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X Preface

This manual provides detailed introduction for the function blocks included in the ATC library. A thorough understanding of
the relevant functions, operating methods, etc., is required for the correct use of the function modules.

Furthermore, please store this manual in an easily accessible location after reading.

I Targe reader

This manual enables users of the HCFA ATC library function blocks to gain a comprehensive understanding of the function
blocks and their operating methods within the library, as well as to master their application.

I Update record

Version Update time Update Content
V0.9 20240320 Synchronization with the functional descriptions of the HCFA_ATCLib_1.15.14.compiled-library
V1.0 20240402 Synchronization with the functional descriptions of the HCFA_ATCLib_1.15.16.compiled-library




apter 1 Library File Addition




This manual provides a detailed explanation of the functions included in the HCFA_ATCLib_1.8.5 library. Before using the

functions contained in the library file, the corresponding library file must be installed in CODESYS by following the steps below.

[1] In CODESYS, click [Tools]->[Library].
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[3] In the pop-up system dialog, select the corresponding version of the library file (here, HCFA_
ATCLib_1.8.5) and click the [Open] to install the library file.
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[4] After successful installation, the HCFA_ATCLib library with version number 1.0.0.0 can be seen in the
“Library" window under [HCFA]->[ATC]. For library versions after 1.12.5, the file location is changed to
hcfaAtcLib under [HCFA].
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[5] In the CODESYS interface, double-click [Library Manager]->[Add Library] in the device tree. In the
pop-up "Add Library" window, enable the [Show Advanced Libraries] option, then click [HCFA]->[ATC]-
>[HCFA_ATCLib] sequentially to select the newly installed library, and click "OK" to complete the addition.
For library versions after 1.12.5, the addition location changes to directly under the [HCFA] path as
described in step[4].
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[6] After the addition is completed, it can be seen in the Library Manager that the library HCFA_ATCLib
1.0.0.0 (renamed to hcfaAtcLib 1.0.0.0 after 1.12.5) has been added. Clicking on it allows viewing of the

detailed version and brief descriptions of each function block.
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2.1  FB_EtherCATManager (FB)

This function block implements EtherCAT master network management. It controls the enable/disable status of slave sta-
tions and includes some basic diagnostic functions.

€ Variables

Name FB_EtherCATManager (Communication management)
Supported modes CSP Csv CST
Graphical representation ST representation
FB_EtherCATManager(
bEnable:=,
bReConfig:=,
pECATSlave:=,
FB_EtherCATManager
—bEnable bECATStatusf— szECATSlave:=,
—bReConfig ballslaveOp— bDeviceDiagOn:= ,
—pECATSlave bReConfigDonef—
—=zECATSlave bErrar— bECATStatus=>,
—{bDeviceDiagOn eErrorlD— bAlISlaveOp=> ,
pMasterQ—
stFrameStatusf— bReConfigDone=>,
sMasterMessage— _
uiFirstNotOpSlavel— bError=>,
eErrorlD=>,
pMaster=>,

stFrameStatus=>,

sMasterMessage=>,

uiFirstNotOpSlave=>);

(1) Input variable
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Input variable Name Data type Valid range | Initial value Description
TRUE: Enables the function block;
bEnable Enable BOOL TRUE, FALSE FALSE
FALSE: Disables the function block.
bReConfig Reconfigure master BOOL TRUE, FALSE FALSE TRUE: Reconfigures the master station.

Used to enable/disable slaves or auto-
pECATSlave Slave structure array |POINT TO stECATSlave ) ) )
matically acquire slave pointers.

Specifies the memory size of the slave

szECATSlave Memory size UINT 0
array structure.
o ] ) ) Specifies whether to enable the diagnos-
bDeviceDiagOn Diagnostic function BOOL TRUE, FALSE FALSE ) )
tic function.
(2) Output variable
Output variable Name Data type Valid range Description
TRUE: EtherCAT communication is normal; DC
bECATStatus EtherCAT bus status BOOL TRUE, FALSE
clock synchronization is successful.
bAllSlaveOp All slaves OP status BOOL TRUE, FALSE | TRUE: All slave devices have entered the OP state.
Master reconfiguration
bReConfigDone q BOOL TRUE, FALSE | TRUE: Master station reconfiguration is complete.
one
TRUE: An error occurred in the function block;
bError Error BOOL TRUE, FALSE
execution has stopped.
Outputs the corresponding fault code when an
ErrorlD Error ID SMC_ERROR 0
error occurs in the function block.
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) Pointer to the current corresponding master
pMaster Master POINTER TO loDrivEthercat )
station.
stFrameStatus Transmission status | stECATMasterFrameStatus Master station data frame transmission status.
sMasterMessage Message STRING Master station status information.
. The first slave not in OP state, used for trouble-
uiFirsetNotOpSlave Faulty slave ID UINT 0 ) o
shooting communication faults.

(3) Transition timing of output variables

Variable Becomes TRUE when Becomes FALSE when
+ ECAT bus communication is normal, and DC clock synchroni- | « bError becomes TRUE.
bECATStatus o -
zation is complete. + uiFirstNotOpSlave outputs the faulty slave ID.
bAllSlaveOp - All slave stations enter the OP state. - The master station is reconfigured.
bReConfigDone - Master station reconfiguration is complete. - The master station is reconfigured.
bError + Afault occurs during function block execution. + The fault condition is cleared.

€ Data types

(4) Slave structure

Name Data type Valid range Initial value Description
bDisableSlave BOOL TRUE, FALSE FALSE TRUE: Disables this slave.

pSlave POINT TO stECATSlave Automatically acquired slave pointer.

PAXxis POINT T;//T?’XIS_REF_ Valid when diagnostics are enabled.

¢ Key points

- After bEnable is set to TRUE, FB_EtherCATManager enters the execution state, and its other input pins are then pro-
cessed by FB_EtherCATManager.

- After Enable is set to FALSE, FB_EtherCATManager will no longer execute any function block logic. Modifying its other
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input pins at this time will have no effect.

- The bReConfig pin controls master reconfiguration. After modifying the enable/disable settings in the slave structure(s),
this pin must be triggered to make the changes effective.

- pECATSlave (pointer to the start address of the slave structure array) points to a structure array of type stECATSlave.
When the function block's bEnable pin is triggered, slave and axis pointers are automatically acquired.

- bDeviceDiagOn (diagnostic function) specifies whether the Device -> PLC Settings -> Additional Settings -> Enable De-
vice Diagnostics function is enabled. This must be set accurately. When diagnostics are enabled and this pin is set to TRUE, axis
pointers under servo drives can be automatically acquired, and enable/disable operations on axes can be performed.

17



I 2.1.1 Usage example (diagnostic mode)

[1] Add an EtherCAT master station.

Right-click [Device] -> [Add Device]. In the pop-up "Add Device" window, navigate and click [Fieldbus] -> [EtherCAT] ->

[Master] -> [EtherCAT Master SoftMotion] -> [Add Device] to

complete adding the master station.

B -@ Lintitled 1
b [ pevice (Hcq1-13000)
=80 pLc 1248 ¥ =0
= n Application =i
il -
PLC_PRG (PRG)| ¥< Tk
- # rEmE =y
=gk EtherCAT T
T B pic oy EmuE v
‘& LocalDevice E:' Pﬁnﬂ:\ﬁ[{’-ﬁ;&
& softMotion General Axis Fﬁ]’]l]-&ﬁ
= [ EtherCAT Master Softy EHRE..
= m LocalEtherCATDevic D REVE
[ Hoox_op1s o RENSEA..
HCQX_MD15_D £ 1ORRET ut,DC2
@ w8
= ﬂi HCFA_X3E_Servo_[j MCSVE ) BRET..
‘? 5M_Drive_Ger] SHEEIEICSY...
X EEESE.
WEERRFEDevice]
HE

—| @ #mas X b
_ | & |\ |0
2
@MIERE EEED REEEE OEFERW
B ] [ R v
£ LR -z =k
+- [0 i
= [ mipge E
+ - AN CANEL.IS
= D;a Ethercat
> e 1
m EtherCAT Master 35 - Smart Software Solyig® GmbH 3.5.14.0 EtherCAJ
- l TJ EerCAT Master SoTtvoton 35 - Smart Sortwar utiond GmbH 3.5.14.0 EtherCaf
. T thene®
™ + {2} Home&Building Automation
- - N8 Modbus

+- #H Profibus
*- 5 Profinet 10
+ S SERCOS

+ BB L ARUEAIE

& FEHEOIA, S ESREPEER—TBIFNR.)

