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OPERATION MODE MODBUS MASTER MODMASTB/W S40

COM INT DATA INT, BOOL

At input COM the MODBUS interface number is INT: MODBUSW or MODMASTW

specified. BOOL:

ggm - ; 88”; ggtg; DATA defines the first variable of the data area in the
- master. The size of this area depends on the NB

SLAV INT parameter.

Address of the slave which receives the request.
Value : 0 < ADDR < 255

In case of address 0 (ADDR = 0), all slaves on the
MODBUS network will read the frame.

FCT INT

The function depends on the type of parameters and
if it is reading or writing.

Value : 1 (01H): reading n bits

2 (02H): reading n bits

3 (03H): reading n words

4 (04H): reading n words

5 (05H): writing one bit

6 (06H): writing one word

7 (07H): fast reading of 8 bits

8 (08H): Diagnosis/initialization
15 (OFH): writing n bits
16 (10H): writing n words

The other function codes are not supported by the
central units series 40..50. In case of a wrong
function code, an error 1 is generated in the word
ERNO.

TIME INT

Timeout for the communication (maximum time for an
answer of the MODBUS slave).

The value is given in milliseconds.
Cycle time (KD00,00 / %MD4000.0) < TIME < 32767

In case of a timeout, the output ERN provides the
value of 9.

ADDR INT

Address of data in the slave memory to read or write.

NB

Number of data to read or write in the slave.

INT

This number defines also the size of the data area in
the master to send to the slave or to receive from the
slave.

Different cases are possible according to the function
code and the operand :

Reading :

ADDR | DATA | Result

INT INT Idem

BOOL | BOOL | Idem

BOOL | INT Same as the function block
PACK

INT BOOL | The first bit of the word is ranged
in the first bit of the group number

Example : data = %MX00.07 :
The first bit of the read word will be written
in %MX 00.00.

Writing :

ADDR | DATA | Result

INT INT Idem

BOOL | BOOL | Idem

BOOL | INT Same as the function block PACK

INT BOOL | Same as the function block
UNPACK

RDY BOOL

The output RDY (ready) indicates whether a

MODBUS communication is in progress or not. As
long as a communication is in progress, the output
RDY is equal to FALSE. The function block can only
be used if RDY = TRUE.

ERR BOOL

The output ERR indicates an error occurred during
communication. The word output ERN indicates the
details of the error.

If ERR=1 -> error,
ERR =0 -> no error or communication in
progress.

The error is clear after one cycle time.

ERNO INT
Details of error :

0: no error

1: unknown function code

2: address error

3: data error

9: timeout

10: checksum error

The error is clear after one cycle time.
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OPERATION MODE MODBUS MASTER

MODMASTB/W S40

Operands (symbolic) Operands MODBUS address (HEX) | Operand description
(IEC)
E000_00 %1X000.00 00004ex
: : : Binary inputs, CS31 bus
E061_15 %1X061.15 03DFpex
E062_00 %1X062.00 03EOwEx
: : : Binary inputs, local
E068_15 %1X068.15 044F 4ex
A000_00 %QX000.00 1000pEex
: : : Binary outputs, CS31 bus
A061_15 %QX061.15 13DFex
A062_00 %QX062.00 13EOKEex
: : : Binary outputs, local
A068_15 %QX068.15 144F ey
M000_00 %MX0000.00 2000pEex
: : : Binary flags
M099_15 %MX0099.15 263F 4ex
M230_00 %MX0000.00 20004ex
: : : Binary flags
M254_15 %MX0254.15 2FEFex
M255_00 %MX0255.00 2FFOpex
: : : Binary flags (system)
M255_15 %MX0255.15 2FFFhex
S000_00 %MX5000.00 30004ex
: : : Steps
S125_15 %MX5125.15 37DFpEex
EWO000_00 %IW1000.00 00004ex
: : : Analog inputs, CS31 bus
EWO061_15 %IW1061.15 03DFpex
EWO062_00 %IW1062.00 03EOpex
: : : Analog inputs, local
EWO068_15 %IW1068.15 044F 4ex
AW000_00 %QW1000.00 1000pEex
: : : Analog outputs, CS31 bus
AW061_15 %QW1061.15 13DFex
AW062_00 %QW1062.00 13EOKEex
: : : Analog outputs, local
AW068_15 %QW1068.15 144F ex
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OPERATION MODE MODBUS MASTER

MODMASTB/W S40

Operands (symbolic) Operands MODBUS address (HEX) | Operand description
(IEC)
MWO000_00 %MW 1000.00 20004ex
: : : Word flags
MWO099_15 %MW 1099.15 263FHEx
MW230_00 %MW 1230.00 2E60pex
: : : Word flags
MW253_15 %MW 1253.15 2FCFex
MW254_00 %MW 1254.00 2FDO0yex
: : : Word flags (error message)
MW255_15 %MW 1255.15 2FFFhex
KWO000_00 %MW 3000.00 30004ex
: : : Word constants (system)
KWO000_15 %MW 3000.15 300F ex
KWO001_00 %MW3001.00 30104ex
: : : Word constants
KWO031_15 %MW3031.15 31FFex
MDO000_00 %MD2000.00 4000pex
: : : Double word flags
MDO007_15 %MD2007.15 40FEpEex
KDO000_00 %MD4000.00 50004ex
: : : Double word constants
KDO000_15 %MD4000.15 501EpEex
KD001_00 %MD4000.00 50204ex
: : : Double word constants
KD007_15 %MD4007.15 50FEex
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OPERATION MODE MODBUS MASTER

MODMASTB/W S40

Example 1: MODBUSB — MODBUS master only for COM1 and BOOL - data

Declaration:

Translation in ABB IL:

MOD_1: MODBUSB; IBAO
MOD_EN AT %MX13.0: BOOL; CALLUP
MOD_SLAV AT %MW3002.1: INT := 10; EN
MOD_FCT AT %MW3002.2: INT := 3; #H0300
MOD_TIMEOUT AT %MW3002.3: INT := 5000; #H0000
MOD_ADDR AT %MW3002.4: INT := 16#2000; (*8192*) #H0000
MOD_NB AT %MW3002.5: INT := 16; #00009
MOD_DATA_B AT %MX40.0: BOOL; SLAV
MOD_RDY AT %MX30.0: BOOL; FCT
MOD_ERR AT %MX30.1: BOOL; TIMEOUT
MOD_ERNO AT %MW1039.0: INT; ADDR
NB
DATA
RDY
ERR
ERNO
FBD: ABB IL of example:
IBAO
MOD_T CALLUP
MODBLUSE MO,0
MOD_EN—EN ROY MOD_RDY #0300
MOD_SLAV—SLAY ERR-MOD_ERR #H0000
MOD_FCT{FCT ERMOMOD_ERMNO #H0000
MOD_TIMEOUTHTIMEOUT #00009
MOD_ADDR—ADDR KwW2,1 ;10
MOD_NE—{NB Kw2,2 ;3
MOD_DATA BDATA KW2,3 ; 5000
KW2,4 ; 8192
KW2,5 ;16
M40,0
M30,0
M30,1
MW39,0
Function call in IL Function call in ST
CAL MOD_1(EN := MOD_EN, MOD_1 (EN := MOD_EN,
SLAV := MOD_SLAV, SLAV := MOD_SLAV,
FCT := MOD_FCT, FCT := MOD_FCT,
TIMEOUT := MOD_TIMEOUT, TIMEOUT := MOD_TIMEOUT,
ADDR := MOD_ADDR, ADDR := MOD_ADDR,
NB := MOD_NB, NB := MOD_NB,
DATA := MOD_DATA_B) DATA := MOD_DATA_B)
LD MOD_1.RDY MOD_RDY := MOD_1.RDY;
ST MOD_RDY MOD_ERR := MOD_1.ERR;
LD MOD_1.ERR MOD_ERNO :=MOD_1.ERNO;

ST MOD_ERR
LD MOD_1.ERNO
ST MOD_ERNO
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OPERATION MODE MODBUS MASTER

MODMASTB/W S40

Example 2: MODBUSW - MODBUS master only for COM1 and INT - data

Declaration:

MOD_1: MODBUSW;

MOD_EN AT %MX13.0: BOOL;
MOD_SLAV AT %MW3002.1: INT := 10;
MOD_FCT AT %MW3002.2: INT := 3;

MOD_TIMEOUT AT %MW3002.3: INT := 5000;

MOD_ADDR AT %MW3002.4: INT := 16#2000; (*8192%)

MOD_NB AT %MW3002.5: INT := 16;
MOD_DATA AT %MW1030.0: INT;
MOD_RDY AT %MX30.0: BOOL;
MOD_ERR AT %MX30.1: BOOL;
MOD_ERNO AT %MW1039.0: INT;

Translation in ABB IL:

IBAO
CALLUP
EN
#H0300
#H0000
#H0000
#00009
SLAV
FCT
TIMEOUT
ADDR
NB
DATA
RDY
ERR
ERNO

FBD:

MOD_1
MODBLISW
MOD_EM—EM RO

MOD_SLAVSLAY ERR-MOD_ERR
MOD_FCTFCT ERMOFMOD_ERMO

MOD_TIMEQUTTIMEOUT
MOD_ADDRAHADDR
MoD_MB—MB
MOD_DATADATA

Function call in IL

CAL MOD_1(EN := MOD_EN,
SLAV := MOD_SLAYV,
FCT := MOD_FCT,
TIMEOUT := MOD_TIMEOUT,
ADDR := MOD_ADDR,
NB := MOD_NB,
DATA := MOD_DATA)

LD MOD_1.RDY
ST MOD_RDY
LD MOD_1.ERR
ST MOD_ERR
LD MOD_1.ERNO
ST MOD_ERNO

MoD_RDY

ABB IL of example:

IBAO

CALLUP

MO0,0

#H0300

#H0000

#H0000

#00009

KW2,1 ;10
KW2,2 ;3
KW2,3 ; 5000
KW2,4 ; 8192
KW2,5 ;16
MW30,0

M30,0

M30,1

MW39,0

Function call in ST

MOD_1

MOD_RDY
MOD_ERR
MOD_ERNO

(EN := MOD_EN,

SLAV := MOD_SLAYV,

FCT := MOD_FCT,

TIMEOUT := MOD_TIMEOUT,
ADDR := MOD_ADDR,

NB := MOD_NB,

DATA := MOD_DATA)

:= MOD_1.RDY;
:= MOD_1.ERR,;
:= MOD_1.ERNO;
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OPERATION MODE MODBUS MASTER

MODMASTB/W S40

Example 3: MODMASTB — MODBUS master for COM1/COM2 and BOOL - data

Declaration:

Translation in ABB IL:

MOD_1: MODMASTB; IBAO
MOD_EN AT %MX13.0: BOOL; CALLUP
MOD_COM AT %MW3002.0: INT := 1; EN
MOD_SLAV AT %MW3002.1: INT := 10; #H0306
MOD_FCT AT %MW3002.2: INT := 3; #H0000
MOD_TIMEOUT AT %MW3002.3: INT := 5000; #H0000
MOD_ADDR AT %MW3002.4: INT := 16#2000; (*8192*) #00010
MOD_NB AT %MW3002.5: INT := 16; COM
MOD_DATA_B AT %MX40.0: INT,; SLAV
MOD_RDY AT %MX30.0: BOOL; FCT
MOD_ERR AT %MX30.1: BOOL; TIMEOUT
MOD_ERNO AT %MW1039.0: INT; ADDR
NB
DATA
RDY
ERR
ERNO
FBD: ABB IL of example:
MOD_1 IBAO
MODMASTE '(\:/I'SLOLUP
oD _ERM—EM ROy oD _RDY #H6306
MO0 _COM—ACOM ERRHMOD_ERR #H0000
MOD_SLAYV—SLAY ERMNOHMOD_ERNG #H0000
MO0 _FCTHFCT #00010
MOD_TIMEQUTHTIMECUT KW2,0 01
moD_ADDRE-HADDR KW2,1 ;10
WMOD_MB—ME Kw2,2 ;3
MOD_DATA_B—{DATA Kw2,3 ; 5000
KW2,4 ;8192
KW2,5 ;16
M40,0
M30,0
M30,1
MW39,0
Function call in IL Function call in ST
CAL MOD_1(EN := MOD_EN, MOD_1 (EN := MOD_EN,
COM := MOD_COM, COM := MOD_COM,
SLAV := MOD_SLAYV, SLAV := MOD_SLAYV,
FCT := MOD_FCT, FCT := MOD_FCT,
TIMEOUT := MOD_TIMEOUT, TIMEOUT := MOD_TIMEOUT,
ADDR := MOD_ADDR, ADDR := MOD_ADDR,
NB := MOD_NB, NB := MOD_NB,
DATA := MOD_DATA_B) DATA := MOD_DATA_B)
LD MOD_1.RDY MOD_RDY = MOD_1.RDY;
ST MOD_RDY MOD_ERR = MOD_1.ERR;
LD MOD_1.ERR MOD_ERNO :=MOD_1.ERNO;

ST MOD_ERR
LD MOD_1.ERNO
ST MOD_ERNO
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OPERATION MODE MODBUS MASTER

MODMASTB/W S40

Example 4: MODMASTW — MODBUS master for COM1/COM2 and INT - data

Declaration:

MOD_1: MODMASTW;

MOD_EN AT %MX13.0: BOOL;
MOD_COM AT %MW3002.0: INT := 1;
MOD_SLAV AT %MW3002.1: INT := 10;
MOD_FCT AT %MW3002.2: INT := 3;

MOD_TIMEOUT AT %MW3002.3: INT := 5000;

MOD_ADDR AT %MW3002.4: INT := 16#2000; (*8192%)

MOD_NB AT %MW3002.5: INT := 16;
MOD_DATA AT %MW1030.0: INT;
MOD_RDY AT %MX30.0: BOOL;
MOD_ERR AT %MX30.1: BOOL;
MOD_ERNO AT %MW1039.0: INT;

Translation in ABB IL:

IBAO
CALLUP
EN
#H0306
#H0000
#H0000
#00010
COM
SLAV
FCT
TIMEOUT
ADDR
NB
DATA
RDY
ERR
ERNO

FBD:

MDD _1
MODMASTA
MOD_EM—EM RO

MOD_COMCOM ERR-MOD_ERR
MOD_SLAVSLAY ERMOFMOD_ERMO

MOD_FCTFCT
MOD_TIMEQUTTIMEOUT
MOD_ADDR—AHADDR
MOD_MB—MB
MOD_DATADATA

Function call in IL
CAL MOD_1(EN := MOD_EN,
COM := MOD_COM,
SLAV := MOD_SLAYV,
FCT := MOD_FCT,
TIMEOUT := MOD_TIMEOUT,
ADDR := MOD_ADDR,
NB := MOD_NB,
DATA := MOD_DATA)

LD MOD_1.RDY
ST MOD_RDY
LD MOD_1.ERR
ST MOD_ERR
LD MOD_1.ERNO
ST MOD_ERNO

MoD_RDY

ABB IL of example:

IBAO

CALLUP

MO0,0

#H0306

#H0000

#H0000

#00010

KW2,0 ;1
KW2,1 ;10
KW2,2 ;3
KW2,3 ; 5000
KW2,4 ; 8192
KW2,5 ;16
MW30,0

M30,0

M30,1

MW39,0

Function call in ST

MOD_1

MOD_RDY
MOD_ERR
MOD_ERNO

(EN := MOD_EN,

COM := MOD_COM,

SLAV := MOD_SLAYV,

FCT := MOD_FCT,

TIMEOUT := MOD_TIMEOUT,
ADDR := MOD_ADDR,

NB := MOD_NB,

DATA := MOD_DATA)

:= MOD_1.RDY;
:= MOD_1.ERR;
:= MOD_1.ERNO;
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MONOSTABLE ELEMENT »CONSTANT«

MOK S40

MONOSTABLE ELEMENT »CONSTANT«

A FALSE/TRUE edge at input E causes a
FALSE/TRUE edge at output A. If input E remains at
TRUE level, a TRUE/FALSE edge is applied at output
A after the duration T has elapsed.

