, logical gate, timer or other control element.

Function block name
Each function block has its own name that enables it to be called. Most of the blocks have additional
parameters which allow function, data type, place in the cyclic execution queue to be determined.

The mnemonic function block name conveys information about the basic function of the block.

Graphic symbol
Each function block has a rectangular graphic symbol with inputs on the left side and outputs on the right
side. The call name of the function block is written in the uppermost part of the symbol. The number in the
upper symbol margin refers to the execution order of the function block. The character in the lower symbol
margin indicates the data types. Some function blocks have multi data types. Some function blocks are
expandable, that means the number of inputs may be increased

Connection of function block inputs and outputs
Only inputs and outputs with compatible data type can be interconnected. The available data types are listed
in Fig. 2. The type compatibility is listed in Fig. 3. If the data types are not compatible, the code conversion
function blocks TRAN or TRAN-W must be inserted in the data path.
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Type rep. length min value max value

boolen B  1 bit 0B (FALSE) 1B (TRUE)
bitset BS 16 bit 0B (each bit) 1B (each bit)
string ' ' 16 bit
percent % 16 bit -199.9939% +199.9939%
factor K 16 bit 0K +127.9980K
millisecond MS 16 bit 0ms 65535ms
second S 16 bit 0s 65535s
integer I 16 bit -32767I +32767I
BCD BCD 16 bit 0BCD 9999BCD
word H 16 bit 0H FFFFH
double precision percent % 32 bit -199.999999897% +199.999999897%
double precision factor K 32 bit 0K +127.999999961K
long integer I 32 bit -2147483647I +2147483647I
long word H 32 bit 0H FFFFFFFFH

  rep.: representation

Fig. 2: Data types

boolean percent factor millisecond second integer BCD word bitset

boolen X X fieldBit
percent X X
factor X X
millisecond X X
second X X
integer X X
BCD X X
word X X X X X X X X
bitset X X

   NOTE: Boolean is compatible only with the single field of Bitset.

Fig. 3: Compatibility of 16-bit formats
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Fig. 4a and 4b show the value of each bit in a 16 bit resp. 32 bit word for the different data types.

Bit percent factor millisecond & second integer BCD

 15  -200  64            32768      -32768     8000
 14   100  32            16384       16384     4000
 13     50  16              8192         8192     2000
 12     25    8              4096         4096     1000
 11     12,5    4              2048         2048       800
 10       6,25    2              1024         1024       400
   9       3,125    1                512           512       200
   8       1,5625    0,5                256           256       100
   7       0,78125    0,25                128           128         80
   6       0,39063    0,125                  64             64         40
   5       0,19531    0,0625                  32             32         20
   4       0,09766    0,03125                  16             16         10
   3       0,04883    0,015625                    8               8           8
   2       0,02441    0,007813                    4               4           4
   1       0,01221    0,003906                    2               2           2
   0       0,00610    0,001953                    1               1           1

Fig. 4a: Values of each bit in a 16 bit word for the different data types
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Bit d. p. percent long integer

 31     -200     -2147483648
 30      100      1073741824
 29        50        536870912
 28        25        268435456
 27        12,5        134217728
 26          6,25          67108864
 25          3,125          33554432
 24          1,5625          16777216
 23          0,78125            8388608
 22          0,390625            4194304
 21          0,1953125            2097152
 20          0,09765625            1048576
 19          0,048828125              524288
 18          0,024414062              262144
 17          0,012207031              131072
 16          0,006103515                65536
 15          0,003051757                32768
 14          0,001525878                16384
 13          0,000762939                  8192
 12          0,000381469                  4096
 11          0,000190734                  2048
 10          0,000095367                  1024
   9          0,000047683                    512
   8          0,000023841                    256
   7          0,000011920                    128
   6          0,000005960                      64
   5          0,000002980                      32
   4          0,000001490                      16
   3          0,000000745                        8
   2          0,000000372                        4
   1          0,000000186                        2
   0          0,000000093                        1

Fig. 4b: Values of each bit in a 32 bit word for the different formats

Over- and underflow
The minimal and maximal value of each data type is shown in Fig. 2. When the range is exceeded, the
output is set to the respective limiting value.

Programming with the function block language
When programming a function block based control system, use the Programming and Test System Tools
(PTS-Tools), available from ABB Industrie AG, Dept. IAE, CH 5300 Turgi, Switzerland.

The data sheets
Each data sheet covers the following topics:

a) The header contains the system in which the function block can be used and the function call-up.

b) The description of function contains a short function description and - if necessary - the mathematical
equation.

c) The graphic symbol of the function block.
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d) The function call-up for instruction lists, which contains the required data type for each input and output
and - if necessary- any remarks.

e) Explanations and hints (if necessary).

f) The initialization behaviour describes the special execution of the function block during initialization
(applicable only for certain functions). Initialization means system reset, a single execution cycle of each
interrupt task as well as background task.

g) Availability version (if necessary).

Each PP B022 / PP C322 device has a Firmware version which describes its functionality. New function
blocks are also included in the Firmware versions. In order an application to run correctly, the Firmware
version on the device must match the function block library. The versions are upwards compatible. Each
function block library supports a set of function blocks and is based on the device Firmware as shown
below:

•  B_R1_V11: device PP B022 BE with Firmware version V1.1
•  B_R1_V12: device PP B022 BE with Firmware version V1.2
•  C_R1_V20: device PP B022 CE / PP C322 BE with Firmware version V1.0 and V1.1

device PP B022 DE / PP C322 BE with Firmware version V2.0

The version for the device PP B022 BE can be found on the Prom's label on the bottom Printed-circuit-
board.

The version for the device PP B022 CE/DE and PP C322 AE/BE can be found on the lower connector
label :

ABB      FUP C_R1_V20 EPROM V30 PROM V20

The title "Availability version" indicates the version (function block library as well as Firmware) to which a
function block belongs.

If this title is not found in the description of a function block, it means that the function block belongs to
the version 'B_R1_V11'.
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ADDER/MULTIPLIER ADMLT

DESCRIPTION OF FUNCTION

GRAPHIC SYMBOL

ADMLT
K

+1      Y

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block ADMLT:

Pin        Inv         Format            Description

K                         Factor             Multiplication  (scaling)  factor
+1          X           Percent           First input
. .
+n          X           Percent           n'th input
 Y                        Percent           Sum of the inputs multiplied
                                                   with the factor 'K'

EXPLANATION AND SPECIAL HINTS

Function block name

Short description of the
function of the element

The graphic symbol of
the element

Instruction list

Explanation and
application
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%-BCD

DESCRIPTION OF FUNCTION

Converts values in percent data format into values in the  binary-coded decimal data
format BCD. The output value 'bcd' is scaled by the multiplication factor  'K'. The sign of
input '%' is transferred to output 'SIGN'.

transfer function:

output 'bcd' = abs(input '%') * input 'K' * 10000
output 'SIGN' = sign of input '%'

GRAPHIC SYMBOL

│ ┌ 1───────┐ │
│ │ %-BCD │ │
├────────────────────────────────┤% bcd├─────────────────────────────┤
│ │ │ │
├────────────────────────────────┤K SIGN├─────────────────────────────┤
│ └─────────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block %-BCD:

Pin Inv Format Description
% X Percent Input to be converted
K Factor Scaling factor
bcd BCD Output in BCD
SIGN Boolean Sign of the output

EXPLANATIONS AND SPECIAL HINTS

- output signal at the  BCD-output 'bcd' is a 4 digit  BCD  value (for example as an output
to a 4 digit display)

- input signal 'K' is used to adjust the range of the output signal 'bcd'
- output value  'bcd'  is 10000 times the absolute value of input signal '%' multiplied by

factor 'K'. It is limited to values between 0000 and 9999.
- value of output 'SIGN' is defined by the sign of input '%':

input value '%' positive or zero : 'SIGN' = 0B
input value '%' negative : 'SIGN' = 1B
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EXAMPLE

input "%" input "K" output "bcd" output "SIGN"
  10 % 1.0 [0200] 1000 0
- 50 % 0.5 [0100] 2500 1
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2OF3

DESCRIPTION OF FUNCTION

The binary 2 out of 3 selector output '>=2' takes the logic state 1B if at least two of the
inputs are at logic 1B. If not all inputs have the same logic state, output 'NOT=' is at logic
1B.

truth table:

1 2 3 >=2 NOT=
0 0 0 0 0
0 0 1 0 1
0 1 0 0 1
0 1 1 1 1
1 0 0 0 1
1 0 1 1 1
1 1 0 1 1
1 1 1 1 0

GRAPHIC SYMBOL

│ ┌ 1───────┐ │
│ │ 2OF3 │ │
├────────────────────────────────┤1 >=2├─────────────────────────────┤
│ │ │ │
├────────────────────────────────┤2 NOT=├─────────────────────────────┤
│ │ │ │
├────────────────────────────────┤3 │ │
│ └─────────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block 2OF3:

Pin Inv Format Description
1 X Boolean First input
2 X Boolean Second input
3 X Boolean Third input
>=2 Boolean Indicates if two or more inputs are at state 1B
NOT= Boolean Indicates if all inputs are not equal

EXPLANATIONS AND SPECIAL HINTS

- function block 20F3 is often used as majority selector in fault-tolerant or fail-safe systems.
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2OF4

DESCRIPTION OF FUNCTION

The binary 2 out of 4 selector output '>=2' takes the logic state 1B if at least two of the
inputs are at logic 1B. If not all inputs have the same logic state, output 'NOT=' is at logic
1B.

truth table:

1 2 3 4 >=2
0 0 0 0 0 0
0 0 0 1 0 1
0 0 1 0 0 1
0 0 1 1 1 1
0 1 0 0 0 1
0 1 0 1 1 1
0 1 1 0 1 1
0 1 1 1 1 1
1 0 0 0 0 1
1 0 0 1 1 1
1 0 1 0 1 1
1 0 1 1 1 1
1 1 0 0 1 1
1 1 0 1 1 1
1 1 1 0 1 1
1 1 1 1 1 0

GRAPHIC SYMBOL

│ ┌ 1───────┐ │
│ │ 2OF4 │ │
├────────────────────────────────┤1 >=2├─────────────────────────────┤
│ │ │ │
├────────────────────────────────┤2 NOT=├─────────────────────────────┤
│ │ │ │
├────────────────────────────────┤3 │ │
│ │ │ │
├────────────────────────────────┤4 │ │
│ └─────────┘ │
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FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block 2OF4

Pin Inv Format Description
1 X Boolean First input
2 X Boolean Second input
3 X Boolean Third input
4 X Boolean Fourth input
>=2 Boolean Indicates if two or more inputs are at state 1B
NOT= Boolean Indicates if all inputs are not equal

EXPLANATIONS AND SPECIAL HINTS

- function block 2OF4 is often used as majority selector in fault-tolerant or fail-safe
systems.
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ABS

DESCRIPTION OF FUNCTION

Function block ABS generates the absolute value of the input signal.

transfer function:

output = abs [input]

GRAPHIC SYMBOL

│ ┌ 1───┐ │
├──────────────────────────────────┤ ABS ├───────────────────────────────┤
│ └%────┘ │

│ ┌ 2───┐ │
├──────────────────────────────────┤ ABS ├───────────────────────────────┤
│ └I────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block ABS:

Pin Inv Format Description
X Percent Input
X Integer

Percent Absolute value of the input
Integer

EXPLANATIONS AND SPECIAL HINTS

 - only the sign bit is checked, all other bits remains unchanged.
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ACOS

DESCRIPTION OF FUNCTION

Function block ACOS calculates the inverse function of cosine.

transfer characteristics:

output = arccos (input) [rad] (%-data format)

GRAPHIC SYMBOL

│ ┌ 1───┐ │
├──────────────────────────────────┤ACOS ├───────────────────────────────┤
│ └─────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block ACOS:

Pin Inv Format Description
X Percent input

Percent arccos of input

EXPLANATIONS AND SPECIAL HINTS

- Input signal range:  -100% ≤ input ≤ 100%
The input is limited to ± 100%

- Output signal range:  0 ≤ output ≤ 199.994%
An input value less than -41.6092% produces an overflow, because the result exceeds
the percent range.

-100% 100%

314%

157.08%
199.994%

output

input

-41.6092%

overflow
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AVAILABILITY VERSION

Available from function block library: B_R1_V12.
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ADD

DESCRIPTION OF FUNCTION

Adds and subtracts a range of input values. Subtraction is performed by inverting the
respective input.

transfer function:

output = input +1 + input +2 + ... + input +n

GRAPHIC SYMBOL

│ ┌ 1───┐ │
│ │ ADD │ │
├──────────────────────────────────┤+1 │ │
│ │ │ │
├──────────────────────────────────┤+2 ├───────────────────────────────┤
│ └%────┘ │

│ ┌ 2───┐ │
│ │ ADD │ │
├──────────────────────────────────┤+1 │ │
│ │ │ │
├──────────────────────────────────┤+2 ├───────────────────────────────┤
│ └DP%──┘ │

│ ┌ 3───┐ │
│ │ ADD │ │
├──────────────────────────────────┤+1 │ │
│ │ │ │
├──────────────────────────────────┤+2 ├───────────────────────────────┤
│ └I────┘ │

│ ┌ 4───┐ │
│ │ ADD │ │
├──────────────────────────────────┤+1 │ │
│ │ │ │
├──────────────────────────────────┤+2 ├───────────────────────────────┤
│ └LI───┘ │
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FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block ADD:

Pin Inv Format Description
+1 X Percent, First input

X Integer,
X Double

precision
percent,

X Long
integer

+2 X Percent, Second input
X Integer,
X Double

precision
percent,

X Long
integer

..
+n X Percent, n'th input

X Integer
X Double

precision
percent,

X Long
integer

Percent, Sum of the inputs
Integer,
Double
precision
percent,
Long
integer

EXPLANATIONS AND SPECIAL HINTS

- the number of inputs is in the range of 2...32. When more than 32 inputs are needed,
then multiple function blocks should be cascaded

- input data can be added and subtracted in any order
- the intermediate result is limited to 35 bits, giving plenty of room for temporary

overranging
- the output value is limited between the largest negative number (hex 8001 or hex

80000001) and the largest positive number (hex 7FFF or hex 7FFFFFFF).

AVAILABILITY VERSION FOR DP% & LI FORMATS

Available from function block library: C_R1_V20.
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ADMLT

DESCRIPTION OF FUNCTION

Adds and subtracts a range of input values and then multiplies the result with the factor 'K'.
Subtraction is performed by inverting the respective input.

transfer function:

output = input K * {input +1 + ... + input +n }

GRAPHIC SYMBOL

│ ┌ 1───┐ │
│ │ADMLT│ │
├──────────────────────────────────┤K │ │
│ │ │ │
├──────────────────────────────────┤+1 ├───────────────────────────────┤
│ └─────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block ADMLT:

Pin Inv Format Description
K Factor Multiplication (scaling) factor
+1 X Percent First input
..
+n X Percent n'th input

Percent Sum of the inputs multiplied with the factor 'K'

EXPLANATIONS AND SPECIAL HINTS

- the number of summing inputs is in the range of 1...32. When more than 32 summing
inputs are needed, then multiple function blocks should be cascaded

- input data can be added and subtracted in any order
- the intermediate result is limited to 35 bits, giving plenty of room for temporary

overranging
- the output value is limited between the largest negative number (hex 8001) and the

largest positive number (hex 7FFF).
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AND

DESCRIPTION OF FUNCTION

Performs the logical AND among n inputs. With inputs in bitset format (BS) the AND
function is performed on all bits in parallel.

truth table:

in(1) in(2) .. in(n) out
0 0 0 0
0 0 1 0
. . . .
1 1 0 0
1 1 1 1

GRAPHIC SYMBOL

│ ┌ 1───┐ │
├──────────────────────────────────┤ & │ │
│ │ │ │
├──────────────────────────────────┤ ├───────────────────────────────┤
│ └B────┘ │

│ ┌ 2───┐ │
├──────────────────────────────────┤ & │ │
│ │ │ │
├──────────────────────────────────┤ ├───────────────────────────────┤
│ └BS───┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block AND:

Pin Inv Format Description
X
X

Boolean,
Bitset

First input

X
X

Boolean,
Bitset

Second input

..
X
X

Boolean,
Bitset

n'th input

Boolean,
Bitset

AND of all inputs
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EXPLANATIONS AND SPECIAL HINTS

- a logic 1B-signal will only appear at the output when all input signals, or bits at resp. bit
position  by bitset, are at logic state 1B

- the number of inputs is in the range of  2 .. 32. When more than 32 inputs are needed,
then multiple function blocks should be cascaded.
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ASIN

DESCRIPTION OF FUNCTION

Function block ASIN calculates the inverse function of sine.

transfer characteristics:

output = arcsin (input) [rad] (%-data format)

GRAPHIC SYMBOL

│ ┌ 1───┐ │
├──────────────────────────────────┤ASIN ├───────────────────────────────┤
│ └─────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block ASIN:

Pin Inv Format Description
X Percent input

Percent arcsin of input

EXPLANATIONS AND SPECIAL HINTS

- Input signal range:  -100% ≤ input ≤ 100%
The input is limited to ± 100%

- Output signal range:  -157.08% ≤ output ≤ 157.08% (π/2)

-100% 100%

157.08%

output

input

-157.08%
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AVAILABILITY VERSION

Available from function block library: B_R1_V12.
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AVG

DESCRIPTION OF FUNCTION

Function block AVG works with limited memory of N samples and calculates the average
value from the last N samples.
It eliminates completely all frequency  components  fulfilling the condition:

v = 1, 2, 3 ...
N = 2....33
T0 = sample interval

Transfer function:

mathematical expression:

written with pin names:

i(k) is the momentary sample of the input signal.
i(k-1) ... i(k-(N-1)), 'IK-1' ... 'IK-(N-1)' are previous samples of the input '+' signal.

GRAPHIC SYMBOL

│ ┌ 1───┐ │
│ │ AVG │ │
├──────────────────────────────────┤+ │ │
│ │ Y├───────────────────────────────┤
│ │ │ │
│ │ IK-1├─ │
│ └─────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block AVG:

Pin Inv Format Description
+ X Percent Input to be sampled
Y Percent Average of the last N samples of the input '+' signal
IK-1 Percent Previous sample of the input '+' signal
..
IK-(N-1) Percent Sample IK-(N-1) of the input '+' signal

f v
N T

= * 1
0

o k
N

i k i k i k i k N( ) * ( ) ( ) ( ) ... ( ( ))= + − + − + + − −1 1 2 1

[ ]Y
N

IK IK IK N= + + − + − + + − −1 1 2 1* ' ' .. . ( )
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Hint for using the FUPLA2-editor:
N is automatically set by activating the IK-1 ... IK-(N-1) outputs (insert output pin).
All output pins IK-1 ... IK-32 are default short. They may be toggled and used as outputs.

EXPLANATIONS AND SPECIAL HINTS

- the output signal 'Y' will be only valid after the very first N sample interval. It shows a
transient  after the first start of the user  program part because the memory locations
where the sampled data  'IK-1' .. 'IK-(N-1)' are stored can not be automatically initialized

- blocks AVG calculates the average of maximum N = 33 sample. Therefore the maximum
pin expansion for outputs is 'IK-32'. Note that multiple function blocks can not be
cascaded.
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AVG-M

DESCRIPTION OF FUNCTION

Function block AVG-M works with limited memory of N samples and calculates the
average value from the last N samples.
It is similar to block AVG,  but with additional multiplying input 'K(%)' for faster execution.
It eliminates completely all frequency  components  fulfilling  the condition:

v = 1, 2, 3 ...
N = 2....33
T0 = sample interval

Transfer function:

mathematical expression:

written with pin names:

i(k) is the momentary sample of the input signal.
i(k-1) ... i(k-(N-1)), 'IK-1' ... 'IK-(N-1)' are previous samples of the input '+' signal.

GRAPHIC SYMBOL

│ ┌ 1───┐ │
│ │AVG-M│ │
├──────────────────────────────────┤+ │ │
│ │ │ │
├──────────────────────────────────┤K(%) │ │
│ │ Y├───────────────────────────────┤
│ │ │ │
│ │ IK-1├─ │
│ └─────┘ │

f v
N T

= * 1
0

[ ]))1((...)2()1()(*)( −−++−+−+= NkikikikiKko
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FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block AVG-M:

Pin Inv Format Description
+ X Percent Input to be sampled
K(%) X Percent Multiplication factor
Y Percent Average of the last N samples of the input '+' signal
IK-1 Percent Previous sample of the input '+' signal
..
IK-(N-1) Percent Sample IK-(N-1) of the input '+' signal

Hint for using the FUPLA2-editor:
N is automatically set by activating the IK-1 ... IK-(N-1) outputs (insert output pin).
All output pins IK-1 ... IK-32 are default short. They may be toggled and used as outputs.

EXPLANATIONS AND SPECIAL HINTS

- multiplication factor 'K(%)' has to be < (2/N) to avoid overflow (N = number of samples)
- the output signal  'Y'  will be only valid after the very first N sample interval. It shows a

transient  after the first start of the user program part because the memory locations
where the sampled data  'IK-1' .. 'IK-(N-1)' are stored can not be automatically initialized

- blocks AVG-M calculates the average of maximum N = 33 sample. Therefore the
maximum pin expansion for outputs is 'IK-32'. Note that multiple function blocks can not
be cascaded.
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BCD-%

DESCRIPTION OF FUNCTION

Converts values in binary-coded decimal data format BCD into values in the percent data
format. The sign of the output value 'Y' is defined by the value at the 'SIGN' input. The
output value 'Y' is scaled by the multiplication factor at the factor input 'K'.

transfer function:

output Y = [sign] * input bcd * input K * 0.0001
sign of the output = input SIGN

GRAPHIC SYMBOL

│ ┌ 1───────┐ │
│ │ BCD-% │ │
├────────────────────────────────┤bcd Y├─────────────────────────────┤
│ │ │ │
├────────────────────────────────┤SIGN │ │
│ │ │ │
├────────────────────────────────┤K │ │
│ └─────────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block BCD-%:

Pin Inv Format Description
bcd BCD Input to be converted
SIGN X Boolean Sign of the input
K Factor Scaling factor
Y Percent Output in percent

EXPLANATIONS AND SPECIAL HINTS

- input signal at the BCD-input 'bcd' is a 4 digit BCD value (originating for example from
code switches)

- input signal 'K' is used to adjust the range of the output signal
- output value is 0.0001 times the input signal 'bcd' multiplied by factor 'K'. It is limited to

values between the largest negative number (hex 8001) and the largest positive number
(hex 7FFF)

- input signal 'SIGN' defines the sign of the output value:
'SIGN' = 0B: positive output value
'SIGN' = 1B: negative output value
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BIBS

DESCRIPTION OF FUNCTION

Function block BIBS is used to pack data from different bits into one word in bitset format.
It does not process data.

GRAPHIC SYMBOL

│ ┌ 1───┐ │
│ │BIBS │ │
│ 0B─┤.0 │ │
│ 0B─┤.1 │ │
│ 0B─┤.2 │ │
│ 0B─┤.3 │ │
│ 0B─┤.4 │ │
│ 0B─┤.5 │ │
│ 0B─┤.6 │ │
│ 0B─┤.7 │ │
│ 0B─┤.8 │ │
│ 0B─┤.9 │ │
│ 0B─┤.10 │ │
│ 0B─┤.11 │ │
│ 0B─┤.12 │ │
│ 0B─┤.13 │ │
│ 0B─┤.14 │ │
│ 0B─┤.15 │ │
│ │ Y├───────────────────────────────┤
│ └─────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block BIBS:

Pin Inv Format Description
.0 X Boolean Input bit copied to bitposition zero of ouput 'Y'
.1 X Boolean Input bit copied to bitposition one of ouput 'Y'
.2 X Boolean Input bit copied to bitposition two of ouput 'Y'
.3 X Boolean Input bit copied to bitposition three of ouput 'Y'
.4 X Boolean Input bit copied to bitposition four of ouput 'Y'
.5 X Boolean Input bit copied to bitposition five of ouput 'Y'
.6 X Boolean Input bit copied to bitposition six of ouput 'Y'
.7 X Boolean Input bit copied to bitposition seven of ouput 'Y'
.8 X Boolean Input bit copied to bitposition eight of ouput 'Y'
.9 X Boolean Input bit copied to bitposition nine of ouput 'Y'
.10 X Boolean Input bit copied to bitposition ten of ouput 'Y'
.11 X Boolean Input bit copied to bitposition eleven of ouput 'Y'
.12 X Boolean Input bit copied to bitposition twelve of ouput 'Y'
.13 X Boolean Input bit copied to bitposition thirteen of ouput 'Y'
.14 X Boolean Input bit copied to bitposition fourteen of ouput 'Y'
.15 X Factor Input bit copied to bitposition fifteen of ouput 'Y'
Y Bitset Output as a combination of all inputs
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EXPLANATIONS AND SPECIAL HINTS

- this  function block improves efficiency of the data transfer over the B448-bus by
substituting individual bit transfers (read-modify-write) with only one word transfer (write)

- it can also be used to combine individual bits in any order, and/or from different sources,
to form a new word of bitset format used for further processing.
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BRREL

DESCRIPTION OF FUNCTION

Function block BRREL is used to control the processing sequence of the user program. It
does not process data.
When the condition input 'COND' is 1B (TRUE), the branch to the symbolic address
'LABEL' is taken, else execution is continued with the next function block.