£ >
MisAlad O 2TrHaREs RREE) [ 2rdiifs
HY L LEFF AR FE.
E]
a
2 ]

| Gl I FH
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[2] Add EtherCAT slave stations.

Right-click [EtherCAT_Master_SoftMotion] in the left device tree -> [Add Devicel. In the pop-up "Add Device" window, add
corresponding devices according to the actual connections. The search box can be used to find and add devices directly.
% LocalDevice -
"% SoftMotion General Axis Pool
f [l EtherCAT_Masts y =

= [ LocalEtherCy ==
[ Hogx_d - C24v)
[ Hogx M XI ﬂ;ﬁ Digtal Output,DC24V)
=-[{J Hera x3E_9 &)
HgP sM_Dn =L EricDSP402)

RIS

=

|  EmeE.
BARE..
L.
saEaE
= a8

O wmEws
REUSER.
FEIOmE
MCSVEARRET...
SHIEIEICSV...

[r==1

tMotion) l

-

4 [0 Emas ® |

£
hE:
@ FthiEE @ OEMRED htinE ) O BEFirE W

ETHTNFTS || EEm: | <zmpmmE v
£ -
= 0 mRe

= ook Ethercat E
= oelt ik
=l HCFA Co.,Ltd - HCFA-X3E-DRIVER
[T Hera x3€ Servo Driver
+--[ 1 ifm electronic - ifm electronic EtherCAT Devices
+ [ LinkHou-5V-11 - Servo Drives
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+-- [l Panasonic Corporation, Appliances Company - A58
+ Al Parker Hannifin - Parker Servo Drive 1M
+-- [l Parker Hannifin - Parker Servo Drive 15
+ - [l Schneider Electric - Drives
+- [l Staubli Robotics - Drives
+ - [l STOEBER ANTRIEBSTECHMIK GmbH & Co. KG - Antriebe
=+ [l Zhejiang Hechuan Technology Co. Ltd. - HCFA-Couplers
[ Hoqreco
[ HeqxECO1D
[ HogxEcozD
m LocalEtherCATDevice
< - >

MR O S TRERERRER) (]S REE

M #3: LocalEtherCATDevice
EE#E: Ihejiang Hechuan Technology Co. Ltd.

e Bk ==
A Revision=16500000001 %
<

BE®: LocalEtherCATDevice
#83F: EtherCAT Slave imported from Slave XML: LocalEther CATDevice, xml
Device: LocalEtherCATDevice

[-=3 I ol R B

BuEgEFARE— T FREEN
EtherCAT_Master_SoftMotion

8 GEHBEOITHE, SAUEShEPEER—TBTTE.)

=
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Alternatively, after logging into the PLC, right-click [EtherCAT_Master_SoftMotion] -> [Scan Devices]. After the scan com-
pletes, click [Copy All Devices to Project] to add all currently connected devices.

There are four slave devices here (Note: LocalEtherCATDevice is also a slave device).

wE > 0 X
=15 Untitled? -
=[] Device (HCQ1-1300-D)
=& pLc 248
= u' Application
I iINESEES
[E] rLC_PRG (PREG)
- i1sms
=38 EtherCAT Task
] PLC_PRG

2 LocalDevice

2 SoftMotion General Axis Pool
= ﬁ EtherCAT_Master_SoftMotion (EtherCAT Master SoftMotion)
1 Lﬂ LocalEtherCATDevice (LocalEtherCATDevice)

2 | [ HCox_oD16_D2 (OD16, 16 Digtal Output,DC24V)

3 ﬂi HCQX_MD16_D2 {MD16,8 Digtal Input and & Digtal Output, D24y
4 4 HCFa 3{3E _Servo Drwer (HCFA ¥ 3E Serva Driver)

H? SM_Drive_GenericDSP402 (SM_Drive_GenericDSP402)

[3] Declare the FB_EtherCATManager function block and the slave structure array.

Note: The array size can be determined based on the actual situation.

PLC_PRG X [ [T] LocalEtherCATDevice
PROGRAM PLC_ERG
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o W

EcatMan :FB_EtherCATManager;
ecat :ARRRY [l..4] OF stECATSlawve;
END VAR

[4] Call the function block and assign the slave structure array to the corresponding pin.

EcatMan(
kEnakle:= ,

B P g

pECATSlave:= ADR(=cat), /

3zECATS1ave:= SIZEOF (ecat),

L)
BECATStatus=> ,
bA115lavelp=> ,
bReConfigDone=> ,
bError=> ,
eErrorID=> ,

pMaster=> ,
stFrameStatus=>» ,
sMasterMessage=> ,
uiFiratNotOpSlave=> ) »
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[5] Enable the device's diagnostic mode. Double-click [Device] in the left device tree, select the [PLC
Settings] tab, check the box for [Enable Device Diagnostics] under "Additional Settings”, and click [OK] in

the pop-up window.

HE ~ 2 %X|| (@ pevice x
=) Unttieds L1 p—
T Device tHcQ1300) ] BRBE
~ el pc =8 o]
=1} Application 1
D EzEs EHSTR
PLC_PRG (PRG)
=@ frama 55
=% EtherCAT Task 8%
8] re_rrG
3 LocaDevice —
"3 SoftMotion General Axis Pocl PLCtRS
= [ EtherCAT_Master_SoftMotion (EtherCAT Master Softiotior) e
= [ LocalEthercATDevice (LocalEtherCATDevice)
[ Hcax_oD16_D2 (0D 16, 16 Digtal Output,DC24V) higHRR
[ Heax _MD16_D2 (MD16,8 Digtal Input and 8 Digtal Output,DC24)
= [ HCFA_X3_Servo_Driver (HCFA X3E Servo Driver) Szl g
HgP SM_Drive_GenericDSP402 (SM_Drive_GenericDSP403) AEES
5
=]
[6] Log into the PLC and start the program.

pilevis
FLCRE

[ &z 1tA{EEf 10
2 L RdEAT

BREEHES:
B RS
FmEE

LR OMAAREHIFEE
[ 10BEB TR

Applcation
RHHRIE ad
ZROHES F EAENE
<SRiEE>

LR AL 3

CODESYS

R R EE AT TR
imRLEEE?

[7] In diagnostic mode, both bDeviceDiagOn and bEnable must be set to TRUE simultaneously to
correctly enable diagnostic mode and acquire the axis pointers of the slaves. If the bDeviceDiagOn pin
is set to TRUE after the bEnable pin, the function block actually operates in non-diagnostic mode and

cannot acquire axis pointers.

=& ESid) B EEE
= @ EcatMan FB_EtherCATManager
45 bEnable BOOL I
4 bReConfig BOOL
+ 4% pECATSlave POINTER TO stECATSlave
4y szECATSave UINT
I@ bDeviceDiagOn BOCL I
"$ DECATStatus BOOL
"% ballslaveop BOOL
"% bReConfigDone BOCL
"% bError BOOL FAl
@ eErrorlD EECATMANGERERRORID NO_ERROR
+ "§ pMaster POINTER TO IoDrvEthercat 1600000000
+ '@ stFrameStatus stECATMasterFrameStatus
"% sMasterMessage STRING
"@ uiFirstNotOpslave UINT 0
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When the function block is enabled, EtherCAT communication is established, and all slaves are in OP state (TRUE), both the
bECATStatus and bAllSlaveOp pins output TRUE.