A possible second FALSE/TRUE edge of input E which
occurs before the time period T has elapsed is ignored.

Maximum time offset at the output: < 1 cycle time

MOK S40
MOK_1
MOk,
MOK_E—E AF——MOK_A
MOK_T—T

Block type
Function block with historical values
Parameters
Instance MOK Instance name
E BOOL Input signal
T TIMER Pulse length
A BOOL Output signal, operands M, A (not E, S)
Description

A FALSE/TRUE edge at input E causes a
FALSE/TRUE edge at output A. If input E remains at
TRUE level, a TRUE/FALSE edge is applied at output
A after the duration T has elapsed.

A possible second FALSE/TRUE edge of input E which
occurs before the time period T has elapsed is ignored.

Valid time range: 5 ms .. 24,8 days
Maximum time offset at the output: < 1 cycle time
Reasonable range for T: > 1 cycle time

The inputs and the output can neither be duplicated nor
inverted.

- _ L]

General behavior

 Started timers are processed by the PLC operating
system and are therefore completely independent of
processing of the PLC program. An appropriate
message of the operating system is not issued to the
affiliated timer block in the PLC program until the timer
has elapsed.

* Processing of a timer in the PLC operating system is
influenced by the following commands. All running
timers are stopped and initialized when one of the
following actions occurs:

= Abort PLC program

= RUN/STOP switch from RUN -> STOP

= Warm or cold start

Base_40-Library
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MONOSTABLE ELEMENT »CONSTANT«

MOK S40

Example
Declaration: Translation in ABB IL:
MOK_1 : MOK; 'BAO
MOK_E AT %MX0.0 : BOOL; MOK
MOK_T AT %MD4002.1 : TIME := 16#1s; (*1000 ms*) E
MOK_A AT %MX0.1 : BOOL; T
A
FBD: ABB IL of example:
W1k IBAO
MO0
Mok _E—E A——hOk_A ’
MOK_TT - KD2,1 ;1000
- MO, 1

Function call in IL

CAL  MOK_1(E := MOK_E,
T := MOK_T)

LD MOK_1.A
ST MOK_A

Note: In IL, the function call has to be performed in
one line.

Function call in ST

MOK_1 (E := MOK_E,
T := MOK_T);
MOK_A = MOK_1.A;
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MULTIPLICATION BY 2 TO THE POWER OF N, WORD

MUL2N S40

MULTIPLICATION BY 2 TO THE POWER OF N, WORD

The value of the operand at input E1 is shifted bitwise
N times.

If the value at input N is positive, the value is shifted to
the left. Each shift by 1 bit position corresponds to a
multiplication of the current value by 2.

If the value at input N is negative, the value is shifted to
the right. Each shift by 1 bit position corresponds to a
division of the current value by 2.

The result is assigned to the operand at output A1.

MUL2N S40

MLILZMN
MLILZMN_E1—E1
RLILZ MNP

———HLIL2MN_A

Block type
Function
Parameters
E1 INT Input operand
N INT Quantity
A1 INT Result
Description

The value of the operand at input E1 is shifted bitwise
N times.

If the value at input N is positive, the value is shifted to
the left. Each shift by 1 bit position corresponds to a
multiplication of the current value by 2.

If the value at input N is negative, the value is shifted to
the right. Each shift by 1 bit position corresponds to a
division of the current value by 2.

The result is assigned to the operand at output A1.

The inputs and the output can neither be duplicated nor
negated.

Reasonable range for N: -14 < N < +14

If N = 0, the value at input E1 is passed directly to
output A1.

Sign of the value at input E1:

The sign of value E1 is not influenced by the shift
operation. |. e. the sign of the output value is always
identical with the sign of the input value.

Shift to the left (Multiplication):

When the value at the input is shifted to the left, the
released bit 0 is filled with 0. The sign bit (bit 15) is not
changed because a limiting to the limit of the number
range is performed before.

Limiting the value at output A1 when shifting to the left:

® The following applies to positive values at input E1:
If bit 14 has a »1« and if shift operations still have to
be carried out on the basis of the value at input N,
these are no longer executed. Instead, the output is
set to the limit of the positive number range. l.e. the
limit has been reached in any case at the latest after
14 shifts.

Limit value: Output A1 = +32767 (7FFFy).

® The following applies to negative values at input E1:
If bit 14 has a »0« and if shift operations still have to
be carried out on the basis of the value at input N,
these are no longer executed. Instead, the output is
set to the limit of the negative number range. l.e. the
limit has been reached in any case at the latest after
14 shifts.

Limit value: Output A1 =-32767 (8001).

Base_40-Library
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MULTIPLICATION BY 2 TO THE POWER OF N, WORD

MUL2N S40

Shift to the right (Division):

When shifting to the right, every bit moves to the right
by one position. At the same time, the sign bit (bit 15)
always retains its value. The released bit (bit 14) is
filled in each case with the value of the sign bit.

Limiting the value at the output when shifting to the
right:

® The following applies to positive values at input E1:
If now only bit 0 has a »1« and shift operations still
have to be carried out because of the value at input
N, the output will be set to the value 0. l.e. value 0
has been reached in any case at the latest after 14
shifts.

Output A1 =0.

® The following applies to negative values at input
E1:
If bit 0 ... bit 15 has a »1« as the result of the shift,
the limit value (-1) has been reached. Further shifts
have no effect. l.e. the value -1 has been reached
at the latest after 15 shifts.

Output A1 = -1 (FFFFy).

The inputs and the output can neither be duplicated
nor negated.

Examples

1. Input value E1 = 5498 (157Ay)
Exponent N = 2 -> 2 * Left shift

Bit 15 0
0.0.0.100.1.0.1|0.1.1.1]1.0.1.0| 157aH  Inputvalue before
shifting left
Bit 15 0
Result after
55E8H
(51588) 0.1.0.1/0.1.0.1/1.1.1.0/1.0.0.0 shifting left twice

2. Inputvalue E1 = 32612 (7F64y)
Exponent N = -3 -> 3 * Right shift

Bit 15 0
7F64H Input value before
0.1.1.1/1.1.1.1{0.1.1.0{0.1.0.0 e
(32612) shifting right
Bit15 [
OFECH Result after shifting

0.0.0.0{1.1.1.201.2.2.0/1.1.0.0

(4076)

3. Input value E1 =-32612 (8008,)
Exponent N = -3 -> 3 * Right shift

right three times

Bit 15 0
?_0495720) 1.0.0.0[0.0.0.0[0.0.0.0/1.0.0.0 Isﬁ%?n\;;a:?;h'lt)emre
Bit 15 0
1.1.1.1|0.0.0.0{0.0.0.0[0.0.0.1 ::21(3)19'5-') Eg;ﬂmz;etri;r;iging

Example

Declaration:

Translation in ABB IL:

MUL2N_E1 AT %MW1000.0 : INT; IBAO
MUL2N_N AT %MW1000.1 : INT; MUL2N
MUL2N_A AT %MW1000.2 : INT; E1
N
A
FBD: ABB IL of example:
IBAO
MLILZI MUL2N
MLILZM_E1—E1 ———hALIL 2 _A, MWO0,0
MLILZ2M_ N MWO,1
MWO0,2
Function call in IL Function call in ST
LD MUL2N_E1 MUL2N_A:=MUL2N(MUL2N_E1, MUL2N_N);
MUL2N MUL2N_N
ST MUL2N_A
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MULTIPLICATION DOUBLE WORD

MULD S40

MULTIPLICATION DOUBLE WORD

The value of the operand at input E1 is multiplied by
the value of the operand at input E2 and the result is
assigned to the operand at output A.

The result is limited to the maximum or minimum value
of the number range. If limiting occurred, a TRUE
signal is assigned to the binary operand at output Q. If
no limiting has occurred, a FALSE signal is assigned to
the binary operand at output Q.

MULD S40
MULD_1
MUILD
MULD_E14E1 A MULD_A
MULD_E2-E2  QFMULD_Q

Block type

Function block without historical values

Parameters

Instance  MULD Instance name

E1 DINT Multiplicand

E2 DINT Multiplier

A DINT Result (product)

Q BOOL Result limited, operands M, A (not E, S)
Description

The value of the operand at input E1 is multiplied by
the value of the operand at input E2 and the result is
assigned to the operand at output A.

The result is limited to the maximum or minimum value
of the number range (Number range:
-2147483647 ... 2147483647). If limiting occurred, a

TRUE signal is assigned to the binary operand at
output Q. If no limiting occurred, a FALSE signal is
assigned to the binary operand at output Q.

The inputs and outputs can neither be duplicated nor
negated.
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MULTIPLICATION DOUBLE WORD MULD S40
Example
Declaration: Translation in ABB IL:
MULD_1 : MULD; IBAO
MULD_E1 AT %MD2000.0 : DINT; MULD
MULD_E2 AT %MD2000.1 : DINT; E1
MULD_A AT %MD2000.2 : DINT; E2
MULD_Q AT %M0.0 : BOOL; A
Q
FBD: ABB IL of example:
MULD 1 IBAO
MULD MULD
MULD_E1—E1  Al————MULD_A MDO,0
MULD E2-EZ  QlMULD_Q MDO, 1
MDO,2
MO,0

Function call in IL

CAL MULD_1(E1 := MULD_ET,
E2 := MULD_E2)

LD MULD_1.Q
ST MULD_Q
LD MULD_1.A
ST MULD_A

Note: In IL, the function call has to be performed in

one line.

Function call in ST

MULD_1 (E1 := MULD_ET,
E2 := MULD_E2);

MULD_A = MULD_1.A;

MULD_Q := MULD_1.Q;
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MULTIPLICATION WITH DIVISION

MULDI S40

MULTIPLICATION WITH DIVISION

The operand value at input E1 is multiplied by the
operand value at input E2, the intermediate result is
divided by the operand value at E3 and then the result
is assigned to output A.

The result is limited to the maximum or minimum value
of the number range.

MULDI S40
MUILDI
MULDI_E1—E1 ——MULDI_A
MULDI_E2—-EZ
MULDI_E3HE3

Block type

Function
Parameters
E1 INT Multiplicand
E2 INT Multiplier
E3 INT Divisor
A INT Result
Description

The operand value at input E1 is multiplied by the
operand value at input E2, the intermediate result is
divided by the operand value at E3 and then the result
is assigned to output A.

Internal, the block performs the multiplication and
division with the accuracy of a double word (32 bit).
Only when assigning the result to output A, the limiting
to the accuracy of a word (16 bit) is carried out. If the

remainder of the division is > 0,5, the result is rounded
up. If a numerical overflow occurs during the division
(e.g. division by zero), the correct signed limit of the
number range is applied at output A.

The result is limited to the maximum value 32767 and
the minimum value -32767.

The inputs and the output can neither be duplicated nor
negated.

Base_40-Library
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MULTIPLICATION WITH DIVISION

MULDI S40

Example

Declaration:

MULDI_E1 AT %MW1000.0 : INT;
MULDI_E2 AT %MW1000.1 : INT;
MULDI_E3 AT %MW1000.2 : INT;
MULDI_A AT %MW1000.3 : INT;

Translation in ABB IL:

IBAO
MULDI
E1

E2

E3

A

FBD:

MULDI
MULDI_E1—4E1 ———hLLDI_A
MULDI_E2qE2
MULDI_E3—-E3

Function call in IL

LD MULDI_E1
MULDI MULDI_E2,MULDI_E3
ST MULDI_A

ABB IL of example:

IBAO

MULDI
MWO0,0
MWO,1
MWO0,2
MWO0,3

Function call in ST

MULDI_A := MULDI (MULDI_ET,
MULDI_E2,
MULDI_E3);
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NEGATION WORD NEGW S40

NEGATION WORD NEGW S40

The value of the operand at input E is negated and the
result is assigned to the operand at output A. MEGW
MEGW_E1—E1 ——EGYY_A

Block type

Function

Parameters

E1 INT Input value
A INT Negated value

Description

The input and the output can neither be duplicated

The value of the operand at input E is negated and nor negated.

the result is assigned to the operand at output A

Number range :

Low limit: 80004 - 32768
High limit  7FFFy + 32767
Note : if E1 =-32768 then A = +32767.

Example
Declaration: Translation in ABB IL:
NEGW_E1 AT %MW1000.0 : INT; IBAO
NEGW_A AT %MW1000.1 : INT; NEGW
E1
A
FBD: ABB IL of example:
IBAO
[ E G NEGW
HEGW_E1-E1 EGWY A MWO0,0
MWO,1
Function call in IL Function call in ST
LD NEGW _E1 NEGW_A = NEGW(NEGW_E1);
NEGW

ST NEGW_A
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PULSES GENERATOR NPULSE S40
PULSES GENERATOR NPULSE S40
The function block generates pulse NPULSET
sequences with specific frequencies HPULGE
and specific number of pulses. Thus,
it can be used for the activation of NPULSE_VAL-VAL RDY NFULSE_RDY
stepper motors. MPULSE_RESET-RESET WAL_P-MPLILSE_WAL_P

) MPLULSE_FREQ-FREQ
The pulse sequences are available at MPULSE MNE-ME

output A62,00 / %QX62.00.

Block type

Function block with historical values

Parameters

Instance NPULSE Instance name

VAL BOOL Enabling

RESET BOOL Reset

FREQ INT Frequency

NB INT Number of pulses

RDY BOOL Ready, operands M, A (not E, S)
VAL_P INT Number of processed pulses
Description

The function block generates pulse sequences with
specific frequencies and specific number of pulses.
Thus, it can be used for the activation of stepper
motors.