GRAPHIC SYMBOL

│ ┌ 1───┐ │
│ │BRREL│ │
├──────────────────────────────────┤COND │ │
│ │ │ │
├──────────────────────────────────┤LABEL│ │
│ └─────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block BRREL:

Pin Inv Format Description
COND X Boolean Condition input
LABEL Address Symbolic branch address

EXPLANATIONS AND SPECIAL HINTS

- function block BRREL performs a branch within one task of the user program
- performed function:

- continue processing from user program address specified with input 'LABEL', when the
condition input 'COND' is 1B (TRUE)

- continue processing from next function block, when the condition input 'COND'  is 0B
(FALSE).

- WARNING:
the branch address (input 'LABEL') must be connected to one LABEL block.
BRREL and LABEL can not be used in a macro.

INITIALIZATION BEHAVIOUR

The input 'COND' is interpreted as false (0B) regardless of its current value.

AVAILABILITY VERSION

Available from function block library:  B_R1_V12.
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BSBI

DESCRIPTION OF FUNCTION

Function block  BSBI  is used to unpack a word to individual bits. It does not process data.

GRAPHIC SYMBOL

│ ┌ 1───┐ │
│ │BSBI │ │
├──────────────────────────────────┤X │ │
│ │ .0├─ │
│ │ │ │
│ │ .1├─ │
│ │ │ │
│ │ .2├─ │
│ │ │ │
│ │ .3├─ │
│ │ │ │
│ │ .4├─ │
│ │ │ │
│ │ .5├─ │
│ │ │ │
│ │ .6├─ │
│ │ │ │
│ │ .7├─ │
│ │ │ │
│ │ .8├─ │
│ │ │ │
│ │ .9├─ │
│ │ │ │
│ │ .10├─ │
│ │ │ │
│ │ .11├─ │
│ │ │ │
│ │ .12├─ │
│ │ │ │
│ │ .13├─ │
│ │ │ │
│ │ .14├─ │
│ │ │ │
│ │ .15├─ │
│ └─────┘ │
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FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block BSBI:

Pin Inv Format Description
X X Bitset Input to be split up
.0 Boolean Bitposition zero of input 'X'
.1 Boolean Bitposition one of input 'X'
.2 Boolean Bitposition two of input 'X'
.3 Boolean Bitposition three of input 'X'
.4 Boolean Bitposition four of input 'X'
.5 Boolean Bitposition five of input 'X'
.6 Boolean Bitposition six of input 'X'
.7 Boolean Bitposition seven of input 'X'
.8 Boolean Bitposition eight of input 'X'
.9 Boolean Bitposition nine of input 'X'
.10 Boolean Bitposition ten of input 'X'
.11 Boolean Bitposition eleven of input 'X'
.12 Boolean Bitposition twelve of input 'X'
.13 Boolean Bitposition thirteen of input X'
.14 Boolean Bitposition fourteen of input 'X'
.15 Boolean Bitposition fifteen of input 'X'

EXPLANATIONS AND SPECIAL HINTS

- this function block improves efficiency of the data transfer over the B448-bus by reading
individual bits as one word

- it can also be used to unpack individual bits from one word of bitset format for further
processing.
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CHKSU

DESCRIPTION OF FUNCTION

Logic EXCLUSIVE OR function between the single bits situated at the same bit position of
the input words in(1) to in(n). The EXOR function is always performed on two operands
only, the first input is EXORed with the second, the result then EXORed with the third input
and so on until the n'th input. The output word then contains the result of the boolean
operations.

transfer function:

output = ( .. ( ( input 1 EXOR input 2 ) EXOR input 3 ) .. ) EXOR input n

GRAPHIC SYMBOL

│ ┌ 1───┐ │
│ │CHKSU│ │
├──────────────────────────────────┤ │ │
│ │ │ │
├──────────────────────────────────┤ ├───────────────────────────────┤
│ └─────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block CHKSU:

Pin Inv Format Description
Word First input

..
Word n'th input
Word Output

EXPLANATIONS AND SPECIAL HINTS

- the number of inputs is in the range of 2 .. 32. When more than 32 inputs are needed,
then multiple function blocks should be cascaded.
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CNT

DESCRIPTION OF FUNCTION

Function block CNT is a preselectable up-counter with dominant reset input and with a
comparison output. Counting starts at zero and is rising edge (0B→1B) transition sensitive.
The comparison is based on equal or greater.

truth table:

'CLK/' 'R' internal (hidden) counter
no change 0B no change
rising edge (0B -> 1B) 0B increment by one
falling edge (1B -> 0B) 0B no change
don't care 1B reset to zero

GRAPHIC SYMBOL

│ ┌ 1───┐ │
│ │ CNT │ │
├──────────────────────────────────┤CLK/ │ │
│ │ │ │
├──────────────────────────────────┤R │ │
│ │ │ │
├──────────────────────────────────┤N# │ │
│ │ >=N├───────────────────────────────┤
│ └─────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block CNT:

Pin Inv Format Description
CLK/ X Boolean Clock input, increments the internal count by one on a rising

edge
R X Boolean Reset input, dominant
N# Word Preselect value
>=N Boolean Indicates if the internal count is equal to or greater than

preselected value
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EXPLANATIONS AND SPECIAL HINTS

- the reset signal 'R' is dominant. 'R' = logic 1B  resets the internal (hidden) counter and
the output signal '>=N' to 0B

- the internal 16 bit counter is incremented by one on every 0B -> 1B transition at the clock
input 'CLK/'

- the preselection value 'N#' is in the range 1 < N < 65535
- the output signal  '>=N'  changes to logic  1B when the internal count reaches the

preselection value 'N#'. The output signal '>=N' stays at logic 1B until either the reset
input 'R' is set to logic 1B or the preselection value 'N#' is changed to a value higher than
the current internal count

- initialization of the processing unit resets the internal counter to zero and the output '>=N'
to logic 0B.

INITIALIZATION BEHAVIOUR

The input 'R' is interpreted as active (1B) regardless of its current value. Consequently the
internal counter is reset to zero and the output '>=N' to logic 0B.
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COMPW

DESCRIPTION OF FUNCTION

Function block  COMPW  compares the two input signals  'X'  and  'Y'  and generates the
output signals  'X=Y'  and  'X>Y'.

GRAPHIC SYMBOL

│ ┌ 1───────┐ │
│ │ COMPW │ │
├────────────────────────────────┤X X=Y├─────────────────────────────┤
│ │ │ │
├────────────────────────────────┤Y X>Y├─────────────────────────────┤
│ └─────────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block COMPW:

Pin Inv Format Description
X Word First input to be compared
Y Word Second input to be compared
X=Y Boolean Indicates if the two words are equal
X>Y Boolean Indicates if the first word is greater than the second one

EXPLANATIONS AND SPECIAL HINTS

- the input signals are processed as data in word data format, the most significant bit is
treated as a binary weight bit and not as a sign bit

- the value at output 'X=Y' is only 1B (TRUE), when the value of 'X' matches the value of
'Y'

- the value at output 'X>Y' is only 1B (TRUE), when the value of 'X' exceeds the value of
'Y'

- if neither 'X=Y' nor 'X>Y' are at 1B (TRUE), the value of 'X' is smaller than the value of
'Y'.
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COS

DESCRIPTION OF FUNCTION

Function block  COS  calculates the cosine of a given angle Alpha.

transfer characteristics:

output = cos (input)

GRAPHIC SYMBOL

│ ┌ 1───┐ │
├──────────────────────────────────┤COS ├───────────────────────────────┤
│ └─────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block COS:

Pin Inv Format Description
X Percent Input

Percent cos of input

EXPLANATIONS AND SPECIAL HINTS

- input signal has to be set in radians (in %-data format).
- output signal range: -41.59% ≤ cos (Alpha) ≤ +100%

The low output signal limit (-41.59%) corresponds to the maximum possible input
(±199.99%).
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DECOD

DESCRIPTION OF FUNCTION

Function block DECOD implements a 4 to 16 bit decoder function. It decodes the least
significant nibble in the input data word 'X' and generates an output data word 'Y' with the
bit position corresponding to the nibble value set to 1B.
The decoder function is inhibited and the output 'Y' set to zero, either when the 3 most
significant nibbles of the input 'X' don't match the input 'KEY' or input 'EN' is 0B.

GRAPHIC SYMBOL

│ ┌ 1───┐ │
│ │DECOD│ │
├──────────────────────────────────┤X │ │
│ │ │ │
├──────────────────────────────────┤EN │ │
│ 0000H─┤KEY │ │
│ │ Y├───────────────────────────────┤
│ └─────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block DECOD:

Pin Inv Format Description
X X Bitset Input to be decoded (only least significant nibble is

decoded)
EN X Boolean Enable of the decoder function
KEY Bitset Enables the decoder if the 3 most significant nibbles of

input 'X' and input 'KEY' match. Constant only
Y Bitset Decoded output
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EXPLANATIONS AND SPECIAL HINTS

- the three most significant nibbles of the data word 'X' are compared with the value of the
three most significant  nibbles of input 'KEY'. When the two values correspond, the least
significant nibble of input signal 'X' is decoded as 4 to 16, else the output is set to zero

- definition of input 'X':

MSB
     F E D C B A 9 8 7 6 5 4

LSB
3 2 1 0

used as key-hole must
correspond to the value
of input 'KEY'

value to
be
decoded

- decoding operation is only active when input  'EN'  is at logic state 1B, else the output is
set to zero

- the key value can only be defined as a constant, default value is 0B
- least significant nibble of the 'KEY' input is don't care
- in most cases input 'X' is a counter output and multiple DECOD function blocks decode

different ranges of the counter output value.

EXPLANATION OF OPERATION:

- presuming the contents of input signal 'X' is hex 007B, then the least significant nibble is
hex B and the part of 'X' to be compared with input 'KEY', hex 0070

- the enable input  'EN'  is set to 1B, to enable decoding of the input signal

Signals Values
MSB LSB

F E D C B A 9 8 7 6 5 4 3 2 1 0
'X' =  (hex 007B) 0 0 0 0 0 0 0 0 0 1 1 1 1 0 1 1
'KEY' =  (hex 0070) 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0
'Y' =  (hex 0800) 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0

- the output signal  'Y'  is hex 0800, bit position B is at logic state 1B.
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DIV

DESCRIPTION OF FUNCTION

Function block  DIV  divides the 2 input values and generates a 16 bit result.
The sign of the result depends on the signs of the input values.

transfer function:

GRAPHIC SYMBOL

│ ┌ 1───┐ │
│ │ DIV │ │
├──────────────────────────────────┤X │ │
│ │ │ │
├──────────────────────────────────┤Y │ │
│ │ X/Y├───────────────────────────────┤
│ └%────┘ │

│ ┌ 2───┐ │
│ │ DIV │ │
├──────────────────────────────────┤X │ │
│ │ │ │
├──────────────────────────────────┤Y │ │
│ │ X/Y├───────────────────────────────┤
│ └I────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block DIV:

Pin Inv Format Description
X X

X
Percent,
Integer

Dividend input

Y X
X

Percent,
Integer

Divisor input

X/Y Percent,
Integer

Quotient output

X / Y X
Y

=
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EXPLANATIONS AND SPECIAL HINTS

- if the divisor 'Y' is zero, the positive or negative maximum value (according to the sign at
the dividend input 'X') is set to the output 'X/Y'

- if dividend 'X' and divisor 'Y' are zero, the positive maximum value is set to the output
'X/Y'

- after division the internal 32 bit result is truncated to 16 bit at the output 'X/Y'.
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DMUX

DESCRIPTION OF FUNCTION

The Demultiplexer is used to switch the input signal 'X' to one of the outputs 'Y1' .. 'Yn' as
selected by the select input 'SEL'.

GRAPHIC SYMBOL

│ ┌ 1───┐ │
│ │DMUX │ │
├──────────────────────────────────┤SEL │ │
│ │ │ │
├──────────────────────────────────┤X │ │
│ │ Y1├───────────────────────────────┤
│ └B────┘ │

│ ┌ 2───┐ │
│ │DMUX │ │
├──────────────────────────────────┤SEL │ │
│ │ │ │
├──────────────────────────────────┤X │ │
│ │ Y1├───────────────────────────────┤
│ └%────┘ │

│ ┌ 3───┐ │
│ │DMUX │ │
├──────────────────────────────────┤SEL │ │
│ │ │ │
├──────────────────────────────────┤X │ │
│ │ Y1├───────────────────────────────┤
│ └K────┘ │

│ ┌ 4───┐ │
│ │DMUX │ │
├──────────────────────────────────┤SEL │ │
│ │ │ │
├──────────────────────────────────┤X │ │
│ │ Y1├───────────────────────────────┤
│ └MS───┘ │

│ ┌ 5───┐ │
│ │DMUX │ │
├──────────────────────────────────┤SEL │ │
│ │ │ │
├──────────────────────────────────┤X │ │
│ │ Y1├───────────────────────────────┤
│ └S────┘ │

│ ┌ 6───┐ │
│ │DMUX │ │
├──────────────────────────────────┤SEL │ │
│ │ │ │
├──────────────────────────────────┤X │ │
│ │ Y1├───────────────────────────────┤
│ └I────┘ │
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│ ┌ 7───┐ │
│ │DMUX │ │
├──────────────────────────────────┤SEL │ │
│ │ │ │
├──────────────────────────────────┤X │ │
│ │ Y1├───────────────────────────────┤
│ └W────┘ │

│ ┌ 8───┐ │
│ │DMUX │ │
├──────────────────────────────────┤SEL │ │
│ │ │ │
├──────────────────────────────────┤X │ │
│ │ Y1├───────────────────────────────┤
│ └BCD──┘ │

│ ┌ 9───┐ │
│ │DMUX │ │
├──────────────────────────────────┤SEL │ │
│ │ │ │
├──────────────────────────────────┤X │ │
│ │ Y1├───────────────────────────────┤
│ └BS───┘ │
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FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block DMUX:

Pin Inv Format Description
SEL Integer Select input
X X Boolean, Input

X Bitset,
X Percent,
X Integer,

Factor,
Microsecond
Millisecond
Second
BCD
Word

Y1 Boolean, First output
Bitset,
Percent,
Integer,
Factor,
Microsecond
Millisecond
Second
BCD
Word

..
Yn Boolean, n'th output

Bitset,
Percent,
Integer,
Factor,
Microsecond
Millisecond
Second
BCD
Word
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EXPLANATIONS AND SPECIAL HINTS

- the value at the select input 'SEL' defines which of the n outputs the input 'X' is
transferred to. No other output is modified. The value at the select input 'SEL' must be in
the range 1...n, where n is the number of outputs. Otherwise, the input signal is not
switched to any of the outputs.

- if value of input 'SEL' is zero, no outputs are modified
- the number of outputs is in the range of 1...32. When more than 32 inputs are needed,

then multiple function blocks should be cascaded.
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DQPOL

DESCRIPTION OF FUNCTION

Function block  DQPOL  transforms values from the orthogonal d,q-coordinate system into
polar-coordinates. This is valid for all four quadrants.

transfer function:

GRAPHIC SYMBOL

│ ┌ 1───────┐ │
│ │ DQPOL │ │
├────────────────────────────────┤D |A|├─────────────────────────────┤
│ │ │ │
├────────────────────────────────┤Q PHI├─────────────────────────────┤
│ │ │ │
├────────────────────────────────┤K(%) │ │
│ └─────────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block DQPOL:

Pin Inv Format Description
D X Percent Input signal d
Q X Percent Input signal q
K(%) Percent Factor = ABS (REF/π)
� A� Percent Absolute magnitude of vector A
PHI Percent Percent ± Angle relative to d-axis

q

d
PHI

|A|
A

+REF

-REF

A d q

PHI q
A

= +

=

2 2

arcsin
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EXPLANATIONS AND SPECIAL HINTS

- (-REF) < PHI ≤ REF
- The input K is a factor derived from the calculation REF/π.

REF is a percent value (0...199.994 %) which defines π. Otherwise the value
π = 3.14159 Rad = 314.159 % would be out of percent range.
Example: π ≡ 180 % � K = 1.8/π = 0.572958 = 57.2958 %

- If an overflow occurs (i.e. � A� > 7FFFh), the angle will be nevertheless correctly
calculated.

AVAILABILITY VERSION

Available from function block library: B_R1_V12.
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DQRST

DESCRIPTION OF FUNCTION

Function block  DQRST  transforms values in the orthogonal d,q-coordinate  system  into
three-phase vectors. The angle e between the two systems can be set. Or it transforms
values in the orthogonal d,q-coordinate system into vectors in the orthogonal Alpha,
Betasystem which is rotated by the angle e.

Mathematical equation (transfer characteristics):

Alpha = d * (cos e) - q * (sin e)
Beta = d * (sin e) + q * (cos e)
R = Alpha
S = -0.5 * Alpha + (0.5 * SQRT(3)) * Beta
T = -0.5 * Alpha  - (0.5 * SQRT(3)) * Beta

(SQRT = square root)

GRAPHIC SYMBOL

│ ┌ 1───────┐ │
│ │ DQRST │ │
├────────────────────────────────┤D R├─────────────────────────────┤
│ │ │ │
├────────────────────────────────┤Q S├─────────────────────────────┤
│ │ │ │
├────────────────────────────────┤SIN T├─────────────────────────────┤
│ │ │ │
├────────────────────────────────┤COS BETA├─────────────────────────────┤
│ └─────────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block DQRST:

Pin Inv Format Description
D X Percent Input signal d
Q X Percent Input signal q
SIN X Percent Input signal sin e
COS X Percent Input signal cos e
R Percent Output R, also output Alpha
S Percent Output S
T Percent Output T
BETA Percent Output Beta
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EXPLANATIONS AND SPECIAL HINTS

- function block  DQRST  calculates the values in both the three-phase (R, S, T)-system
and in the Alpha, Beta-system (rotated by angle e).

- input signals for sin e and cos e have to be in the range of : -100% to +100%
(In case this range is exceeded, the values are limited for block internal calculations
to -100% or +100%)
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ENCOD

DESCRIPTION OF FUNCTION

Function block ENCOD acts as a priority encoder 16 to 4. The content of the least
significant nibble of the output signal 'Y' is set to the value corresponding to the bit-position
(bit  address) where the most significant 1B is found in the input data word 'X'. The output
'USED' indicates a valid value on the output 'Y'. The output value 'Y' is set to zero and
output 'USED' to 0B (FALSE) if the enable input 'EN' is at logic state 0B or if the value of
the input 'X' is zero.

GRAPHIC SYMBOL

│ ┌ 1───┐ │
│ │ENCOD│ │
├──────────────────────────────────┤X │ │
│ │ │ │
├──────────────────────────────────┤EN │ │
│ │ Y├───────────────────────────────┤
│ │ │ │
│ │ USED├───────────────────────────────┤
│ └─────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block ENCOD:

Pin Inv Format Description
X X Bitset Input to be encoded
EN X Boolean Enable of the encoding function
Y Bitset Encoded output
USED Boolean Indicates if the output value is valid

EXPLANATIONS AND SPECIAL HINTS

- the content of the input signal  'X'  is tested for a bit set to logic state 1B starting from
bitposition F. The search is given up as soon as the first active bit is found.

- logic state  0B  at the enable input  'EN'  forces the value of output signal 'Y' to hex 0000
and that of output signal 'USED' to 0B. With 'EN' at logic state 1B, the value of input
signal 'X' is tested for active bits

- the three most significant nibbles of the output signal 'Y' are always set to hex 000
- the value of the least significant nibble of output  'Y'  is set to the code of the bit-position

where the most significant active bit has  been found in the input signal  'X'. Output  'Y' is
only valid if signal 'USED' is set to logic state 1B

- the output  'USED'  is set to logic state 0B, if the function is disabled (input  'EN'  at logic
state  0B) or the value of input signal 'X' is hex 0000.
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EXPLANATION OF OPERATION:

- presuming the contents of input signal 'X' are hex 1234
- the enable input 'EN' is set to 1B, enabling encoding of the input signal

Signals Values
MSB LSB

F E D C B A 9 8 7 6 5 4 3 2 1 0
'X' =  (hex 1234) 0 0 0 1 0 0 1 0 0 0 1 1 0 1 0 0
'Y' =  (hex 000C) 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0

- the most significant active bit of input signal  'X'  is the bit at position C
- the output signal  'Y' is hex 000C
- the output signal  'USED'  is at logic state  1B  because in the value of input 'X' an active

bit have been found.
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EVENT

DESCRIPTION OF FUNCTION

Function block  EVENT  stores first and new values of binary signals according to DIN
19235 for N input signals with a common control part. Every channel contains a first value
and a fault annunciating storage element. Every incoming event is signalled by means of a
blinking state. After actuating the fault annunciating acknowledge input, the outputs
corresponding to all active input signals turn to steady state, except the event registered
first, which still remains blinking. After actuating the first event acknowledge input, the first
registered event turns to steady state, if the corresponding input is still active.

GRAPHIC SYMBOL

│ ┌ 1───────┐ │
│ │ EVENT │ │
├────────────────────────────────┤REL HORN├─────────────────────────────┤
│ │ │ │
├────────────────────────────────┤BL SUMFF├─────────────────────────────┤
│ │ │ │
├────────────────────────────────┤LT SUMF├─────────────────────────────┤
│ │ │ │
├────────────────────────────────┤ACKF │ │
│ │ │ │
├────────────────────────────────┤ACKFF │ │
│ │ │ │
├────────────────────────────────┤SUMFF │ │
│ │ FLO1├─────────────────────────────┤
├────────────────────────────────┤FO1 │ │
│ │ FMO1├─────────────────────────────┤
│ └─────────┘ │
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FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block EVENT:

Pin Inv Format Description
REL X Boolean Releases the input for first and new value
BL X Boolean Input for the blinking frequency
LT X Boolean Lamp test
ACKF X Boolean Fault annunciating acknowledge input
ACKFF X Boolean First fault annunciating acknowledge input
SUMFF X Boolean Cascade input for first fault carry signal
HORN Boolean Horn output
SUMFF Boolean Cascade output for first fault carry signal
SUMF Boolean Sum of all signalling inputs corresponding register status
FO1 X Boolean First signalling input
FLO1 Boolean Output of first and new value of first channel
FMO1 Boolean Signalling output of first channel
.. Boolean
FOn Boolean n'th signalling input
FLOn Boolean Output of first and new value of n'th channel
FMOn Boolean Signalling output of n'th channel

EXPLANATIONS AND SPECIAL HINTS

- function block EVENT has a "head" consisting of control signals and outputs common to
all channels

- when using a single EVENT function block, the input pin 'SUMFF' has to be connected to
the output pin 'SUMFF'

- the number of channels is in the range of 1...14. When more than 14 channels are
needed, then multiple function blocks should be cascaded by connecting the output pin
'SUMFF' of each function block to the input pin 'SUMFF' of the next EVENT function
block. In this case the output pin 'SUMFF' of the last EVENT function block has to be
connected to the input pin 'SUMFF' of the very first EVENT function block

- in order to get the first fault channel, the input pin 'ACKF' has to be activated before the
input pin 'ACKFF'

- the horn output signal 'HORN' goes to logic state 1B for one cycle after every 0B to 1B
transition (rising edge) at an event input signal 'FOn'. It is normally used to trigger a
monostable element, for example function block 'MS', which then defines the actual
period the horn will sound

- when using this function with a high number of channels in  time critical applications, be
aware of the relatively long processing time. Any higher priority interrupt will have to wait
for the completion of the function block before it is serviced

- for further details see the following block diagram.
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Significance of signals:

Common signals:
- REL enable input for first and new value
- ACKF fault annunciating acknowledge input
- ACKFF first fault acknowledge input
- SUMFF cascade input for first event carry signal
- BL blinking frequency input
- LT input signal for lamp test
- HORN horn output
- SUMFF cascade output for first event carry signal
- SUMF summing output of all signalling inputs and all register outputs

Channel specific signals (channel n):
- FOn signalling input n
- FLOn output first and new value of channel n
- FMOn signalling output, sum of signalling input and status of the corresponding

register n

An example of a first event indicator with two channels follows on the next page.