S > 2 X @ pevice [S] PLC_PRG X [7#  SM_Drive_GenericDSP402 |
=5 Untitleds hdl  Device.Application.PLC_PRG
=+ i) Device [EEHT (HOQ1-1300D) = Sl & ¥
- Bl ecizig = # EcatMan FB_EtherCATManager
=} Application (E{T] 4 bEnable BOOL
D s % bReConfig BOOL
PLC_PRG (PRE) ¥ 4y pECATSlave POINTER TO StECATSlave 16275FEE2DC
. @ FHEE *p szECATSlave UINT 48
= EtherCAT Task %% bDeviceDiagOn BOOL TRUE
&] PiC PRG "% bECATStatus BOOL
& Trace "% ballSiaveOp EOOL
2 LocalDevice "% bReConfigDone
"2 SoftMotion General Axis Paol "% bError
= ﬂi EtherCAT_Master_SoftMotion (Ether[AT Maste) r = EECATMANGERERRORID NO_ERROR
= [ LocalEthercATDEvice (LocalEther CATDevied + " pMaster POINTER TO IeDrvEthercat 16275FEB260
@ Hoox_on1e b2 (0016, 16 igtal Outp + " stFrameStatus SHECATMasterFrameStatus
ﬂj HCQH_MD16_D2 (MD16,8 Digtal Input "% sMasterMessage STRING ‘Startup finished: All slaves in operational '
= m HCFA_X3E_Servo_Driver (HCFA [K3E Servo " uiFirsthotOpSlave UINT 0
.f SM_Drive_GenericDSP402 §sM_Drive || _ # ecat ARRAY [1..4] OF StECATSlave
= @ ecat[1] StECATSlave
# bDisableSlave BOOL
+ @ pSlave POINTER TO ETCSlave 16=75FFoA38
+ @ phxis POINTER TO AXIS_REF_SM3 16=00000000
= @ ecat[2] stECATSlave
@ bDisableSlave BOOL FALSE

Simultaneously, the slave pointers and axis pointers can be obtained from the defined structure array. The array order cor-
responds to the slaves.
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™~ " sMasterMessage STRING ‘Startup finished: All slaves in operational I
3 LocalDevice @ uiFirstNotOpSlave  UINT 0
% SoftMotion General Axis Pool = @ et ARRAY [1..4] OF StECATSlave
= [ EtherCAT Master_SoftMotion (EtherCAT Maste StECATSIave
= erCATDevice (LocalEtherCATDevice # bDisableslave s00L .}
D 16.D2 (0D 16,16 Digtal Outp ¥ @ pSlave POINTER TO ETCSlave 16#75FFoA%8
OX_MD15_] Digtal Input £ @ pAxs POINTER TO AXIS_REF_SM3 16200000000
= vo_Driver (HCFA X3E SErver- I Epr——ry FECATSIave
SP402 (SM_Drive | % DDisableslave BOOL 2 FAL:
+ @ pslave POINTER TO ETCSlave 16+75FFIEFS
L) + @ phus POINTER. TO AXIS_REF_SM3 16%00000000
I R m—
4 bDisableslave BOOL 3
+ @ pSlave POINTER. TQ ETCSlave
+ @ phus POINTER. TO AXIS_REF_SM3 16700000000

= @ ecatld] StECATSlave A
4 bDisableslave BOOL

* @ pSlave POINTER TO ETCSlave 16%75FFATBS
+ @ phuis POINTER TO AXIS_REF_SM3 16#75FFAC1E

[8] Disable slave stations.

In the corresponding slave structures, enable/disable is controlled via the bDisableSlave pin (FALSE = Enable, TRUE = Dis-
able). This example demonstrates disabling slave module HCQX_MD_D2 and servo slave HCFA_X3E_Servo_Driver, i.e, slaves 3-4

here.
= & ecat ARRAY [1..4] OF stECATSlave

+ @ ecat[1] stECATSlave

+ @ ecat[2] stECATSlave

= @ ecat[3] StECATSlave D —
| @ bDisableSlave BOOL TRUE I -
+ @ pSlave POINTER TO ETCSlave 16#75FFA358 -
+ @ phxis POINTER TO AXIS_REF_SM3 1600000000 -

= _scatl4] StECATSIaue
| 4 bDisableSlave BOOL TRUE I N
+ @ pSlave POINTER TO ETCSlave 16#75FFA7BS -
+ @ phxis POINTER. TO AXIS_REF_SM3 16#75FFAC18 -
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After modifying the pins of the slave structures, the FB_EtherCATManager's bReConfig pin must be triggered to make the
changes effective.

(@ Device  |8s SM_Drve_GerericDsP402  '[E] PLC_PRG %
Device Applical
=T Bt & ==E bch 8 e
= ¢ EcatMan FB_EtherCATManager
“ bEnable BOOL —ERETRE ST
* bReConfig BOOL l I B e SULTI ]
# “p pECATSlave POINTER TO stECATSlave s t
4% szECATSlave UINT =3 7
*% bDeviceDiagOn BOOL =W i
" bECATStatus BOOL s |
"% ballSlaveOp BOOL e &
F$ bReConfigDone BOCL
g bError BOOL bk '
"% eErrorlD EECATMANGERERRORID NO_FRROR & EIEE
+ g pMaster POINTER TO IoDrvEthercat 16#75FEB260 EE 3
+ g stFrameStatus StECATMasterFrameStatus T3 BABE.
" sMasterMessage STRING ‘Startup finished: All slavesin operational ' =i .
" uiFirstNotOpSlave UINT 0
= @ et ARRAY [L..4] OF StECATSlave W AR
+ @ ecat[1] StECATSlave REERES
* § ect[2] StECATSlave W
= @ ecat[3] StECATSlave 3 |ET==a
#§ bDisableSlave BOOL UE X I
* & pSlave POINTER TO ETCSlave EFFABES I: %NDW?CE'APF‘:Catfonlmﬁﬁﬁg
+ @ phis POINTER TO AXIS_REF_SM3 16200000000 i e ol L
= % ecotd) CECATS e L Device.Application ¥IFFSE
@ bDisableSlave BOOL T, L
+ @ pSlave POINTER TO ETCSlave 16 75FFATBS —EENFREIM G TET
+ @ phyis POINTER TO AXIS_REF_SM3 16#75FFAC18 —BREHEET . AT

After triggering the master reconfiguration pin, it can be observed in the left device tree that all slaves restart, and slaves 3-4
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are disabled.
& > 1 X [f) Device  [m#  SM_Drive_GenericDsPa02 PLC_PRG X
=45 thatledt M|  Device.Application.PLC_PRG
= 4 [7) Device [EHA (HCQ1-1300-D) [ sm = EEE
=Bl pciBE = @ EcatMan FB_EtherCATManager
- & Application [1&171 4 bEnsble BoOL
iy ==z p bReConfig BooL L 1
PLC_PRG (PRG) # M pECATSave POINTER TO SECATSlave
- @ rRmE 4p szECATSlave UINT
= EtherCAT Task 4% bDeviceDiagOn BOOL
8] pLc_PrG % bECATStatus BOCL
& Trace "% bAllSlavedn BOOL
3 LocalDevice "% bReConfigDone BOOL
" SoftMotion General Axis Pool " bError B00L
=& [F) EthercaT_Master_SoftMotion (EtherCAT Maste — CECATMANGERERRORID NO_ERROR
= [ LocalEtherCATDevice (LocalEtherCATDevic + " pMaster POINTER TO IoDrvEthercat 1647SFEB260
A\ Hogx_oD1s P2 (0015, 36 Digtal Outp + " stFrameStstus SEECATMasterFrameStatus
i g sMasterMessage STRIMG ‘Read slaveinformations’
=@ "$ uFirstNotOpSlave  UINT 1
He? = @ eat ARRAY [1..4] OF StECATSlave
+ @ ecat[1] StECATSlave
+ @ ecatl2] SEECATSlave
= % ecatl3] StECATSlave
4 bDisableSlave BOOL 12
+ @ pSlave POINTER TO ETCSlave 16=75FFA350
b paxis POINTER TO AXIS_REF_SM3 16200000000
= @ ecatl4] SEECATSlave
# bDisableSlave  BOOL
* & pSlave POINTER TO ETCSlave 16#75FFATES
* @ phxis POINTER TO AXIS_REF_SM3 16275FFACLS
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Simultaneously, the FB_EtherCATManager's bECATStatus and bAllSlaveOp pin outputs become FALSE. After the slave
modules complete EtherCAT communication, bAllSlaveOp outputs TRUE. However, because the servo slave is disabled and the

local device is a non-DC device, bECATStatus still outputs FALSE.