The pulse sequences are available at output
AB62,00 / %QX62.00.

At output VAL_P, the currently generated number of
pulses is displayed. The rising edge at the input VAL
starts the pulse generator from the beginning.The first
period starts with a high signal.

1
WAL _|
0 B
o |
wanezo | LI LI LT LT 1
+—
T weith T=1 cycle time
VAL BOOL

Enabling the output of the impulse sequence at the
fixed output A62,00 / %QX62.0.

FALSE/TRUE edge at the input VAL :
The pulse mode is validated.
A62,00 / %QX62.00 can not be used normally.

RESET BOOL

RESET = FALSE stops the pulse generator, the output
A62,00 / %QX62.0 is set to FALSE till RESET = TRUE.
FREQ

Frequency of the pulse sequence:
Pulse frequency : 10 Hz to 2,604 kHz
Formula for frequency calculation:
Frequency [Hz] = 1000000 / ((256 - FREQ)*384)

INT

FREQ Frequency
0 10,1783 Hz

1 11,212 Hz

2 10,253 Hz

10 10,586 Hz
100 16,693 Hz
254 1,302 kHz
255 2,604 kHz
<0 10,178 Hz
> 255 2,604 kHz

NB
Number of pulses to be generated.
If NB < 0 then the function block NPULSE generates

INT
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PULSES GENERATOR NPULSE S40
RDY BOOL VAL_P INT
Ready bit Number of pulses elapsed.

RDY = FALSE Pulses are generated
RDY = TRUE Pulse sequence is finished

This number is estimated by the function block every
cycle time. It doesn’t represent the exact value.

The internal memory bit %QX62.00 is disabled during
pulses are generating.

Example

Declaration:

Translation in ABB IL:

NPULSE1 : NPULSE; IBA O
NPULSE_VAL AT %MX0.0 : BOOL; NPULSE
NPULSE_RESET AT %MX0.1 : BOOL; VAL
NPULSE_FREQ AT %MW1000.0 : INT; RESET
NPULSE_NB AT %MW1000.1 : INT; FREQ
NPULSE_RDY AT %MX0.2 : BOOL; NB
NPULSE_VAL_P AT %MW1000.2 : INT; RDY
VAL _P
FBD: ABB IL of example:
NPULSE1 :\?F'f (I)_ c
NPULSE MOL(J) S
NPULSE_ sl —val ROY NPULSE_RDY 10’3
NPULSE_RESETHRESET W&l _P-MPULSE_ WAL P MW0.0
NPULSE_FREQ-FREG MWO 1
NPULSE_MNB—NB MO.2
MWO0,2

Function call in IL

CAL  NPULSE1(VAL := NPULSE_VAL,
RESET := NPULSE_RESET,
FREQ := NPULSE_FREQ,
NB := NPULSE_NB)

LD NPULSE1.RDY
ST NPULSE_RDY
LD NPULSE1.VAL_P
ST NPULSE_VAL_P

Note: In IL, the function call has to be performed in
one line.

Function call in ST

NPULSE1 (VAL := NPULSE_VAL,
RESET := NPULSE_RESET,
FREQ := NPULSE_FREQ,
NB := NPULSE_NB);

NPULSE_RDY := NPULSE1.RDY;

NPULSE_VAL_P :=NPULSE1.VAL_P;
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PACK BINARY VARIABLES IN WORD

PACK(4..16) S40

PACK BINARY VARIABLES IN WORD

PACK(4..16) S40

This block packs n binary variables into one word PACK 4
variable. PACKS
4-n A——PACK_A
FACE_BO4B0
PACE_B14B1
FACK_BZ2—-B2
FACK_B34B3
Block type
Function block without historical values
Parameters
Instance PACK Instance name
N INT Number of binary variables to be packed
B0..B15 BOOL Binary variable to be packed
A INT Word variable
Description
The PACK number indicates the maximum number of BO...B15 BOOL

bits to pack. The following PACK blocks are available:

PACK4 PACK for max. 2 binary variables
PACKS8 PACK for max. 8 binary variables
PACK16 PACK for max. 16 binary variables

This block packs n binary variables into one word
variable.

INT

At input n, the number of binary variables to be packed
is specified.

n

The following applies:

1<n<4,8,16)
n = 0 is not allowed! (default = 1)

The binary variables to be packed are specified at the
inputs BO ... Bn-1.

A INT

The value of each binary variable at the inputs
BO ... Bn-1 is loaded into the corresponding bit
(bit O ... bit 15) of the variable at output A.

Assignment:
B0 — bit0 of the output variable
B1 — bit1 of the output variable

B15 — bit15 of the output variable

Note:

If the user plans less than 16 binary input variables, the
unnecessary bits of the output variable are set to the
value FALSE.
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PACK BINARY VARIABLES IN WORD

PACK(4..16) S40

Example
Declaration: Translation in ABB IL:
PACK_16: PACK; IBAO
PACK_BO AT %MXO0.0 : BOOL; PACK
PACK_B1 AT %MXO0.1 : BOOL; #n
PACK_B2 AT %MXO0.2 : BOOL; BO
PACK_B3 AT %MXO0.3 : BOOL; B1
PACK_A AT %MW1000.0 : INT; B2
B3
A
FBD: ABB IL of example:
PACE_4 IBAO
PACKS PACK
4n A PaCK A f/l40 o
PACK_BO—ABO M0’1
PACK_B14B1 M0’2
PACK_R2-{B2 MO.3
PACK_B34A3 MWO,0
Function call in IL Function call in ST
CAL PACK_1(n:=4, PACK_1 (n:= 16,
B0 := PACK_BO, BO := PACK_BO,
B1 := PACK_BH1, B1 := PACK_BH1,
B2 := PACK_B2, B2 := PACK_B2,
B3 := PACK_B3) B3 := PACK_B3);

LD PACK_1.A
ST PACK_A

Note: In IL, the function call has to be performed in
one line.

PACK_A:=PACK_1.A;
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PULSE DURATION MODULATOR PDM S40
PULSE DURATION MODULATOR PDM S40
This function block generates a pulse duration- POM 1

modulated binary signal at its PULS output. F'Drn]

The pulse duty ratio is specified at the t_TA input and POM_t_TA{t_TA  PULS—FDM_PULS
the period duration for the output signal is specified at POM_TA_t4TA_ T

the TA_T input.

Block type

Function block with historical values

Parameters

Instance PDM Instance name

t_TA INT Pulse duty ratio

TAT INT Period duration referred to the cycle time
PULS BOOL Pulse duration modulated signal
Description

This function block generates a pulse duration-
modulated binary signal at its PULS output.

The pulse duty ratio is specified at the t_TA input and
the period duration for the output signal is specified at
the TA_T input.

The inputs and the output can neither be duplicated nor
negated nor inverted.

t. TA INT

The required pulse duty ratio for the output signal
PULS is specified at input t_TA. At the same time, TA
is the period duration of the signal at output PULS and t
is the time within the period duration TA during which
the output signal assumes a TRUE level. The specified
value for the required pulse duty ratio at input t_TA
must be specified in scaled form. To do this, the
required pulse duty ratio must be multiplied by the
value 32767 and rounded to an integer number. The
resulting numerical value is then specified at input
t_TA.

Boundary condition fort: t > T

l.e. the required duty cycle of the output signal must be
higher than the cycle time of the PLC program (T).

PULS

t
-~

ta

i b

TrirlTlrir]TT|

The following relationship applies to the specification of
the pulse duty ratio at inputt_TA:

Scaled value at input t_TA results in pulse duty ratio at
the output PULS:

Inputt_TA Output PULS

Negative value 0(0%)

0 (0 * 32767) 0 (0 %)
16384 (0,5 * 32767) 0,5 (50 %)
30767 (1 * 32767) 1(100 %)

TA_T INT

The required period duration TA for the signal at output
PULS is specified at input TA_T. At the same time, the
period duration TA must be scaled to the cycle time T.

Boundary condition for TA:
® TA must be an integer multiple of T (TA=n"*T)

®TA >> T > 0; the higher TA is in relation to T, the
more exactly the required pulse duty ratio is kept

Example:
TA > 10 * T — inaccuracy of the pulse duty ratio at
output PULS < 10%.

If a value TA_T < 0 is specified for TA_T, the function
block automatically replaces this meaningless value by
32767.
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PULSE DURATION MODULATOR

PDM S40

PULS BOOL

The pulse duration modulated signal is available at
output PULS.

Combination of the PDM block with a controller

If the PDM function block is connected to the output of
a controller in order to realize a »switching« controller,
the following boundary conditions apply:

— Period duration TA of the PDM = sampling time of
the controller.

— Period of the pulse signal must be synchronous with
the period of the controller sampling time.

These boundary conditions are fulfilled by planning the
controller in the same PLC program as the PDM, but
within one run number block. By means of the run
number block, the sampling time of the controller is
prolonged by an integer multiple of the cycle time.
Therefore, the controller is processed less frequently
within the run number block than the PDM outside of
the run number block.

Example
Required:

— Pulse duty ratio: t_TA = 0,25 (25 %)

— Period duration: TA = 800 ms (only an integer
multiple of the PLC cycle time is possible)

— Cycle time: T =100 ms

Block parameters to be specified:

— Value atinput t_TA: 8192 (0,25 * 32767)
— Value at input TA_T: 8 (800 ms/100 ms)

PULS

t
-~

ta t
-

TririTlrirTT|

Example
Declaration: Translation in ABB IL:
PDM_1 : PDM; 'BAO
PDM_t_TA AT %MW1000.0 : INT; PDM
PDM_TA_t AT %MW1000.1 : INT; t. TA
PDM_PULS AT %MX0.0 : BOOL; TA_t
PULS
FBD: ABB IL of example:
POM_1 :EISAMO
POm_t_TA-L TAPDh;'ULS POM_FLILS MW0,0
— =107 [ - MWO,1
POM_TA_t—HTA T MO0,0

Function call in IL

CAL PDM_1(t_TA :=PDM_t_TA,
TA_T :=PDM_TA_1)

LD PDM_1.PULS
ST PDM_PULS

Note: In IL, the function call has to be performed in
one line.

Function call in ST

PDM_1 (t_TA:=PDM_t_TA,
TA_T := PDM_TA_t);

PDM_PULS:=PDM_1.PULS;

Base_40-Library
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PROPORTIONAL INTEGRAL CONTROLLER

Pl S40

PROPORTIONAL INTEGRAL CONTROLLER P1 S40
The PI controller changes the value at Fl 1
its output Y (manipulated variable) until F'_I
variabie s el 10 tha value t PN 00MELD PILOO_WELD
W (command variable). Fl_A—# UG_MELD—FI_UG_MELD
PI_KF—HKF =P
PI_TH_TZTH_TZ
FI_OG—0G
PI_UGUG
FI_SETHSET
FI_INMITHINIT
FI_RES-FES

Block type

Function block with historical values

Parameters

Instance Pl Instance name

w INT Command variable (set point)

X INT Controlled variable (actual value)

KP INT Proportional coefficient, specified as a percentage value
TN_TZ INT Integral action time scaled to the PLC cycle time

OoG INT High limit for the manipulated variable Y

UG INT Low limit for the manipulated variable Y

SET BOOL Enabling for setting the manipulated variable Y to the initial value INIT
INIT INT Initial value for the manipulated variable Y

RES BOOL Reset of the manipulated variable Y to 0

OG_MELD BOOL High limit has been reached, operands M, A (not E, S)
UG_MELD BOOL Low limit has been reached, operands M, A (not E, S)

Y INT Output for the manipulated variable Y

Description

The PI controller changes the value at its output Y
(manipulated variable) until the value at input X
(controlled variable) is equal to the value at input W
(command variable).

Control algorithm: Simple rectangle rule

W-X KP
Y=— 7~ + Yl(z-1) + —
100 TN_TZ 100

With: YlI(z-1) is the integral component from the
previous program cycle

" (W-X)

Transfer function:

F(s) = KP * (1+

s*TN

The inputs and outputs can neither be duplicated nor
negated/inverted.
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PROPORTIONAL INTEGRAL CONTROLLER Pl S40
XD=w-x | XD=w-x}
1 1
I i
t t t t
S| S|
1 1
t1 t t1 t
KP} KP}
KP(t1)
} — —
1 t t1 t
INIT) INIT)
| — 1 -
T I —_—
t1 t t1 t
Y | Y |
OG- —— = = — - = —
TV
OG|l— — — —m — — — — — Y2 vas YL KR Integr. Portion
B | limited,
becauseY =0G
| v ===
| 7/ 7/
DT1 Portion 7 Vs
| y Integr.Portion
4 I_MSg;PcTrtiomimited * P 7 Y d
INIT' f— TN _-7 because Y = 0G Y1 — — r "-_TN_7 Y1 =INIT + KP* XD
7
Ve .
7 Integr.Portion P F'orhoin y, 7
Y d INIT Integr.Portion(t1) = INIT
CIJ’ Integr. Portion(t1) = INIT - KP * XD |
t t t t
Pl controller: Surge-free transition from the specified | ¢ontroller:  Surging transition from the specified

value to control operation

initial value to control operation
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PROPORTIONAL INTEGRAL CONTROLLER

Pl S40

w INT

The command variable (set point) is specified at input
W.

X INT

The controlled variable (actual value) is specified at
input X.

KP INT

The proportional coefficient is specified at input KP.
This value is specified as a percentage value. Positive
or negative values are possible.

Example
1 = 1 percent
55 = 55 percent
100 = 100 percent
1000 = 1000 percent

-500 -500 percent

® 1 percent means that the block multiplies the system
deviation by the factor 0.01 (see also control
algorithm)

® 100 percent means that the block multiplies the
system deviation by the factor 1 (see also control
algorithm)

® 1000 percent means that the block multiplies the
system deviation by the factor 10 (see also control
algorithm)

Generally, proportional coefficients of more than 1000
percent are not meaningful in control systems.

TN_TZ INT

The integral action time TN is scaled to the PLC cycle
time TZ and is specified at input TN_TZ.

Value range: 0 < TN_TZ < 328

® |[f values are specified which are not within the
admissible value range the PLC generally uses the
value 328.

® A large integral action time TN can be achieved by
choosing a large cycle time T, too. If the block is used
within a run number block, the cycle time of the run
number block is valid for block INTK and not the cycle
time (KD 0,0) of the PLC program.

Limiting the manipulated variable Y

oG INT
UG INT

The controller output Y (manipulated variable) can be
limited

— to a maximum value by specifying a limit at input OG
(high limit)

— to a minimum value by specifying a limit at input UG
(low limit)

The high and low limits also apply to the controller's
internal | component. l.e the | component can only
assume values between the high and low limits. If the
manipulated variable Y reaches one of the two limits,
the | component of the controller is no longer changed.
This prevents the | component from drifting in the event
of limiting of the controller output Y, assuming
meaningless values from the point of view of control
and, in certain circumstances, not returning to the
operating range until after a very long time. This
response of a controller is also referred to as a »special
anti-reset windup measure«.