INITIALIZATION BEHAVIOUR

The inputs 'REL', 'BL', 'LT', 'ANCF', 'ACKFF' and 'SUMFF' are interpreted as inactive (0B).
The 'Fault' flip flops are reset. The 'Z-1' of input pins 'FOn' are also set to '0'. That means
that all storages (annunciating storage and first storage) are reset (0B). See diagram at
next page.
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EXOR

DESCRIPTION OF FUNCTION

Logic EXOR function with two inputs. With inputs in bitset format (BS) is the EXOR
function performed on all bits in parallel.

truth table:

in1 in2 out
0 0 0
0 1 1
1 0 1
1 1 0

GRAPHIC SYMBOL

│ ┌ 1───┐ │
├──────────────────────────────────┤ =1 │ │
│ │ │ │
├──────────────────────────────────┤ ├───────────────────────────────┤
│ └B────┘ │
│ ┌ 2───┐ │
├──────────────────────────────────┤ =1 │ │
│ │ │ │
├──────────────────────────────────┤ ├───────────────────────────────┤
│ └BS───┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block EXOR:

Pin Inv Format Description
X
X

Boolean,
Bitset

First input

X
X

Boolean,
Bitset

Second input

Boolean
Bitset

EXOR of the inputs

EXPLANATIONS AND SPECIAL HINTS

- the EXOR function is performed on 2 inputs only.



SINE/COSINE/TRIANGLE/SQUARE-WAVE GENERATOR FCGEN

Revision: Issued: No of pages: Page: Document Number:

4.0 97-02-03 201 69 HIEE 621000 E

FCGEN

DESCRIPTION OF FUNCTION

Function block FCGEN generates sine, cosine, square and triangular output signals.
- output frequency depends on

- the input variable (signal 'K(%)')
- the cycle time  (delay time between 2 subsequent computations).

- resolution (increments in angle) of the output  signals  depends on the selected
frequency.

transfer function:

output 'SIN' = sin  (2πft)
output 'COS' = cos (2πft)
output 'TRI' = triangular signal of frequency f
output 'SQU' = square wave of frequency f

   abs 'K(%)'
- frequency f = 

 1000% * T0

      10
- number of steps per 1 period = 

 abs 'K(%)'

abs 'K(%)' = absolute value of input signal 'K(%)'
T0 = sample interval (cycle time)

GRAPHIC SYMBOL

│ ┌ 1───────┐ │
│ │ FCGEN │ │
├────────────────────────────────┤SIC SIN├─────────────────────────────┤
│ │ │ │
├────────────────────────────────┤K(%) COS├─────────────────────────────┤
│ │ │ │
│ │ TRI├─────────────────────────────┤
│ │ │ │
│ │ SQU├─────────────────────────────┤
│ └─────────┘ │
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FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block FCGEN:

Pin Inv Format Description
SIC X Boolean Set to initial condition
K(%) X Percent Assignement of frequency
SIN Percent Sine wave output
COS Percent Cosine wave output
TRI Percent Triangular wave output
SQU Percent Square wave output

EXPLANATIONS AND SPECIAL HINTS

- with either signal  'SIC'  (set to initial condition) at logic state 1B or during initialization:
- sine and triangular signals stay at 0%
- cosine and square signals stay at +100%

- range for all output signals is -100% .. +100%
- output frequency is proportional to the absolute value of input signal 'K(%)'
- phase relation between the different output signals:

- triangular output attains +100% when cosine output is at 0%
- square output stays at +100% as long as the cosine function is positive
- with a negative input signal 'K(%)' only the sine output signal is inverted
  (phase shifted by - 90 degrees compared to the cosine output)

- amplitude error for sine and cosine function is smaller than 0.075 %.

INITIALIZATION BEHAVIOUR

The input 'SIC' is interpreted as active (1B) regardless of its current value.
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FCTL

DESCRIPTION OF FUNCTION

Function generator FCTL calculates an output value by means of linear interpolation
between pairs of input breakpoints.

GRAPHIC SYMBOL

│ ┌ 1───┐ │
│ │FCTL │ │
├──────────────────────────────────┤X │ │
│ │ │ │
├──────────────────────────────────┤X1 │ │
│ │ │ │
├──────────────────────────────────┤Y1 │ │
│ │ │ │
├──────────────────────────────────┤X2 │ │
│ │ │ │
├──────────────────────────────────┤Y2 │ │
│ │ Y├───────────────────────────────┤
│ └%────┘ │

│ ┌ 2───┐ │
│ │FCTL │ │
├──────────────────────────────────┤X │ │
│ │ │ │
├──────────────────────────────────┤X1 │ │
│ │ │ │
├──────────────────────────────────┤Y1 │ │
│ │ │ │
├──────────────────────────────────┤X2 │ │
│ │ │ │
├──────────────────────────────────┤Y2 │ │
│ │ Y├───────────────────────────────┤
│ └I────┘ │
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FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block FCTL:

Pin Inv Format Description
X X

X
Percent,
Integer

Input value to be linearized

X1 X
X

Percent,
Integer

X value of first breakpoint

Y1 X
X

Percent,
Integer

Y value of first breakpoint

X2 X
X

Percent,
Integer

X value of second breakpoint

Y2 X
X

Percent,
Integer

Y value of second breakpoint

..
Xn X

X
Percent,
Integer

X value of n'th breakpoint

Yn X
X

Percent,
Integer

Y value of n'th breakpoint

Y Percent,
Integer

Linearized output value

EXPLANATIONS AND SPECIAL HINTS

- number n of breakpoint pairs  (('X1','Y1'), ... ,('Xn','Yn'))  is in the range of 2...32
- the breakpoint pairs  ('Xm','Ym')  have to be input in increasing order with the condition:

'X1' < 'X2' < .. < 'Xm-1' < 'Xm' < .. <'Xn'

- the output value 'Y' is:

'Y1' for 'X' < 'X1'
'Yn' for 'X' > 'Xn'

'Ym' - 'Ym-1'
'Ym-1' + ('X' - 'Xm-1') * 

'Xm' - 'Xm-1'

for: 'Xm-1' ≤ 'X' ≤ 'Xm'
2 ≤ m ≤ n

Remark: The function block works with maximum precision as long as:

 'Xm' - 'Xm-1'  < 200%
|'Ym' - 'Ym-1'| < 200%
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FCTP

DESCRIPTION OF FUNCTION

Function block  FCTP calculates the value of a polynomial function of n-th order.

transfer function:

Y = An * Xn + A(n-1) * Xn-1 + ... + A1 * X + A0

GRAPHIC SYMBOL

│ ┌ 1───┐ │
│ │FCTP │ │
├──────────────────────────────────┤X │ │
│ │ │ │
├──────────────────────────────────┤A0 │ │
│ │ │ │
├──────────────────────────────────┤A1 │ │
│ │ Y├───────────────────────────────┤
│ └─────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block FCTP:

Pin Inv Format Description
X X Percent Input value
A0 X Percent Coefficient A0
A1 X Percent Coefficient A1
..
An X Percent Coefficient An
Y Percent Output of the function value

EXPLANATIONS AND SPECIAL HINTS

- number of coefficients is in the range of 2...32
- calculation of function value is performed according to the Horner's method. Interim

results of calculations must not exceed the number range (-199.994 to +199.994 %) to
not distort the result. Therefore the value of input variable 'X' has to be checked carefully.
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G2(Z)

DESCRIPTION OF FUNCTION

Function block  G2[z]  calculates  the general  difference equation of second order.

transfer function:

output value at instant (interval in time) k:

i(k) is the input value and o(k) is the output value of sample k

GRAPHIC SYMBOL

│ ┌ 1───┐ │
│ │G2[Z]│ │
├──────────────────────────────────┤+ │ │
│ │ │ │
├──────────────────────────────────┤ICO-1│ │
│ │ │ │
├──────────────────────────────────┤ICO │ │
│ │ │ │
├──────────────────────────────────┤SIC │ │
│ │ │ │
├──────────────────────────────────┤A0 │ │
│ │ │ │
├──────────────────────────────────┤A1 │ │
│ │ │ │
├──────────────────────────────────┤A2 │ │
│ │ │ │
├──────────────────────────────────┤B1 │ │
│ │ │ │
├──────────────────────────────────┤B2 │ │
│ │ +├───────────────────────────────┤
│ └─────┘ │
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FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block G2(Z):

Pin Inv Format Description
+ X Percent Input value i(k)
ICO-1 X Percent Initial condition value of o(k-1)
ICO X Percent Initial condition value of o(k)
SIC X Boolean Set to initial condition
A0 X Percent Coefficient A0
A1 X Percent Coefficient A1
A2 X Percent Coefficient A2
B1 X Percent Coefficient B1
B2 X Percent Coefficient B2
Y Percent Output value o(k)

EXPLANATIONS AND SPECIAL HINTS

- calculation of intermediate values of  o(k)  is accurate to 32 bits
- with input signal 'SIC' at logic state 1B, the value of the initial condition 'ICO' is put

through to the output
- the individual values of input and output signals in subsequent sample intervals are

assigned as follows in normal operation mode and when setting to initial condition, with
input signal 'SIC' at logic state 1B:

normal operation set to initial condition
interval k interval k+1 interval k interval k+1
i(k) ->   i(k-1) i(k) ->   i(k-1)
i(k-1) ->   i(k-2) i(k-1) ->   i(k-2)
o(k) HW ->   o(k-1) HW 'ICO' ->   o(k-1) HW
o(k) LW ->   o(k-1) LW 0H ->   o(k-1) LW
o(k-1) HW ->   o(k-2) HW 'ICO-1' ->   o(k-2) HW
o(k-1) LW ->   o(k-2) LW 0H ->   o(k-2) LW

meaning of the abbreviations:
ICO and ICO-1 = value of inputs for initial conditions
HW (high word) = most significant 16-bit word
LW (low word) = least significant 16-bit word

- points to be taken into consideration when applying the G2[Z] function are illustrated in
the following example of a digital realisation of a first order filter (stability check):
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The first order filter G1(s) is given by:

(1)

The digital realisation with the G2[Z] function block gives:

(2)

Bilinear z-transformation:

(3)

Substitution in (1) results in (4):

This filter is stable only if the poles z1, z2 of Hb(z-1) are located inside the unit circle:

INITIALIZATION BEHAVIOUR

The input 'SIC' is interpreted as active (1B) regardless of its current value.
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GETTIME

DESCRIPTION OF FUNCTION

Function block GETTIME outputs the time of the internal counter. It allows to measure the
execution time of a FUPLA application program. It has to be used together with the
function block TSUP-US or TSUP-MS.

GRAPHIC SYMBOL

│ ┌ 1───────┐ │
│ │GETTIME │ │
│ │ TUS├─────────────────────────────┤
│ │ │ │
│ │ TMS├─────────────────────────────┤
│ │ │ │
│ │ TS├─────────────────────────────┤
│ │ │ │
│ │ VALID├─────────────────────────────┤
│ └─────────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block GETTIME:

Pin Inv Format Description
TUS Microsecond Output of Time microsecond
TMS Millisecond Output of Time millisecond
TS Second Output of Time second
VALID Boolean Indicates a valid output of the 3 Time outputs

EXPLANATIONS AND SPECIAL HINTS

The outputs TUS, TMS and TS give only internal counter values and cannot be directly
interpreted as time value. They have to be connected with the corresponding inputs of
function block TSUP-US or TSUP-MS to interprete information about the time. (for more
details see the function blocks TSUP-US and TSUP-MS).
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INITIALIZATION BEHAVIOUR

The output VALID will stay FALSE till the function block is executed once after the
initialization.

AVAILABILITY VERSION

Available from function block library: C_R1_V20.



INTERRUPT MASKING IMASK

Revision: Issued: No of pages: Page: Document Number:

4.0 97-02-03 201 79 HIEE 621000 E

IMASK

DESCRIPTION OF FUNCTION

Function block  IMASK  sets and resets interrupt-masks. After setting the interrupt mask,
the user program part currently under execution is interrupted only by interrupts of higher
priorities than the one defined by the interrupt mask input value. To change the priority
level, the interrupt mask has to be rewritten with a new value or reset. Reset of all masks
is done using the same function block with input value hex 00FF.

GRAPHIC SYMBOL

│ ┌ 1───┐ │
│ 00FFH─┤IMASK│ │
│ └─────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block IMASK:

Pin Inv Format Description
IMASK Bitset Interrupt mask value

EXPLANATIONS AND SPECIAL HINTS

- the mask, once set, remains effective up to reset or rewrite
- rewriting of a mask is accomplished by overwriting the active mask with a new input

value
- reset means overwriting the interrupt mask with the value hex 00FF leaving no interrupts

masked
- the default mask is 00FF, no interrupts are masked
- each one of bits 0 .. 7 corresponds to a specific interrupt:

bit 0 to interrupt 0
bit 1 to interrupt 1
..
bit 7 to interrupt 7

set bit means enable the interrupt

CAUTION:
If interrupts have to be masked, the mask must be given with the format Bitset, otherwise
the mask will not have any effect, although no errors or warnings will appear during code
generation.
The only exception for a valid Hex value is 00FFH.
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- the following definitions apply for the mask input value:

input value blocked or enabled interrupts
00 all interrupts are disabled
01 only interrupt 0 is enabled
02 only interrupt 1 is enabled
03 interrupts 0 and 1 are enabled
..
10 only interrupt 4 is enabled
..
1F interrupts 0 .. 4 are enabled
..
55 interrupts 0, 2, 4 and 6 are enabled
..
FF all interrupts are enabled

Bitposition in IMASK-Bitset:
0 INTERRUPT 0
1 INTERRUPT 1
2 INTERRUPT 2
3 INTERRUPT 3
4 INTERRUPT 4
5 INTERRUPT 5
6 INTERRUPT 6
7 INTERRUPT 7
8 X
9 X
10 X
11 X
12 X
13 X
14 X
15 X

INITIALIZATION BEHAVIOUR

Function block is not executed.
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INSP

DESCRIPTION OF FUNCTION

Function block  INSP  is used to inspect (display) signals, constants and parameters. It is
also used to change parameters. This block can be used together with the service units
SD A338, or SD B005.

GRAPHIC SYMBOL

│ ┌ 1───────┐ │
│ │ INSP │ │
├────────────────────────────────┤BS Y├─────────────────────────────┤
│ │ │ │
├────────────────────────────────┤KEY SRDY├─────────────────────────────┤
│ │ │ │
├────────────────────────────────┤MS VALID├─────────────────────────────┤
│ │ │ │
├────────────────────────────────┤APAGE │ │
│ │ │ │
├────────────────────────────────┤AOFFS │ │
│ │ │ │
├────────────────────────────────┤/-WR │ │
│ │ │ │
├────────────────────────────────┤WRE │ │
│ │ │ │
├────────────────────────────────┤X │ │
│ │ │ │
├────────────────────────────────┤SAVE │ │
│ │ │ │
├────────────────────────────────┤SAVC │ │
│ └─────────┘ │
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FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block INSP:

Pin Inv Format Description
BS Word Block select, enables the execution of the function block

if equal to input 'KEY'
KEY Word Definition of block enable key
MS Word Memory select, selects a memory range
APAGE Word Address page, the eight most significant bits of a long

address
AOFFS Word Address offset, either absolute memory address or by

long addresses the sixteen least significant bits of the
address

/-WR X Boolean Write input, rising edge sensitive
WRE X Boolean Write enable
X Word Input of data when writing activated
SAVE X Boolean Save enable
SAVC Word Save command
Y Word Output of the data value
SRDY Boolean Save ready
VALID Boolean Indicates a valid output value of 'Y'

EXPLANATIONS AND SPECIAL HINTS

Pin description:

BS Block select is an unique identification of a specific INSP block. The handling of
'BS', together with input  'KEY', makes it possible to have more than one INSP
block with, except 'BS', the same inputs and outputs.

KEY The 'KEY', together with input 'BS', enable execution of this specific INSP block.
'BS' and 'KEY' must be identical to allow execution. When more than one INSP
block exists 'KEY' is a variable else typically a constant.

MS Memory select enables a memory range.
Values: 0,1: internal memory

2,3: three port memory (mailbox)
4,5: short address memory
6,7: long address memory

(all signals are read without inversion)

APAGE Address page are the highest eight bits of a long address. This is only meaningful
when  'MS'  is either 6 or 7. High byte of 'APAGE' is don't care.

AOFFS Address offset is either the absolute address, or the lowest sixteen bits of a long
address, of the signal to be inspected.

/-WR A positive edge on the write input will write data from the 'X' input to the selected
output by 'APAGE' and/or 'AOFFS', if input 'WRE' is true (1B). It will also save
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data to the non-volatile memory ('SAVEMEMORY' EEPROM) according to the
'SAVC' input if input 'SAVE' is true (1B).

WRE Write enable, enables the writing of data to selected output when a positive edge
occurs on the '/-WR' input.

X Data on the X input will be written to the selected output if a positive edge is
applied to the '/-WR' and 'WRE' is true (1B).

SAVE Save enable, enables saving of parameters into non-volatile memory
('SAVEMEMORY' EEPROM) depending on input  'SAVC'  when a positive edge
occurs at the '/-WR' input.

SAVC Save command defines the type of save routine that will be activated if input
'SAVE'  is true and a positive edge occurs on the  '/-WR'  input. Only the two least
significant bits are valid.
Values: 0: no save

1: only the selected parameter is stored
2: all parameters are stored according to the parameter list
3: no save

Save Parameters takes some time. To be shure that parameters are saved
before power down, take care of the following times:

n: total number of parameters

Y Output of selected signal.

SRDY Save ready is false during the execution of a save sequence.

VALID The valid output is true as long as:
- the output 'Y' carries a valid value.
- the write data or save parameter is successful.
- the parameter address corresponds to a defined parameter.

INITIALIZATION BEHAVIOUR

The function block is not executed. The outputs 'VALID' and 'SRDY' are reset (0B).

Device Save selected parameter
SAVC = 1

Save all parameters
SAVC = 2

PP B022 100 ms 100 ms + n * 0.8 ms
PP C322 1000 ms 1000 ms + n *  5.0 ms
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Function description:

Function block INSP is used to inspect (display) signals, constants and parameters. It is
also used to change parameters. The function block is enabled if the two inputs BS and
KEY have the same value. This gives the possibility to limit access to this function to
authorized personnel only. The input KEY can be the used as a password.

To be able to use the features of this function block, very detailed information about the
signals is required. Not only the symbolic name of the signal is necessary but also the
absolute address. The absolute address of a signal is found with help of the PTSDebug
program.

The absolute address is put together by two, or by long address three parts.
a) memory range.
b) in case of long address the upper 8-bits of the 24-bit address, in case of short address

this part is inactive.
c) in case of long addresses the lower 16-bits of the 24-bit address, in case of short

address the address itself.

The memory range is selected with input MS.

The input APAGE is used for the upper 8-bits of a long address.

The address or lower 16-bits of the address (in case of a long address) is selected with
input AOFFS.

Any selected address can be written with data present on the X input if a rising edge
occurs on the /-WR input and at the same time the WRE input is TRUE. The WRE (write
enable) input is used to prevent unintended writing on an address.

In case of parameters the writing itself only changes the value of the parameter temporarly
as long as the power to the processor is uninterrupted. If it is desired to change the value
of a parameter definitely, a save command must be given.
There are two types of save commands, saving of the selected parameter only and saving
of all parameters in the parameter list.

The type of saving mode is selected with input SAVC. The value 0001 saves the selected
parameter only and the value 0002 all parameters. The saving of parameters is only
carried out if the input SAVE is TRUE.

The output Y contents the value of the selected signal, constant or parameter. While the
saving of all parameters could require some time, a synchronication output SRDY is
FALSE during the saving sequence. By interlocking the save enable input with this output
a second saving command is inbibited during the saving sequence.

The output VALID indicates that the output Y has a valid value, i.e. the selected signal is
read correctly and physically existing.
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Using the INSP block together with the Service Unit SD A338 or
Remote Service Unit SD B005:

� Hardware description:

For SD A338 see datasheet HIEE 420755
For SD B005 see datasheet HIEE 420790

The two output words of the SD A338 or SD B005 are coded as follows:

First word:

Prefix : Bit 12-15 4 bits
Write : Bit 11 1 bit
Identity : Bit 8-10 3 bits
Address : Bit 0-7 8 bits

Second word:

Data : Bit 0-15 16 bits

The SD A338 or SD B005 also have one 16-bit input to display data.

� Application hints:

The example on the next page shows one possibility to connect the SD A338 or SD B005
to the INSP block. This example is created for a single PHSC processor PP B022 and the
"IDT" at SD A338 or SD B005 has to be 0. If you want to use the same service unit for
more than one processor, you should put an different "KEY" constant for each one.
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*1 Definition of thumbwheel switches for prefixes 0 .. 7.
With these prefixes it is only possible to inspect (read and display value) the 
selected signal. The function of the key "SET" is disabled.
With prefixes 6,7 (long address memory) the two upper right switches select PAGE.
For prefixes 0...5 these switches are don't care.

*2 Definition of thumbwheel switches for prefix 8.
With this prefix it is possible to inspect and modify parameters with address 00 .. FF.

To access the whole signal range of the PP B022 using the service unit SD A338 or
remote service unit SD B005 the following FUPLA-program may be used. The
Configuration Manager printout is also shown following.
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;Configuration Manager
;=====================
;File: Confmana.cfm
;Project: FUP_INSP
;Date: 3. March 1992
;Version: 1.0
;Author: C. Perrin

PROJECT FUP_INSP
BUS
TESTBUS

PHSC
TESTPHSC

"Timer 0" 2000 ; mikrosekunden
"Timer 1" 3000 ; mikrosekunden

TASK
BACKGROUND
CLUSTER

UTILITY
SEGMENT

MONITOR
ENDSEGMENT

ENDCLUSTER
ENDTASK
DOMAIN

DATAMEMORY
ENDDATAMEMORY
SAVEMEMORY
ENDSAVEMEMORY
BUSSHORTIO

MONITOR BASE 00000020H SIZE 0000000FH
SIGNAL

Select OFFSET 0008H
Data OFFSET 0009H
Output OFFSET 000FH

ENDSIGNAL
ENDBUSSHORTIO
BUSLONGIO
ENDBUSLONGIO
MAILBOXSHORT
ENDMAILBOXSHORT
MAILBOXLONG
ENDMAILBOXLONG

ENDDOMAIN
ENDPHSC

ENDBUS
ENDPROJECT
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│ ┌ 1───┐ │
│ │BSBI │ │

MONITOR_Select ├──────┤X │ │
│ │ .0├────────────┐ │
│ │ │ │ │
│ │ .1├───────────┐│ │
│ │ │ ││ │
│ │ .2├──────────┐││ │
│ │ │ │││ │
│ │ .3├─────────┐│││ │
│ │ │ ││││ │
│ │ .4├────────┐││││ │
│ │ │ │││││ │
│ │ .5├───────┐│││││ │
│ │ │ ││││││ │
│ │ .6├──────┐││││││ │
│ │ │ │││││││ │
│ │ .7├─────┐│││││││ ┌ 2───┐ │
│ │ │ ││││││││ │BIBS │ │
│ │ .8├─────┼┼┼┼┼┼┼┼──────────────────┤.0 │ │
│ │ │ ││││││││ │ │ │
│ │ .9├─────┼┼┼┼┼┼┼┼──────────────────┤.1 │ │
│ │ │ ││││││││ │ │ │
│ │ .10├─────┼┼┼┼┼┼┼┼──────────────────┤.2 │ │
│ │ │ ││││││││ 0B─┤.3 │ │
│ │ │ ││││││││ 0B─┤.4 │ │
│ │ │ ││││││││ 0B─┤.5 │ │
│ │ │ ││││││││ 0B─┤.6 │ │
│ │ │ ││││││││ 0B─┤.7 │ │
│ │ │ ││││││││ 0B─┤.8 │ │
│ │ │ ││││││││ 0B─┤.9 │ │
│ │ │ ││││││││ 0B─┤.10 │ │
│ │ │ ││││││││ 0B─┤.11 │ │
│ │ │ ││││││││ 0B─┤.12 │ │
│ │ │ ││││││││ 0B─┤.13 │ │
│ │ │ ││││││││ 0B─┤.14 │ ┌ 7───────┐ │
│ │ │ ││││││││ 0B─┤.15 │ │ INSP │ │
│ │ │ ││││││││ │ Y├──────┤BS Y├────┤MONITOR_Output
│ │ │ ││││││││ └─────┘ 0H─┤KEY │ │
│ │ .11├─────┼┼┼┼┼┼┼┼───────────────────────────┐ │ SRDY├─ │
│ │ │ ││││││││ ┌ 3───┐ │ │ │ │
│ │ │ ││││││││ │BIBS │ │ │ VALID├─ │
│ │ .12├────┬┼┼┼┼┼┼┼┼──────────────────┤.0 │ │ │ │ │
│ │ │ │││││││││ │ │ │ │ │ │
│ │ .13├───┬┼┼┼┼┼┼┼┼┼──────────────────┤.1 │ │ │ │ │
│ │ │ ││││││││││ │ │ │ │ │ │
│ │ .14├──┬┼┼┼┼┼┼┼┼┼┼──────────────────┤.2 │ │ │ │ │
│ │ │ │││││││││││ ┌ 4───┐ 0B─┤.3 │ │ │ │ │
│ │ │ │││││││││││ │BIBS │ 0B─┤.4 │ │ │ │ │
│ │ │ ││││││││││└───┤.0 │ 0B─┤.5 │ │ │ │ │
│ │ │ │││││││││└────┤.1 │ 0B─┤.6 │ │ │ │ │
│ │ │ ││││││││└─────┤.2 │ 0B─┤.7 │ │ │ │ │
│ │ │ │││││││└──────┤.3 │ 0B─┤.8 │ │ │ │ │
│ │ │ ││││││└───────┤.4 │ 0B─┤.9 │ │ │ │ │
│ │ │ │││││└────────┤.5 │ 0B─┤.10 │ │ │ │ │
│ │ │ ││││└─────────┤.6 │ 0B─┤.11 │ │ │ │ │
│ │ │ │││└──────────┤.7 │ 0B─┤.12 │ │ │ │ │
│ │ │ │││ 0B─┤.8 │ 0B─┤.13 │ │ │ │ │
│ │ │ │││ 0B─┤.9 │ 0B─┤.14 │ │ │ │ │
│ │ │ │││ 0B─┤.10 │ 0B─┤.15 │ │ │ │ │
│ │ │ │││ 0B─┤.11 │ │ Y├──┼───┤MS │ │
│ │ │ │││ 0B─┤.12 │ └─────┘ │ │ │ │
│ │ │ │││ 0B─┤.13 │ │ │ │ │
│ │ │ │││ 0B─┤.14 │ │ │ │ │
│ │ │ │││ 0B─┤.15 │ │ │ │ │
│ │ │ │││ │ Y├────┬────────────┼───┤APAGE │ │
│ │ │ │││ └─────┘ │ │ │ │ │
│ │ │ │││ ┌ 5───┐ │ │ │ │ │
│ │ │ ││└──────────o┤ & │ │ │ │ │ │
│ │ │ │└───────────o┤ │ │ ┌ 6───┐ │ │ │ │
│ │ │ └────────────o┤ │ │ │ SWI │ │ │ │ │
│ │ .15├────────────────┤ ├──┬─┼───┤SELX1│ │ │ │ │
│ └─────┘ └B────┘ │ │ │ │ │ │ │ │

MONITOR_Data ├──────────────────────────────────────┼┬┼───┤X0 │ │ │ │ │
│ ││└───┤X1 ├──┼───┤AOFFS │ │
│ ││ └BS───┘ └───┤/-WR │ │
│ ├┼─────────────────┤WRE │ │
│ │└─────────────────┤X │ │
│ └──────────────────┤SAVE │ │
│ 1H─┤SAVC │ │
│ └─────────┘ │
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INT

DESCRIPTION OF FUNCTION

Function block INT integrates the input signal '+'. Integration is performed with the
integration time constant 'T' (base time is either 1ms or 1s). The ouput signal  'Y' can be
set to an initial value 'IC' and is limited between a maximum value 'UPLIM' and a minimum
value 'LOLIM'. Integration time constant 'T' must be ≤ 16384 (ms or s).