BE = # X| (7 Device [0/ 5M Drive GenericDsP402  [E] PLC_PRG X | [} EtherCAT Master SoftMotion | [f] HCFA X3 Servo Dri
= ) Untteds bd|  Device.Application.PLC_PRG
= [ Device [EfAY) (HCQ1-1300-D) Jr— sem & EEE stk
= 20 pLc iBiE = @ EcatMan FB_EtherCATManager
= £} Application [E=7] 4 bEnable BooL
i == 4§ bReConfig BOOL
PLC_PRG (FRG) ¥ 9 pECATSlave POINTER TO StECATSlave 16#75FE62DC
- @ EmE 4§ szECATSlave UINT
= EthercAT Task 4y bDeviceDiagon B00L
&P Pre [# becaTstatus BO0L
& Trace [ balislavecp BOOL
2 LocaDevies T bReConfigDone BOOL
"2 SoftMotion General Axis Pool " brror BO0L =
T E=rCAT_Master_SoftMotion (EtherCAT Maste Ry ckrrorD EECATMANGERERRORID NO_ERROR

=5[] LocgEtherCATDevice (LocalEther CATDevic

+ @ pMaster
[ hcax_opis D2 (©D1, 16 Digtal Outp!

* Ty stFrameStatus

POINTER TO IeDrvEthercat 16#75FEB260
stECATMasterFrameStatus

i)

" sMasterMessage STRING ‘Startup finished: All slaves in operational I'
=@ T uiFirstNotOpSlave UINT 0
o = @ ecat ARRAY [1..4] OF SEECATSlave
# @ ecat[l] StECATSlave
¥ @ ecatl2] SIECATSlave
= @ ecat[3] StECATSlave
@ bDisableslave B00L
® @ pSlave POINTER TO ETCSlave 1675FFA3SE
® @ paxs POINTER TO AXIS_REF_SM3 1600000000
= @ ecatld] StECATSlave
@ bDisableslave B00L
® @ pSlave POINTER TO ETCSlave 16575FFATBS
® @ phxs POINTER TO AXIS_REF_SM3 1675FFACLS

[9] Enable slave stations.

The operation is similar to disabling slaves. Set the bDisableSlave pin in the corresponding slave structures to FALSE, then
trigger the FB_EtherCATManager's bReConfig pin again to make the changes effective. All slaves restart, and the correspond-
ing slaves are re-enabled. When both the slave modules and servo slaves complete communication, the FB_EtherCATMan-
ager's bECATStatus and bAllSlaveOp pin outputs become TRUE. However, the axis error (SMC_DI_GENERAL_COMMUNICATION_
ERROR), being a communication error, will not clear automatically. A separate call to the SMC3_ReinitDrive function block is
required to reset the axis. Example:

L]
Q)
o
3
3
c
=
O
Q
(=)
o
>
~~
Q)
o
3
3
c
=
O
Q
(=)
o
>
<
Q
>
Q
«Q
D
3
D
>
—+
N

1T
=] 17 FB ReinitDriwve(
1 Axis:= 5M_Drive GenericD5SF402,
13 LbExecute:= ,
20 bVirtual:= ,
Zl bDone=> ,
22 bBusy=> ,
23 bError=> ,
z4 nErrorID=> }:
=] 28 IF EcatMan.bECATStatus AND SM Drive GenericDSP402.nRxisState = 1 THEN
z7 FB ReinitDriwve.bExecute:=TRUE;
=] ELSE
FB_ReinitDriwve.bExecute:=FALSE;
END IF
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BE > B X | i Devie PLC_PRG X [{] EtherCAT Master_SoftMotion | HEFA_X3E_Servo_Driver '] LocalEtherCATDe:
=15 thotled1 M|  Device.Application.PLC_PRG
= () pevice [T (HCQ1-1300-D) [ =R E el
- B e g = # EcatMan FE_EtherCATManager
= Application [3=fT] 43 bEnable BOOL
fip EEigs 4 bReConfig BOOL
PLC_PRG (PRG) + 4p pECATSlave POINTER TO StECATSlave 16#75FE62DC
- @ amE 4y sZECATSIave UINT
= EthercaT Task 4y bDeviceDiagin BOOL
&) pLc PRG " hECATStatus BOOL
a8 Trace " ballslave0n BoOL
. LocalDevice " bReConfigDone BOOL
"2 SoftMotion General Axis Pool "% bEmor BOOL
= [ EtherCaT Master_Softition (Ether CAT Maste " eErmorD EECATMANGERERRORID NO_ERROR
= 45 i) LocalFtherCATDevice (LocalEtherCATDevic ¥ " pMaster POINTER TO IoDrvEthercat 16475FEB260
HCQX_OD 16_B2 (0D 16, 16 Digtal Outp + " stFrameStatus StECATMasterFrameStatus
"% sMasterMessage STRING ‘Startup finished: All slaves in operational I
=@ " uiFirstNotOpSlave  LINT 0
He? = @ eat ARRAY [1..4] OF StECATSlave
+ @ ecat[1] StECATSlave
+ @ ecat[2] StECATSIave
= & ecatl3] SHECATSlave
4 bbisableSlave BOOL rase [
+ @ pSlave POINTER TO ETCSlave 16#75FFA358
® @ paxs POINTER TO AXIS_REF_SM3 16200000000
= @ ecat[d] SECATSIave
@ bDisableSlave  BOOL |<ase [
+ @ pSlave POINTER TO ETCSlave 16#75FFATBS
T . e [ —— icamceeacis

It can be observed that all servo slaves restart, and upon communication completion, the SMC3_ReinitDrive function block
is automatically triggered to initialize the axis.

L]
3
2
>
5
=
5
wE * & % 7] Deviee PLC_PRG [ EtherCAT Master_SoftMotion | [ HCFA_X3E_Servo_Driver i i
S-E Unted? bl  Device Application.PLC_PRG 0
=[] Device [ZEEA (HCQ1-1300-D) =3t E=) =1 g
= Bl rLC B3 . = & EcatMan FB_FtherCATManager 3
=€ Application [ifT] 4 bEnable 500L c
i) ==gs *p bReConfig 500L 2.
PLC_PRG (PRG) ¥ 4 pECATSlave FOINTER TO SECATSlave 16475FE62DC 8
- B gama 4§ sZECATSIave UINT o
=5 EtherCAT Task 4§ bDeviceDiagOn BOOL g
& e e "% bECATStatus BOOL Z
& Trace "% ballslavedp BOOL Q
2 LocalDevice "% bReConfigDone BOOL 3
"% SoftMotion General Axis Pocl "$ bEror 500L 3
=[] EtherCAT Master_SoftMotion (EtherCAT Maste " eErrorD EFCATMANGERERRORID NO_ERROR D
= @ LocalEthercATDevice (LocalEtherCATDevia + "$ pMaster POINTER TO IoDrvEthercat 16#75FEB260 3
(il Hogx_op16 D2 (0D16,16 Digtal utp + " stFrameStatus SHECATMasterFramestatus g
[ HCQX_MD16_D2 (MD16,8 Digtal Input "$ sMasterMessage STRING ‘Startup finished: All slaves in operational I' c
= ﬂj HCFA_X3E_Servo_Driver (HCFA X3E Servo "4 UiFirstNotOpSlave UINT 0
Mg 5M_Drive_GenericDSP402 (M _Drive | | _ @ ecat ARRAY [1..4] OF stECATSlave
+ @ ecat[1] StECATSlave
+ @ ecat[2) stECATSlave
= & ecat[3] StECATSlave
@ bDisableSlave BOOL
+ @ pslave POINTER TO ETCSlave 16%75FFA3SE
@ phois POINTER TO AXIS_REF_SM3 1600000000
= & ecat[4] StECATSlave
@ bDisableSlave BOOL
+ @ pslave POINTER TO ETCSlave 16%75FFATES
T e _na [ ——— scuvccenrio
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2.2 FB_MBMasterRead (FB)

This ModbusTCP master read function block enables data read operations by connecting to a slave station through a
specified IP address and port, without requiring configuration in the device tree.