Setting and resetting the controller

SET BOOL
INIT INT
RES BOOL

Setting the controller to an initial value

— The output Y of the controller is set to the initial value
specified at the INIT input by means of a TRUE
signal at input SET.

— A TRUE signal at input RES (reset) is equivalent to
specifying the initial value 0 (see above).

Surge-free setting/resetting

— The output Y of the controller is set to the initial value
specified at the INIT input by means of a TRUE
signal at the binary input SET.

— A TRUE signal at input RES (reset) is equivalent to
specifying the initial value 0.

In doing so, adjustment to the initial value is performed
internal to the controller. This adjustment is a shift of
the controller output from the momentary value to the
required initial value. Now, the controller continues
operating from this initial value precisely as it would
have done at the old operating point before the shift,
i.e. without surges. The | component of the controller is
defined so that the sum of the P component and the |
component just results in the initial value.

Advantage of surge-free setting:
— Control as from the new initial value is devoid of
surges.

Disadvantage of surge-free setting:
— The equation applies: |_component =
P_component

INIT -

In certain circumstances, the | component is set to high
values and may take very long before this »wrong« |
component from the point of view of control is
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PROPORTIONAL INTEGRAL CONTROLLER

Pl S40

Surging setting/resetting

— The output Y of the controller is set to the initial value
specified at the INIT input by means of a TRUE
signal at input SET.

— A TRUE signal at input RES (reset) is equivalent to
specifying the initial value 0.

In the event of surging setting or resetting of the
controller, the | component is set equal to the initial
value. To do this, the P component must be
suppressed during the setting procedure.

The following applies: | component = INIT

Surging setting to an initial value is achieved by the
following measure during the setting procedure:

— Specifying the value 0 at input KP.

This measure renders the controller's P component
inactive. The controller output Y assumes the initial
value during the set cycle.

The P component is enabled again after the set cycle.
From the initial value, the controller output Y jumps
according to the P component of the controller.

Advantage of surging setting:
— The | component is not set to »wrong« values from
the point of view of control.

Disadvantage of surging setting:
Not surging-free

Y INT

The manipulated variable Y of the controller is applied
at output Y.

OG_MELD BOOL

Output OG_MELD indicates whether the value at
output Y has reached the specified top limit.

OG_MELD = FALSE limit has not been reached.
OG_MELD = TRUE limit has been reached.
UG_MELD BOOL

Output UG_MELD indicates whether the value at
output Y has reached the specified low limit.

UG_MELD = FALSE
UG_MELD = TRUE

limit has not been reached.
limit has been reached.
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PROPORTIONAL INTEGRAL CONTROLLER

Example
Declaration: Translation in ABB IL:
PI_1: PI; IBA O
PI_W AT %MW1000.0: INT; PI
PI_X AT %MW1000.1: INT; W
PI_KP AT %MW3001.0: INT := 100; X
PI_TN_TZ AT %MW3001.1: INT := 20; KP
PI_OG AT %MW3001.2: INT := 20000; TN_TZ
PI_UG AT %MW3001.3: INT := 0; INIT
PI_SET AT %MXO0.0: BOOL; SET
PLLINIT AT %MW3001.4: INT := 10000; RES
PI_RES AT %MXO0.1: BOOL; 0G
PI_OG_MELD AT %MX0.2: BOOL; UG
PI_UG_MELD AT %MX0.3: BOOL; Y
PLY AT %MW1000.2: INT; OG_MELD
UG_MELD
FBD: ABB IL of example:
PI_1 IBAO
B PI
PI_—vy 0G_MELD PI_OG_MELD mw??
PI_s—{x UG_MELD|PI_JG_MELD KW1.0 100
PI_KP—KP YR KW1 1 120
PI_TH_TZAHTN_TZ MO,0
PI_OG—0G MO, 1
PI_UGHUG KW1,4 : 10000
PI_SET-{SET MO,0
PLINITHINIT MO, 1
PI_RES-RES KW1,2 ; 20000
KW1,3 ;0
MWO,2
MO,2
MO,3

Function call in ST
PI_1(W :=PI_W, X := PI_X, KP := PI_KP,

TN_TZ :=PI_TNTZ, OG := PI_OG,
UG := PI_UG, SET := PI_SET, INIT := PL_INIT,

Function call in IL

CAL  PI_1(W :=PILW, X :=PL_X, KP := PI_KP,
TN_TZ :=PI_TN_TZ, OG := PI_OG, UG := PI_UG,
SET := PI_SET, INIT := PI_INIT, RES := PI_RES)

RES := PI_RES);

LD PI_1.0G_MELD

ST PI_OG_MELD PI_OG_MELD:=PI_1.0G_MELD;
LD PI_1.UG_MELD PlI_UG_MELD:=PI_1.UG_MELD;
ST PI_UG_MELD PLY:=PI_1.Y;

LD PI_1Y

ST PLY

Note: In IL, the function call has to be performed in

one line.
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PIDT1 CONTROLLER

PIDT1 S40

PIDT1 CONTROLLER

The PI controller changes its output Y (manipulated
variable) until input X (controlled variable) is equal to
input W (command variable).

PIDT1 S40

PIDT1_1
FIDT
PIDTA_—wy 0G_MELD
PIDT1_x— UG_MELDEPIDT1_UG_MELD
PIDT1_KP—{KP YHPIDTT Y
PIDT1_TN_TZHTM_TZ
PIDT1_TV_TZTV_TZ
PIDT1_T1_TZ—T1_TZ
PIDT1_DT1_FR-{DT1_FR
PIDT1_0G-{0G
PIDT1_UG-{UG
PIDT1_SET—{SET
PIDT1 _INITINIT
PIDT1_RES—{RES

PIDT1_(G_MELD

Block type

Function block with historical values

Parameters

Instance PIDT1 Instance name

w INT Command variable (set point)

X INT Controlled variable (actual value)

KP INT Proportional coefficient, specified as a percentage value
TN_TZ INT Integral action time scaled to the PLC cycle time
TV_TZ INT Derivative action time scaled to the PLC cycle time
T1_TZ INT Returning time scaled to the PLC cycle time

DT1_FR BOOL Enable DT component

OoG INT High limit for the manipulated variable Y

UG INT Low limit for the manipulated variable Y

SET BOOL Enable for setting to initial value INIT

INIT INT Initial value for the manipulated variable Y

RES INT Reset of the manipulated variable Y to 0

OG_MELD BOOL High limit has been reached, operands M, A (not E, S)
UG_MELD BOOL Low limit has been reached, operands M, A (not E, S)
Y INT Output for the manipulated variable Y

Description

The PI controller changes its output Y (manipulated
variable) until input X (controlled variable) is equal to
input W (command variable).

Transfer function:

1 s*TV
F(s) =KP * (1 + + )
s*TN 1+(sT1)

Control algorithm: Simple rectangle rule:

KP*XD KP XD T1_TZ
Y =— +— F — 1YIz1) 4+

100 100 TN_TZ 1+(T1_T2)
Where:

YI(z-1): The integral portion from the previous program
cycle

(YDTI(z-1) The differential portion from the
previous program cylce

1 TV KP

* (YDTI(z-1) + *— *—— * (XD - XD(z-1)))
T1_TZ TZ 100

XD(z-1): Control system difference from the

previous program cycle

The inputs and outputs can neither be duplicated nor
negated/inverted.
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PIDT1 CONTROLLER PIDT1 S40
XD=w—x| XD=w—xl
1 1
"t 't N
S| S |
1 1
t1 t1 t
D-FR | D-FR }
1 1
"t t1 {
KP | KP |
KP(T1) KP(T1)
"t H T
INIT} INITY
} }
"t t t
Y
Y oG “_ __________
OG|————— = = — —— -
Y2=Y1+KP"* -ITT:! *XD .
. Y2 |— — — Integr. Portion
[N T | eo— Iptqgr, Portion ’ limited,
’ :;g'nétaedéey oG | becauseY = 0G
useY = S —
I e T T | e 7 7
1 / / DT1 Portion y )
DT1 Portion Ve Ve |ntegr‘P0ﬂion I / 7 Integr,F'Orlion
' v s * P y
7 4 — — N TN—= " vi= *
+ Ze— TN —/—/Integr,Portion(t1)+KP*XD i 4 p 7/ Y1 =INIT+KP*XD
PPotion| s P Portioin ) Y
/ - -
l Y Integr.Port.(t1)=INIT-KP*XD*(1+ 1—\1" ) INIT Integr.Portion(t1) = INIT
}
i 1 t
1

PIDT1 controller:
specified value to control operation

Surge-free transition from the

PIDT1 controller:

specified

Surging transition from the
initial value to control operation
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PIDT1 CONTROLLER

PIDT1 S40

w INT

The command variable (set point) is specified at input
W.

X INT

The controlled variable (actual value) is specified at
input X.

KP INT

The proportional coefficient is specified at input KP.
This value is specified as a percentage value. Positive
or negative values are possible.

Example:
1 1 percent
55 55 percent
100 100 percent

1000
-500

1000 percent
-500 percent

® 1 percent means that the block multiplies the system
deviation by the factor 0.01 (see also control
algorithm)

® 100 percent means that the block multiplies the
system deviation by the factor 1 (see also control
algorithm)

® 1000 percent means that the block multiplies the
system deviation by the factor 10 (see also control
algorithm)

Generally, proportional coefficients of more than 1000
percent are not meaningful in control systems.

TN_TZ INT

The integral action time TN is scaled to the PLC cycle
time TZ and is specified at input TN_TZ.

Value range: 0 < TN_TZ < 328

® |f values are specified which are not within the
admissible value range, the PLC generally uses the
value 328.

® A large integral action time TN can be achieved by
choosing a large cycle time T, too. If the block is used
within a run number block, the cycle time of the run
number block is valid for block INTK and not the cycle
time (KD00,00 / MD4000.0) of the PLC program.

TV_TZ INT

The derivative action time TV is scaled to the PLC
cycle time TZ and is specified at input TV_TZ:
(0<TN_TZ < 32767).

T1_TZ INT

The returning time T1 is scaled to the PLC cycle time
TZ and is specified at input T1_TZ:
(0<TN_TZ < 32767).

The returning time is the time in which the DT1
component has decreased to approximately 37% of its
initial value.

Invalid time parameters:

Every time value is set to the maximum positive value
32767 if the time value at the input is erroneously
specified as less than or equal to »0«.

DT1_FR BOOL

The DT1 component of the controller can be activated
or deactivated by means of the D-FR input.

D_FR | Meaning

0 DT1 component is — pure Pl
deactivated controller

1 DT1 component is — PIDT1 controller
activated

In the following cases, from the control point of view it
is often disturbing and not meaningful for the DT1
component to be active:

During activations

— In the event of large system deviations

— When setting the controller to a specified initial value
— When resetting the controller to the value 0

The command and controlled variables can be
compared outside of the controller. Depending on this
comparison, the DT1 component can be activated or
deactivated specifically using the D-FR input.

For example, the activation can be restricted to the
condition that the system deviation is within a required
bandwidth. l.e. the DT1 component is only active if the
controlled variable fluctuates around the set point within
a specific bandwidth. The DT1 component is
deactivated if the controlled variable leaves this
tolerance band.

Base_40-Library
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PIDT1 CONTROLLER

PIDT1 S40

Limiting the manipulated variable Y

oG INT
UG INT

The controller output Y (manipulated variable) can be
limited

— to a maximum value by specifying a limit at input
OG (high limit)

— to a minimum value by specifying a limit at input
UG (low limit).

The high and low limits also apply to the controller's
internal | component. l.e the | component can only
assume values between the high and low limits. If the
manipulated variable Y reaches one of the two limits,
the controller's | component is no longer changed.

This prevents the | component from drifting in the
event of limiting of the controller output Y, assuming
meaningless values from the point of view of control
and, in certain circumstances, not returning to the
operating range until after a very long time. This
response of a controller is also referred to as a
»special anti-reset windup measure«.

Setting and resetting the controller

SET BOOL
INIT INT
RES BOOL

Setting the controller to an initial value

— The output Y of the controller is set to the initial
value specified at the INIT input by means of a
TRUE signal at input SET.

— A 1 signal at input RES (reset) is equivalent to
specifying the initial value 0 (see above).

Surge-free setting/resetting

— Output Y of the controller is set to the initial value
specified at the INIT input by means of a TRUE
signal at the binary input SET.

— A 1 signal at input RES (reset) is equivalent to
specifying the initial value 0.

In doing so, adjustment to the initial value is
performed internal to the controller. This adjustment
is a shift of the controller output from the momentary
value to the required initial value. Now, the controller
continues operating from this initial value precisely as
it would have done at the old operating point before
the shift, i.e. without surges. The controllers |
component is defined in a way that the sum of the P,
I and the DT1 component just results in the initial
value.

Advantage of surge-free setting:

— Control as from the new initial value is devoid of
surges.

Disadvantage of surge-free setting:
— The equation applies:
| component = INIT — P component — DT1 comp.

In certain circumstances, the | component is set to
high values and may take very long before this
»wrong« | component from the point of view of
control is dissipated again.

Surging setting/resetting

— The output Y of the controller is set to the initial
value specified at the INIT input by means of a
TRUE signal at input SET.

— A 1 signal at input RES (reset) is equivalent to
specifying the initial value 0.

— In the event of surging setting or resetting of the
controller the | component is set equal to the initial
value. To do this, the P component and the DT1
component must be suppressed during setting
procedure.

The following applies: | component = INIT

Surging setting to an initial value is achieved by the
following measures during setting procedure:

— Deactivation of the DT1 component via the D-FR
control input and
— Specifying the value 0 at the input KP.

These measures render the P component and the
DT1 component inactive during setting of the
controller.

The controller output assumes the initial value during
the set cycle.

The P component and the DT1 component are
enabled again after the set cycle. From the initial
value, the controller output Y jumps according to the
P component and the DT1 component of the
controller.

Advantage of surging setting:
— The | component is not set to »wrong« values from
the point of view of control.

Disadvantage of surging setting:
— Not surging-free
Y INT

The manipulated variable Y of the controller is
applied at output Y.
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PIDT1 S40

OG_MELD BOOL

Output OG_MELD indicates whether the value at
output Y has reached the specified top limit.

OG_MELD = FALSE limit has not been reached.
OG_MELD = TRUE limit has been reached.

UG_MELD BOOL

Output UG_MELD indicates whether the value at
output Y has reached the specified low limit.

UG_MELD = FALSE limit has not been reached.
UG_MELD = TRUE limit has been reached.