Transfer function:

Laplace variables:

Time variables:

GRAPHIC SYMBOL

│ ┌ 1───┐ │
│ │ INT │ │
├──────────────────────────────────┤+ │ │
│ │ │ │
├──────────────────────────────────┤IC │ │
│ │ │ │
├──────────────────────────────────┤SIC │ │
│ │ │ │
├──────────────────────────────────┤T │ │
│ │ │ │
├──────────────────────────────────┤UPLIM│ │
│ │ │ │
├──────────────────────────────────┤LOLIM│ │
│ │ +├───────────────────────────────┤
│ └MS───┘ │

│ ┌ 2───┐ │
│ │ INT │ │
├──────────────────────────────────┤+ │ │
│ │ │ │
├──────────────────────────────────┤IC │ │
│ │ │ │
├──────────────────────────────────┤SIC │ │
│ │ │ │
├──────────────────────────────────┤T │ │
│ │ │ │
├──────────────────────────────────┤UPLIM│ │
│ │ │ │
├──────────────────────────────────┤LOLIM│ │
│ │ +├───────────────────────────────┤
│ └S────┘ │

out s
in s T s

out t IC
T

in t dt
t

( )
( ) *

( ) * ( ) *

=

= + �

1

1

0
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FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block INT:

Pin Inv Format Description
+ X Percent Input to be integrated
IC X Percent Input for the initial condition value
SIC X Boolean Set to initial condition
T Millisecond Time constant

Second
UPLIM X Percent Upper limit for the output 'Y'
LOLIM X Percent Lower limit for the output 'Y'
Y Percent Integrator output

EXPLANATIONS AND SPECIAL HINTS

- internal calculation is accurate to 32 bits
- the output value is not refreshed faster than the base time, 1ms resp. 1s
- with input 'SIC' at logic state 1B the output 'Y' is set to the value at the input 'IC'
- function block  INT-I  performs a similar function, but its time base is cycle time related.
- the output 'Y' is limited between the upper limit, value at input 'UPLIM', and the lower

limit, value at input 'LOLIM'.

Example:

INITIALIZATION BEHAVIOUR

The input 'SIC' is interpreted as active (1B) regardless of its current value.

Input +
UPLIM
LOLIM
Output Y

t
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INT-I

DESCRIPTION OF FUNCTION

Function block INT-I integrates the input signal '+'. Integration is performed with the
integration coefficient 'T0/TI'. The output signal 'Y' can be set to an initial value 'IC' and is
limited between a maximum value 'UPLIM' and a minimum value 'LOLIM'.
Function block INT-I is comparable to the time-based integrator INT, but with the special
feature, that its base time depends on the cycle time of its user program part. Instead of
integration time, the relation between integrating time constant TI and interrupt cycle time
T0 is used.

transfer function:
(when 'SIC' is at logic state 0B and the output signal is not limited)

i(k) = input '+'
o(k) = output 'Y'
i(k-1) = input '+'  from the last cycle
o(k-1) = output 'Y'  from the last cycle

GRAPHIC SYMBOL

│ ┌ 1───┐ │
│ │INT-I│ │
├──────────────────────────────────┤+ │ │
│ │ │ │
├──────────────────────────────────┤IC │ │
│ │ │ │
├──────────────────────────────────┤SIC │ │
│ │ │ │
├──────────────────────────────────┤T0/TI│ │
│ │ │ │
├──────────────────────────────────┤UPLIM│ │
│ │ │ │
├──────────────────────────────────┤LOLIM│ │
│ │ +├───────────────────────────────┤
│ └─────┘ │

o k o k T
TI

i k i k( ) ( ) * ( ) ( )= − + + −1 0 1
2
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FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block INT-I:

Pin Inv Format Description
+ X Percent Input to be integrated
IC X Percent Input for the initial condition value
SIC X Boolean Set to initial condition
T0/TI X Percent Integration coefficient
UPLIM X Percent Upper limit for the output 'Y'
LOLIM X Percent Lower limit for the output 'Y'
Y Percent Integrator output

EXPLANATIONS AND SPECIAL HINTS

- internal calculation is accurate to 32 bits
- with input 'SIC' at logic state 1B the output 'Y' is set to the value at the input 'IC'
- function block  INT  performs a similar function, but its time base is either 1ms or 1s.
- the output 'Y' is limited between the upper limit, value at input 'UPLIM', and the lower

limit, value at input 'LOLIM'

Example:

INITIALIZATION BEHAVIOUR

The input 'SIC' is interpreted as active (1B) regardless of its current value.

Input +
UPLIM
LOLIM
Output Y

t



PROGRAM ENTRY LABEL

Revision: Issued: No of pages: Page: Document Number:

4.0 97-02-03 201 93 HIEE 621000 E

LABEL

DESCRIPTION OF FUNCTION

The function block LABEL defines a program entry point. It is used together with function
block  BRREL  to perform branching within a task.

GRAPHIC SYMBOL

│ ┌ 1───┐ │
│ │LABEL├───────────────────────────────┤
│ └─────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block LABEL:

Pin Inv Format Description
LABEL Address Name of program entry point

EXPLANATIONS AND SPECIAL HINTS

- Branching can only be performed within the same task.
- The 'LABEL' output signal must be in DATAMEMORY.
- BRREL and LABEL can not be used in a macro.

AVAILABILITY VERSION

Available from function block library: B_R1_V12.
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LIM

DESCRIPTION OF FUNCTION

Limits the input signal 'X' to values between the upper limit 'UPLIM' and lower limit 'LOLIM',
and indicates on the annunciation outputs ('>UL', '<LL') when the input signal 'X' is limited.
The annunciation outputs stay on as long as the input signal 'X' is within the hysteresis
limit.

GRAPHIC SYMBOL

│ ┌ 1───────┐ │
│ │ LIM │ │
├────────────────────────────────┤X XLIM├─────────────────────────────┤
│ │ │ │
├────────────────────────────────┤UPLIM >UL├─────────────────────────────┤
│ │ │ │
├────────────────────────────────┤LOLIM <LL├─────────────────────────────┤
│ └%────────┘ │

│ ┌ 2───────┐ │
│ │ LIM │ │
├────────────────────────────────┤X XLIM├─────────────────────────────┤
│ │ │ │
├────────────────────────────────┤UPLIM >UL├─────────────────────────────┤
│ │ │ │
├────────────────────────────────┤LOLIM <LL├─────────────────────────────┤
│ └I────────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block LIM:

Pin Inv Format Description
X X

X
Percent,
Integer

Input to be limited

UPLIM X
X

Percent,
Integer

Upper limit for the output 'XLIM'

LOLIM X
X

Percent,
Integer

Lower limit for the output 'XLIM'

XLIM Percent,
Integer

Limited output

>UL Boolean Annunciation output for the upper limit
<LL Boolean Annunciation output for the lower limit
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EXPLANATIONS AND SPECIAL HINTS

- the hysteresis has a constant value of 0.5% or 82 in integer
- relation between value of input 'X' and output signal 'XLIM' and the annunciation outputs

'>UL' and '<LL':

X XLIM >UL <LL
> UPLIM UPLIM 1B 0B
> UPLIM - hysteresis X 1B* 0B
UPLIM > X > LOLIM X 0B 0B
< LOLIM LOLIM 0B 1B
< LOLIM + hysteresis X 0B 1B

* If the input signal 'X' had previously exceeded the corresponding limit value

- the two annunciation signals are never at logic state 1B at the same time
- definitions for special cases:

UPLIM < LOLIM:

X XLIM >UL <LL
≤ UPLIM LOLIM 0B 1B
> UPLIM UPLIM 1B 0B

UPLIM - hysteresis ≤ LOLIM + hysteresis:

X XLIM >UL <LL
< LOLIM LOLIM 0B 1B
LOLIM ≤ X ≤ UPLIM X no change
> UPLIM UPLIM 1B 0B

- function block LIM-HYS performs the same function but with variable hysteresis.

INITIALIZATION BEHAVIOUR

The hysteresis value is zero.
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LIM-HYS

DESCRIPTION OF FUNCTION

Limits the input signal 'X' to values between the upper limit 'UPLIM' and lower limit 'LOLIM',
and indicates on the annunciation outputs ('>UL', '<LL') when the input signal 'X' is limited.
The annunciation outputs stay on as long as the input signal 'X' is within the hysteresis
limit 'HYS'.

GRAPHIC SYMBOL

│ ┌ 1───────┐ │
│ │ LIM-HYS │ │
├────────────────────────────────┤X XLIM├─────────────────────────────┤
│ │ │ │
├────────────────────────────────┤UPLIM >UL├─────────────────────────────┤
│ │ │ │
├────────────────────────────────┤LOLIM <LL├─────────────────────────────┤
│ │ │ │
├────────────────────────────────┤HYS │ │
│ └%────────┘ │

│ ┌ 2───────┐ │
│ │ LIM-HYS │ │
├────────────────────────────────┤X XLIM├─────────────────────────────┤
│ │ │ │
├────────────────────────────────┤UPLIM >UL├─────────────────────────────┤
│ │ │ │
├────────────────────────────────┤LOLIM <LL├─────────────────────────────┤
│ │ │ │
├────────────────────────────────┤HYS │ │
│ └I────────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block LIM-HYS:

Pin Inv Format Description
X X

X
Percent,
Integer

Input to be limited

UPLIM X
X

Percent,
Integer

Upper limit for the output 'XLIM'

LOLIM X
X

Percent,
Integer

Lower limit for the output 'XLIM'

HYS X
X

Percent,
Integer

Input of the hysteresis value

XLIM Percent,
Integer

Limited output

>UL Boolean Annunciation output for the upper limit
<LL Boolean Annunciation output for the lower limit
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EXPLANATIONS AND SPECIAL HINTS

- the hysteresis value 'HYS' has to be positive (or zero)
- relation between value of input 'X' and output signal 'XLIM' and the annunciation outputs

'>UL' and '<LL':

X XLIM >UL <LL
> UPLIM UPLIM 1B 0B
> UPLIM - HYS X 1B* 0B
UPLIM.> X > LOLIM X 0B 0B
< LOLIM LOLIM 0B 1B
< LOLIM + HYS X 0B 1B*

* If the input signal 'X' had previously exceeded the corresponding limit value

- the two annunciation signals are never at logic state 1B at the same time
- definitions for special cases:

UPLIM < LOLIM:

X XLIM >UL <LL
≤ UPLIM LOLIM 0B 1B
> UPLIM UPLIM 1B 0B

UPLIM - HYS ≤ LOLIM + HYS:

X XLIM >UL <LL
< LOLIM LOLIM 0B 1B
LOLIM ≤ X ≤ UPLIM X no change
> UPLIM UPLIM 1B 0B

- function block LIM performs the same function but with a fix hysteresis.

INITIALIZATION BEHAVIOUR

The input 'HYS' is interpreted as zero regardless of its current value.
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MAX

DESCRIPTION OF FUNCTION

Function block MAX selects the input signal 'Xn' with the maximum value and allocates it
to the output 'MAX'. An annunciation output '>>n' is assigned to each input signal. Only the
annunciation output assigned to the input with the actual maximum value is active (only
one at a time). Signal changeover between the annunciation outputs takes place with a
fixed hysteresis of 0.5% or 82 in integer.

GRAPHIC SYMBOL

│ ┌ 1───────┐ │
│ │ MAX │ │
├────────────────────────────────┤X1 >>1├─────────────────────────────┤
│ │ │ │
├────────────────────────────────┤X2 >>2├─────────────────────────────┤
│ │ │ │
│ │ MAX├─────────────────────────────┤
│ └%────────┘ │
│ ┌ 2───────┐ │
│ │ MAX │ │
├────────────────────────────────┤X1 >>1├─────────────────────────────┤
│ │ │ │
├────────────────────────────────┤X2 >>2├─────────────────────────────┤
│ │ │ │
│ │ MAX├─────────────────────────────┤
│ └I────────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block MAX:

Pin Inv Format Description
X1 X

X
Percent,
Integer

First input

>>1 Boolean First annunciation output
X2 X

X
Percent,
Integer

Second input

>>2 Boolean Second annunciation output
..
Xn X

X
Percent,
Integer

n'th input

>>n Boolean n'th annunciation output
MAX Percent,

Integer
Output of the maximum input value
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EXPLANATIONS AND SPECIAL HINTS

- the hysteresis has a fixed value of 0.5% or 82 in integer
- the number of inputs is in the range of 2...32
- an annunciation output is assigned to each input
- the output signal 'MAX' is always the maximum value of the input signals. Exception: if

another input signal becomes larger by less than the hysteresis, the present largest input
continues to be output

- only one annunciation signal is active (logic state 1B) at a time, namely the input channel
corresponding to the signal at the output

- function block  MAX-HYS  performs the same function, but  with variable hysteresis
- function block MIN performs a similar function, but selects the input signal with the

minimum value.

INITIALIZATION BEHAVIOUR

The hysteresis value is zero.
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MAX-HYS

DESCRIPTION OF FUNCTION

Function block MAX-HYS selects the input signal 'Xn' with the maximum value and
allocates it to the output 'MAX'. An annunciation output '>>n' is assigned to each input
signal. Only the annunciation output assigned to the input with the actual maximum value
is active  (only one at a time). Signal changeover between the annunciation outputs takes
place with a variable hysteresis 'HYS'.

GRAPHIC SYMBOL

│ ┌ 1───────┐ │
│ │ MAX-HYS │ │
├────────────────────────────────┤HYS MAX├─────────────────────────────┤
│ │ │ │
├────────────────────────────────┤X1 >>1├─────────────────────────────┤
│ │ │ │
├────────────────────────────────┤X2 >>2├─────────────────────────────┤
│ └%────────┘ │

│ ┌ 2───────┐ │
│ │ MAX-HYS │ │
├────────────────────────────────┤HYS MAX├─────────────────────────────┤
│ │ │ │
├────────────────────────────────┤X1 >>1├─────────────────────────────┤
│ │ │ │
├────────────────────────────────┤X2 >>2├─────────────────────────────┤
│ └I────────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block MAX-HYS:

Pin Inv Format Description
HYS X

X
Percent,
Integer

Input of the hysteresis value

MAX Percent,
Integer

Output of thmaximum input value

X1 X
X

Percent,
Integer

First input

>>1 Boolean First annunciation output
X2 X

X
Percent,
Integer

Second input

>>2 Boolean Second annunciation output
..
Xn X

X
Percent,
Integer

n'th input

>>n Boolean n'th annunciation output
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EXPLANATIONS AND SPECIAL HINTS

- the hysteresis value 'HYS' has to be positive (or zero)
- the number of inputs is in the range of 2...32
- an annunciation output is assigned to each input
- the output signal 'MAX' is always the maximum value of the input signals. Exception: if

another input signal becomes larger by less than the hysteresis, the present largest input
continues to be output

- only one annunciation signal is active (logic state  1B) at a time, namely the input
channel corresponding to the signal at the output

- function block MAX performs the same function, but with  fixed hysteresis
- function block MIN-HYS performs a similar function, but selects the input signal with the

minimum value.

INITIALIZATION BEHAVIOUR

The input 'HYS' is interpreted as zero regardless of its current input.
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MERGE

DESCRIPTION OF FUNCTION

This function block merges two 16 bit words (LW & HW) into a 32 bit percent value.

GRAPHIC SYMBOL

│ ┌ 5───────┐ │
│ │ MERGE │ │
├────────────────────────────────┤LW DP%├─────────────────────────────┤
│ │ │ │
├────────────────────────────────┤HW │ │
│ └─────────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block MERGE:

Pin Inv Format Description
LW Word Low word input
HW Word High word input
DP% Double

precision
percent

Merged inputs

EXPLANATIONS AND SPECIAL HINTS

- The complementary function block is SPLIT.
- The values HW = 8000h & LW = 0000h at the input give 80000001h to the output.

AVAILABILITY VERSION

Available from function block library:  C_R1_V20.
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MIN

DESCRIPTION OF FUNCTION

Function block MIN selects the input signal 'Xn' with the minimum value and allocates it to
the output 'MIN'. An annunciation output '<<n' is assigned to each input signal. Only the
annunciation output assigned to the input with the actual  minimum value is active (only
one at a time). Signal changeover between the annunciation outputs takes place with a
fixed hysteresis of 0.5% or 82 in integer.

GRAPHIC SYMBOL

│ ┌ 1───────┐ │
│ │ MIN │ │
├────────────────────────────────┤X1 <<1├─────────────────────────────┤
│ │ │ │
├────────────────────────────────┤X2 <<2├─────────────────────────────┤
│ │ │ │
│ │ MIN├─────────────────────────────┤
│ └%────────┘ │

│ ┌ 2───────┐ │
│ │ MIN │ │
├────────────────────────────────┤X1 <<1├─────────────────────────────┤
│ │ │ │
├────────────────────────────────┤X2 <<2├─────────────────────────────┤
│ │ │ │
│ │ MIN├─────────────────────────────┤
│ └I────────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block MIN:

Pin Inv Format Description
X1 X

X
Percent,
Integer

First input

<<1 Boolean First annunciation output
X2 X

X
Percent,
Integer

Second input

<<2 Boolean Second annunciation output
..
Xn X

X
Percent,
Integer

n'th input

<<n Boolean n'th annunciation output
MIN Percent,

Integer
Output of the maximum value
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EXPLANATIONS AND SPECIAL HINTS

- the hysteresis has a fixed value of 0.5% or 82 in integer
- the number of inputs is in the range of 2...32
- an annunciation output is assigned to each input
- the output signal 'MIN' is always the minimum value of the input signals. Exception: if

another input signal becomes smaller by less than the hysteresis, the present smallest
input continues to be output

- only one annunciation signal is active (logic state 1B) at a time, namely the input channel
corresponding to the signal at the output

- function block MIN-HYS performs the same function but with variable hysteresis
- function block MAX performs a similar function, but selects the input signal with the

maximum value.

INITIALIZATION BEHAVIOUR

The hysteresis value is zero.
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MIN-HYS

DESCRIPTION OF FUNCTION

Function block MIN-HYS selects the input signal 'Xn' with the minimum value and allocates
it to the output 'MIN'. An annunciation output '<<n' is assigned to each input signal. Only
the annunciation output assigned to the input with the actual minimum value is active (only
one at a time). Signal changeover between the annunciation outputs takes place with a
variable hysteresis 'HYS'.

GRAPHIC SYMBOL

│ ┌ 1───────┐ │
│ │ MIN-HYS │ │
├────────────────────────────────┤HYS MIN├─────────────────────────────┤
│ │ │ │
├────────────────────────────────┤X1 <<1├─────────────────────────────┤
│ │ │ │
├────────────────────────────────┤X2 <<2├─────────────────────────────┤
│ └%────────┘ │

│ ┌ 2───────┐ │
│ │ MIN-HYS │ │
├────────────────────────────────┤HYS MIN├─────────────────────────────┤
│ │ │ │
├────────────────────────────────┤X1 <<1├─────────────────────────────┤
│ │ │ │
├────────────────────────────────┤X2 <<2├─────────────────────────────┤
│ └I────────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block MIN-HYS:

Pin Inv Format Description
HYS X

X
Percent,
Integer

Input of the hysteresis value

MIN Percent,
Integer

Output of the maximum value

X1 X
X

Percent,
Integer

First input

<<1 Boolean First annunciation output
X2 X

X
Percent,
Integer

Second input

<<2 Boolean Second annunciation output
..
Xn Percent,

Integer
n'th intput

<<n Boolean n'th annunciation output
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EXPLANATIONS AND SPECIAL HINTS

- the hysteresis value 'HYS' has to be positive (or zero)
- the number of inputs is in the range of 2...32
- an annunciation output is assigned to each input
- the output signal 'MIN' is always the minimum value of the input signals. Exception if

another input signal becomes smaller by less than the hysteresis, the present smallest
input continues to be output

- only one annunciation signal is active (logic state 1B) at a time, namely the input channel
corresponding to the signal at the output

- function block MIN performs the same function but with fixed hysteresis
- function block MAX-HYS performs a similar function, but selects the input signal with the

maximum value.

INITIALIZATION BEHAVIOUR

The input 'HYS' is interpreted as zero regardless of its current value.
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MS

DESCRIPTION OF FUNCTION

Block MS is a non-retriggerable monostable element.

transfer function:

|t<'T'| | t>'T' |
┌─────┐ ┌───────────┐

input '/' ─────┘ └──────┘ └──
|--'T'--| |--'T'--|
┌───────┐ ┌───────┐

output '/T\' ─────┘ └────┘ └────────

GRAPHIC SYMBOL

│ ┌ 1───┐ │
│ │ MS │ │
├──────────────────────────────────┤/ │ │
│ │ │ │
├──────────────────────────────────┤T │ │
│ │ /T\├───────────────────────────────┤
│ └MS───┘ │

│ ┌ 2───┐ │
│ │ MS │ │
├──────────────────────────────────┤/ │ │
│ │ │ │
├──────────────────────────────────┤T │ │
│ │ /T\├───────────────────────────────┤
│ └S────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block MS:

Pin Inv Format Description
/ X Boolean Trigger input, rising edge sensitive
T Millisecond Time factor input

Second
/T\ Boolean Monostable output
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EXPLANATIONS AND SPECIAL HINTS

- a change of the input signal '/' from logic 0B to 1B will result in a logic 1B signal at output
'/T\' with a pulse duration 'T'

- the pulse duration 'T' is constant, i.e. independent of the logic 1B duration at the input '/'
- pulse duration 'T' is related to the base time of either 1ms or 1s
- value of pulse duration input 'T' is in the range of:

0 < 'T' * base time < 65535 * base time
- precision of pulse duration:

('T'-1) * base time + cycle time < pulse duration < 'T' * base time + cycle time
(cycle time: delay between two block executions)
Example:
S block with input 'T' = 1s and cycle time = 5 ms
(1-1) * 1s + 0.005 s < pulse duration < 1 * 1s + 0.005 s
0.005 s < pulse duration < 1.005 s
� For small values at the 'T' input, the pulse duration can be very inaccurate !
In this case the MS block with 'T' = 1000 ms should be used !