€ Variables

Name FB_MBMasterRead (Master MB read function block)
Supported modes CSP Csv CST
Graphical representation ST representation
FB_MBMasterRead (
bExecute:=,
bAbort:=,
FB_MBHMasterRead sSlavelP:=,
—bExecute bDonef— WPort= R
—b&bort bBusyr— o o)
—{=Slavelp bErrorf— wunitiD:=, 9
_ 3
—wPart eErrorlD— eFunctionCode:=, 3
—wlLinitID c
—{eFunctionCode dAddress:=, %
—daddress dQuantity:=, g_.
—(dQuantity pReadBuffer:=, S
—pReadBuffer dBufferLenth= —
—{dBufferLenth ufferLentn:=, Q
—tTimeout tTimeout:=, 3
bDone=>, g
bBusy=> =
L 5
bError=>, g-
eErrorID=>);
<
S
(1) Input variable 2
)
Input variable Name Data type Valid range Initial value Description %
o]
TRUE: Enables the function block. &
bExecute Enable BOOL TRUE, FALSE FALSE
FALSE: Disables the function block.
bAbort Abort BOOL TRUE, FALSE FALSE TRUE: Aborts function block execution.
sSlavelP Slave IP address STRING (15) Slave IP address.
wPort Port UINT 0, positive integer 502 Slave port number.
wUnitlD Unit ID BYTE 0, positive integer Slave station number.
eFunctionCode Function code MB_FunctionCode Modbus function code.
dAddress Start address UINT Read start address.
) Number of items to read, maximum 125
dQuantity Quantity UINT (1..125)
words.
pReadBuffer Read buffer POINTER TO BYTE Read data buffer.
dBufferLenth Buffer length UINT Read data buffer size, in words.
tTimeout Timeout TIME T#50s0ms | Timeout duration.
(2) Output variable
Output variable Name Data type Valid range Description
bDone Done BOOL TRUE, FALSE | TRUE: Function block execution is complete.
TRUE: Function block is executing; TCP connec-
bBusy Busy BOOL TRUE, FALSE |
tion is normal.
TRUE: An error occurred in the function block;
bError Error BOOL TRUE, FALSE
execution has stopped.
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Outputs the corresponding fault code when an
eErrorlD Error ID SMC_ERROR 0
error occurs in the function block.

(3) Transition timing of output variables

Variable Becomes TRUE when Becomes FALSE when
bDone + Function block execution completes. + Function block execution is not complete.
bBusy + Function block is running and no error is present.
bError - An error occurs in the function block. - No error is present in the function block.

€ Key points

- After bExecute is set to TRUE, FB_MBMasterRead enters the execution state. At this time, its other input pins are pro-
cessed by FB_MBMasterRead.

- After Enable is set to FALSE, FB_MBMasterRead will no longer execute any function block logic. Modifying its other in-
put pins at this time will have no effect.

+ The bAbort pin is used to abort function block execution. When bAbort is set to TRUE, all output pins become FALSE,
the eErrorlD information is cleared, and the data receive buffer is emptied. The bAbort pin must be set back to FALSE before
the function block can be triggered again; otherwise, triggering is ineffective.

- The pReadBuffer pin is a pointer to the start address of a BYTE array. The array length should be set according to the
memory type to be read. For example, reading a holding register requires two BYTES of space per register to store the data.

+ Here, the data in the pReadBuffer read data buffer is stored in reverse byte order after reading. For example, if the array
arr[0..1] BYTE reads register data 0002 (hex), the actual storage order is arr[0]: 02, arr[1]: 00.

I 2.2.1 Usage example (Q1 as master, client mode)

[1] Master Q1 setup

Declare and call the FB_MBMasterRead function block in the master Q1. Declare a BYTE-type array named Rbuff to be
used as the data receive buffer. No other operations in the device tree are required.

The specific settings of the function block pins are as follows.

% LocalDevice ) EEEs PLC_PRG X | 23 Modbus Slave - Mbslave - 0 X p
1| FENGRAM PLC_FRG Connection Setup X felp
(=] E VAR —
B read  :FB MEM H Cannestion & ]
£F ) 3 . &
| Reuze SARRAY [0..3] OF BITE; | aline TR » i E =]

E] = { Cancel
bEkecute:= , Seral Settings
COM1

Mode
RTU o ASCH

9600 Baudd
8 Databits
Flow Control
Even Faity DSR (/TS [/IRTS Togge
pReadBuffer:= ADR(Rbuff), 1
dBufferlenth:= SIZEOF (Rbuff) 1 8top Bit

w
PP sener IS5 Aa| PHEMERIGR I SXIhL v
bBusy=> , oz = P
BError=> , 192.168.68.200 ~| (s |
eErrorID=> ) ! ‘
17 [ Any Address [CIZZ
B 12  FB write( [ gnore Urit 1D QIPvg
PExecute:=
blbort:= ,
sSlavelP:
WPOrt:=si

WinitID:= 1, For Help, press F1. [192.168.88.200]: 502

Communication is established by connecting the master Q1's Port2 to a PC's ModbusTCP server tool. The host computer's
network port IP address is 192.168.88.200, and the port number is set to 502.
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[2] Host computer server setup

Set the server data type to Holding Register, with a start address of 0 and a length of 10, meaning there are 10 registers
from address 0 to 9 for easy modification. Here, modify register address 0 to the value 612 (16#0264), and modify register ad-
dress 1 to 256 (16#0010).

I i3 Modbus Slave - Mbslavel
File Edit Connection Setup Display View Window Help

DSW& ™[22 2N

Mbslavel EI@
ID =1:F =03 Slave Definition X
Alias 00000 Slave ID: [ ]
0 612 Functiory | 03 Holding Register [4x) ~ | I ,m
1 256 M
Z 0 , Quantity:
g
0l
B I _
il 0 @10 Q20 Os O100 O Fitto Quantity
0
i [ Hide Aliaz Calumnz [CPLC Addresses [Basze 1)
3 0
I 0 Errar Simulation
8 0 [ Skip respanze [Tinsen CRCALRC emor
— [Mat when uging TCRAR)
3 0 EI [ms] esponse Delay []Return exception 08, Busy
For Help, press F1. [192.168.88.200]: 502

[3] Read data
Download and log the program into the master Q1 device. Set the function code, the target read start address for the reg-
isters, and the read length. This example demonstrates reading data from two registers at addresses 0-1.

% LocalDevice [} EEiEE 5] PLC_PRG x

Device.Application.PLC_PRG
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o
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(0]
3
D
>
—+
N

FER E=i] = EEE itk ez
= @ FB_read FB_MBMasterRead
#p bExecute BOOL 3
43 bAbort BOOL £ FTREHRIEST
4 sSlavelP STRING(15) '192.168.88.200' Mk
4 wPort UINT 16201F6 MmO
4 wUnitlD BYTE 16201 MitEE . 1 =1
% eFunctionCode MB_FUNCTIONCODE ReadCoils l ReadHoldRegister M:i:imﬁﬁﬁ I 031%{%%%‘!%
45 dAddress UINT 1620000 [G=o000 TS EHEAT |
*p dQuantity UINT (UINT#1.,125) 1620001 [ 1620002 REEE B 125 word |
+ 4 pReadBuffer POINTER TO BYTE 16275FFLIAC RN R
“p dBufferLenth UINT 1620004 B EERE N B word
45 tTimeout TIME T#505 fendndia)
"% bDone BOOL THEHNTRRG
"% bBusy BOOL TIREHNTH |, TCREEEE
F$ bError BOOL FALSE Mg
"§ eErrorlD MB_ERRORID NO_ERROR THREHR AT
= ¢ Rbuff ARRAY [0..3] OF BYTE
 Rbuff[0] BYTE 16200
# Rbuff[1] BYTE 16200
 Rbuff[2] BYTE 16200
# Rbuff[3] BYTE 16200
* @ FBwrite F8_MBMasterlWrite
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Trigger the bExecute pin. After communication is complete, the bDone pin outputs TRUE. Simultaneously, the correspond-
ing data can be seen read into the defined data buffer Rbuff[0..3]: 64 02, 00 01 (data is in reverse byte order), which matches

the values 16#0264 and 16#0010 previously set in registers 0-1 on the Q1 slave.