Example
Declaration: Translation in ABB IL:
PIDT1_1: PIDT1; IBA 0
PIDT1_W AT %MW1000.0: INT; PIDT1
PIDT1_X AT %MW1000.1: INT; W
PIDT1_KP AT %MW3001.0: INT := 100; X
PIDT1_TN_TZ AT %MW3001.1: INT := 20; KP
PIDT1_TV_TZ AT %MW3001.2 : INT := 0; TN. TZ
PIDT1_T1_TZ AT %MW3001.3 : INT := 0; TV TZ
PIDT1_DT1_FR AT %MX0.4 : BOOL; T1 TZ
PIDT1_OG AT %MW3001.5: INT := 20000; DT1 _FR
PIDT1_UG AT %MW3001.6: INT := 0; INIT
PIDT1_SET AT %MXO0.0: BOOL; SET
PIDT1_INIT AT %MW3001.7: INT := 10000; RES
PIDT1_RES AT %MXO0.1: BOOL; oG
PIDT1_OG_MELD AT %MX0.2: BOOL; uG
PIDT1_UG_MELD AT %MX0.3: BOOL; Y%
PIDT1_Y AT %MW1000.2: INT; OG._MELD
UG_MELD
FBD: ABB IL of example:
PIDT_1 IBA O
FIDTA Pl
PIDT Wiy 0G_MELD FIDT1_0G_MELD mw??
PIDTT _x¥-{x UG_MELDHFIDTY_UG_MELD KW1.0 100
FIDT1_KP—KF ¥PIDTY_Y KW1.1 20
PIDT1_TH_TZTN_TZ KW1.2 0
PIDT1_ TV _TZTV_TZ KW1,3 ;0
PIDT1_T1_TZT1_TZ MO,4
FIDT1_DT1_FR-DT1_FR MO,0
PIDT1_0G-H0G Mo, 1
PIDT1_UGHUG KW1,5 : 10000
FIDT1_SET-SET mg,?
PIDTT_IMITHINIT ;
T KW1,6 : 20000
FIDT1_RES—RES KW17 o
MW0,2
MO,2
MO0,3
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PIDT1 S40

Function call in IL

CAL

LD
ST
LD
ST
LD
ST

Note: In IL, the function call has to be performed in

one line.

PIDT1_1(W := PIDT1_W,
X:=PIDT1_X,

KP := PIDT1_KP,

TN_TZ :=PIDT1_TNTN,
TV_TZ:=PIDT1_TVTZ,
T1_TZ:=PIDT1_T1_TZ,
DT1_FR:=PIDT1_DT1_FR,
OG :=PIDT1_OG,

UG := PIDT1_UG,

SET := PIDT1_SET,

INIT := PIDT1_INIT,

RES := PIDT1_RES)

PIDT1_1.0G_MELD
PIDT1_OG_MELD
PIDT1_1.UG_MELD
PIDT1_UG_MELD
PIDT1_1.Y
PIDT1_Y

Function call in ST
PIDT1_1

PIDT1_OG_MELD
PIDT1_UG_MELD
PIDT1_Y

W :=PIDT1_W,
X:=PIDT1_X,

KP := PIDT1_KP,
TN_TZ := PIDT1_TNTN,
TV_TZ:=PIDT1_TVTZ,
T1_TZ:=PIDT1_T1_TZ,
DT1_FR:=PIDT1_DT1_FR,
OG :=PIDT1_OG,

UG := PIDT1_UG,

SET := PIDT1_SET,
INIT := PIDT1_INIT,
RES := PIDT1_RES);

IDT1_1.0G_MELD;
IDT1_1.UG_MELD;
IDT1_1.Y;
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RESET MEMORY , DOMINATING RS S40
A status TRUE at the input SET sets the operand Q1 to RS 1

the status TRUE. H;

A status TRUE at the input RESET1 resets the RS_SET-HSET o1 ——RE5_
operand Q1 to the status FALSE. R5_RESET1HRESETI dTﬁ

=> dominating RESET

Block type

Function block without historical values

Parameters
Instance RS Instance name
SET BOOL Set input
RESET1 BOOL Reset input
Q1 BOOL Flip-flop output
Description
A status TRUE at the input SET sets the operand Q1 A simultaneous TRUE status at the inputs SET and
to the status TRUE. RESET1 sets operand Q1 to a status FALSE
A status TRUE at the input RESET1 resets the (dominating reset )
operand Q1 to the status FALSE. A status FALSE at the input SET or RESET1 has no
influence on the operand Q1

Example
Declaration: Translation in ABB IL:
RS_1:RS; I SET
RS_SET AT %MX0.0 : BOOL; =S Q1
RS_RESET1 AT %MX0.1 : BOOL; | RESETH1
RS_Q1 AT %MXO0.2 : BOOL; =R Q1
FBD: ABB IL of example:

RS 1 ' MO,0

= ooz
RS_SETHSET dTa M —R5_G1 —R M0,2
RS_RESET1HRESET1
Function call in IL Function call in ST
CAL RS_1(SET = RS_SET, RS_1 (SET :=RS_SET,
RESET1 := RS_RESET) RESET1 := RS_RESET);

LD RS_1.Q1 RS_Q :=RS_1.Q1;

ST RS_Q
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SERIAL LINE INITIALIZATION SINIT S40
SERIAL LINE INITIALIZATION SINIT S40
Serial interface initialization function block. aINIT
The function block SINIT is processed once with every SINIT
FALSE/TRUE edge at the FREI input. It initializes the SIMIT FREIAFREI
serial interface specified at the SSK input. SINIT_ saKdasK
The interface can be operated by the PLC program SIMIT_BALD—BALD
(e.g. with the DRUCK and EMAS blocks). SINIT_STOPSTOP
SINIT_ZLHZL
SINIT_PTYPTY
SIMIT_E_C-HE_D
SIMIT_ECHOHECHD
SINIT_SBRESBRIK
SIMNIT_FEMD—FEMD
SIMIT_EMDEHEMDS
SINIT_EMDEAHEMDE
Block type
Function block with historical values
Parameters
Instance SINIT Instance name
FREI BOOL Enable processing of the block,FALSE->TRUE edge
SSK INT Interface identifier (1 or 2)
BAUD INT Baud rate; 300 ... 9600 Baud
STOP INT Number of stop bits; input has no effect
ZL INT Character length, 7 or 8 data bits per character
PTY BOOL Parity, enable/disable
E_O BOOL Parity even/odd
ECHO BOOL Echo, on/off
SBRK BOOL Send break character
FEND BOOL Enable end of text character for transmitting direction
ENDS INT End of text character for transmitting direction
ENDE INT End of text character for receiving direction
Description
Serial interface initialization function block. FREI BOOL

Before using one of these interfaces, the interface must
be initialized. The function block SINIT is available for
this purpose.

The function block SINIT is processed once with every
FALSE->TRUE edge at the FREI input.

It initializes the serial interface specified at the SSK
input (COM1, COM2).

The block is run through once when a FALSE/TRUE
edge is specified at the FREI input. As the result of this,
the serial interface whose number is specified at the
SSK input is initialized and the interface is then
operable.

SSK INT

The number of the interface to be initialized is specified
at the input SSK.

The following applies :
COM1 : number = 1
COM2 : number =2
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SERIAL LINE INITIALIZATION

SINIT S40

BAUD INT

The value for the baud rate is specified at the BAUD
input.

Baud rate : 300 ... 9600 Baud

STOP INT

The number of stop bits is set to 1 and can not be
modified. The value for the number of stop bits
specified at the input STOP has no significance.
ZL INT

The input ZL specifies the required character length.
The character length signifies the number of data bits
per character.

7 or 8 data bits per character are possible.

PTY BOOL

The input PTY specifies whether a character is
transferred with or without a parity bit.

PTY = 0 -> Transfer without parity bit
PTY = 1 -> Transfer with parity bit

E_O BOOL

The input E/O specifies whether an even or odd parity
bit is required.

E/O = 0 -> Odd parity bit
E/O =1 -> Even parity bit

ECHO BOOL

The input ECHO specifies whether the characters
received through the applicable interface are to be
reflected (echoed) by the PLC. In this way, the sender
of a character, for example, can determine whether or
not it has arrived correctly in the PLC.

ECHO = 0 -> No echo, character is not reflected

ECHO =1 -> Echo, character is reflected

SBRK BOOL

The state of the transmit line TxD can be influenced at
the input SBRK (send break character).

SBRK = 0 -> Normal state of the transmit line TxD for
transfer of characters

SBRK =1 -> Transmit line TxD set to "0"

FEND BOOL

The input FEND specifies whether or not the end of text
character planned at input ENDS is output at the same
time (enable end character).

FEND = 0 -> End of text character in transmitting
direction is not output

FEND = 1 -> End of text character in transmitting
direction is output

ENDS INT

A freely selectable end of text character for the
transmitting direction can be specified at the ENDS
input. This end character is then appended

automatically to every text (telegram) which the
DRUCK block sends to the outside world through the
serial interface. However, a precondition is that input
FEND is enabled.

The end of text character is specified as a numeric
value.

Example :

3 or 03y signifies <ETX>
4 or 04y signifies <EOT>
13 or 0Dy signifies <CR>
10 or OAy signifies <LF>
32 or 204 signifies <SP>

ENDE INT

A freely selectable end of text character for the
receiving direction can be specified at the ENDE input.
When a telegram is received through the serial
interface, the PLC recognizes the end of the telegram
by virtue of this end character. The end character is
specified in the same way as in the case of the ENDS
input.
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Example
Declaration: Translation in ABB IL:
SINITT1 : SINIT; IBAO
SINIT_FREI AT %MX0.0 : BOOL; SINIT
SINIT_SSK AT %MW3001.1 : INT := 1; FREI
SINIT_BAUD AT %MW3001.2 : INT := 9600; SSK
SINIT_STOP AT %MW3001.3 : INT := 1; BAUD
SINIT_ZL AT %MW3001.4 : INT :=8; STOP
SINIT_PTY AT %MX0.1 : BOOL; ZL
SINIT_E_O AT %MX0.2 : BOOL; PTY
SINIT_ECHO AT %MX0.3 : BOOL; E_O
SINIT_SBRK AT %MX0.4 : BOOL; ECHO
SINIT_FEND AT %MX0.5 : BOOL; SBRK
SINIT_ENDS AT %MW3001.5 : INT :=13; FEND
SINIT_ENDE AT %MW3001.6 : INT :=13; ENDS
ENDE
FBD: ABB IL of example:
IBAO
SIMIT SINIT
SIMIT MO,0
SINIT_FREI-{FREI KW1,1 - 1
SINIT_S5kK 55K KW1,2 ; 9600
SIMIT_BALID—HBALD KW1,3 1
SINIT_STOP—STOF KW1,4 ;8
SINIT_ZL-{ZL MO,1
SINIT_PTY—PTY Mo,2
SIMIT_E_O—4E_O mg’i
SIMIT_ECHOQECHD M0:5
SINIT_SBRK—{SBRK KW1,5 ;13
SIMIT_FEMDAFEMND KW1,6 ;13
SIMIT_EMDS—HEMDS
SIMIT_EMDE—-EMDE
Function call in IL Function call in ST
CAL  SINIT1(FREI := SINIT_FREI, SINITA (FREI := SINIT_FREI,
SSK := SINIT_SSK, SSK := SINIT_SSK,
BAUD := SINIT_BAUD, BAUD := SINIT_BAUD,
STOP := SINIT_STOP, STOP := SINIT_STOP,
ZL := SINIT_ZL, ZL := SINIT_ZL,
PTY := SINIT_PTY, PTY := SINIT_PTY,
E_O:=SINIT_E_O, E_O:=SINIT_E_O,
ECHO := SINIT_ECHO, ECHO := SINIT_ECHO,
SBRK := SINIT_SBRK, SBRK := SINIT_SBRK,
FEND := SINIT_FEND, FEND := SINIT_FEND,
ENDS := SINIT_ENDS, ENDS := SINIT_ENDS,
ENDE := SINIT_ENDE) ENDE := SINIT_ENDE);
Note: In IL, the function call has to be performed in
one line.
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SQUARE ROOT, DOUBLEWORD

The function block SQRTD generates the square root
of the value at the input E. The result is available at the
output A and is always rounded down to an integral
number.The value at the input E must be a positive
number. If the value at the input is negative, the value
‘zero’ is output through the output A and the value
TRUE is output through the ERR output.

SQRTD S40

SGARTD_1
SQRTD
SQORTD_E—E A
ERR-SGQRTD_ERR

SORTD_A

Block type

Function block without historical values

Parameters

Instance SQRTD Instance name

E DINT Input

A DINT Square root of the input value
ERR BOOL

Error if the input value is negative, operands M, A (not E, S)

Description

The function block SQRTD generates the square root
of the value at the input E. The result is available at
the output A and is always rounded down to an
integral number.The value at the input E must be a
positive number. If the value at the input is negative,
the value ‘zero’ is output through the output A and the
value TRUE is output through the ERR output.

E DINT

The square root of the value at the input E is
generated and is available as a value of the output
operand A.

A DINT

The value of the square root is available at the output
A.

ERR BOOL

The ERR output indicates whether the value of the
input operand E is positive (>= 0) or negative (< 0).

Input E >= 0-> ERR = FALSE and A = square root
InputE<0 ->ERR=TRUEandA=0
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SQUARE ROOT, DOUBLEWORD

SQRTD S40

Example

Declaration:

SQRTD_1 : SQRTD;

SQRTD_E AT %MD2000.0 : DINT;
SQRTD_A AT %MD2000.1 : DINT;
SQRTD_ERR AT %MX0.0 : BOOL;

Translation in ABB IL:

IBA 0
SQRT
KO,1
E

A
ERR

FBD:

SORTD_1

SQRTD
SORTD_E-E A SORTD_A
ERRSGRTD_ERR

Function call in IL
CAL SQRTD_1(E := SQRTD_E)

LD SQRTD_1.A
ST SQRTD_A

LD SQRTD_1.ERR
ST SQRTD_ERR

ABB IL of example:

IBAO
SQRT
KO,1
MDO0,0
MDO,1
MO0,0

Function call in ST
SQRTD_1(E := SQRTD_E);

SQRTD_A := SQRTD_1.A;
SQRTD_ERR := SQRTD_1.ERR,;
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SQUARE ROOT, WORD SQRTW S40
The function block SQRTW generates the square root SORTW 1

of the value at the input E. The result is available at the SGRW_J

output A and is always rounded down to an integral SaRTW E|E A SORTA A

number.The value at the input E must be a positive
number. If the value at the input is negative, the value
‘zero’ is output through the output A and the value
TRUE is output through the ERR output.

ERR-SQORTW_ERR

Block type

Function block without historical values

Parameters

Instance SQRTW Instance name

E INT Input

A INT Square root of the input value

ERR BOOL Error if the input value is negative, operands M, A (not E, S)
Description

The function block SQRTW generates the square
root of the value at the input E. The result is available
at the output A and is always rounded down to an
integral number.The value at the input E must be a
positive number. If the value at the input is negative,
the value ‘zero’ is output through the output A and the
value TRUE is output through the ERR output.