INITIALIZATION BEHAVIOUR

The output '/T\' is equal to the input '/'. By leaving the initialization with input '/' as true the
output '/T\' still remains active for the time 'T'.
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MS&

DESCRIPTION OF FUNCTION

Block MS& is a monostable element with pulse interruption if the input goes back to a 0B
state.

transfer function:

|t<'T'| | t>'T' |
┌─────┐ ┌───────────┐

input '/' ─────┘ └──────┘ └──
|--'T'--| |--'T'--|
┌─────┐ ┌───────┐

output '/T\' ─────┘ └──────┘ └────────

GRAPHIC SYMBOL

│ ┌ 1───┐ │
│ │ MS& │ │
├──────────────────────────────────┤/ │ │
│ │ │ │
├──────────────────────────────────┤T │ │
│ │ /T&\├───────────────────────────────┤
│ └MS───┘ │

│ ┌ 2───┐ │
│ │ MS& │ │
├──────────────────────────────────┤/ │ │
│ │ │ │
├──────────────────────────────────┤T │ │
│ │ /T&\├───────────────────────────────┤
│ └S────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block MS&:

Pin Inv Format Description
/ X Boolean Trigger input, rising edge sensitive
T Millisecond Time factor input

Second
/T\ Boolean Monostable output
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EXPLANATIONS AND SPECIAL HINTS

- a change of the input signal '/' from logic 0B to 1B will result in a logic 1B signal at output
'/T\' with a pulse duration 'T'

- the output pulse is interrupted (reset to 0B) if the input signal '/' is set back to logic 0B
before the time 'T' has elapsed - pulse duration  'T' is related to the base time of either
1ms or 1s

- value pulse duration input 'T' is in the range of:
0 < 'T' * base time < 65535 * base time

- precision of pulse duration:
('T'-1) * base time + cycle time < pulse duration < 'T' * base time + cycle time
(cycle time: delay between two block executions)
Example:
S block with input 'T' = 1s and cycle time = 5 ms
(1-1) * 1s + 0.005 s < pulse duration < 1 * 1s + 0.005 s
0.005 s < pulse duration < 1.005 s
� For small values at the 'T' input, the pulse duration can be very inaccurate !
In this case the MS block with 'T' = 1000 ms should be used !

INITIALIZATION BEHAVIOUR

The output '/T&\' is equal to the input '/'. By completing the initialization with input '/' as true,
output '/T&\' still remains active for the time 'T' (Providing the input '/' is not deactivated
during the time 'T'.
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MULT

DESCRIPTION OF FUNCTION

The function block MULT multiplies the two input signals. The sign of the result depends
on the signs of the input values.

GRAPHIC SYMBOL

│ ┌ 1───┐ │
│ │MULT │ │
├──────────────────────────────────┤X │ │
│ │ │ │
├──────────────────────────────────┤Y │ │
│ │ X*Y├───────────────────────────────┤
│ └%────┘ │

│ ┌ 2───┐ │
│ │MULT │ │
├──────────────────────────────────┤X │ │
│ │ │ │
├──────────────────────────────────┤Y │ │
│ │ X*Y├───────────────────────────────┤
│ └DP%──┘ │

│ ┌ 3───┐ │
│ │MULT │ │
├──────────────────────────────────┤X │ │
│ │ │ │
├──────────────────────────────────┤Y │ │
│ │ X*Y├───────────────────────────────┤
│ └I────┘ │
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FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block MULT:

Pin Inv Format Description
X X Percent, Multiplicant

X Integer,
X Double

precision
percent

Y X Percent, Multiplicator
X Integer,
X Double

precision
percent

X*Y Percent, Multiplication result output
Integer,
Double
precision
percent

EXPLANATIONS AND SPECIAL HINTS

- function block MULT requiers the two inputs to be of the same format.
- with formats Percent and Integer, the internal result is accurate to 32 bits but the least

significant 16 bits of the result 'X*Y' are truncated
- the output value is limited between the largest negative number (hex 8001 or hex

80000001) and the largest positive number (hex 7FFF or hex 7FFFFFFF).

AVAILABILITY VERSION FOR DP% FORMAT

Available from function block library: C_R1_V20.
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MULTF

DESCRIPTION OF FUNCTION

The function block MULTF multiplies the two input signals and generates a 16 bit result.
The sign of the result depends on the signs of the input values.

GRAPHIC SYMBOL

│ ┌ 1───┐ │
│ │MULTF│ │
├──────────────────────────────────┤X │ │
│ │ │ │
├──────────────────────────────────┤Y │ │
│ │ X*Y├───────────────────────────────┤
│ └K────┘ │

│ ┌ 2───┐ │
│ │MULTF│ │
├──────────────────────────────────┤X │ │
│ │ │ │
├──────────────────────────────────┤Y │ │
│ │ X*Y├───────────────────────────────┤
│ └MS───┘ │

│ ┌ 3───┐ │
│ │MULTF│ │
├──────────────────────────────────┤X │ │
│ │ │ │
├──────────────────────────────────┤Y │ │
│ │ X*Y├───────────────────────────────┤
│ └S────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block MULTF:

Pin Inv Format Description
X Factor,

Millisecond
Second

Input of the factor to be multiplied (scaled)

Y X Percent Input of the multiplication value
X*Y Factor,

Millisecond
Second

Scaled factor output
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EXPLANATIONS AND SPECIAL HINTS

- function block MULTF is a factor variator, scaling a factor, millisecond or second value
with a percent value

- internal result is accurate to 32 bits but the least significant 16 bits of the result 'X*Y' are
truncated
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MUX

DESCRIPTION OF FUNCTION

The MUX function block has the function of a multi-terminal commutator. The input signal
'Xn' selected by the value at the select input 'SEL' is connected to the output 'Y'.

GRAPHIC SYMBOL

│ ┌ 1───┐ │
│ │ MUX │ │
├──────────────────────────────────┤SEL │ │
│ │ │ │
├──────────────────────────────────┤X1 │ │
│ │ Y├───────────────────────────────┤
│ └B────┘ │

│ ┌ 2───┐ │
│ │ MUX │ │
├──────────────────────────────────┤SEL │ │
│ │ │ │
├──────────────────────────────────┤X1 │ │
│ │ Y├───────────────────────────────┤
│ └%────┘ │

│ ┌ 3───┐ │
│ │ MUX │ │
├──────────────────────────────────┤SEL │ │
│ │ │ │
├──────────────────────────────────┤X1 │ │
│ │ Y├───────────────────────────────┤
│ └K────┘ │

│ ┌ 4───┐ │
│ │ MUX │ │
├──────────────────────────────────┤SEL │ │
│ │ │ │
├──────────────────────────────────┤X1 │ │
│ │ Y├───────────────────────────────┤
│ └US───┘ │

│ ┌ 4───┐ │
│ │ MUX │ │
├──────────────────────────────────┤SEL │ │
│ │ │ │
├──────────────────────────────────┤X1 │ │
│ │ Y├───────────────────────────────┤
│ └MS───┘ │

│ ┌ 5───┐ │
│ │ MUX │ │
├──────────────────────────────────┤SEL │ │
│ │ │ │
├──────────────────────────────────┤X1 │ │
│ │ Y├───────────────────────────────┤
│ └S────┘ │
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│ ┌ 6───┐ │
│ │ MUX │ │
├──────────────────────────────────┤SEL │ │
│ │ │ │
├──────────────────────────────────┤X1 │ │
│ │ Y├───────────────────────────────┤
│ └I────┘ │

│ ┌ 7───┐ │
│ │ MUX │ │
├──────────────────────────────────┤SEL │ │
│ │ │ │
├──────────────────────────────────┤X1 │ │
│ │ Y├───────────────────────────────┤
│ └W────┘ │

│ ┌ 8───┐ │
│ │ MUX │ │
├──────────────────────────────────┤SEL │ │
│ │ │ │
├──────────────────────────────────┤X1 │ │
│ │ Y├───────────────────────────────┤
│ └BCD──┘ │

│ ┌ 9───┐ │
│ │ MUX │ │
├──────────────────────────────────┤SEL │ │
│ │ │ │
├──────────────────────────────────┤X1 │ │
│ │ Y├───────────────────────────────┤
│ └BS───┘ │
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FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block MUX:

Pin Inv Format Description
SEL Integer Select input
X1 X Boolean, First input

X Bitset,
X Percent,
X Integer,

Factor,
Microsecond
Millisecond
Second
BCD
Word

..
Xn X Boolean, n'th input

X Bitset,
X Percent,
X Integer,

Factor,
Microsecond
Millisecond
Second
BCD
Word

Y Boolean, Output of the selected input
Bitset,
Percent,
Integer,
Factor,
Microsecond
Millisecond
Second
BCD
Word
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EXPLANATIONS AND SPECIAL HINTS

- the value at the select input 'SEL' defines which of the n input values, 'X1' .. 'Xn', is
transferred to the output 'Y'

- the value at the select input 'SEL' must be in the range 1 .. n, otherwise none of the input
signals is switched to the output and the output 'Y' stays at its old value

- the number of inputs 'X1' to 'Xn' is in the range of 1...32.
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OFD

DESCRIPTION OF FUNCTION

Function block OFD is an off-delay element for binary signals.

transfer function:

|t<'T'|
┌───┐ ┌─────────┐

input '\' ─────┘ └─────┘ └──────────
|--'T'--| |--'T'--|

┌───────────────────────────┐
output 'T\' ─────┘ └──

GRAPHIC SYMBOL

│ ┌ 1───┐ │
│ │ OFD │ │
├──────────────────────────────────┤\ │ │
│ │ │ │
├──────────────────────────────────┤T │ │
│ │ T\├───────────────────────────────┤
│ └MS───┘ │

│ ┌ 2───┐ │
│ │ OFD │ │
├──────────────────────────────────┤\ │ │
│ │ │ │
├──────────────────────────────────┤T │ │
│ │ T\├───────────────────────────────┤
│ └S────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block OFD:

Pin Inv Format Description

\ X Boolean Trigger input, falling edge sensitive
T Millisecond

Second
Delay time input

T\ Boolean Output
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EXPLANATIONS AND SPECIAL HINTS

- a change of the input signal '\' from logic state 1B to 0B will result in a logic  1B to 0B
transition of the output signal 'T\' after a delay time 'T'

- the input signal has to stay at logic state 0B for at least the delay time 'T'
- delay time 'T' is related to the base time of either 1ms or 1s
- value of delay time input 'T' is in the range of:

0 < 'T' * base time < 65535 * base time
- precision of delay time:

T - base time + cycle time (delay between executions)
- precision of delay time:

('T'-1) * base time + cycle time < delay time < 'T' * base time + cycle time
(cycle time: delay between two block executions)
Example:
S block with input 'T' = 1s and cycle time = 5 ms
(1-1) * 1s + 0.005 s < delay time < 1 * 1s + 0.005 s
0.005 s < delay time < 1.005 s
� For small values at the 'T' input, the delay time can be very inaccurate !
In this case the MS block with 'T' = 1000 ms should be used !

INITIALIZATION BEHAVIOUR

The output 'T\' is equal to the input '\'. By completing the initialization with input '\' as true,
the output 'T\' still remains active (as if the delay time were over).
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OND

DESCRIPTION ON FUNCTION

Function block OND is a on-delay element for binary signals.

transfer function:

|t<'T'|
┌─────┐ ┌────────────────┐

input '/' ─────┘ └───┘ └───
|--'T'--| |--'T'--|

┌────────┐
output 'T/' ───────────────────────┘ └──

GRAPHIC SYMBOL

│ ┌ 1───┐ │
│ │ OND │ │
├──────────────────────────────────┤/ │ │
│ │ │ │
├──────────────────────────────────┤T │ │
│ │ T/├───────────────────────────────┤
│ └MS───┘ │

│ ┌ 2───┐ │
│ │ OND │ │
├──────────────────────────────────┤/ │ │
│ │ │ │
├──────────────────────────────────┤T │ │
│ │ T/├───────────────────────────────┤
│ └S────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block OND:

Pin Inv Format Description
/ X Boolean Trigger input, rising edge sensitive
T Millisecond

Second
Delay time input

T/ Boolean Output
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EXPLANATIONS AND SPECIAL HINTS

- a change of the input signal '/' from logic state 0B to 1B will result in a logic  0B to 1B
transition of the output signal 'T/' after a delay time 'T'

- the input signal has to stay at logic state 1B for at least the delay time 'T'
- delay time 'T' is related to the base time of either 1ms or 1s
- value of delay time input 'T' is in the range of:

0 < 'T' * base time < 65535 * base time
- precision of delay time:

('T'-1) * base time + cycle time < delay time < 'T' * base time + cycle time
(cycle time: delay between two block executions)
Example:
S block with input 'T' = 1s and cycle time = 5 ms
(1-1) * 1s + 0.005 s < delay time < 1 * 1s + 0.005 s
0.005 s < delay time < 1.005 s
� For small values at the 'T' input, the delay time can be very inaccurate !
In this case the MS block with 'T' = 1000 ms should be used !

INITIALIZATION BEHAVIOUR

The output 'T/' is set to zero regardless of the inputs. By completing initialization with input
'/' as true, the output 'T/' will be active after the time delay 'T'.
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OOD

DESCRIPTION OF FUNCTION

Function block OOD is a on/off-delay element. It acts as a filter for a binary input signal.
Both the leading and the trailing edge of the input signal are delayed by the selectable time
delay T. If the input signal changes before the selected time delay has passed, the output
signal does not change.

transfer function:

|t<'T'| |'t<T'|
┌─────┐ ┌───────────┐ ┌─────┐

input '/\' ─────┘ └────┘ └─────┘ └──────────
|--'T'--| |--'T'--| |--'T'--| |--'T'--|

┌───────────────────────┐
output 'T/T\' ────────────────────────┘ └──

GRAPHIC SYMBOL

│ ┌ 1───┐ │
│ │ OOD │ │
├──────────────────────────────────┤/\ │ │
│ │ │ │
├──────────────────────────────────┤T │ │
│ │ T/T\├───────────────────────────────┤
│ └MS───┘ │

│ ┌ 2───┐ │
│ │ OOD │ │
├──────────────────────────────────┤/\ │ │
│ │ │ │
├──────────────────────────────────┤T │ │
│ │ T/T\├───────────────────────────────┤
│ └S────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block OOD:

Pin Inv Format Description
/\ X Boolean Input to be filtered
T Millisecond

Second
Input for the filter time constant

T/T\ Boolean Output of the filtered input
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EXPLANATIONS AND SPECIAL HINTS

- Block OOD is especially useful for debouncing binary signals
- delay time 'T' is related to the base time of either 1ms or 1s
- value of filter constant input 'T' is in the range of:

0 < 'T' * base time < 65535 * base time
- precision of delay time:

('T'-1) * base time + cycle time < delay time < 'T' * base time + cycle time
(cycle time: delay between two block executions)
Example:
S block with input 'T' = 1s and cycle time = 5 ms
(1-1) * 1s + 0.005 s < delay time < 1 * 1s + 0.005 s
0.005 s < delay time < 1.005 s
� For small values at the 'T' input, the delay time can be very inaccurate !
In this case the MS block with 'T' = 1000 ms should be used !

INITIALIZATION BEHAVIOUR

The output 'T/T\' is equal to the input '/ \'. By completing the initialization with input '/\' as
true, the output 'T/T\' still remains active (as if the delay time were over).
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OR

DESCRIPTION OF FUNCTION

Performs the logical OR among n inputs. With inputs in bitset format (BS), the OR function
is performed on all bits in parallel.

truth table:

in(1) in(2) .. in(n) out
0 0 0 0
0 0 1 1
. . . .
1 1 0 1
1 1 1 1

GRAPHIC SYMBOL

│ ┌ 1───┐ │
├──────────────────────────────────┤ >=1 │ │
│ │ │ │
├──────────────────────────────────┤ ├───────────────────────────────┤
│ └B────┘ │

│ ┌ 2───┐ │
├──────────────────────────────────┤ >=1 │ │
│ │ │ │
├──────────────────────────────────┤ ├───────────────────────────────┤
│ └BS───┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block OR:

Pin Inv Format Description
X
X

Boolean,
Bitset

First input

X
X

Boolean,
Bitset

Second input

..
X
X

Boolean,
Bitset

n'th input

Boolean,
Bitset

OR of all inputs
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EXPLANATIONS AND SPECIAL HINTS

- a logic 1B-signal will only appear at the output when at least one input signal, or one bit
at resp. bit position by bitset, is at logic state 1B

- the number of inputs is in the range of  2...32. When more than 32 inputs are needed,
then multiple function blocks should be cascaded.
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PBCNT

DESCRIPTION OF FUNCTION

Function block PBCNT is a programmable up/down counter. Its count output value 'CNT'
can be preset by input 'SIC' to an initial condition 'IC'. The output 'CARRY' is used for
cascading counters.

GRAPHIC SYMBOL

│ ┌ 1───────┐ │
│ │ PBCNT │ │
├────────────────────────────────┤CLK/ CNT├─────────────────────────────┤
│ │ │ │
├────────────────────────────────┤SIC CARRY├─────────────────────────────┤
│ │ │ │
├────────────────────────────────┤IC │ │
│ │ │ │
├────────────────────────────────┤HOLD │ │
│ │ │ │
├────────────────────────────────┤DOWN │ │
│ └─────────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block PBCNT:

Pin Inv Format Description
CLK/ X Boolean Clock input, rising edge sensitive
SIC X Boolean Set to initial condition
IC Word Input for the initial condition value
HOLD X Boolean Disabling the count function
DOWN X Boolean Direction of the counter
CNT Word Output of the count value
CARRY Boolean Carry output to the next cascaded counter
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EXPLANATIONS AND SPECIAL HINTS

- The counter counts on a rising edge at the input signal 'CLK/'
- a logic 1B at the input 'HOLD' blocks the 'CLK/' input at its present state
- inputs 'CLK/' and 'HOLD' are disabled while input 'SIC' is at logic state 1B
- the input 'DOWN' sets the counting direction:

'DOWN' = logic state 1B: counting down
'DOWN' = logic state 0B: counting up

- the counter increments the count when input 'DOWN' remains at logic state 0B, inputs
'HOLD' and 'SIC' at logic state 0B and a rising edge occurs at the input 'CLK/'

- the counter decrements the count when input 'DOWN' remains at logic state 1B, inputs
'HOLD' and 'SIC' at logic state 0B and a rising edge occurs at the input 'CLK/'

- the output 'CNT' gets the count value in the word data format:
smallest number: hex 0000
largest number: hex FFFF (decimal 65535)

- with input 'SIC' at logic state 1B  the internal count value and the output 'CNT' are set to
the value at the input 'IC'

- the output 'CARRY' is used to cascade any number of counters, it must be connected to
the input 'CLK/' of the next counter

- output 'CARRY' is always at logic state 1B, except for:
input 'DOWN' = 1B and count output 'CNT' = hex 0000
input 'DOWN' = 0B and count output 'CNT' = hex FFFF

- the counter has no over- or under-flow, hex FFFF → hex 0000 when counting up and hex
0000 → hex FFFF when counting down (loop counter).

INITIALIZATION BEHAVIOUR

The output 'CNT' is equal to the input 'IC' . By completing the initialization with input 'CLK/'
not active (0B), the output 'CNT' is equal to input 'IC'; by completing with input 'CLK/' active
(1B), the output 'CNT' is equal to the input 'IC' plus one ('IC'+1).
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PI-R0

DESCRIPTION OF FUNCTION

Function block PI-R0 is a PI-controller (Proportional Integrating controller) with the
following attributes and capabilities:
- integration constant related to the call-up interval (normally the interrupt interval)
- nominal to actual value comparison
- ability to set the integrator to initial condition
- output signal positive and negative limited
- separate limits for the integrator output
- possibility to input an error signal
- limited and unlimited output value
- annunciation output "Controller output limited"

GRAPHIC SYMBOL

│ ┌ 1───────┐ │
│ │ PI-R0 │ │
├────────────────────────────────┤N YLIM├─────────────────────────────┤
│ │ │ │
├────────────────────────────────┤KN Y├─────────────────────────────┤
│ │ │ │
├────────────────────────────────┤W <>LIM├─────────────────────────────┤
│ │ │ │
├────────────────────────────────┤-X │ │
│ │ │ │
├────────────────────────────────┤KP │ │
│ │ │ │
├────────────────────────────────┤K(%) │ │
│ │ │ │
├────────────────────────────────┤IC │ │
│ │ │ │
├────────────────────────────────┤SIC │ │
│ │ │ │
├────────────────────────────────┤T0/TN │ │
│ │ │ │
├────────────────────────────────┤UPL-I │ │
│ │ │ │
├────────────────────────────────┤LOL-I │ │
│ │ │ │
├────────────────────────────────┤UPLIM │ │
│ │ │ │
├────────────────────────────────┤LOLIM │ │
│ └─────────┘ │
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FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block PI-R0:

Pin Inv Format Description
N X Percent Input for error signal N
KN Factor Multiplication factor for error N
W X Percent Input for nominal value W
X X Percent Input for actual value X
KP Factor Multiplication factor for nominal-actual value difference
K(%) X Percent Multiplication factor for limitation of amplification for w → 0
IC X Percent Input for the initial condition value
SIC X Boolean Set to initial condition
T0/TN X Percent Integration time constant
UPL-I X Percent Input for integrator upper limit
LOL-I X Percent Input for integrator lower limit
UPLIM X Percent Input for controller output 'YLIM' upper limit
LOLIM X Percent Input for controller output 'YLIM' lower limit
YLIM Percent Limited output of controller
Y Percent Unlimited output of controller
<>LIM Boolean Annunciation output "Controller output limited"

EXPLANATIONS AND SPECIAL HINTS

- the controller PI-R0 is subject to the interrupt frequency
- the integration time constant is specified as 'T0/TN'. T0 is the time  between  two

subsequent call-ups (normally the time between two interrupts of the corresponding user
program part) and TN is the integration time

- the integration part is calculated according to the formula

whereby  o  is the unlimited output signal of the integrator and  i  is the input signal
directly at the integrator

- i depends on 'W', 'X', 'KP' and 'K(%)'. These calculations if values are accurate to 32 bits
- the limitations of the controller output 'YLIM' and the integrator are independent
- about integrator limitations, see example in the description of function block INT
- with input 'SIC' at logic state 1B the output of the integrator is preset to the value at the

input 'IC'.

INITIALIZATION BEHAVIOUR

The input 'SIC' is interpreted as active (1B) regardless of its current value.

o k o k i k i k T
TN

( ) ( ) ( ) ( ) *= − + + −1 1
2

0
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PI-R1

DESCRIPTION OF FUNCTION

Function block PI-R1 is a PI-controller (Proportional Integrating controller) with the
following attributes and capabilities:
- integration constant related to the call-up interval (normally the interrupt interval)
- nominal to actual value comparison
- ability to set the integrator to initial condition
- output signal positive and negative limited
- possibility to input an error signal
- limited and unlimited output value
- annunciation output "Controller output limited"

GRAPHIC SYMBOL

│ ┌ 1───────┐ │
│ │ PI-R1 │ │
├────────────────────────────────┤N YLIM├─────────────────────────────┤
│ │ │ │
├────────────────────────────────┤KN Y├─────────────────────────────┤
│ │ │ │
├────────────────────────────────┤W <>LIM├─────────────────────────────┤
│ │ │ │
├────────────────────────────────┤-X │ │
│ │ │ │
├────────────────────────────────┤KP │ │
│ │ │ │
├────────────────────────────────┤K(%) │ │
│ │ │ │
├────────────────────────────────┤IC │ │
│ │ │ │
├────────────────────────────────┤SIC │ │
│ │ │ │
├────────────────────────────────┤T0/TN │ │
│ │ │ │
├────────────────────────────────┤UPLIM │ │
│ │ │ │
├────────────────────────────────┤LOLIM │ │
│ └─────────┘ │
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FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block PI-R1:

Pin Inv Format Description
N X Percent Input for error signal N
KN Factor Multiplication factor for error N
W X Percent Input for nominal value W
X X Percent Input for actual value X
KP Factor Multiplication factor for nominal-actual value difference
K(%) X Percent Multiplication factor for limitation of amplification for w → 0
IC X Percent Input for the initial condition value
SIC X Boolean Set to initial condition
T0/TN X Percent Integration time constant
UPLIM X Percent Input for controller output 'YLIM' upper limit
LOLIM X Percent Input for controller output 'YLIM' lower limit
YLIM Percent Limited output of controller
Y Percent Unlimited output of controller
<>LIM Boolean Annunciation output "Controller output limited"

EXPLANATIONS AND SPECIAL HINTS

- the controller PI-R1 is subject to the interrupt frequency
- the integration time constant is specified as 'T0/TN'. T0 is the time  between two

subsequent call-ups (normally the time between two interrupts of the corresponding user
program part) and TN is the integration time.