"L LocalDevice

Device.Application.PLC_PRG

AR

= @ FB_read
4p bExecute
*p babort
4 sSlavelp
# wiPort
4 wUnitiD

4p dAddress
% dQuantity
+ 4 pReadBuffer
*p dBufferLenth
4 tTimeout
F$ bDone
"$ bBusy
F$ bError
"$ eErrorlD
Rbuff
 Rbuff[0]
§ Rbuff[1]
 Rbuff[2]
§ Rbuff[3]
* @ FBwrite

&

#p eFunctionCode

i E=Es PLC_PRG X
=5 B HEEE bl
FB_MBMasterRead
BOOL | |
B00L
STRING(15) '192.168.86.200°
UINT 16501F6
BYTE 16#01

MB_FUNCTIONCODE ReadHoldRegister
UINT 1620000

UINT (UINT#1..125)
POINTER TO BYTE

1670002
16#75FF11AE

UmNT 1650004
TIVE T#30s
BooL

BooL

B00L
MB_ERRORID NO_ERROR
ARRAY [0..3) OF BYTE

BYTE

BYTE

BYTE

BYTE

FB_MBMasterWrite

=53

[l

1 EEHGET

AT

RO

Mtk S

ModousTHESR

RERHE

EEHE Bk 1259 word
FEHEE R

R EARE A B word
#idia

RN T=RR
ThigipihTrh | TePEREIEE
HhgRER

THRGHREE

2.3

FB_MBMasterWrite (FB)

This ModbusTCP master write function block enables data write operations by connecting to a slave station through a

specified IP address and port, without requiring configuration in the device tree.

¢ Variables

Name FB_MBMasterWrite (Master MB write function block)
Supported modes CSP Csv CST
Graphical representation ST representation
FB_MBMasterWrite (
bExecute:=,
bAbort:=,
FB_HMBMasterWrite sSlavelP:=,
—bBxecute bDonef WPort=
—bAbort bErrorf o
—sSlavelP bBusyk wunitiD:=,
—wPort ErrorlDf eFunctionCode:=,
—wUnitID
—leFunctionCode dAddress:=,
—dAddress dQuantity:=,
—(dQuantity dValue:=,
—{dValue \WriteBUffer—
—pWriteBuffer pWriteBuffer:=,
—{dBufferLenth dBufferLenth:=,
bDone=>,
bError=>,
bBusy=>,
ErrorlD=>);
(1) Input variable
Input variable Name Data type Valid range Initial value Description
TRUE: Enables the function block.
bExecute Enable BOOL TRUE, FALSE FALSE
FALSE: Disables the function block.
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bAbort Abort BOOL TRUE, FALSE FALSE TRUE: Aborts function block execution.

sSlavelP Slave IP address STRING (15) Slave IP address.
wPort Port UINT 0, positive integer 502 Slave port number.
wUnitlD Unit ID BYTE 0, positive integer Slave station number.
eFunctionCode Function code MB_FunctionCode Modbus function code.
dAddress Start address UINT Write start address.
Number of items to write (for function
dQuantity Quantity UINT (1..125)
codes 15, 16), maximum 125 words.
) Represents the value to be written to a
dValue Value to write WORD i .
single register.
SM3_Basic. |Write data buffer (for function codes 15,
pWriteBuffer Write buffer POINTER TO BYTE
NULL 16).
dBufferLenth Buffer length UINT Read data buffer size, in words.
(2) Output variable
Output variable Name Data type Valid range Description
bDone Done BOOL TRUE, FALSE | TRUE: Function block execution is complete.
TRUE: Function block is executing; TCP connec-
bBusy Busy BOOL TRUE, FALSE
tion is normal.
TRUE: An error occurred in the function block;
bError Error BOOL TRUE, FALSE )
execution has stopped.
Outputs the corresponding fault code when an
eErrorlD Error ID SMC_ERROR 0

error occurs in the function block.

(3) Transition timing of output variables
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Variable Becomes TRUE when Becomes FALSE when
bDone + Function block execution completes. + Function block execution is not complete.
bBusy + Function block is running and no error is present.
bError + An error occurs in the function block. + No error is present in the function block.

€ Key points
- After bExecute is set to TRUE, FB_MBMasterWrite enters the execution state. At this time, its other input pins are pro-
cessed by FB_MBMasterWrite.

- After Enable is set to FALSE, FB_MBMasterWrite will no longer execute any function block logic. Modifying its other in-
put pins at this time will have no effect.

- The bAbort pin is used to abort function block execution. When bAbort is set to TRUE, all output pins become FALSE,
the eErrorlD information is cleared, and the data receive buffer is emptied. The bAbort pin must be set back to FALSE before
the function block can be triggered again; otherwise, triggering is ineffective.

-+ The pReadBuffer pin is a pointer to the start address of a BYTE array. The array length should be set according to the
memory type to be read. For example, reading a holding register requires two BYTES of space per register to store the data.

- Here, the data in the pReadBuffer read data buffer is stored in reverse byte order after reading. For example, if the array
arr[0..1] BYTE reads register data 0002 (hex), the actual storage order is arr[0]: 02, arr[1]: 00.
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I 2.3.1 Usage example (Q1 as master, client mode)

[1] Master Q1 setup

Declare and call the FB_MBMasterWrite function block in the master Q1. Declare a BYTE-type array named Wbuff to be
used as the data transmit buffer. No other operations in the device tree are required.

The specific settings of the function block pins are as follows.

3 LocalDevice m EEESE PLC_PRG xl_ 43 Modbus Slave - Mbslavel
* FROGRAM PLC_FRG Connection Setup X el
B 2 VAR L
3 FB write :FB MBMasterWrite; Connection
4 | wousz :ARRAY [0..3] OF BYTEf |M0dbusmpﬂp v| E
=— = Cancel
B 1  write( X X
2 bExecute:= , Serial Settings
3 Dhore-= COM1 v E__
4 |5SlavelP:= "192.163.83.200" Made
5 :=50 9E00Baud
pEorE: =302, RTU () ASCH
[ winitcID:= 1, & Data bit -~ °
7 eFunctionCode:= , SahE Flaw Contral 9
8 dAddress:= , E=E— DSR [ ICTS [/IRTS Toagk 3
5 Quantity:= ,
10 dUalue-= : 1 [mz] RTS dizable delay 3
" 1 Stop Bit ~ c
11 pWriteBuffer:= ADR (Wbuff), =}
1z dBufferlenth:= SIZEOF (Wbuff), \&' o
i = TER/P Server Q
] —+
14 bError=> , sl i o
1s bBusy=> , [192.168.88.200 MEES | =}
z . ~
18 Errorll=> ); [ Arw Address @ IPvd 9
17
15 [ lgnare Uit 1D () IPYE 3
135 3
=] 20 FB read|( i g
§
Communication is established by connecting the master Q1's Port2 to a host computer's ModbusTCP server tool. The PC's g'-
network port IP address is 192.168.88.200, and the port number is set to 502. ;
o
>
o
?
[2] Host computer server setup 3
)
. ) ) . ) S
Set the server data type to Holding Register, with a start address of 0 and a length of 10, meaning there are 10 registers =&

(addresses 0-9) available for modification.