E INT

The square root of the value at the input E is
generated and is available as a value of the output
operand A.

A INT

The value of the square root is available at the output
A.

ERR BOOL

The ERR output indicates whether the value of the
input operand E is positive (>= 0) or negative (< 0).

Input E >= 0-> ERR = FALSE and A = square root
InputE<0 ->ERR=TRUEandA=0
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SQUARE ROOT, WORD

SQRTW S40

Example

Declaration:

SQRTW_1: SQRTD;

SQRTW_E AT %MW 1000.0 : DINT,;
SQRTW_A AT %MW1000.1 : DINT,;
SQRTW_ERR AT %MXO0.0 : BOOL;

Translation in ABB IL:

IBA 0
SQRT
K0,0
E

A
ERR

FBD:

SORTW. 1

SERTYY
SQRTYW_E—E A

ERR-SORTW_ERR

SQRTW_A

Function call in IL
CAL SQRTW_1(E :=SQRTD_E)

LD SQRTW_1.A
ST SQRTW_A

LD SQRTW_1.ERR
ST SQRTW_ERR

ABB IL of example:

IBAO
SQRT
K0,0
MWO0,0
MWO,1
MO0,0

Function call in ST
SQRTW_1(E := SQRTW_E);

SQRTW_A := SQRTW_1.A;
SQRTW_ERR := SQRTW_1.ERR;
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SET MEMORY , DOMINATING SR S40
A status TRUE at the input SET1 sets the operand Q1 SR 1

to the status TRUE. EI;

A status TRUE at the input RESET resets the operand SF_SET14SETH 1 SR
Q1 to the status FALSE. SR_RESETHRESET ﬁﬁ

=> dominating SET

Block type

Function block without historical values

Parameters

Instance SR Instance name
SET1 BOOL Set input
RESET BOOL Reset input
Q1 BOOL Flip-flop output
Description

A status TRUE at the input SET1 sets the operand
Q1 to the status TRUE.

A status TRUE at the input RESET resets the
operand Q1 to the status FALSE.

A simultaneous TRUE status at the inputs SET1 and
RESET sets operand Q1 to a status TRUE
(dominating set).

A status FALSE at the input SET1 or RESET has no
influence on the operand Q1.

Example
Declaration: Translation in ABB IL:
SR_1:SR; | RESET
SR_SET1 AT %MX0.0 : BOOL; =R Q1
SR_RESEET AT %MXO0.1 : BOOL; | SET1
SR_Q1 AT %MX0.2 : BOOL; =S Q1
FBD: ABB IL of example:
I MO,1
SR =R M0,2
sk | MO,0
SR_SET1H5ET1 qh o1 —35R_021 =S M0,2
SFR_RESETHRESET

Function call in IL

CAL SR_1(SET1 := SR_SET,
RESET = SR_RESET)

LD SR_1.Q1
ST SR_Q

Function call in ST

SR_1 (SET1:=SR_SET,
RESET := SR_RESET);

SR_Q :=SR_1.Qf1;
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SUBTRACTION DOUBLE WORD SUBD S40
The value of the operand at input E2 is subtracted from SUBD 1

the value of the operand at input E1 and the result is SURD

assigned to the operand at output A. SUBD E1-E1 A SUBD A
The result is limited to the maximum or minimum value SUBD_EZ—EZ  Q-s5UBD_Q

of the number range (Number range: -2147483647 ...
2147483647). If limiting occurred, a TRUE signal is
assigned to the binary operand at output Q. If no
limiting occurred, a FALSE signal is assigned to the
binary operand at output Q.

Block type

Function block without historical values

Parameters

Instance SUBD Instance name

E1 DINT Minuend

E2 DINT Subtrahend

A DINT Result (difference)
Q BOOL Result limited
Description

The value of the operand at input E2 is subtracted from
the value of the operand at input E1 and the result is
assigned to the operand at output A.

The result is limited to the maximum or minimum value
of the number range (Number range:
-2147483647 ... 2147483647). If limiting occurred, a
TRUE signal is assigned to the binary operand at
output Q. If no limiting occurred, a FALSE signal is
assigned to the binary operand at output Q.

The inputs and outputs can neither be duplicated nor
negated.
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Example
Declaration: Translation in ABB IL:
SUBD_1 : SUBD; IBAO
SUBD_E1 AT %MD2000.0 : DINT; SUBD
SUBD_E2 AT %MD2000.1 : DINT; E1
SUBD_A AT %MD2000.2 : DINT; E2
SUBD_Q AT %MXO0.0 : BOOL; A
Q
FBD: ABB IL of example:
SUBD_1 IBAO
SUBRD SUBD
SUBD_E1-E1  A—— suBD A mgg’?
sUBD_E2—E2 Q=sSUBD_ MDO:Z
MO,0
Function call in IL Function call in ST
CAL SUBD_1(E1:=SUBD_ET1, E2 := SUBD_E2) SUBD_1(E1 := SUBD_E1, E2 := SUBD_E2);
LD SUBD1.A SUBD_A:=SUBD1.A;
ST SUBD_A SUBD_Q:=SUBD1.Q;
LD SUBD1.Q
ST SUBD_Q
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TIME WORD CONVERSION TIME_W S40
This functions is used to manage time value with TIME 4y 1

word variables TIME

The time in [ms] TIMEE is converted in hours, TIME_W_TIMEE—TIMEE H TIME_W_H
minutes, seconds and milliseconds. R —=TIRE S _hd

SECETIME_\W_SEC
MSETIME W _MS

Block type

Function block without historical values

Parameters

Instance TIME_W Instance name
TIMEE DINT Time value

H INT Hours value

M INT Minute value
SEC INT Second value
MS INT Millisecond value
Description

This functions is used to manage time value with word
variables

The Time value TIMEE is converted in hours, minutes,
seconds and milliseconds.

TIMEE

The time value is in millisecond.

DINT

Value range:
0 < TIMEE < 986399999

IF TIMEE is greater than 986399999 then H, M, SEC,
MS are set to the maximum value.

IF TIMEE is negative then H, M, SEC, MS are set to
zero.

H INT
Output for the hours.

Value range:
0<H<273

M

Output for the minutes.
Value range:

0<M<59

SEC

Output for the seconds.
Value range:

0<SEC <59

MS

Output for the milliseconds.

Value range:
0<MS <999

INT

INT

INT
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TIME WORD CONVERSION TIME_W S40
Example
Declaration: Translation in ABB IL:
TIME_W_1: TIME_W; IBA O
TIME_W_TIMEE AT %MD2000.0 : DINT; TIME_W
TIME_W_H AT %MW1000.0 : INT; H
TIME_W_M AT %MW1000.1 : INT; M
TIME_W_SEC AT %MW1000.2 : INT; SEC
TIME_W_MS AT %MW1000.3 : INT; MS
FBD: ABB IL of example:
TIME__1 IBA 0
TIME_W TIME_W
TIME__TIMEE—{TIMEE H TME W H  MDO,0
MI-TIME_\_h MW0,0
= MWO,1
SECHTIME W _SEC MWO.2
MSTIME_ ¥ _MS MWO 3

Function call in ST

TIME_W_1(TIMEE := TIME_W_TIMEE);
TIME_W_H :=TIME_W_1.H;
TIME_W_M :=TIME_W_1.M;

TIME_W_SEC := TIME_W_1.SEC;
TIME_W_MS := TIME_W_1.MS;

Function call in IL
CAL TIME_W_1(TIMEE := TIME_W_TIMEE);

LD TIME_W_1.H
ST TIME_W_H

LD TIME_W_1.M
ST TIME_W_M

LD TIME_W_1.SEC
ST TIME_W_SEC
LD TIME_W_1.MS
ST TIME_W_MS
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OFF DELAY TOF S40
The TRUE/FALSE edge of the input E is delayed by TOF 1

the time T at the output A. If the input E returns to TOF

TRUE level before expiry of the time T, the output A TOF IN2in TOF @

retains TRUE level.

o
ET-TOF_ET

TOF_PTPT

Block type

Function block with historical values

Parameters

Instance TOF Instance name

E BOOL Input signal

T TIME Preset time

A BOOL Delayed signal, operands M, A (not E, S)
ET TIME Time visualization

Description

The TRUE/FALSE edge of the input E is delayed by
the time T at the output A. If the input E returns to
TRUE level before expiry of the time T, the output A
retains TRUE level.

The time elapsed can be consulted at the output ET
and the preset time value at the input T can be
modified when the timer is running. The preset time is
specified in milliseconds. The time range which can
be specified is : 1 ms ... 24,8 days.

Maximum time offset at the output : < 1 cycle time

Meaningful range for T : > 1 cycle time.

. 1 L1
s L | L

t t 1
— H—H —H

o PT t0 t=PT t0 FT

General behavior

» Started timers are processed by the PLC operating
system and are therefore completely independent of
processing of the PLC program. An appropriate
message of the operating system is not issued to the
affiliated timer block in the PLC program until the
timer has elapsed.

* Processing of a timer in the PLC operating system
is influenced by the following commands. All running
timers are stopped and initialized when one of the
following actions occurs:

= Abort PLC program

» RUN/STOP switch from RUN -> STOP

= Warm or cold start
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Example
Declaration: Translation in ABB IL:
TOF_1: TOF; 'BAO
TOF_IN AT %MX0.0 : BOOL; TOF
TOF_PT AT %MD40001.0 : TIME := t#10s; (* 10000 ms *) IN
TOF_Q AT %MX0.1 : BOOL,; PT
TOF_ET AT %MD2000.0 : TIME; Q
ET
FBD: ABB IL of example:
TOF_1 'BA O
TOF ;\r/l%%
TOF_IMAIM Op—T0OF_Q KD1,0 - 10000
TOF_PTHPT ETHTOF_ET
MO, 1
MDO,0

Function call in IL

CAL

LD
ST
LD
ST

TOF_1(E:=TOF_E, T :=TOF_T)

TOF_1.A
TOF_A
TOF_1.ET
TOF_ET

Function call in ST
TOF_1(E:=TOF_E, T :=TOF_T);

TOF_A :=TOF_1.A;
TOF_ET :=TOF_1.ET;
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ON DELAY TON S40

The FALSE/TRUE edge of the input E is delayed by TOM 1

the time T at the output A. The output A retains FALSE —

level if the input E returns to FALSE level before the TON

time T has elapsed. TON_INIM e e TOMN_d
TOM_PTHPT ETHTOM_ET

Block type

Function block with historical values

Parameters

Instance TON Instance name

E BOOL Input signal

T TIME Preset time

A BOOL Delayed signal
ET TIME Time visualization
Description

The FALSE/TRUE edge of the input E is delayed by
the time T at the output A. The output A retains 0
level if the input E returns to 0 level before the time T
has elapsed.

The time elapsed can be consulted at the output ET
and the preset time value at the input T can be
modified when the timer is running. The preset time is
specified in milliseconds. The time range which can
be specified is : 1 ms ... 24.8 days.

Maximum time offset at the output : < 1 cycle time

Meaningful range for T : > 1 cycle time

S N B

ta T to t=T

General behavior

* Started timers are processed by the PLC operating
system and are therefore completely independent of
processing of the PLC program. An appropriate
message of the operating system is not issued to the
affiliated timer block in the PLC program until the
timer has elapsed.

* Processing of a timer in the PLC operating system
is influenced by the following commands. All running
timers are stopped and initialized when one of the
following actions occurs:

= Abort PLC program

» RUN/STOP switch from RUN -> STOP

= Warm or cold start
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Example
Declaration: Translation in ABB IL:
TON_1:TON; IBAO
TON_IN AT %MXO0.0 : BOOL; TON
TON_PT AT %MD40001.0 : TIME := t#10s; (* 10000 ms *) IN
TON_Q AT %MX0.1 : BOOL; PT
TON_ET AT %MD2000.0 : TIME; Q
ET
FBD: ABB IL of example:
IBAO
TOM_1 TON
TOM MO.0
TOM_IMIM e Q—T0OM_0Q KD’1 0 - 10000
TON_PT-PT ETHTON_ET MO, 1 ’
MDO,0

Function call in IL

CAL

LD
ST
LD
ST

TON_1(E:=TON_E, T :=TON_T)

TON_1.A
TON_A
TON_1.ET
TON_ET

Function call in ST
TON_1(E:=TON_E, T := TON_T);

TON_A :=TON_1.A;
TON_ET := TON_1.ET;
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MONOSTABLE ELEMENT « CONSTANT » TP S40
The FALSE/TRUE edge at the input E produces a TP 1

FALSE/TRUE edge at the output A. The output A is T;

reset to FALSE level after expiry of the period T. TP NN a TP Q
A second FALSE/TRUE Edge of the input E before the TP_PTHFT ET-TP_ET

time T has elapsed is ignored.

Block type

Function block with historical values

Parameters

Instance ASV Instance name

E BOOL Input signal

T TIMER Delay time

A BOOL Delayed signal
ET DINT Time visualization
Description

The FALSE/TRUE edge at the input E produces a
FALSE/TRUE edge at the output A. The output A is
reset to FALSE level after expiry of the period T.

A second FALSE/TRUE Edge of the input E before the
time T has elapsed is ignored.

The time elapsed can be consulted at the output ET
and the preset time value at the input E can be
modified when the timer is running.

The preset time is specified in milliseconds. The time
range which can be specified is : 1 ms ... 24.8 days.

Maximum time offset at the output : < 1 cycle time

Meaningful range for PT : > 1 cycle time.

. I -
f—
—1 —T

General behavior

 Started timers are processed by the PLC operating
system and are therefore completely independent of
processing of the PLC program. An appropriate
message of the operating system is not issued to the
affiliated timer block in the PLC program until the timer
has elapsed.