- the integration part is calculated according to the formula

whereby  o  is the unlimited output signal of the integrator and  i  is the input signal
directly at the integrator

- i depends on 'W', 'X', 'KP' and 'K(%)'. These calculations of values are accurate to 32 bits
- the limitations of the controller output 'YLIM' and the integrator are tracked. They depend

on the nominal-actual value difference and the input error signal N.
- with input 'SIC' at logic state 1B the output of the integrator is set to the value at the input

'IC'.

INITIALIZATION BEHAVIOUR

The input 'SIC' is interpreted as active (1B) regardless of its current value.

o k o k i k i k T
TN

( ) ( ) ( ) ( ) *= − + + −1 1
2

0
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R-IND

DESCRIPTION OF FUNCTION

Function block  R-IND  is used to indirectly read the value of a data word. It is especially
used for visualisation of data. The address selected by the inputs 'AMSEL', 'APAGE'
and/or 'AOFFS' is read and the data transferred to output 'Y'. The output 'VALID' indicates
if the transfer was successful or not.

GRAPHIC SYMBOL

│ ┌ 1───┐ │
│ │R-IND│ │
├──────────────────────────────────┤AMSEL│ │
│ │ │ │
├──────────────────────────────────┤APAGE│ │
│ │ │ │
├──────────────────────────────────┤AOFFS│ │
│ │ Y├───────────────────────────────┤
│ │ │ │
│ │VALID├───────────────────────────────┤
│ └─────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block R-IND:

Pin Inv Format Description
AMSEL Word Input for the address memory select
APAGE Word Input for the address page
AOFFS Word Input for the address offset
Y Word Output of the indirect read signal
VALID Boolean Indication of a valid output value
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EXPLANATIONS AND SPECIAL HINTS

- Description of the individual inputs:

'AMSEL': Address memory select defines the desired memory range,
only the 3 least significant bits are used.
Values:
0, 1 = internal memory
2, 3 = three port memory (mailbox)
4, 5 = short address range (B448)
6, 7 = long address range (B448)

Data is only read without inversion

'APAGE': Address page is the higest byte when long address transfers
(24 bit address) are selected, else don't care.

'AOFFS': Address offset is the address of the data to be read or, by long
address, the least significant word of the address.

'Y': Output for the read data.

'VALID': VALID = "1" means: the data read is valid.
VALID = "0" means: the data is not read correctly. The output 'Y'
is not updated.

- For indirect writing of data use function block W-IND.
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RDLA

DESCRIPTION OF FUNCTION

Block RDLA is used to read a word of data from a memory location of the B448-bus
addressed via a long address (24 bits).

GRAPHIC SYMBOL

│ ┌ 1───┐ │
├──────────────────────────────────┤RDLA ├───────────────────────────────┤
│ └─────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block RDLA:

Pin Inv Format Description
Word Input to be read
Word Output of the read signal

EXPLANATIONS AND SPECIAL HINTS

- function block  RDLA  is used to read  data in  the long address range of the B448-
address space

- function block WRLA writes data to the long address range.
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ROTAT

DESCRIPTION OF FUNCTION

Function block ROTAT is used to rotate the contents of a data word 'X' by a selectable
number 'N' of bit positions either left (MSB is shifted to the LSB position) or right (LSB is
shifted to the MSB position ). The direction of the rotate is dependent upon the input
'RIGHT'.

Representation of mode of operation:

rotate right ('RIGHT' = '1') rotate left ('RIGHT' = '0')
┌───────────────────┐ ┌───────────────────┐

┌─>MSB ->| -> | -> |-> LSB>─┐ ┌─<MSB <-| <- | <- |<- LSB<─┐
│ └───────────────────┘ │ │ └───────────────────┘ │
└───────<'N' times <────────┘ └───────>'N' times >────────┘

GRAPHIC SYMBOL

│ ┌ 1───┐ │
│ │ROTAT│ │
├──────────────────────────────────┤X │ │
│ │ │ │
├──────────────────────────────────┤N │ │
│ │ │ │
├──────────────────────────────────┤RIGHT│ │
│ │ Y├───────────────────────────────┤
│ └─────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block ROTAT:

Pin Inv Format Description
X X Bitset Input to be rotated
N Word Number of bit positions
RIGHT X Boolean Direction
Y Bitset Output of rotated input

EXPLANATIONS AND SPECIAL HINTS

- input 'N' defines the number of bit-positions for the rotate operation. All bits in the data
word 'X' are rotated N positions

- the value of input 'N' is limited between 0 and 15 (hexadecimal 0...F)
- only the least significant nibble of the input 'N' value is used.
- input 'RIGHT' defines the direction of rotation.
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EXPLANATION OF OPERATION:

- presuming the contents of input signal 'X' are hex 5678
- the number N of bit-positions to shift is 5
- the direction is right

input/output value MBS LBS
F E D C B A 9 8 7 6 5 4 3 2 1 0

X 5678 hex 0 1 0 1 0 1 1 0 0 1 1 1 1 0 0 0
N XXX5 hex X X X X X X X X X X X X 0 1 0 1

only the least significant nibble is used to
define 'N'

RIGHT 1B X 1 X X X X X X X X X X X X X X
^only bit relevant to define 'RIGHT'

Y C2B3 hex 1 1 0 0 0 0 1 0 1 0 1 1 0 0 1 1

=> value of output 'Y' = content of input 'X' rotated right by 5 bit positions
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RSFF

DESCRIPTION OF FUNCTION

Function block RSFF is a bistable RS flip-flop with dominant reset input.

truth table:

S R Q
0 0 Q0 = former value (no change)
0 1 0
1 0 1
1 1 0

GRAPHIC SYMBOL

│ ┌ 1───┐ │
│ │RSFF │ │
├──────────────────────────────────┤S │ │
│ │ │ │
├──────────────────────────────────┤R │ │
│ │ Q├───────────────────────────────┤
│ └─────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block RSFF:

Pin Inv Format Description
S X Boolean Input set
R X Boolean Input reset
Q Boolean Output

EXPLANATIONS AND SPECIAL HINTS

- output 'Q' is set to logic 1B by the set input 'S', it will remain at logic 1B until it is reset by
the reset input 'R'

- the reset input 'R' is dominating

INITIALIZATION BEHAVIOUR

The output 'Q' is reset regardless of the current value of the inputs.
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RSTDQ

DESCRIPTION OF FUNCTION

Function block RSTDQ transforms three-phase (R, S, T) values into corresponding values
in the orthogonal d,q-coordinate system. The angle e between the two systems can be set.
Or transforms three-phase (R, S, T) values into corresponding values in the orthogonal
Alpha, Beta-coordinate system. In this case the Alpha vector coincides with the R vector.

Mathematical equations (transfer characteristics):

Alpha = (2 * R)/3 - S/3 - T/3
Beta = (1/SQRT(3)) * S - (1/SQRT(3)) * T

d =   Alpha * (cos e) + Beta * (sin e)
q = - Alpha * (sin e)  + Beta * (cos e)

(SQRT = square root)

GRAPHIC SYMBOL

│ ┌ 1───────┐ │
│ │ RSTDQ │ │
├────────────────────────────────┤R D├─────────────────────────────┤
│ │ │ │
├────────────────────────────────┤S Q├─────────────────────────────┤
│ │ │ │
├────────────────────────────────┤T ALPHA├─────────────────────────────┤
│ │ │ │
├────────────────────────────────┤SIN BETA├─────────────────────────────┤
│ │ │ │
├────────────────────────────────┤COS │ │
│ └─────────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block RSTDQ:

Pin Inv Format Description
R X Percent Input signal R
S X Percent Input signal S
T X Percent Input signal T
SIN X Percent Input signal sin e
COS X Percent Input signal cos e
D Percent Output D
Q Percent Output Q
ALPHA Percent Output Alpha
BETA Percent Output Beta
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EXPLANATIONS AND SPECIAL HINTS

- function block RSTDQ calculates the values in both the Alpha, Beta- system and in the d,
q-system. With a rotating R, S, T-system the Alpha, Beta-vectors are also rotating, but
with the appropriate selection of the angle e (input signals sin e and cos e) the d, q-
vectors are d.c. components (not rotating anymore)

- input signals for sin(e) and cos(e) have to be in the range of -100% to +100%, else an
internal overflow may occur

- back transformation of d,q-vectors into three-phase components is accomplished by
function block DQRST.
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S&H

DESCRIPTION OF FUNCTION

The sample and hold function block is used to hold values over a number of processing
cycles.

GRAPHIC SYMBOL

│ ┌ 1───────┐ │
│ │ S&H │ │
├────────────────────────────────┤SAMPL │ │
│ │ Y1├─────────────────────────────┤
├────────────────────────────────┤X1 │ │
│ └B────────┘ │

│ ┌ 2───────┐ │
│ │ S&H │ │
├────────────────────────────────┤SAMPL │ │
│ │ Y1├─────────────────────────────┤
├────────────────────────────────┤X1 │ │
│ └%────────┘ │

│ ┌ 3───────┐ │
│ │ S&H │ │
├────────────────────────────────┤SAMPL │ │
│ │ Y1├─────────────────────────────┤
├────────────────────────────────┤X1 │ │
│ └K────────┘ │

│ ┌ 4───────┐ │
│ │ S&H │ │
├────────────────────────────────┤SAMPL │ │
│ │ Y1├─────────────────────────────┤
├────────────────────────────────┤X1 │ │
│ └US───────┘ │

│ ┌ 4───────┐ │
│ │ S&H │ │
├────────────────────────────────┤SAMPL │ │
│ │ Y1├─────────────────────────────┤
├────────────────────────────────┤X1 │ │
│ └MS───────┘ │

│ ┌ 5───────┐ │
│ │ S&H │ │
├────────────────────────────────┤SAMPL │ │
│ │ Y1├─────────────────────────────┤
├────────────────────────────────┤X1 │ │
│ └S────────┘ │

│ ┌ 6───────┐ │
│ │ S&H │ │
├────────────────────────────────┤SAMPL │ │
│ │ Y1├─────────────────────────────┤
├────────────────────────────────┤X1 │ │
│ └I────────┘ │
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│ ┌ 7───────┐ │
│ │ S&H │ │
├────────────────────────────────┤SAMPL │ │
│ │ Y1├─────────────────────────────┤
├────────────────────────────────┤X1 │ │
│ └W────────┘ │

│ ┌ 8───────┐ │
│ │ S&H │ │
├────────────────────────────────┤SAMPL │ │
│ │ Y1├─────────────────────────────┤
├────────────────────────────────┤X1 │ │
│ └BCD──────┘ │

│ ┌ 9───────┐ │
│ │ S&H │ │
├────────────────────────────────┤SAMPL │ │
│ │ Y1├─────────────────────────────┤
├────────────────────────────────┤X1 │ │
│ └BS───────┘ │
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FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block S&H:

Pin Inv Format Description
SAMPL X Boolean Command to sample the input values
X1 X Boolean, First input

X Bitset,
X Percent,
X Integer,

Factor,
Microsecond
Millisecond
Second
BCD
Word

Y1 Boolean, First output
Bitset,
Percent,
Integer,
Factor,
Microsecond
Millisecond
Second
BCD
Word

..
Xn X Boolean, n'th input

X Bitset,
X Percent,
X Integer,

Factor,
Microsecond
Millisecond
Second
BCD
Word

Yn Boolean, n'th output
Bitset,
Percent,
Integer,
Factor,
Microsecond
Millisecond
Second
BCD
Word



SAMPLE AND HOLD S&H

Revision: Issued: No of pages: Page: Document Number:

4.0 97-02-03 201 146 HIEE 621000 E

EXPLANATIONS AND SPECIAL HINTS

- the output signal 'Yn' is equal to the input signal 'Xn' if the input 'SAMPL' is at logic state
1B

- if the input 'SAMPL' is at logic state 0B, the output signals don't change
- the values can be kept for an infinite number of processing cycles
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SHIFT

DESCRIPTION OF FUNCTION

Function block SHIFT is used to shift the content of a data word 'X' by a selectable number
'N' of bit positions, either left (bits are shifted to the MSB position) or right (bits are shifted
to the LSB position). The direction of the shift is dependent upon the input 'RIGHT'. The
value at the input 'FILL' is shifted to the LSB resp. MSB position.

Representation of mode of operation:

shift right (RIGHT = '1') shift left (RIGHT = '0')
┌───────────────────┐ ┌───────────────────┐

┌─>MSB ->| -> | -> |-> LSB>-.. ..-<MSB <-| <- | <- |<- LSB<─┐
│ └───────────────────┘ └───────────────────┘ │
└───────<'N' times <── FILL FILL ──>'N' times >──────┘

GRAPHIC SYMBOL

│ ┌ 1───┐ │
│ │SHIFT│ │
├──────────────────────────────────┤X │ │
│ │ │ │
├──────────────────────────────────┤N │ │
│ │ │ │
├──────────────────────────────────┤RIGHT│ │
│ │ │ │
├──────────────────────────────────┤FILL │ │
│ │ Y├───────────────────────────────┤
│ └─────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block SHIFT:

Pin Inv Format Description
X X Bitset Input to be shifted
N Word Number of bit positions
RIGHT X Boolean Direction
FILL X Boolean Value of the input 'FILL'
Y Bitset Output of the shifted input
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EXPLANATIONS AND SPECIAL HINTS

- input 'N' defines the number of bit-positions for the shift operation. All bits in the data
word 'X' are shifted 'N' positions

- the value of input 'N' is limited between 0 and 15 (hexadecimal 0...F)
- only the least significant nibble of the input 'N' value is used
- input 'RIGHT' defines the direction of shift
- input 'FILL' defines the logical state (0B or 1B) with which the data word is filled.

EXPLANATION OF OPERATION:

- presuming the contents of input signal 'X' are hex 5678
- the number 'N' of bit-positions to shift is 5
- the direction is right
- the logical value at the input 'FILL' is 0B with bit position E

input/output value MSB LSB
F E D C B A 9 8 7 6 5 4 3 2 1 0

X 5678 hex 0 1 0 1 0 1 1 0 0 1 1 1 1 0 0 0
N XXX5 hex X X X X X X X X X X X X 0 1 0 1

only the least significant nibble is used to
define 'N'

RIGHT 1B X 1 X X X X X X X X X X X X X X
^only bit relevant to define RIGHT'

FILL
(bit E)

0B X 0 X X X X X X X X X X X X X X
^only bit relevant to define 'FILL'

Y 02B3 hex 0 0 0 0 0 0 1 0 1 0 1 1 0 0 1 1

� value of output 'Y' = content of input 'X' shifted right by 5 positions
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SIN

DESCRIPTION OF FUNCTION

Function block SIN calculates the sine of a given angle Alpha.

transfer characteristics:

output = sin (input)

GRAPHIC SYMBOL

│ ┌ 1───┐ │
├──────────────────────────────────┤SIN ├───────────────────────────────┤
│ └─────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block SIN:

Pin Inv Format Description
X Percent Input

Percent sin of input

EXPLANATIONS AND SPECIAL HINTS

- input signal has to be set in radians (in %-data format).
- nominal range:  -157.079% (-pi/2) ≤ Alpha ≤ +157.079% (pi/2)
- output signal range: -100% ≤ sin (Alpha) ≤ +100%
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SLAVE-I

DESCRIPTION OF FUNCTION

Function block  SLAVE-I  is used to initialize a device on the B448-Bus as Slave.
It should be implemented in the Init-Task.

GRAPHIC SYMBOL

│ ┌ 1───────┐ │
│ │ SLAVE-I │ │
│ 0002H─┤GA │ │
│ 0000H─┤LSIZE │ │
│ 0000H─┤SBASE │ │
│ 0000H─┤SSIZE │ │
│ 0006H─┤WAITST │ │
├────────────────────────────────┤LFILL │ │
│ │ │ │
├────────────────────────────────┤SFILL │ │
│ │ │ │
├────────────────────────────────┤FILLV │ │
│ │ │ │
├────────────────────────────────┤READY │ │
│ │ │ │
├────────────────────────────────┤PADD1 │ │
│ │ │ │
├────────────────────────────────┤PVAL1 │ │
│ └─────────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block SLAVE-I:

Pin Inv Format Description
GA Word Geographic Address
LSIZE Word Long Address Range Size
CBASE Word Short Address Range Base
SSIZE Word Short Address Range Size
WAITST Word Wait State
LFILL X Boolean Long Address Fill
SFILL X Boolean Short Address Fill
FILLV Word Value to fill
READY X Boolean Enable device to be ready
PADD1 Word 1st Parameter Address
PVAL1 Word 1st Parameter Value
...
PADDn Word n’th Parameter Address
PVALn Word n’th Parameter Value
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EXPLANATIONS AND SPECIAL HINTS

- Description of the individual inputs:

To find the right value for the different inputs, refer to the data sheets of the device.

GA: Device Geographic Address. Range = 1...7F (constant only).
It has to correspond to the Geographic Address on the slave device DIL-
switch.

LSIZE: Long Address Range Size defines the size of the mailbox used by the device
in the BUSLONGIO range. The base address of the mailbox is defined by the
Geographic Address (base = GA * 20'000H).

Possible values :
(constant only)

SIZE
[words]

Input
[Hex]

0 0000
256 0100
512 0200
1k 0400
2k 0800
4k 1000
8k 2000

16k 4000
32k 8000

The low byte is not significant. For example 0247H is interpreted as 0200H.

SBASE: Short Address Range Base defines the basic address of the mailbox used by
the device in the BUSSHORTIO range.
Range = 0...3FF (constant only).
Value must be: n * SSIZE (n = 0,1,2,3,...).

SSIZE: Short Address Range Size defines the size of the mailbox used by the device
in the BUSSHORTIO range.
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Possible values :
(constant only)

SIZE
[words]

Input
[Hex]

0 0000
4 0004
8 0008

16 0010
32 0020
64 0040

128 0080
256 0100
512 0200
1024 0400

WAITST: This input defines how many wait states are needed.
Possible values = 0,2,4,6, (constant only).

LFILL: This input enables the initialization of all memory range in the slave mailbox on
BUSLONGIO with a defined value (FILLV).
Set this pin to 1B if you want to fill up the Long Address Range with the value
'FILLV'.

SFILL: This input enables the initialization of all memory range in the slave mailbox on
BUSSHORTIO with a defined value (FILLV).
Set this pin to 1B if you want to fill up the Short Address Range with the value
'FILLV'.

FILLV: Value to fill up the device memory range on BUSSHORTIO or/and
BUSLONGIO.

READY: This input can be used to synchronize the initialization by an external event
(external binary input for example).
1B enables the device to be ready (to get out of initialization).

PADD*: Address to send a special parameter to the device.
bit 15 = 0 -> Short Address Range
bit 15 = 1 -> Long Address Range : effective address = GA * 20'000 + offset

15 14 0
L,/S A  D  D  (offset)
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PVAL*: Parameter value to send. This parameter is specific to the slave application
(see data sheets).

* Both inputs PADDR and PVAL can be extended to send up to 32 parameters.
If no parameter is required then write a dummy value to a defined address (see data
sheets of the device)

AVAILABILITY VERSION

Available from function block library: B_R1_V12.



SME SME

Revision: Issued: No of pages: Page: Document Number:

4.0 97-02-03 201 154 HIEE 621000 E

SME

DESCRIPTION OF FUNCTION

The function block SME generates an external output signal at the SME pin of the process
connector and at the LED 'MOD ERR' of the processing unit.

GRAPHIC SYMBOL

│ ┌ 1───┐ │
│ │SME │ │
├──────────────────────────────────┤COND │ │
│ └─────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block SME:

Pin Inv Format Description
COND X Boolean Input to enable the SME function

EXPLANATIONS AND SPECIAL HINTS

- The hardware output at the process connector and the LED 'MOD ERR' will be activated
per call-up of SME function block with enabled condition 'COND'.

- The typical value of the SME pulswidth is 100 ms.

INITIALIZATION BEHAVIOUR

The input 'COND' is interpreted as false (0B) regardless of its current value.

AVAILABILITY VERSION

Available from function block library: C_R1_V20.
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SPLIT

DESCRIPTION OF FUNCTION

This function block splits a 32 bit number into two 16 bit words: LW (Low Word) & HW
(High Word).

GRAPHIC SYMBOL

│ ┌ 1───────┐ │
│ │ SPLIT │ │
├────────────────────────────────┤DP% LW├─────────────────────────────┤
│ │ │ │
│ │ HW├─────────────────────────────┤
│ └─────────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block SPLIT:

Pin Inv Format Description
DP% X Double

precision
percent

Input to be split

LW Word Low word from input
HW Word High word from input

EXPLANATIONS AND SPECIAL HINTS

- The complementary function block is MERGE.
- A value of 80000000h at the input gives HW = 8000h & LW = 0001h to the output.