23 Modbus Slave - Mbslavel — m} *
File Edit Connection Setup Display View Window Help
DEES&|M|2 (2N
i Mbslavel - =l
ID-1:F-03 Slave Definition x
Slave |D: E )
Ali 00000 . i i
J 1as Function: I 03 Holding Fegister [4x] ~ |I ’w‘
o Address | |0
& 1] 0 ity | |10
2 o ’ Wigw
; 0 Rows
7| @10 Oz OF0 O100 O Fitto Quanity
4 ]
? 0 [ Hide &lias Columns [ PLC Addiesses [Base 1)
6 0
— Errar Simulation
7 0
|~ | [ Skip responze [ Insert CRCALRC ermor
8 0 [Mat when using TCPAP]
; 0 D [[ellesnan=chEly ] Return exception 05, Busy
For Help, press F1. [192.168.88.200]: 502
T v T T—— ppe— —— o
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[3] Writing to a single register

Download and log the program into the master Q1 device. Set the function code and the target register address. The value
to be written is set here to modify register address 0 to 16#1010, which is decimal 4112.

3 locabeviee [ EEER 5] PLc_PRG x S

Device Application.PLC_PRG

=& =3 =1 EEE bl =
= @ FB_wite FB_MBMasteririte

4y bExecute BOOL FrEModbusTCPE Fi
& babort BOOL z 8 FThRGHETT
*p sSlavelP STRING(15) '192.168.88.200' EE % AR 200 P
4 whort UINT 16201F6 FRE £ 7 BirhEO S Bl 502
* wUnitlD BYTE 16201 NESSS
4% eFunctionCode ME_FUNCTIONCODE ReadCoils IWritaS\gn\eRegistﬂ Modbus THAERD I Oﬁgﬁ/l%ﬁ%%
4p daddress WORD 1620000 [1e=0000 = E
& dQuantity WORD (0..123) 1620001 B FaE8 HINAE 16l 1584 M BT word,
45 dvalue WORD 1620000 [15#1u1u {ﬁizggkaﬂﬁﬂ\?ﬁgaﬂgl

* % pwriteBuffer POINTER TO BYTE 16275FF11A8 L IHGE 0 158 16RTMS A BBETF R
s dBufferLenth UINT 1620004 BABEERR ] B word
" hDone BOOL TRUE AR5 S HERETh
" bError BOOL TRUE : HRR~E
" bBusy BO0L TRERRENTHR
"§ ErrorlD ME_ERRORID NO_ERROR bt

# @ TCP_Clientt NES.TCP_Client

# @ TCP_Readl NES.TCP_Read

# @ TCP_writel NES.TCP_Write

# @ TCP_write2 NES.TCP_Write

# @ ipAddrl NES.IP_ADDR
@ szCount UDINT 16200000000

Trigger the bExecute pin. After communication is complete, the bDone pin outputs TRUE.

Device.Application.PLC_PRG

% LocaDevice - [E] PLC_PRG x - |
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=ER ESic = EEE gt 25
= @ FB_write FB_MBMaster\irite
45 bExecute BOOL Fr B ModbusTCPE ik
*% babort BO0L £ FHAGHIETT
*p sSlavelP STRING(15) '192.168.88.200" EE S ERRE SR P
4 wPort UINT 16#01F6 FRESEF BMFaEROS Bl 502
4 wUnitlD BYTE 16201 MNETEE
*$ eFunctionCode MB_FUNCTIONCODE ‘WriteSignleRegister Modbus HES
5 dAddress WORD 1620000 EER AT r R AL AR
*p dQuantity WORD (0..122) 1620001 SASFTE T SRDA 163t 1501 ER B word,
45 dvalue WORD 1621010 HEZEE MR ITEnE
* * pwriteBuffer POINTER TO BYTE 16#75FF11A8 LIRS 15T 16 RIS A SBETER
4 dBufferLenth UINT 1620004 S BB B word
"% bDone BO0L TRUE BRSS SSiEHEmTh
F$ bError BOOL TRUE : HfiR~=F
% bBusy 800L FALSE IREERATH
"% ErrorlD ME_FRRORID NO_ERROR B

Simultaneously, in the host computer tool, the value of register address 0 is modified to 4112.

3 Modbus Slave - Mbslavel - [m| x

Elle Edit Connection Setup Display View Window Help

DEE& M=o w

bslavel |3
ID=1:F=03
Alias 00000

0

1 ]

B 0

B 0

4| 0

B 0

6 0

7| 0

B 0

o) 0

For Help, press F1. [192.168.88.200]: 502
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[4] Writing to multiple registers

Download and log the program into the master Q1 device. Set function code 16, the target start register address, the
number of registers to operate on, and set the corresponding values to be written in the Wbuff data transmit buffer array.

This example demonstrates modifying two registers at addresses 1-2. The values are set to 16#0001 (decimal 1) and

16#1000 (decimal 4096), respectively. (Note: Data in the buffer is in reverse byte order.)

% locbeviee () EEEE '[9 rcpre x

Device.Application.PLC_PRG

F=ER E=i) =8 el gt ==
= @ FB_write FB_MBMaster\irite
43 bExecute BOOL FALS] F B ModbusTCRE P
# babot BOOL 21 ThESHIEST
4 sSlavelr STRING(15) '192.168.88.200" EE SRS SR i
5 wPort UINT 16201F6 IRE S SFEEROS B 502
% wUnitlD BYTE 1601 MIETEE
4 eFunctionCode MB_FUNCTIONCODE ritesic ll i ipleReqister Modbus THEE] I TGW(QEEE". Ej%’%ﬁ%
% daddress WORD 1620000 B=000 R TFR 15T 172 0 e S RealH ro It
4 dQuantity WORD (0..122) 1620001 m SThEEE A 16T 1B HER B0 word ,
45 dvalue WORD 1621010 HEZEE MR STENE
* % pwriteBuffer POINTER TO BYTE 16475FF11A8 L IhEER A 15T E L HME A EHBEFRE
*p dBufferLenth UINT 1620004 B AR EA . B word .
"% bDone BOOL TRUE BRS5=51EHEmTh (@)
" bEror BOOL TRUE : g~ o
"9 busy sooL Tkt T 3
F$ ErrorlD MB_ERRORID NO_ERROR 1REEE 3
# @ TCP_Client1 NBS.TCP_Client c
+ § TCP_Readl NBS.TCP_Read 2.
# § TCP_Writel NBS.TCP_Write %]
# @ TCP_Write2 NES.TCP_Write '!P"
# @ ipAddrt NES.IP_ADDR 6
% szCount UDINT 1600000000 =]
~
0
o
= @ Whbuff ARRAY [0..3] OF BYTE g
@ Whuff[0] BYTE 1600 16%01 c
>
@ Whuff[1] BYTE 16500 16500 o
Q
@ Whuff[2] BYTE 1600 1600 g’
@ Whbuff[3] BYTE 16500 16%10 =]
<
S
Trigger the bExecute pin. After communication is complete, the bDone pin outputs TRUE. 2
D
% LocaDevice }ﬁ ESIER PLC_PRG X 3
Device. Application.PLC_PRG g
s =0 & BEE i = &
= ¢ FB_write FB_MBMaster\rite
4 bExecute BOOL FF S ModbusTCFE Fig
# babort BOOL ) REERIEST
4 sSlavelP STRING(15) '192.168.88.200° ZEE ERRSEA L
% wPort UINT 16%01F6 FRFE ST BRIREROS 2k s02
43 wUnitd BYTE 16£01 MIFEEE
4§ eFunctionCode MB_FUNCTIONCODE WriteMultipleRegister Modbus THEED
#p dAddress WORD 16£0001 EERFHETES BN
*p dQuantity WORD {0..122) 16%0002 ENEESE . SThESEN 1688 150 HER 8 word,
% dvalue WORD 1620000 HFEZEE A4S FEME
+ % pwriteBuffer POINTER TO BYTE 16%75FF1814 4IRS 153 16A1ME A EHBEER
4y dBufferLenth UINT 160004 B SigEmE ) B word
"% bDone 800L TRUE RRES5iEEmTh
"§ bError BOOL TRUE : HifigE=4
"# bBusy Bo0L ThaEHn AT
$ ErrorlD MB_ERRORID NO_ERROR, 1REES
# 4 TCP_Clientl NES.TCP_Client
¥ @ TCP_Readl NBS.TCP_Read
* @ TCP_Writel NBS. TCP_Wirite
# f TCP_Write2 NES. TCP _Write
¥ $ ipAddr NBS.IP_ADDR
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Simultaneously, in the host computer tool, the values of registers 1-2 are modified to 1 and 4096.