* Processing of a timer in the PLC operating system is
influenced by the following commands. All running
timers are stopped and initialized when one of the
following actions occurs:

= Abort PLC program

= RUN/STOP switch from RUN -> STOP

= Warm or cold start
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MONOSTABLE ELEMENT « CONSTANT »

TP S40

Example
Declaration: Translation in ABB IL:
TP_1:TOF; IBAO
TP_IN AT %MX0.0 : BOOL; TP
TP_PT AT %MD40001.0 : TIME := t#10s; (* 10000 ms *) IN
TP_Q AT %MX0.1 : BOOL; PT
TP_ET AT %MD2000.0 : TIME; Q
ET
FBD: ABB IL of example:
TP 1 IBAO
s IAF:) 0
TP_IMIM GOpB—TP 2 KD1,0 - 10000
TP_PTHPT ETHTP_ET MO, 1
MDO,0

Function call in IL
CAL TP_1(E:=TP_E, T:=TP_T)

LD TP_1.A
ST TP_A

LD TP_1.ET
ST TP_ET

Function call in ST
TP_1(E:=TP_E, T:=TP_T);

TP_A:=TP_1.A;
TP_ET :=TP_1.ET;
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DISPLAY AND SET CLOCK UHR S40
This function block allows to set and display UHR 1
the current time and date. =
UHR
IUHR_FREIHFREI AKT UHR_AKT
UHR_SETHSET ERR+HUHF_ERR
UHFR_ESEC—HESEC  ABECHUHR_ASEC
LHR_EMIN_—EMIM A UHR_AMIN
UHR_EH-EH AHHUHR_AH
LUHR_ETAGHETAG ATAGHUHR_ATAG
UHRE_EMOMNAEMON  AMON—LUIHR_ARMOMN
UHF_EJHR—EJHR AJHREFUHFE_AIHRE
UHFE_BEWO—{EWD A0 =LIHR_AWO
Block type
Function block with historical values
Parameters
Instance  UHR Instance name
FREI BOOL Enable block processing
SET BOOL FALSE/TRUE edge sets the time and date
ESEC INT Set input for seconds
EMIN INT Set input for minutes
EH INT Set input for hours
ETAG INT Set input for days
EMON INT Set input for months
EJHR INT Set input for years
EWO INT Set input for weekdays
AKT BOOL Topicality (usefulness) of the data at the outputs
ERR INT Error identifier
ASEC INT Output seconds
AMIN INT Output minutes
AH INT Output hours
ATAG INT Output days
AMON INT Output months
AJHR INT Output years
AWO INT Output weekday no.
Description
FREI BOOL

This function block allows to set and display the
current time and date.

The inputs and outputs can neither be duplicated nor
inverted nor negated.

The clock is set by means of the set inputs for the
time and date. The values present at the set inputs
are adopted with the occurrence of a FALSE/TRUE
edge at input SET. As long as a TRUE signal is
present at the FREI input, the current date and time
are indicated at the block’s outputs.

Enabling the block

FREI = FALSE:

The block is not processed. The AKT and ERR
outputs are set to FALSE or 0. The time and date
outputs are no longer changed by the block.

FREI = TRUE:Block is processed
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SET BOOL EWO INT
FALSE/TRUE edge: Set input for the number of the weekday.

The clock is set to the values present at the time and
date inputs.

During the setting procedure the time and date at the
block outputs are invalid (output AKT = FALSE).

Set inputs for date and time

In the event of a FALSE/TRUE edge at input SET,
the clock is set to the values present at the set inputs.
If the specified set values are inadmissible, the AKT
output is set to FALSE and an error message
appears at the ERR output. In this case the values
present at the time and date outputs are invalid. The
clock has to be set again.

ESEC INT
Set input for seconds.
Value range: 0 ... 59.
EMIN INT
Set input for minutes.
Value range: 0 ... 59.
EH INT

Set input for hours.

The clock operates in 24 hour mode, i.e. it changes
from 23:59:59 h to 0:0:0 h.

Value range: 0 ... 23.

ETAG
Set input for days (which day of the month).

INT

The clock knows the number of days depending on
the months and leap years. For the clock, a leap year
exists when the year number is an integral multiple of
4. The maximum value for the days (28, 29, 30, 31)
depends on the month.

Value range: 1...28, 29, 30, 31.

EMON INT
Set input for months.
Value range: 1 ... 12.
EJHR INT

Set input for years.
The clock only indicates the years and decades.
Value range: 0 ... 99.

This input specifies on which day of the week the
input is made. That is to say, it is possible to
determine which day of the week the day with the
number 1 is to be (e. g. Sunday or Monday).

Value range: 1 ... 7.

Example:

The clock is set on Friday, 01.07.88. If the value 6 is
entered for the week day number, Friday is now the
6th day of the week and Sunday is defined as the 1st
day of the week.

AKT BOOL
Indication of the topicality (usefulness) of the outputs.
AKT is TRUE if:

— The date and time outputs were updated in the
current cycle.

— The values at the outputs are consistent, i.e. none
of the values at the date or time outputs has
changed during updating. They all originate from
the same clock pulse.

— The clock was set correctly.

AKT = TRUE — ERR =0:
Date/time are valid

AKT = FALSE —» ERR > O:

Date/time are invalid

The reason is displayed at output ERR as an error
identifier.
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DISPLAY AND SET CLOCK UHR S40
ERR INT ASEC INT
In the event of an error, the relevant error identifier is Output seconds.
Meanings of the error identifiers:
AMIN INT
® No error has occurred: Output minutes.
ERR=0: No error has occurred or FREI = FALSE, Value range: 0 ... 59.
i.e. block disabled.
AH INT
® Error when setting the clock:
Output hours.
ERR=1: 0 < SEC < 59 has not been met Value range: 0 ... 23.
ERR=2: 0 < MIN < 59 has not been met
ERR=3: 0 < H < 23 has not been met ATAG INT
ERR=4: 1 < TAG < 28, 29, 30, 31 (depending on
the month) has not been met Output days.
ERR=5: 1< MON < 12 has not been met Value range: 1 ... 28, 29, 30, 31.
ERR=6: 0 < JHR < 99 has not been met
ERR=7: 1 < WTG < 7 has not been met AMON INT
ERR=8: The transmission mailbox is currently Output months
occupied by another user. The block P L
X . . . Value range: 1 ... 12.
waits until the mailbox is free and
afterwards date/time are set.
ERR=9: Date/time at the outputs are invalid. AJHR INT
ERR=10: Setting of date/time is currently Output years.
performed; this may take several PLC Value range: 0 ... 99.
cycles.
ERR=11: Setting was not successful, please AWO INT

repeat (unknown request code).
ERR=12: Setting was not successful, please
repeat (invalid mail parameter).
ERR=13: Setting was not successful, please
repeat (request code cannot be
executed).

® Error when displaying date and time:

ERR=9: Date/time at the outputs are
invalid.Outputs for date and time

The outputs are updated whenever a TRUE signal is
present at the FREI input and the clock has been set
once. During the setting the outputs for date and time
are invalid.

If the AKT output is equal to TRUE, the outputs for
the date and time are valid. In case of an error, an
error identifier is output at output ERR.

Output weekday no.
Value range: 1 ... 7.
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Example
Declaration: Translation in ABB IL:
UHR_1 : UHR; IBAO
UHR_FREI AT %MX0.0 : BOOL; UHR
UHR_SET AT %MX0.1 : BOOL; SET
UHR_ESEC AT %MW1000.0 : INT; ESEC
UHR_EMIN AT %MW1000.1 : INT; EMIN
UHR_EH AT %MW1000.2 : INT; EH
UHR_ETAG AT %MW1000.3 : INT; ETAG
UHR_EMON AT %MW1000.4 : INT; EMON
UHR_EJHR AT %MW1000.5 : INT; EJHR
UHR_EWO AT %MW1000.6 : INT; EWO
UHR_AKT AT %MX0.2 : BOOL; AKT
UHR_ERR AT MW1000.7 : INT; ERR
UHR_ASEC AT MW1000.8 : INT; ASEC
UHR_AMIN AT MW1000.9 : INT; AMIN
UHR_AH AT MW1000.10 : INT; AH
UHR_ATAG AT MW1000.11 : INT; ATAG
UHR_AMON AT MW1000.12 : INT; AMON
UHR_AJHR AT MW1000.13 : INT; AJHR
UHR_AWO AT MW1000.14 : INT; AWO
FBD: ABB IL of example:
UHR_1 !L'f:RO
UHR MO.0
UHR_FREI-{FREI AKT UHR_AKT M0:1
UHR_SET-{SET ERR-UHR_ERR MW1,0
UHR_ESECHESEC  ASECHUHR_ASEC MW1,1
UHR_EMIN_—EMIN AMINUHR_AMIMN MW1,2
UHR_EH-EH AHHUHR_AH MW1,3
UHR_ETAGHETAG  ATAGHUHR_ATAG MW1,4
UHR_EMON—EMON  AMOMNFUHR_AMON MW1,5
UHR_EJHR-HEJHR  AJHR|FUHR_AIHR M‘é\’gﬁ
UHR_EWO—EWO A0 FUHR_AWO MW 1,7
MW1,8
MW1,9
MW1,10
MW1,11
MW1,12
MW1,13
MW1,14
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DISPLAY AND SET CLOCK

UHR S40

Function call in IL

CAL

LD
ST
LD
ST
LD
ST
LD
ST
LD
ST
LD
ST
LD
ST
LD
ST
LD
ST

Note: In IL, the function call has to be performed in

UHR_1( FREI := UHR_FREI,
SET := UHR_SET,

ESEC := UHR_ESEC,

EMIN := UHR_EMIN,

EH := UHR_EH,

ETAG := UHR_ETAG,
EMON := UHR_EMON,
EJHR := UHR_EJHR,

EWO := UHR_EWO)

UHR_1.ERR
UHR_ERR
UHR_1.ASEC
UHR_ASEC
UHR_1.AMIN
UHR_AMIN
UHR_1.AH
UHR_AH
UHR_1.ATAG
UHR_ATAG
UHR_1.AMON
UHR_AMON
UHR_1.AJHR
UHR_AJHR
UHR_1.AWO
UHR_AWO
UHR_1.AKT
UHR_AKT

one line.

Function call in ST

UHR_1

UHR_ERR
UHR_ASEC
UHR_AMIN
UHR_AH
UHR_ATAG
UHR_AMON
UHR_AJHR
UHR_AWO
UHR_AKT

FREI := UHR_FREI,
SET := UHR_SET,
ESEC := UHR_ESEC,
EMIN := UHR_EMIN,
EH := UHR_EH,

ETAG := UHR_ETAG,
EMON := UHR_EMON,
EJHR := UHR_EJHR,
EWO := UHR_EWO);

= UHR_1.ERR;
:= UHR_1.ASEC;
:= UHR_1.AMIN;
= UHR_1.AH;

= UHR_1.ATAG;
:= UHR_1.AMON;
= UHR_1.AJHR,;
= UHR_1.AWO;
:= UHR_1.AKT;
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UNPACKING A WORD INTO BINARY VARIABLES

UNPACK(4,..) S40

UNPACKING A WORD INTO BINARY VARIABLES

This function block unpacks the word variable at

UNPACK(4,..) S40

) - c ) ) o UMPACK_4
input E. Each bit of the input variable is assigned to OMFACKA
one binary variable each (B0 ... B15) at the output. UNPACK_E—E B0 UNPACK_BO
UNPACK4 — max. 4 output variables 4-n B1-UNPACK_B1
UNPACKS8 — max. 8 output variables BI-UNPACK_BY
UNPACK16 — max. 16 output variables BIFUNPACK_B3
Block type
Function block without historical values
Parameters
Instance UNPACK Instance name
E INT Word variable to be unpacked
N INT Number of bit
B0..B15 BOOL Binary output variable
Description
This function block unpacks the word variable at input  BO0...B15 BOOL

E. Each bit of the input variable is assigned to one
binary variable each (BO ... Bn-1) at the output.

E INT

The variable to be unpacked is specified at input E.
Each bit (bit0 ... bit15) of this input variable is assigned
to the assigned output variable (BO ... Bn-1).

The assigned bits of the variable at input E are
assigned to the binary outputs BO ... B15.

Assignment:

Input variable Bit0O — B0
Input variable Bit1 — B1

Input variable Bit15 — B15

Base_40-Library
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UNPACKING A WORD INTO BINARY VARIABLES

UNPACK(4,..) S40

Example

Declaration:

Translation in ABB IL:

UNPACK_4: UNPACK4; IBAO
UNPACK_E AT %MW1001.0: INT; UNPACK
UNPACK_BO AT %MX1.0: BOOL; E
UNPACK_B1 AT %MX1.1: BOOL; #n
UNPACK_B2 AT %MX1.2: BOOL; BO
UNPACK_B3 AT %MX1.3: BOOL; B1
B2
B3
FBD: ABB IL of example:
UNPAGK_4 'BA O
LMPACKA I\UA'(\)IF;ACK
UMPACK_EQE BO LMPACE_BOD #4’
4-n B1UMPACK_B1 M1,0
B2-UNPACK_B2 M1 1
B3UNPACK B3 M1,2
M1,3
Function call in IL Function call in ST
CAL UNPACK_4(E := UNPACK_E, UNPACK_4 (E := UNPACK_E,
n:=4) n:=4);
LD UNPACK_4.B0 UNPACK_BO :=UNPACK_4.B0
ST UNPACK_BO UNPACK_B1 :=UNPACK_4.B1
LD UNPACK_4.B1 UNPACK_B2 :=UNPACK_4.B2
ST UNPACK_B1 UNPACK_B3 :=UNPACK_4.B3;
LD UNPACK_4.B2
ST UNPACK_B2
LD UNPACK_4.B3
ST UNPACK_B3
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UP-DOWN COUNTER

VRZ S40

UP-DOWN COUNTER VRZ S40
This function block is used to count pulses. During
counting, the positive edge of the pulse is evaluated in YRZ_1
each case. The counter is capable of counting up and VR
down and the counting increment can be specified. It YRZI_FREIHFREI A—VRI_A
is possible to preset the counter content to an WRE_DV oY
intermediate value. WRZ_FR-HZR
VRZ_DIFF4DIFF
VRS SETHSET
VR DWW
VRS RESETHRESET
Block type
Function block with historical values

Parameters
Instance VRZ Instance name
FREI BOOL Enabling of the block processing
yAY BOOL Pulse input, up counting
ZR BOOL Pulse input, down counting
DIFF INT Counter content change per positive edge (increment)
SET BOOL Set counter to an intermediate value
ZW INT Intermediate value
RESET BOOL Reset counter
A INT Output for counter content
Description
This function block is used to count pulses. During DIFF INT

counting, the positive edge of the pulse is evaluated
in each case. The counter is capable of counting up
and down and the counting increment can be
specified. It is possible to preset the counter content
to an intermediate value.

FREI BOOL

Counting is enabled or disabled by means of the
FREI input.

The following applies:

FREI = FALSE — Counting disabled

FREI = TRUE — Counting enabled

v BOOL

Each positive edge (FALSE — TRUE edge) at the
input ZV increases the current counter content by the
increment specified at input DIFF.

ZR BOOL

Each positive edge (FALSE — TRUE edge) at the
input ZR decreases the current counter content by
the increment specified at input DIFF.

The increment for the counting operation is specified
at input DIFF. The increment is the value by which
the counter is changed at the input ZV or ZR with
each positive edge.

SET BOOL

By means of a TRUE signal at input SET, the counter
content is set to the value specified at input ZW.
Counting is blocked as long as a TRUE signal is
present at input SET. Setting is also effective when a
TRUE signal is present at input FREI.

W INT

The value to which the counter content is set by a
TRUE signal at input SET is specified at the input
ZW.