AVAILABILITY VERSION

Available from function block library:  C_R1_V20.
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SQRT

DESCRIPTION OF FUNCTION

Function block SQRT extracts the square root of a positive input signal.

transfer function:

positive input values: output = SQRT (input)
negative input values: output = 0

GRAPHIC SYMBOL

│ ┌ 1───┐ │
├──────────────────────────────────┤SQRT ├───────────────────────────────┤
│ └%────┘ │

│ ┌ 2───┐ │
├──────────────────────────────────┤SQRT ├───────────────────────────────┤
│ └I────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block SQRT:

Pin Inv Format Description
X
X

Percent,
Integer

Input

Percent,
Integer

Square root of input

EXPLANATIONS AND SPECIAL HINTS

- the output value is zero for negative input signals.
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SWI

DESCRIPTION OF FUNCTION

At the output of block SWI appears one of the two input signals depending on the signal at
the input 'SELX1'.

transfer function:

SELX1 output
0 input X0
1 input X1

GRAPHIC SYMBOL

│ ┌ 1───┐ │
│ │ SWI │ │
├──────────────────────────────────┤SELX1│ │
│ │ │ │
├──────────────────────────────────┤X0 │ │
│ │ │ │
├──────────────────────────────────┤X1 ├───────────────────────────────┤
│ └B────┘ │

│ ┌ 2───┐ │
│ │ SWI │ │
├──────────────────────────────────┤SELX1│ │
│ │ │ │
├──────────────────────────────────┤X0 │ │
│ │ │ │
├──────────────────────────────────┤X1 ├───────────────────────────────┤
│ └%────┘ │

│ ┌ 3───┐ │
│ │ SWI │ │
├──────────────────────────────────┤SELX1│ │
│ │ │ │
├──────────────────────────────────┤X0 │ │
│ │ │ │
├──────────────────────────────────┤X1 ├───────────────────────────────┤
│ └K────┘ │

│ ┌ 4───┐ │
│ │ SWI │ │
├──────────────────────────────────┤SELX1│ │
│ │ │ │
├──────────────────────────────────┤X0 │ │
│ │ │ │
├──────────────────────────────────┤X1 ├───────────────────────────────┤
│ └US───┘ │
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│ ┌ 4───┐ │
│ │ SWI │ │
├──────────────────────────────────┤SELX1│ │
│ │ │ │
├──────────────────────────────────┤X0 │ º │
│ │ │ │
├──────────────────────────────────┤X1 ├───────────────────────────────┤
│ └MS───┘ │

│ ┌ 5───┐ │
│ │ SWI │ │
├──────────────────────────────────┤SELX1│ │
│ │ │ │
├──────────────────────────────────┤X0 │ │
│ │ │ │
├──────────────────────────────────┤X1 ├───────────────────────────────┤
│ └S────┘ │
│ ┌ 6───┐ │
│ │ SWI │ │
├──────────────────────────────────┤SELX1│ │
│ │ │ │
├──────────────────────────────────┤X0 │ │
│ │ │ │
├──────────────────────────────────┤X1 ├───────────────────────────────┤
│ └I────┘ │

│ ┌ 7───┐ │
│ │ SWI │ │
├──────────────────────────────────┤SELX1│ │
│ │ │ │
├──────────────────────────────────┤X0 │ │
│ │ │ │
├──────────────────────────────────┤X1 ├───────────────────────────────┤
│ └W────┘ │

│ ┌ 8───┐ │
│ │ SWI │ │
├──────────────────────────────────┤SELX1│ │
│ │ │ │
├──────────────────────────────────┤X0 │ │
│ │ │ │
├──────────────────────────────────┤X1 ├───────────────────────────────┤
│ └BCD──┘ │

│ ┌ 9───┐ │
│ │ SWI │ │
├──────────────────────────────────┤SELX1│ │
│ │ │ │
├──────────────────────────────────┤X0 │ │
│ │ │ │
├──────────────────────────────────┤X1 ├───────────────────────────────┤
│ └BS───┘ │
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FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block SWI:

Pin Inv Format Description
SELX1 X Boolean Select input
X0 X Boolean, First input

X Bitset,
X Percent,
X Integer,

Factor,
Microsecond
Millisecond
Second
BCD
Word

X1 X Boolean, Second input
X Bitset,
X Percent,
X Integer,

Factor,
Microsecond
Millisecond
Second
BCD
Word

Boolean, Output of selected input
Bitset,
Percent,
Integer,
Factor,
Microsecond
Millisecond
Second
BCD
Word

EXPLANATIONS AND SPECIAL HINTS

- for more than two inputs use the function block MUX.
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SWIF

DESCRIPTION OF FUNCTION

At the output of block SWIF appears one of the two input signals depending on the signal
at the input 'SELX1'.

transfer function:

SELX1 output
0 input X0
1 input X1

GRAPHIC SYMBOL

│ ┌ 1───┐ │
│ │ SWIF│ │
├──────────────────────────────────┤SELX1│ │
│ │ │ │
├──────────────────────────────────┤X0 │ │
│ │ │ │
├──────────────────────────────────┤X1 ├───────────────────────────────┤
│ └K────┘ │

│ ┌ 2───┐ │
│ │ SWIF│ │
├──────────────────────────────────┤SELX1│ │
│ │ │ │
├──────────────────────────────────┤X0 │ │
│ │ │ │
├──────────────────────────────────┤X1 ├───────────────────────────────┤
│ └US───┘ │

│ ┌ 2───┐ │
│ │ SWIF│ │
├──────────────────────────────────┤SELX1│ │
│ │ │ │
├──────────────────────────────────┤X0 │ │
│ │ │ │
├──────────────────────────────────┤X1 ├───────────────────────────────┤
│ └MS───┘ │

│ ┌ 3───┐ │
│ │ SWIF│ │
├──────────────────────────────────┤SELX1│ │
│ │ │ │
├──────────────────────────────────┤X0 │ │
│ │ │ │
├──────────────────────────────────┤X1 ├───────────────────────────────┤
│ └S────┘ │

│ ┌ 4───┐ │
│ │ SWIF│ │
├──────────────────────────────────┤SELX1│ │
│ │ │ │
├──────────────────────────────────┤X0 │ │
│ │ │ │
├──────────────────────────────────┤X1 ├───────────────────────────────┤
│ └W────┘ │
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│ ┌ 5───┐ │
│ │ SWIF│ │
├──────────────────────────────────┤SELX1│ │
│ │ │ │
├──────────────────────────────────┤X0 │ │
│ │ │ │
├──────────────────────────────────┤X1 ├───────────────────────────────┤
│ └BCD──┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block SWIF:

Pin Inv Format Description
SELX1 X Boolean Select input
X0 Factor, First input

Microsecond
Millisecond
Second
BCD
Word

X1 Factor, Second input
Microsecond
Millisecond
Second
BCD
Word

Factor, Output of selected input
Microsecond
Millisecond
Second
BCD
Word

EXPLANATIONS AND SPECIAL HINTS

- inputs 'X0' and 'X1' are not invertable
- could be replaced by SWI.
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THRLL

DESCRIPTION OF FUNCTION

Function block THRLL performs the Schmitt-trigger function. The threshold level and the
hysteresis are variable. A logic 1B signal will appear at the output '<=LIM' if the input signal
'X' is equal or smaller than the value of the input 'LOLIM'. Output '<=LIM' then remains at a
logic 1B as long as the input signal 'X' still is smaller than the value of input 'LOLIM' + the
value of input 'HYS'.

GRAPHIC SYMBOL

│ ┌ 1───┐ │
│ │THRLL│ │
├──────────────────────────────────┤X │ │
│ │ │ │
├──────────────────────────────────┤LOLIM│ │
│ │ │ │
├──────────────────────────────────┤HYS │ │
│ │<=LIM├───────────────────────────────┤
│ └%────┘ │

│ ┌ 2───┐ │
│ │THRLL│ │
├──────────────────────────────────┤X │ │
│ │ │ │
├──────────────────────────────────┤LOLIM│ │
│ │ │ │
├──────────────────────────────────┤HYS │ │
│ │<=LIM├───────────────────────────────┤
│ └I────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block THRLL:

Pin Inv Format Description
X X

X
Percent,
Integer

Input value

LOLIM X
X

Percent,
Integer

Input of the threshold value

HYS X
X

Percent,
Integer

Input of the hysteresis

<=LIM Boolean Indication if input 'X' is below the threshold value 'LOLIM'



THRESHOLD ELEMENT TO TRIP BELOW THRESHOLD THRLL

Revision: Issued: No of pages: Page: Document Number:

4.0 97-02-03 201 163 HIEE 621000 E

EXPLANATIONS AND SPECIAL HINTS

- the output '<=LIM' turns to logic 1B when the input signal 'X' is equal to or less than the
threshold value 'LOLIM'

- the value of the threshold input 'LOLIM' may be positive or negative
- the value of the hysteresis input 'HYS' must be positive (or zero) to quarantee a correct

function
- function block THRUL performs a similar function but it triggers above the threshold

value.

INITIALIZATION BEHAVIOUR

The input 'HYS' is interpreted as zero regardless of its current value.
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THRUL

DESCRIPTION OF FUNCTION

Function block THRUL performs the Schmitt-trigger function. The threshold level and the
hysteresis are variable. A logic 1B signal will appear at the output '>=LIM' if the input signal
'X' is equal to or greater than the value of the input 'UPLIM'. Output '>=LIM' then remains
at a logic 1B as long as the input signal 'X' still is greater or equal than the value of input
'UPLIM' - the value of input 'HYS'.

GRAPHIC SYMBOL

│ ┌ 1───┐ │
│ │THRUL│ │
├──────────────────────────────────┤X │ │
│ │ │ │
├──────────────────────────────────┤UPLIM│ │
│ │ │ │
├──────────────────────────────────┤HYS │ │
│ │>=LIM├───────────────────────────────┤
│ └%────┘ │

│ ┌ 2───┐ │
│ │THRUL│ │
├──────────────────────────────────┤X │ │
│ │ │ │
├──────────────────────────────────┤UPLIM│ │
│ │ │ │
├──────────────────────────────────┤HYS │ │
│ │>=LIM├───────────────────────────────┤
│ └I────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block THRUL:

Pin Inv Format Description
X X

X
Percent,
Integer

Input value

UPLIM X
X

Percent,
Integer

Input of the threshold value

HYS X
X

Percent,
Integer

Input of the hysteresis

>=LIM Boolean Indication if input 'X' is above the threshold value 'UPLIM'
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EXPLANATIONS AND SPECIAL HINTS

- the output '>=LIM' turns to logic 1B when the input signal 'X' is equal to or greater than
the threshold value 'UPLIM'

- the value of the threshold input 'UPLIM' may be positive or negative
- the value of the hysteresis input 'HYS' must be positive (or zero) to quarantee a correct

function
- function block THRLL performs a similar function but it triggers below the threshold

value.

INITIALIZATION BEHAVIOUR

The input 'HYS' is interpreted as zero regardless of its current value.
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TOGFF

DESCRIPTION OF FUNCTION

Function block TOGFF is a pulse-triggered flip-flop  with dominant reset input.

GRAPHIC SYMBOL

│ ┌ 1───┐ │
│ │TOGFF│ │
├──────────────────────────────────┤CLK/ │ │
│ │ │ │
├──────────────────────────────────┤R │ │
│ │ Q├───────────────────────────────┤
│ └─────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block TOGFF:

Pin Inv Format Description
CLK/ X Boolean Pulse input, trigger
R X Boolean Reset input
Q Boolean Output

EXPLANATIONS AND SPECIAL HINTS

- output 'Q' is set to the complementary state at each change of the trigger input signal
'CLK/' from logic 0B to logic 1B (rising edge sensitive)

- a logic 1B signal at the reset input 'R' resets the output 'Q' to logic state 0B
- the reset input 'R' is dominating

INITIALIZATION BEHAVIOUR

The output 'Q' is reset (0B) regardless of the current value of the inputs.
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TR16/32

DESCRIPTION OF FUNCTION

Function block TR16/32 is used to make a 32 bit word out of a 16 bit word in percent
format. The low significant word is set to 0000h.

GRAPHIC SYMBOL

│ ┌ 2───────┐ │
│ │ TR16/32 │ │
├────────────────────────────────┤% DP%├─────────────────────────────┤
│ └─────────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block TR16/32:

Pin Inv Format Description
% X Percent Input
DP% Double

precision
percent

Output

EXPLANATIONS AND SPECIAL HINTS

- A value of 8000h at the input gives 80000001h to the output.

AVAILABILITY VERSION

Available from function block library: C_R1_V20.
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TR32/16

DESCRIPTION OF FUNCTION

Function block TR16/32 is used to make a 16 bit word out of a 32 bit word in percent
format. The most significant word of DP% is rounded.

GRAPHIC SYMBOL

│ ┌ 3───────┐ │
│ │ TR32/16 │ │
├────────────────────────────────┤DP% %├─────────────────────────────┤
│ └─────────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block TR32/16:

Pin Inv Format Description
DP% X Double

precision
percent

Input

% Percent Output

EXPLANATIONS AND SPECIAL HINTS

- If the result after rounding is 8000h then the output becomes either 7FFFh if the input is
positive or 8001h if it is negative.

AVAILABILITY VERSION

Available from function block library: C_R1_V20.
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TRAN

DESCRIPTION OF FUNCTION

Function block TRAN is used to copy data from one input to an output. It does not process
data (with the exception of  inverting data when appropriate).

GRAPHIC SYMBOL

│ ┌ 1───┐ │
├──────────────────────────────────┤TRAN ├───────────────────────────────┤
│ └B────┘ │

│ ┌ 2───┐ │
├──────────────────────────────────┤TRAN ├───────────────────────────────┤
│ └%────┘ │

│ ┌ 3───┐ │
├──────────────────────────────────┤TRAN ├───────────────────────────────┤
│ └K────┘ │

│ ┌ 4───┐ │
├──────────────────────────────────┤TRAN ├───────────────────────────────┤
│ └US───┘ │

│ ┌ 4───┐ │
├──────────────────────────────────┤TRAN ├───────────────────────────────┤
│ └MS───┘ │

│ ┌ 5───┐ │
├──────────────────────────────────┤TRAN ├───────────────────────────────┤
│ └S────┘ │

│ ┌ 6───┐ │
├──────────────────────────────────┤TRAN ├───────────────────────────────┤
│ └I────┘ │

│ ┌ 7───┐ │
├──────────────────────────────────┤TRAN ├───────────────────────────────┤
│ └W────┘ │

│ ┌ 8───┐ │
├──────────────────────────────────┤TRAN ├───────────────────────────────┤
│ └BCD──┘ │

│ ┌ 9───┐ │
├──────────────────────────────────┤TRAN ├───────────────────────────────┤
│ └BS───┘ │
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FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block TRAN:

Pin Inv Format Description
X Boolean, Input to be copied
X Bitset,
X Percent,
X Integer,

Factor,
Microsecond
Millisecond
Second
BCD
Word

Boolean, Output of copied input
Bitset,
Percent,
Integer,
Factor,
Microsecond
Millisecond
Second
BCD
Word

EXPLANATIONS AND SPECIAL HINTS

- data addressed by the input signal is transferred to the output.

Note: The output value of the TRAN block used with inverting input and the special value
8000H is as follows:

TRAN BS 8000H
TRAN % 8001H
TRAN  I 8001H
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TRANW

DESCRIPTION OF FUNCTION

Function block TRANW is used to copy data from one format to another. It does not
process data. Inversion is not allowed.

GRAPHIC SYMBOL

│ ┌ 1───┐ │
├──────────────────────────────────┤TRANW├───────────────────────────────┤
│ └─────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block TRAN-W:

Pin Inv Format Description
Word Input to be copied
Word Output of copied input

EXPLANATIONS AND SPECIAL HINTS

- data addressed by the input signal is transferred to the output.
- the use of an inverting input is prohibited
- could be replaced by TRAN.
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TRCNT

DESCRIPTION OF FUNCTION

Function block TRCNT is a counter, which increments by 1 whenever it is processed. With
the count attaining the preset value 'N', the output signal 'CNT=N' turns to logic state 1B
and the actual count output 'CNT' is reset to hex 0000.

GRAPHIC SYMBOL

│ ┌ 1───┐ │
│ │TRCNT│ │
├──────────────────────────────────┤N │ │
│ │ CNT├───────────────────────────────┤
│ │ │ │
│ │CNT=N├───────────────────────────────┤
│ └─────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block TRCNT:

Pin Inv Format Description
N Word Input for the count preset value
CNT Word Output of the count value
CNT=N Boolean Indication if the count and preset values are equal

EXPLANATIONS AND SPECIAL HINTS

Block TRCNT is especially usefull when generating an n-times slower interrupt clock. If
one user program part has to run at n-times slower rate than another user program part,
block TRCNT can be used to generate the condition for the trigger block TRIG.
- range for preset value (defined by input 'N'):

1 < 'N' < FFFF hex
- binary output signal 'CNT=N' becomes 1B in the cycle, when the actual count matches

the preset value 'N' and stays at logic state 1B for just one cycle
- if preset value 'N' is less than the actual count (which is possible when defining the

preset value as a variable), then the binary output signal 'CNT=N' becomes 1B and the
actual count output 'CNT' is reset to hex 0000

- the actual count can be read from output 'CNT'
- the output signal 'CNT' becomes the values 0...N-1.

INITIALIZATION BEHAVIOUR

The output 'CNT' is reset to hex 0000.
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TREC

DESCRIPTION OF FUNCTION

The Transient Recorder function block can be used for diagnosis, documentation,
supervision and so on. It allows signals to be recorded with a trigger reference and output
later on. There are three function blocks with different sample modes:

- TREC-EXT is external signal oriented; it samples on the rising edge of an external
signal.

- TREC-I is interrupt oriented; it samples every n'th block execution.
- TREC-T is time oriented; it samples at a defined and constant rate, given in ms or s.

Both operating modes are:

1) Recording mode (REC = 1):

After a rising edge on the input 'EN', the signals are sampled and stored.
- TREC-EXT: the sample time is defined by the input signal at 'SCLK' (Sample Clock).
- TREC-I: the sample time is defined by the input 'SCNT' (Sample Counter) and the time
   between two executions of the block.
- TREC-T: the sample time is defined by the input 'STB' (Sample Time Base).
While the signals are sampled, the data at the input 'TRIG' is monitored for the occurrence
of a trigger condition. After recognition of a rising trigger edge (when input is not inverted),
the signals are still recorded according to the trigger position given on the input '#PRE'.
Between the start rising edge and the end of the recording, a change on the inputs 'REC',
'#PRE' and 'SCNT/STB' causes no effect.
A falling edge on the input 'EN' produces a premature termination of the input process. The
stored values can nevertheless be output.

2) Output operating mode (REC = 0):

After a rising edge on the input 'EN', the stored values are output.
The sample period is the same as described in the Recording mode.
The input 'REP' determines the output mode: 0B means single shot mode (the values are
output once only) and 1B means repeated mode (the recorded signals are output
periodically).
Between the start rising edge and the end of the outputting, a change on the inputs 'REC',
'REP' and 'SCNT/STB' causes no effect.
A falling edge on the input 'EN' produces a premature termination of the output process.
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GRAPHIC SYMBOL

│ ┌ 1───────┐ │
│ │TREC-EXT │ │
│ 100I─┤#SMP FULL├─────────────────────────────┤
├────────────────────────────────┤#PRE │ │
│ │ IDLE├─────────────────────────────┤
├────────────────────────────────┤REC │ │
│ │ VALID├─────────────────────────────┤
├────────────────────────────────┤EN │ │
│ │ OTRIG├─────────────────────────────┤
├────────────────────────────────┤REP │ │
│ │ │ │
├────────────────────────────────┤TRIG │ │
│ │ │ │
├────────────────────────────────┤SCLK │ │
│ │ Y1├─────────────────────────────┤
├────────────────────────────────┤+1 │ │
│ └─────────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block TREC-EXT

Pin Inv Format Description

#SMP Integer Number of samples
#PRE Integer Number of samples before trigger
REC X Boolean Record/output_  operating mode
EN X Boolean Start and stop rec/out process
REP X Boolean Repeat/single_  output mode
TRIG X Boolean Trigger
SCLK X Boolean Sample Clock
+1 Word First input to be recorded
...
+n Word n'th input to be recorded
Y1 Word First output
...
Yn Word n'th output
FULL Boolean Trigger occurred and buffer full
IDLE Boolean Ready to record or output
VALID Boolean Recorded data are valid
OTRIG Boolean Output trigger
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GRAPHIC SYMBOL

│ ┌ 1───────┐ │
│ │TREC-I │ │
│ 100I─┤#SMP FULL├─────────────────────────────┤
├────────────────────────────────┤#PRE │ │
│ │ IDLE├─────────────────────────────┤
├────────────────────────────────┤REC │ │
│ │ VALID├─────────────────────────────┤
├────────────────────────────────┤EN │ │
│ │ OTRIG├─────────────────────────────┤
├────────────────────────────────┤REP │ │
│ │ │ │
├────────────────────────────────┤TRIG │ │
│ │ │ │
├────────────────────────────────┤SCNT │ │
│ │ Y1├─────────────────────────────┤
├────────────────────────────────┤+1 │ │
│ └─────────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block TREC-I

Pin Inv Format Description

#SMP Integer Number of samples
#PRE Integer Number of samples before trigger
REC X Boolean Record/output_  operating mode
EN X Boolean Start and stop rec/out process
REP X Boolean Repeat/single_  output mode
TRIG X Boolean Trigger
SCNT Integer Sample Counter
+1 Word First input to be recorded
...
+n Word n'th input to be recorded
Y1 Word First output
...
Yn Word n'th output
FULL Boolean Trigger occurred and buffer full
IDLE Boolean Ready to record or output
VALID Boolean Recorded data are valid
OTRIG Boolean Output trigger
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GRAPHIC SYMBOL

│ ┌ 1───────┐ │
│ │TREC-T │ │
│ 100I─┤#SMP FULL├─────────────────────────────┤
├────────────────────────────────┤#PRE │ │
│ │ IDLE├─────────────────────────────┤
├────────────────────────────────┤REC │ │
│ │ VALID├─────────────────────────────┤
├────────────────────────────────┤EN │ │
│ │ OTRIG├─────────────────────────────┤
├────────────────────────────────┤REP │ │
│ │ │ │
├────────────────────────────────┤TRIG │ │
│ │ │ │
├────────────────────────────────┤STB │ │
│ │ Y1├─────────────────────────────┤
├────────────────────────────────┤+1 │ │
│ └MS───────┘ │

│ ┌ 2───────┐ │
│ │TREC-T │ │
│ 100I─┤#SMP FULL├─────────────────────────────┤
├────────────────────────────────┤#PRE │ │
│ │ IDLE├─────────────────────────────┤
├────────────────────────────────┤REC │ │
│ │ VALID├─────────────────────────────┤
├────────────────────────────────┤EN │ │
│ │ OTRIG├─────────────────────────────┤
├────────────────────────────────┤REP │ │
│ │ │ │
├────────────────────────────────┤TRIG │ │
│ │ │ │
├────────────────────────────────┤STB │ │
│ │ Y1├─────────────────────────────┤
├────────────────────────────────┤+1 │ │
│ └S────────┘ │
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FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block TREC-T

Pin Inv Format Description

#SMP Integer Number of samples
#PRE Integer Number of samples before trigger
REC X Boolean Record/output_  operating mode
EN X Boolean Start and stop rec/out process
REP X Boolean Repeat/single_  output mode
TRIG X Boolean Trigger
STB Millisecond

Second
Sample Time Base

+1 Word First input to be recorded
...
+n Word n'th input to be recorded
Y1 Word First output
...
Yn Word n'th output
FULL Boolean Trigger occurred and buffer full
IDLE Boolean Ready to record or output
VALID Boolean Recorded data are valid
OTRIG Boolean Output trigger
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EXPLANATION AND SPECIAL HINTS

- Description of the individual inputs:

#SMP: This input determines the number of samples per channel.
With #SMP = 0, the TREC is not processed (execution time = 2500 + n * 250
ns).

REC: 1B selects the RECording mode, so that n input signals can be recorded
simultaneously.
0B selects the output operating mode, so that the values stored by the last
recording can be output.

EN: 'ENable' starts the process (recording or outputting) with a rising edge. This
process can be prematurely stopped with a falling edge.

REP: With the repeat mode (1B), the recorded signals are output periodically. This
mode is necessary if the outputs are directed to an oscilloscope.
0B selects the single shot mode, which means all recorded values are output
only once.

#PRE: PRE-event determines the number of samples to be collected before the trigger.
Examples:
#PRE = 0 => only post-event history are recorded
#PRE = #SMP /2 => half pre-event, half post-event history are recorded
#PRE ≥ #SMP => only pre-event history are recorded

TRIG: A rising edge on this input triggers the recording of the signals. How many
events are stored before and after this trigger, is defined by the input '#PRE'.

TREC-EXT
SCLK: External sample signal. The rising edge determines the time for the input

signals which are to be sampled.

TREC-I
SCNT: 'Sample CouNTer' means that the signals must be sampled at every 'SCNT'th

execution of the block.
Sample period = T0 * SCNT  where T0 is the interrupt cycle time.

TREC-T
STB: 'Sample Time Base' gives the sample period in ms or s.

+1 → +n: Input signals. The number of inputs is in the range of 1 .. 32.
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- Description of the individual outputs:

FULL: Recording mode: this output would become active if the trigger occurred and
the recording was terminated because the buffer was full (see diagram). It is
reset at the beginning of recording.
Output operating mode: does not make any sense.

IDLE: This output is active when the block is ready for recording or outputting values.
When it is not active, that means the block is recording or outputting.

VALID: Recording mode: this output would become active if no error occurred during
the recording and at least one sampling was executed. It is reset at the
beginning of recording.
Output operating mode: the output values are valid.

OTRIG: Recording mode: this output becomes and remains active when a rising trigger
edge is detected.
Output operating mode: it indicates the timing point when the trigger input
occurred. If the recording has been stopped before a trigger occurred, then a
TRIG output pulse is generated while the last recorded sample is output (see
diagram).
In the case of #PRE = 0, this output goes low while the last recorded sample is
output.
This output can be used to trigger an oscilloscope.

Y1 → Yn: Output signals. The number of outputs is the same as the number of inputs.

- Memory allocation:

The samples are stored in the Internal Memory. The whole size is 32 kWords but every
internal signal in the project needs one memory address. That means the available
memory for the Transient Recorder(s) depends on the project size. The size of the free
memory can only be calculated after the code is generated. This information is available in
the Log Window of the Loader:

Free        :   offset = 102Ah        size = 6FD0h words

It can also be found in the file R.LST:

0091 Hex List 11 Size 006FD0Hex

The allocation priority in the case of several Transient Recoders depends on the task and
the execution order in the task. The priority order is :  task0, task1, ..., task7, background.
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If the given number of samples (#SMP) is too big or if there are too many Transient
Recorders in the project, the number of samples will be limited ! (see example 3 below).
The message 'process controller out of memory' will appear in the Error Buffer (Loader).

If there is not enough memory to store at least one sample, the corresponding Transient
Recorder(s) will not be processed. The message 'process controller out of memory' will
appear in the Error Buffer.

If the project has only one Transient Recorder and the biggest available buffer is required,
then give the maximum number of samples (32767) on the input #SMP (see example 1).

Memory requirement for a Transient Recorder:n * #SMP + 16

n = number of inputs
#SMP = number of samples
16 = reserved for information

Example 1: 1 TREC with the maximal number of samples = 32767

This Transient Recorder takes the remaining free memory. The number of samples is
limited and the new #SMP can be found in the Tool PTSTREC.

Example 2: 1 TREC in the task1, 2 TREC in the task5 and 1 TREC in the background
with enough free memory

- The TREC in the task1 gets its buffer
- The first TREC in the task5 gets its buffer
- The second TREC in the task5 gets its buffer
- The TREC in the background gets its buffer

Example 3: 1 TREC in the task1, 2 TREC in the task5 and 1 TREC in the background
but not enough memory for the third and fourth ones.