RESET BOOL

A TRUE signal at input RESET sets the counter
content to the value 0. The reset input RES has the
highest priority of all inputs.
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UP-DOWN COUNTER VRZ S40

A INT
The current counter content is available at output A.
If the counter reaches the positive or negative limit of

the number range, the counter is limited to this value.
The inputs and the output can neither be duplicated

nor negated/inverted

Example
Declaration: Translation in ABB IL:
VRZ_1:VRZ; IBA O
VRZ_FREI AT %MXO0.0 : BOOL; VRZ
VRZ_ZV AT %MX0.1 : BOOL; RESET
VRZ_ZR AT %MX0.2 : BOOL; DIFF
VRZ_DIFF AT %MW1000.0 : INT; SET
VRZ_SET AT %MX0.3 : BOOL,; ZW
VRZ_ZW AT %MW1000.1 : INT; FREI
VRZ_RESET AT %MXO0.4 : BOOL,; yAY,
VRZ_A AT %MW1000.2 : INT; ZR
A
FBD: ABB IL of example:
IBAO
VRZ_1 VRZ
WRE MO,4
YRI_FREIHFREI A—VRS_A MWO0,0
WRE OO MO,3
WRI_FRIR MWO,1
VRZ_DIFF{DIFF M0,0
VRZ_SETHSET MO, 1
VRZ_DW—ZW MWO0,2
WRI_RESETHRESET

Function call in ST

VRZ_1(FREI := VRZ_FREI, ZV :=VRZ_2V,
ZR :=VRZ_ZR, DIFF := VRZ_DIFF,
SET := VRZ_SET, ZW :=VRZ_ZW,
RESET := VRZ_RESET);

VRZ_A:=VRZ_1.A;

Function call in IL

CAL VRZ_1(FREI := VRZ_FREI,
ZV :=VRZ_ZV,
ZR :=VRZ_ZR,
DIFF := VRZ_DIFF,
SET := VRZ_SET,
ZW :=VRZ_ZW,
RESET := VRZ_RESET)

LD VRZ_1.A
ST VRZ_A
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INTERRUPTION TASK VALIDATION VTASK S40
INTERRUPTION TASK VALIDATION VTASK S40
Enable or disable (interrupt) task routine. YTASK 1
WTASK
WTASK_EM—EM
1{IMTRLIM

Block type

Function block without historical values

Parameters

Instance  VTASK Instance name
Ene BOOL Interrupt validation
INTNUM INT Interrupt number
Description

The VTASK function validates the execution of an
interruption whose name is specified in NAME
variable

In function block diagram, the block has the name of
the interruption.

In instruction list, the function is VTASK with NAME
and EN as parameters.

Example

Declaration:

VTASK_1 : VTASK;
VTASK_EN AT %MXO0.0 : BOOL;

Translation in ABB IL:

IBAO
VTASK
EN
#INTNUM

FBD:
WTASK_1
WTASKE
WTASK_EM—EMN
T{IMT ML
Note:

The Task for INT 1 must have the name INT1,

for INT 2 — IN2 and for cycle task 10 — INT10_cycle time [ms]

Function call in IL

CAL VTASK_1i(enable ;= VTASK_enable,
N := VTASK_N)

ABB IL of example:

IBAO
VTASK
MO0,0
#1

IPE (* Programmende *)

IBAO

TASK

#1

#1

(* Code der Interrupttask *)
RET
NOP

VTASK_1

Function call in ST

(enable := VTASK_enable,
N := VTASK_N);
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AND COMBINATION, WORD WAND S40
AND COMBINATION, WORD WAND S40
This function block generates, bit-by-bit, the AND WAND

combination of the operands present at the inputs E1

and E2. The result is allocated to the operand at the Eimg—;_; WAND_A

output.

Block type
Function
Parameters
E1 INT Operand 1
E2 INT Operand 2
A INT Result of the AND combination
Description

This function block generates, bit-by-bit, the AND
combination of the operands present at the inputs E1
and E2. The result is allocated to the operand at the

output.

The inputs and outputs can neither be duplicated nor

negated.

Example

Declaration:

WAND_E1 AT %MW1000.0 : INT;
WAND_E2 AT %MW1000.1 : INT;
WAND_A AT %MW1000.2 : INT;

Translation in ABB IL:

IBAO
WAND
E1

E2

A

FBD:

WAND
WanD_E1—E1 ———WAND_A,
WanD_E2E2

Function call in IL

LD WAND_E1
WAND WAND_E2
ST WAND_A

ABB IL of example:

IBAO

WAND
MWO0,0
MWO,1
MWO0,2

Function call in ST

:= WAND(E1 := WAND_ET,
E2 := WAND_E2);

WAND_A
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WORD TIME CONVERSION W_TIME S40
WORD TIME CONVERSION W_TIME S40
This functions is used to set a TIME value through
words. W_TIME1
Th d I ted in a doubl d W_TIME
for";ixzrr fi r‘]’;i‘(‘)?s are converted in a double wor W_TIME_H—{H TIMEE——_TIME_TIMEE
’ W TIME__hl—{hi
W_TIME_SECSEC
W TIME_MS—MS
Block type
Function block without historical values

Parameters
Instance W_TIME Instance name
H INT Hour value
M INT Minute value
SEC INT Second value
MS INT Millisecond value
TIMEE DINT Time value
Description
This functions is used to set a time value through SEC INT
words.
The words values are converted in a double word for Input for the seconds.
timer functions. Value range:
The time value is in millisecond. 0 < SEC < 32767
H INT MS INT
Input for the hours. Input for the milliseconds.

Value range:
Value range:
0<H<273 0 < MS < 32767
M INT TIMEE DINT
Input for the minutes. Output for the converted time value is in milliseconds.

Value range:
Value range:
0 <M < 32767 0 < TIMEE < 986399999

If one parameter is set to a negative value, the value
used for the internal calculation is 0.
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WORD TIME CONVERSION

W_TIME S40

Example

Declaration:

W_TIME_H AT %MW1000.0 : INT;
W_TIME_M AT %MW1000.1 : INT;
W_TIME_SEC AT %MW1000.2 : INT;
W_TIME_MS AT %MW1000.3 : INT;
W_TIME_TIMEE AT %MD2000.0 : DINT;

Translation in ABB IL:

IBAO
W_TIME
H

M

SEC

MS
TIMEE

FBD:

W_TIME1

W _TIME
TIMEE—\_TIME_TIMEE

W TIME_H—H

W _TIME_td—{ b

W _TIME_SEC—SEC
W _TIME_MS—MS

Function call in IL

CAL  W_TIME1(H :=W_TIME_H,
M = W_TIME_M,
SEC := W_TIME_SEC,
MS := W_TIME_MS)

LD W_TIME1.TIMEE

ST W_TIME_TIMEE

ABB IL of example:

IBAO
W_TIME
MWO0,0
MWO,1
MWO0,2
MWO0,3
MDO0,0

Function call in ST

W_TIME1 (H:=W_TIME_H,
M = W_TIME_M,
SEC := W_TIME_SEC,
MS := W_TIME_MS);
W_TIME_TIMEE := W_TIME1.TIMEE;
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WORD TO DOUBLE WORD CONVERSION WDW S40

WORD TO DOUBLE WORD CONVERSION WDW S40
The value of the word operand at input E is converted
to a double word variable and the result is assigned to WD
the double word operand at output A. WIN_E—E DA
Block type
Function
Parameters
E INT Word variable to be converted
A DINT Result of the conversion, double word variable
Description

The value of the word operand at input E is converted  The input and the output can neither be duplicated nor
to a double word variable and the result is assigned to  negated.
the double word operand at output A.

Value range for E1:
8000y < E1 < 7FFFy
-32768 < E1 < 32767

Example
Declaration: Translation in ABB IL:
WDW_E AT %MW1000.0 : INT; IBAO
WDW_A AT %MD2000.0 : DINT; WDW
E
A
FBD: ABB IL of example:
IBAO
WD WDW
WDy E—E WDV A MWO0,0
MDO,0
Function call in IL Function call in ST
LD WDW_E WDW_DW := WDW(WDW_E);
WDW

ST WDW_DW
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READ WORD WITH ENABLING

WOL S40

READ WORD WITH ENABLING WOL S40
If there is a TRUE signal at input FREI, the value of the
specified physical address is read and assigned to the WoL
16#0—0OFF
16#197Cq5EG
Block type
Function
Parameters
FREI BOOL Enabling the block
OFF INT Offset address of the memory location
SEG INT Segment address of the memory location
A INT Output to which the value read is assigned
Description
If there is a TRUE signal at input FREI, the value of the OFF INT

specified physical address is read and assigned to the
operand at output A.

No reading and no assignment is performed, if there is
a FALSE signal at input FREI.

The inputs and the output can neither be duplicated nor
negated.
FREI BOOL

Processing of the block is enabled or disabled with the
operand at input FREI.

The following applies:

FREI = FALSE — Processing disabled
FREI = TRUE — Processing enabled

The offset address to be read is specified at input OFF.
This is specified as 16 bit address.

SEG INT

The segment address to be read is specified at input
ADRESSE. This is specified as 16 bit address.

A INT

The value read is assigned to the operand at output A.
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READ WORD WITH ENABLING

WOL S40

Example

Declaration:

WOL_FREI AT %MXO0.0 : BOOL;
WOL_A AT %MW1000.0 : INT

Translation in ABB IL:

IBA 0
woL
FREI
OFF
SEG

FBD:

WL
WOL_FREIHFREI —WOL_A
1E#0qOFF
16#107C45EG

Function call in IL

LD WOL_FREI
WOL WOL_OFF, WOL_ADR
ST WOL_A

ABB IL of example:

IBAO
WOL
MO0,0

#0
#H197C

Function call in ST

WOL_A := WOL(WOL_FREI,
WOL_OFF,
WOL_SEG);
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OR COMBINATION, WORD

WOR S40

OR COMBINATION, WORD

This function block generates, bit-by-bit, the OR
combination of the operands present at the inputs E1
and E2. The result is allocated to the operand at the
output.

WOR S40
WOR
WOR_ET—ET ———WOR_A
WOR_E2-E2

Block type
Function
Parameters
E1 INT Operand 1
E2 INT Operand 2
A INT Result of the OR combination
Description

This function block generates, bit-by-bit, the OR
combination of the operands present at the inputs E1
and E2. The result is allocated to the operand at the

output.

The inputs and outputs can neither be duplicated nor
negated.

Example

Declaration:

WOR_E1 AT %MW1000.0 : INT;
WOR_E2 AT %MW1000.1 : INT;
WOR_A AT %MW1000.2 : INT;

Translation in ABB IL:

IBAO
WOR
E1
E2

A

FBD:

WOR
WOR_E1—E1 —WOR_A
WOR_EZHEZ

Function call in IL

LD WOR_E1
WOR WOR_E2
ST WOR_A

ABB IL of example:

IBAO
WOR
MWO0,0
MWO,1
MWO0,2

Function call in ST

WOR_A :=WOR(E1 :=WOR_EI1,
E2 := WOR_E2);
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XOR COMBINATION, WORD WXOR S40

XOR COMBINATION, WORD WXOR S40
This function block generates, bit-by-bit, the XOR R

combination of the operands present at the inputs E1 WHOR E1-E1 WHOR A
and E2. The result is allocated to the operand at the - =
output. WHOR_EZEZ

Block type
Function
Parameters
E1 INT Operand 1
E2 INT Operand 2
A INT Result of the XOR combination
Description

This function block generates, bit-by-bit, the XOR  The inputs and outputs can neither be duplicated nor
combination of the operands present at the inputs E1 negated.
and E2. The result is allocated to the operand at the

output.
Example
Declaration: Translation in ABB IL:
WXOR_E1 AT %MW1000.0 : INT; IBAO
WXOR_E2 AT %MW1000.1 : INT; WXOR
WXOR_A AT %MW1000.2 : INT; E1
E2
A
FBD: ABB IL of example:
]
WixOR_E1 ETMDR ———HOR_A VSQSR
— 7] = MWO0,0
WHOR_E2-E2 MWO, 1
MWO0,2
Function call in IL Function call in ST
LD WXOR_E1 WXOR_A :=WXOR(E1 := WXOR_ET1,
WXOR WXOR_E2 E2 := WXOR_E2);

ST WXOR_A
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Glossary

BOOL

Variables of the type BOOL can have the values TRUE and FALSE. For this, 8 bit memory space are reserved.

DINT
DINT belongs to the integer data types.

The different numerical types are responsible for a different numerical range. For integer data types the following
range limits are valid:

Type Lower limit Upper limit Memory space
DINT: -2147483648 2147483647 32 bit

Due to this, it is possible that information are lost during the conversion of greater data types to smaller data types.

DWORD
DWORD belongs to the integer data types.

The different numerical types are responsible for a different numerical range. For integer data types the following
range limits are valid:

Type Lower limit Upper limit Memory space
DWORD 0 4294967295 32 bit

Due to this, it is possible that information are lost during the conversion of greater data types to smaller data types.

INT
INT belongs to the integer data types.

The different numerical types are responsible for a different numerical range. For integer data types the following
range limits are valid:

Type Lower limit Upper limit Memory space
INT: -32768 32767 16 bit

Due to this, it is possible that information are lost during the conversion of greater data types to smaller data types.
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WORD
WORD belongs to the integer data types.

The different numerical types are responsible for a different numerical range. For integer data types the following
range limits are valid:

Type Lower limit Upper limit Memory space
WORD 0 65535 16 bit

Due to this, it is possible that information are lost during the conversion of greater data types to smaller data types.

Functions

Functions are subroutines which have multiple input parameters and return exactly one result element. The
returned result can be of an elementary or a derived data type.

For the same input parameters, functions always return the same result (they do not have an internal memory).

Therefore, the following rules can derived:

¢  Within functions, global variables can neither be read nor written.
o Within functions, it is not allowed to read or write absolute operands.
e Within functions, it is not allowed to call function blocks.

Function blocks

Function blocks are subroutines which can have as much inputs, outputs and internal variables as required. They
are called by a program or by another function block.

As they can be used several times (with different data records), function blocks (code and interface) can be
considered as type. When assigning an individual data record (declaration) to the function block, a function block
instance is generated.

In contrast to functions, function blocks can contain statically local data which are saved from one call to the next.
This allows for example to realize counters which may not forget their counter value. I.e. function blocks can have
an internal memory.

Functions and function blocks differ in two essential points:

o A function block has multiple output parameters. A function has maximally one output parameter. Note that the
output parameters of functions and function blocks differ syntactically.
¢ In contrast to a function, a function block can have an internal memory.

For all ABB function blocks it has to be observed that instance names may not be defined several times if different
data sets should be called.

Example:

Name Type
VRZ1 VRZ
VRZ2 VRZ
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