- The TREC in the task1 gets its buffer
- The first TREC in the task5 gets its buffer
- The second TREC in the task5 gets a limited buffer
- The TREC in the background gets no buffer and it will not be processed
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COMMON DIAGRAMS FOR TREC-EXT, -I, -T

TIME DIAGRAMS

1)  Configuration: - #SMP = 30
- #PRE = 15
- REP = 0B => single shot output mode

RECORDING

EN

sampled input

TRIG

FULL

OTRIG

IDLE

OUTPUTTING

EN

output

OTRIG

IDLE
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2)  The input process is stopped before the trigger occurs.

     Configuration: - #SMP = 30
- #PRE = 15
- REP = 1B => repeat output mode

RECORDING

EN

sampled input

TRIG

FULL

OTRIG

IDLE

OUTPUTTING

EN

output

OTRIG

IDLE
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STATE DIAGRAM



TRANSIENT RECORDERS TREC-EXT, TREC-I, TREC-T

Revision: Issued: No of pages: Page: Document Number:

4.0 97-02-03 201 184 HIEE 621000 E

APPLICATION HINTS

1)  To start the recording, the input 'REC' must be activated and then a positive edge must
be sent to the input 'EN'. Both signals are sampled every 10 ms. If a trigger comes from
the Monitoring, then "#SMP - #PRE" samples are recorded. The Led1 & Led2 are
activated and the Transient Recorder is now ready to output the recorded values. This
can be made by switching off the input 'REC' and sending a new positive edge to the
input 'EN'.

#SMP

#PRE

REC

EN

REP

TRIG

STB

1

TREC-T

FULL

+1

IDLE

VALID

OTRIG

Y1

100I

50I

10MS

1B

Monitoring

+2 Y2

COMBI
I/O

Led1

Led2

Led3

ch1

ch2

ch3

ch1

ch2

ch3

TRIG on ch1

TS
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2)  This is an example of TREC application for supervision.
It allows to print out automatically all signals each time a trip occurs.
The Transient Recorder can be either used as in normal or in an automatic mode.
If the input 'EN' is set to 0 and then 'AutoRearm' to 1, then the TREC is started in the
Recording mode. It samples until a trigger occurs and the buffer becomes full. Then it
automatically starts outputting the recorded data. After all data are output, it restarts the
recording.
This process (recording-trigger-full-outputting) is repeated until the input 'AutoRearm' is
set back to 0.
To use the other types of TREC (-MS, -S, -I), the TREC-EXT given in this example,
should be replaced by the corresponding type.

Both blocks &-TRAN (1-2 and 8-9) causes a pulse which remains active for only one
cycle time. The first one forces the Recording mode after the input 'AutoRearm' has
been activated. The second one allows the Transient Recorder to be restarted
automatically. The block execution order must be respected.
The Block TOGFF switches alternately between Recording and Outputting mode.

│ ┌ 7───────┐ │
│ │TREC-EXT │ │

100I ├───────────────────────────────────────┤#SMP FULL├─────────────────┤
│ │ │ ┌ 8───┐ │
├───────────────────────────────────────┤#PRE IDLE├─┬───┤ & │ │
│ ┌ 4───┐ │ │ │┌─o┤ ├─┐ │
│ │ SWI │ │ │ ││ └B────┘ │ │

AutoRearm ├──┬───────────────────────────┤SELX1│ │ │ ││ ┌ 9───┐ │ │
0:Normal 1:Auto │ │ │ │ │ │ ├┼──┤TRAN ├─┼┐ │
REC ├──┼───────────────────────────┤X0 │ │ │ ││ └B────┘ ││ │
Normal │ │ ┌ 1───┐ │ │ │ │ │└──────<───┼┘ │

│ ├───┤ & │ ┌ 3───┐ │ │ │ VALID├─┼───────────┼───┤
│ │┌─o┤ ├──┬───┤ >=1 │ │ │ │ │ │ │ │
│ ││ └B────┘ │┌─o┤ ├────┤X1 ├──┤REC OTRIG├─┼───────────┼───┤
│ ││ ││ └B────┘ └B────┘ │ │ │ │ │
│ ││ ││ ┌ 5───┐ │ │ │ │ │
│ ││ ││ │ SWI │ │ │ │ │ │
│ ├┼───────────┼┼─────────────┤SELX1│ │ │ │ │ │

EN ├──┼┼───────────┼┼─────────────┤X0 │ │ │ │ │ │
Normal │ ││ ││ ┌─o┤X1 ├──┤EN │ │ │ │

│ ││ ││ │ └B────┘ │ │ │ │ │
│ ││ ││ │ ┌ 6───┐ │ │ │ │ │
│ ││ ││ │ │ SWI │ │ │ │ │ │
│ ├┼───────────┼┼──────────┼──┤SELX1│ │ │ │ │ │

REP ├──┼┼───────────┼┼──────────┼──┤X0 │ │ │ │ │ │
Normal │ ││ ││ │ │ │ │ │ │ │ │
0B ├──┼┼───────────┼┼──────────┼──┤X1 ├──┤REP │ │ │ │
Auto │ ││ ││ │ └B────┘ │ │ │ │ │

├──┼┼───────────┼┼──────────┼───────────┤TRIG │ │ │ │
│ ││ ││ │ │ │ │ │ │
├──┼┼───────────┼┼──────────┼───────────┤SCLK │ │ │ │
│ ││ ││ │ │ Y1├─┼───────────┼───┤
├──┼┼───────────┼┼──────────┼───────────┤+1 │ │ │ │
│ ││ ││ │ └─────────┘ │ │ │
│ ││ ┌ 2───┐ ││ └───────────────────────┼───────<───┘ │
│ └┼──┤TRAN ├─┐││ │ ┌10───┐ │
│ │ └B────┘ │││ │ │TOGFF│ │
│ └──────<───┘││ └───┤CLK/ │ │
│ └┼──────────────────────────────────────┤R │ │
│ │ │ Q├─┐ │
│ │ └─────┘ │ │
│ └──────────────────────────────────────────<───┘ │
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EXTENDED VERSION PROM V11

In the new microprogram release - PROM V11 (see connector label on the processor) -,
the Transient Recorder can be also driven by a PC.
The TREC function block should be able to indicate when it is remote-controlled. But a
new output pin can not be added because of compatibility with the old release. The
solution to indicate the state 'remote-controlled' is a combination of output states which can
not occur in the normal mode. An AND-gate can then be inserted as follows:

│ ┌ 1───────┐ │
│ │TREC-T │ │
│ 100I─┤#SMP FULL├───────────┬─────────────────────────────┤FULL
├────────────┤#PRE │ │ │
│ │ IDLE├──────────┬┼─────────────────────────────┤IDLE
├────────────┤REC │ ││ │
│ │ VALID├──────────┼┼─────────────────────────────┤VALID
├────────────┤EN │ ││ │
│ │ OTRIG├─────────┬┼┼─────────────────────────────┤OTRIG
├────────────┤REP │ │││ ┌ 2───┐ │
│ │ │ ││└─────────────┤ & │ │
├────────────┤TRIG │ │└──────────────┤ │ │
│ │ │ └──────────────o┤ ├─────────┤REMOTE_CONTROLLED
├────────────┤STB │ └B────┘ │
│ │ Y1├─────────────────────────────────────────┤
├────────────┤+1 │ │
│ └MS───────┘ │

In remote mode have the local outputs FULL, IDLE and OTRIG no sense. Only the
combination "FULL & IDLE & not OTRIG" is used.

Warning: If the Remote Mode is switched over to Normal Mode by the PC when the input
EN is active, then the TREC starts immediatly either recording (if REC = 1) or
outputting (if REC = 0). In the case of REC = 1, the last recorded data will be
overwritten !
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EXTENDED VERSION PROM V20

The new processor PP B022 DE / PP C322 BE is equipped with an extended memory
which is reserved for one TREC function block.
The new microprogram release PROM V20 can access to this extended memory.
Features:
•  The firmware is upwards compatible, that means the TREC blocks can be defined and

used like in the old version.
•  To place a TREC in the extended memory, the sign minus ‘-’ must be entered before the

number of samples at the input #SMP.
Example: -3000i means this TREC is defined in the extended memory with 3000 samples
per channel.

•  Only one TREC can be defined in the extended memory. A second one will be ignored
(not processed).

•  The size of extended memory is 32 kwords.
•  If the number ‘samples * inputs’ is too big, then the number of samples will be limited.
•  The limited number of samples, for the extended memory and the standard memory, can

be found in the PTSTREC tool (Functions/Record).

AVAILABILITY VERSION

Available from function block library:  C_R1_V20.
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TRIG

DESCRIPTION OF FUNCTION

Function block TRIG
- triggers programmable interrupt requests
- generates external output pulses at the TRIG0 and TRIG1 terminals at the process

connector of the processing unit.

GRAPHIC SYMBOL

│ ┌ 1───┐ │
│ │TRIG │ │
├──────────────────────────────────┤COND │ │
│ 0000H─┤SEL │ │
│ └─────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block TRIG:

Pin Inv Format Description
COND X Boolean Enables the trigger function
SEL Bitset Input of the select value, only bits 0...9 are used.

Constant only

EXPLANATIONS AND SPECIAL HINTS

- one trigger impulse is generated per call-up of trigger block TRIG with enabled trigger
condition 'COND'. Output pulse width at the trigger outputs terminals TRIG0 and TRIG1
is approximately 40 usec

- default value at the input 'SEL' is hex 0000H
- each one of bits 0...9 corresponds to a specific interrupt: bit0 to interrupt 0, bit 1 to

interrupt 1, up to bit 9 for output TRIG1.
- the following definitions apply for the 'SEL' input value:
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'SEL'
hex

Triggered interrupts or external trigger outputs

000 no interrupt or output is triggered
001 only interrupt 0 is triggered
002 only interrupt 1 is triggered
003 interrupts 0 and 1 are triggered
..
010 only interrupt 4 is triggered
..
01F interrupts 0 .. 4 are triggered
..
055 interrupts 0, 2, 4 and 6 are triggered
OFF all interrupts are triggered
100 output TRIG0 is triggered (external output terminal TRIG0)
200 output TRIG1 is triggered (external output terminal TRIG1)
300 outputs TRIG0 and TRIG1 are triggered
..
155 output TRIG0 and interrupts 0, 2, 4 and 6 are triggered

bit position in SEL bitset:
0 INTERRUPT 0
1 INTERRUPT 1
2 INTERRUPT 2
3 INTERRUPT 3
4 INTERRUPT 4
5 INTERRUPT 5
6 INTERRUPT 6
7 INTERRUPT 7
8 TRIG 0
9 TRIG 1
10 X
11 X
12 X
13 X
14 X
15 X

Example: ‘SEL’ = 25h = 0 0 1 0 0 1 0 1 b � Interrupts 0+2+5 are triggered.
7 6 5 4 3 2 1 0 (bit position)

INITIALIZATION BEHAVIOUR

The input 'COND' is interpreted as inactive (0B) regardless of its current value.
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TR-OUT

DESCRIPTION OF FUNCTION

Function block TR-OUT has the same functionality as the TRAN except its output signal
can be parameterized. It allows also an output signal to have more than one source (see
example 2 below).

GRAPHIC SYMBOL

│ ┌ 1───────┐ │
│ │ TR-OUT │ │
├────────────────────────────────┤VALUE │ │
│ │ │ │
├────────────────────────────────┤OUT │ │
│ └B────────┘ │

│ ┌ 2───────┐ │
│ │ TR-OUT │ │
├────────────────────────────────┤VALUE │ │
│ │ │ │
├────────────────────────────────┤OUT │ │
│ └%────────┘ │

│ ┌ 3───────┐ │
│ │ TR-OUT │ │
├────────────────────────────────┤VALUE │ │
│ │ │ │
├────────────────────────────────┤OUT │ │
│ └K────────┘ │

│ ┌ 4───────┐ │
│ │ TR-OUT │ │
├────────────────────────────────┤VALUE │ │
│ │ │ │
├────────────────────────────────┤OUT │ │
│ └MS───────┘ │

│ ┌ 5───────┐ │
│ │ TR-OUT │ │
├────────────────────────────────┤VALUE │ │
│ │ │ │
├────────────────────────────────┤OUT │ │
│ └S────────┘ │

│ ┌ 6───────┐ │
│ │ TR-OUT │ │
├────────────────────────────────┤VALUE │ │
│ │ │ │
├────────────────────────────────┤OUT │ │
│ └I────────┘ │

│ ┌ 7───────┐ │
│ │ TR-OUT │ │
├────────────────────────────────┤VALUE │ │
│ │ │ │
├────────────────────────────────┤OUT │ │
│ └US───────┘ │
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│ ┌ 8───────┐ │
│ │ TR-OUT │ │
├────────────────────────────────┤VALUE │ │
│ │ │ │
├────────────────────────────────┤OUT │ │
│ └W────────┘ │

│ ┌ 9───────┐ │
│ │ TR-OUT │ │
├────────────────────────────────┤VALUE │ │
│ │ │ │
├────────────────────────────────┤OUT │ │
│ └BCD──────┘ │

│ ┌10───────┐ │
│ │ TR-OUT │ │
├────────────────────────────────┤VALUE │ │
│ │ │ │
├────────────────────────────────┤OUT │ │
│ └BS───────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block TR-OUT:

Pin Inv Format Description
VALUE X Boolean, Input to be copied

X Bitset,
X Percent,
X Integer,

Factor,
Microsecond
Millisecond
Second
BCD
Word

OUT Boolean, Output of copied input
Bitset,
Percent,
Integer,
Factor,
Microsecond
Millisecond
Second
BCD
Word
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EXPLANATIONS AND SPECIAL HINTS

- Data addressed by the input signal is transferred to the output. The output is defined by
the signal name at the input 'OUT'.

- Warning: the use of multiple sources causes the output signal to be overwritten. This
may not be the requirement for every case.

APPLICATION HINTS

1)  Modification of parameter value.
This parameter is changed only in RAM; after power down the new value is lost. To
save it, use the function block INSP with input SAVC=2.

│ ┌ 1───────┐ │
│ │ TR-OUT │ │

NewParamValue ├───────────────────────────┤VALUE │ │
│ │ │ │

Param1 ├───────────────────────────┤OUT │ │
100.00000%│ └%────────┘ │

2)  Set a flag at the beginning of a task and reset it at the end.

│ ┌ 1───────┐ │
│ │ TR-OUT │ │
│ 1B─┤VALUE │ │

Flag_Interrupt ├─────────────┬────────────────────┤OUT │ │
│ │ └B────────┘ │
│ │ ┌ 2───┐ │
├─────────────┼──────────────────────┤ ├────────────────┤
│ │ └ ────┘ │
│ │ ┌ 3───┐ │
├─────────────┼──────────────────────┤ ├────────────────┤
│ │ └ ────┘ │

│ │ │

│ │ │

│ │ │

│ │ │

│ │ │

│ │ │
│ │ ┌20───┐ │
├─────────────┼──────────────────────┤ ├────────────────┤
│ │ └ ────┘ │
│ │ ┌21───────┐ │
│ │ │ TR-OUT │ │
│ │ 0B─┤VALUE │ │
│ └────────────────────┤OUT │ │
│ └B────────┘ │

AVAILABILITY VERSION

Available from function block library:  C_R1_V20.
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TSUP-MS

DESCRIPTION OF FUNCTION

The function block TSUP-MS supervises the time between the corresponding function
block GETTIME and itself (this time will be called dT) . The outputs dTMIN and dTMAX
determine the minimum as well as the maximum value of dT . These values are updated
during each processing cycle .
The output <MIN is TRUE if dT is smaller than input MIN.
The output >MAX is TRUE if dT is bigger than input MAX.

GRAPHIC SYMBOL

│ ┌ 1───────┐ │
│ │TSUP-MS │ │
├────────────────────────────────┤TMS dTMAX├─────────────────────────────┤
│ │ │ │
├────────────────────────────────┤TS dTMIN├─────────────────────────────┤
│ │ │ │
├────────────────────────────────┤R >MAX├─────────────────────────────┤
│ │ │ │
├────────────────────────────────┤MAX <MIN├─────────────────────────────┤
│ │ │ │
├────────────────────────────────┤MIN │ │
│ └─────────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block TSUP-MS:

Pin Inv Format Description

TMS Millisecond Input of Time millisecond
TS Second Input of Time second
R X Boolean Input reset
MAX Millisecond Input MAX
MIN Millisecond Input MIN
dTMAX Millisecond Output dTMAX
dTMIN Millisecond Output dTMIN
>MAX Boolean Output >MAX
<MIN Boolean Output <MIN
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EXPLANATIONS AND SPECIAL HINTS

- The reset signal 'R' = logic 1B resets the outputs <MIN and >MAX; dTMIN will be set to
the maximum millisecond value (65535ms) and dTMAX to the minimum millisecond value
(0ms).
This input 'R' has to be connected with the output VALID from the function block
GETTIME (it must be inverted to be consistent with the output VALID).

- The inputs TMS and TS have to be connected with the corresponding outputs of the
function block GETTIME. These inputs get only internal counter value and can't be
interpreted as time value.

- The dTMIN and dTMAX range is :     0ms ....... 65535ms.
- The outputs <MIN and >MAX are used to indicate the current state of dT.

INITIALIZATION BEHAVIOUR

The outputs <MIN and >MAX are set to logic 0B , dTMIN is set to the maximum
millisecond value (65535ms) and dTMAX to the minimum millisecond value (0ms).

AVAILABILITY VERSION

Available from function block library: C_R1_V20.

APPLICATION HINTS

1) In the following example we show how to measure the execution time of a part of a
FUPLA application program (F.B. Nr.1 to F.B.Nr. N)

Note: for this application the result for dTMIN and dTMAX is:
Texecution of application plus tolerance (0...1ms)
and the resolution is 1ms.
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2) In the following example we show how to supervise the cyclic execution of a FUPLA
task (time between task executions).
It is useful to check if the task cycle of the application is correct. If the task cycle is too
fast or the task too long, then some executions of the task will be left out and this
supervision application will detect it.

Note: for this application the result for dTMIN and dTMAX is:
Ttask cycle minus tolerance (0...1ms)
and the resolution is 1ms.
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TSUP-US

DESCRIPTION OF FUNCTION

The function block TSUP-US supervises the time between the corresponding function
block GETTIME and itself (this time will be called dT). The outputs dTMIN and dTMAX
determine the minimum as well as the maximum value of dT. These value are updated
during each processing cycle.
The output <MIN is TRUE if dT is smaller than input MIN.
The output >MAX is TRUE if dT is bigger than input MAX.

GRAPHIC SYMBOL

│ ┌ 1───────┐ │
│ │TSUP-US │ │
├────────────────────────────────┤TUS dTMAX├─────────────────────────────┤
│ │ │ │
├────────────────────────────────┤TMS dTMIN├─────────────────────────────┤
│ │ │ │
├────────────────────────────────┤TS >MAX├─────────────────────────────┤
│ │ │ │
├────────────────────────────────┤R <MIN├─────────────────────────────┤
│ │ │ │
├────────────────────────────────┤MAX │ │
│ │ │ │
├────────────────────────────────┤MIN │ │
│ └─────────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block TSUP-US:

Pin Inv Format Description
TUS Microsecond Input of Time microsecond
TMS Millisecond Input of Time millisecond
TS Second Input of Time second
R X Boolean Input reset
MAX Microsecond Input MAX
MIN Microsecond Input MIN
dTMAX Microsecond Output dTMAX
dTMIN Microsecond Output dTMIN
>MAX Boolean Output >MAX
<MIN Boolean Output <MIN
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EXPLANATIONS AND SPECIAL HINTS

- The reset signal 'R' = logic 1B resets the outputs <MIN and >MAX; dTMIN will be set to
the maximum microsecond value (65535us) and dTMAX to the minimum microsecond
value (0us).
This input 'R' has to be connected with the output VALID from the function block
GETTIME(it must be inverted to be consistent with the output VALID).

- The inputs TUS,TMS and TS have to be connected with the corresponding outputs of the
function block GETTIME. These inputs get only internal counter value and can't be
interpreted as time value.

- The dTMIN and dTMAX range is :     0us ....... 65535us
- The outputs <MIN and >MAX are used to indicate the current state of dT.

INITIALIZATION BEHAVIOUR

The outputs <MIN and >MAX are set to logic 0B , dTMIN is set to the maximum
microsecond value (65535us) and dTMAX to the minimum microsecond value (0us).

AVAILABILITY VERSION

Available from function block library: C_R1_V20.

APPLICATION HINTS

1) In the following example we show how to measure the execution time of a part of a
FUPLA application program (F.B. Nr.1 to F.B.Nr. N).

Note: for this application the result for dTMIN and dTMAX is:
Texecution of application plus tolerance (0...9us)
and the resolution is 1us.
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2) In the following example we show how to supervise the cyclic execution of a FUPLA
task (time between task executions).
It is useful to check if the task cycle of the application is correct. If the task cycle is too
fast or the task too long, then some executions of the task will be left out and this
supervision application will detect it.

Note: for this application the result for dTMIN and dTMAX is:
Ttask cycle minus tolerance (0...38us)
and the resolution is 1us.

Warning: this example shows the time between two task calls. When the Debugger is
displaying values, then the time between tasks will be modified and as a result
dtMAX will be greater than without debugger running.



WRITE DATA INDIRECT W-IND

Revision: Issued: No of pages: Page: Document Number:

4.0 97-02-03 201 199 HIEE 621000 E

W-IND

DESCRIPTION OF FUNCTION

Function block W-IND is used to indirectly write the value of a data word. It is especially
useful for remote setting of outputs and parameter values. Note that the parameters are
only changed in the data memory RAM, not in the pararameter store EEPROM. The
address selected by the inputs 'AMSEL', 'APAGE' and 'AOFFS' is written with the data on
the input 'X'. The output 'VALID' indicates if the transfer was successful or not.

GRAPHIC SYMBOL

│ ┌ 1───┐ │
│ │W-IND│ │
├──────────────────────────────────┤X │ │
│ │ │ │
├──────────────────────────────────┤AMSEL│ │
│ │ │ │
├──────────────────────────────────┤APAGE│ │
│ │ │ │
├──────────────────────────────────┤AOFFS│ │
│ │ │ │
├──────────────────────────────────┤HLIM │ │
│ │ │ │
├──────────────────────────────────┤LLIM │ │
│ │VALID├───────────────────────────────┤
│ └─────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block W-IND:

Pin Inv Format Description
X Word Input of data to write to output
AMSEL Word Input of the address memory select
APAGE Word Input of the address page
AOFFS Word Input of the address offset
HLIM Word Input of the address high limit
LLIM Word Input of the address low limit
VALID Boolean Indication if the transfer was successful
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EXPLANATIONS AND SPECIAL HINTS

- Description of the individual inputs:

X: Input for the data to write.

AMSEL: Address memory select defines the desired memory range.
Only the 3 least significant bits are used.
Values:
0, 1 = internal memory.
2, 3 = three port memory (mailbox).
4, 5 = short address range (B448).
6, 7 = long address range (B448).
Data is only read without inversion.

APAGE: Address page is the higest byte when long address transfers (24 bit address)
are selected, else don't care.

AOFFS: Address offset is either the absolute address of the data to be written or, by long
address, the least significant word of the address. Data is copied to the target
address only if the value of the input 'AOFFS' lies within the address range
defined by the inputs 'HLIM' and 'LLIM'.

HLIM High limit defines the upper limit of the address range which is open for the
write operation. 'HLIM' must be > 'LLIM'. Otherwise output  'VALID' is set to
logic state 0B.

LLIM Low limit defines the lower limit of the address range which is open for the write
operation.

VALID: VALID = 1B means: the written data is valid.
VALID = 0B means: the output is not written correctly.

- For indirect reading of data use function block R-IND.



LONG ADDRESS WRITE WRLA

Revision: Issued: No of pages: Page: Document Number:

4.0 97-02-03 201 201 HIEE 621000 E

WRLA

DESCRIPTION OF FUNCTION

Block  WRLA  is used to write a word of data from a memory location of the B448-bus
addressed via a long address (24 bits).

GRAPHIC SYMBOL

│ ┌ 1───┐ │
├──────────────────────────────────┤WRLA ├───────────────────────────────┤
│ └─────┘ │

FUNCTION CALL-UP IN THE INSTRUCTION LIST

Function Block WRLA:

Pin Inv Format Description
Word Input of the value to be written to the output
Word Output to be written

EXPLANATIONS AND SPECIAL HINTS

Function block WRLA is used to write data in the long address range of the B448-bus
address space.
Function block RDLA reads data from the long address range.
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