Mbslavel E'\EI
ID=1:F=03
Alias 00000

]

1 1
; 4096

3 0
4 0
B 0
B 0
7] 0
B 0
9 0

2.4  NetManager (Function group)

A function group for network adapter management. It supports reading all network adapter information and setting corre-
sponding information, among other functions.

| 2.4.1 Fc_GetAllAdapterinfo (FUN)

€ Variables

Name FC_GetAllAdapterinfo (Get all device network adapter information)
Supported modes CSP Csv CST

Graphical representation ST representation
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FC_GetAlladapterInfo
—adapterInfo FC_GetalladapterInfol— FC_GetAllAdapterinfo(

AdapterCount/— Adapterinfo:= , AdapterCount=>);

(1) Input variable

Input variable Name Data type Valid range | Initial value Description
POINTER TO Pointer to the device information structure
Adapterinfo Device information
stAdapterinfo array.

(2) Output variable

Output variable Name Data type Valid range Description

AdapterCount Device count UINT Number of currently connected devices/adapters.

€ Key points

-+ The Adapterinfo pin is a pointer to a device structure array. When the function is called and the program is in the run-
ning state, the function automatically reads all network adapter information of the current device.
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| 2.4.2 Fc_SetAdapter (FUN)

¢ Variables

Name FC_SetAdapter (Set network adapter information)
Supported modes CSP Csv CST

Graphical representation ST representation

FC_SetAdapter(

FC_SetAdapter Name:=
—Mame FC_Setadapterf— c
—Ip&ddress lpAddress:=,
—|NetMask NetMask:=,
—Gateway G -~
—|bMade ateway:=,
bMode:=)
(1) Input variable
Input variable Name Data type Valid range | Initial value Description
Name Name WSTRING Network adapter name.
IpAddress IP address ARRAY [0..3] OF BYTE IP address.
NetMask Subnet mask ARRAY [0..3] OF BYTE Subnet mask.
Gateway Gateway ARRAY [0..3] OF BYTE Gateway.
bMode Write mode BYTE Selection of which content to modify.

¢ Key points

+ bMode is used to control whether to modify each piece of information for the current device. BitO represents writing Ip-
Address, Bit1 represents writing NetMask, and Bit2 represents writing Gateway.

- Example: Setting bMode to 5 (binary 0101) means modifying the IP address and the gateway.
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I 2.4.3 Usage example

[1] Declare variables and call functions
Map corresponding variables to each pin of the functions.

il EEERs PLC_PRG x | []] Device % LocalDevice
1 PROGEAM FLC_FRG

g 2 VAR
3 info :ARRAY [0..4] OF sthdapterInfc;
< num :UINT;
5
€ Name (WSTRING;
7 IF :ARRAY [0..3] OF BYTE:
3 NHet :ARBAY [0..2] OF BYTE:
5 Getw :ARRAY [0..3] OF BYTE:
10 Mode :BYTE;
11 END VAR

1 FC GetRllidapterInfic(AdapterInfo:= info, AdapterCount=> num):

=] 3 FC_Sethdapter(

< Name := Name,

5 Ipkddress:= IE,
€ NetMask:= Net,
Gateway:= Getw,
8 bMode:= Mode) ;|
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[2] Read all network adapter information of the device

After logging into the program, the FC_GetAllAdapterinfo function automatically reads all network adapter information of
the current device and writes it into the info structure array. Simultaneously, the AdapterCount pin outputs the number of de-
vice adapters currently read.

fip mE®E 5 mcere x| Devie '3 LocalDeviee |

Device.Application.PLC_PRG

F=E =8 =]
= @ info ARRAY [0..4] OF st...
= & info[0] stAdapterInfo
@ Name WSTRING(255)
+ @ IpAddress ARRAY [0..3] OF BYTE
+ @ Gateway ARRAY [0..3] OF BYTE
# @ Mac ARRAY [0..5] OF BYTE
# @ NetMask ARRAY [0..3] OF BYTE
= @ info[l] stAdapterInfo
@ Name WSTRING(255)
# @ IpAddress ARRAY [0..3] OF BYTE
* @ Gateway ARRAY [0..3] OF BYTE
* @ Mac ARRAY [0..5] OF BYTE
# @ NetMask ARRAY [0..3] OF BYTE
= & info[2] stAdapterInfo
@ Name WSTRING(255)
+ @ IpAddress ARRAY [0..3] OF BYTE
# @ Gateway ARRAY [0..3] OF BYTE
# @ Mac ARRAY [0..5] OF BYTE
# @ NetMask ARRAY [0..3] OF BYTE
= & info[3] stAdapterInfo
& Name WSTRING(255)
+ @ IpAddress ARRAY [0..3] OF BYTE
# § Gateway ARRAY [0..3] OF BYTE
* @ Mac ARRAY [0..5] OF BYTE
# @ NetMask ARRAY [0..3] OF BYTE
+ & info[4] stAdapterinfo
@ num UINT 4 I

The read information for the EthO network adapter is displayed here.
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= @ info[1] stadapterInfo
@ Name WSTRING(255) “ethn”
= @ IpAddress ARRAY [0..3] OF BYTE
$ IpAddress[q] BYTE 192
$ IpAddress[1] BYTE 168
@ IpAddress[2] BYTE 188
@ IpAddress[3] BYTE 222
= @ Gateway ARRAY [0..3] OF BYTE}
@ Gateway[0] BYTE 0
@ Gateway[1] BYTE 0
% Gateway[2] BYTE 0
% Gateway[3] BYTE 0
= @ Mac ARRAY [0..5] OF BYTE]
% Mac0] BYTE 0
& Mac[1] BYTE 4
% Mac[2] BYTE 159
@ Macf3] BYTE 4
& Mac4] BYTE 225
# Mac[s] BYTE 195
= @ NetMask ARRAY [0..3] OF BYTE]
& NetMask[0] BYTE 255
& NetMask[1] BYTE 255
& NetMask[2] BYTE 255
@ NetMask[3] BYTE 0
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[3] Modify specified information of a specified network adapter

This example demonstrates modifying the IP address of the Eth0 adapter to 192.168.88.200.

i) EEgs
Device Application PLC_PRG

A

= @ info

V2] PLCPRG x [ [f] Device  [& LocalDevice

+

@
*

info[0]
info[1]

# Name

& IpAddress

% IpAddress(0]
% IpAddress[i]
# IpAddress[?]
# IpAddress(3]
* @ Gateway
+ @ Mac

* @ NetMask
# infol2]

@ info[3]

# info[4]

num

Name

®

@ 1F[0]

% TP[1]

& TP[2]

% IP[3]

& e @ v & w

&

8

& Net
@ Getw
@ Mode

After right-clicking to write the data, it can be seen that the IP address pin for the device adapter ethO has been modified.

i) EEEE  [E) pePrG x [ Deviee
Device Application.PLC_PRG

=R

= % info
+ @ infol0]

r‘a LocalDevice

@ info1]

@
= 9

Name

IpAddress

# IpAddress[0]
& IpAddress[i]
& IpAddress[z]
& IpAddress[3]
* @ Gateway
* @ Mac
* @ NetMask
+ @ info[2]
# @ info[3]
+ @ info[4]
& num
& Name
@ P
@ IP[0]
@ P[]
@ IP[2]
@ T3]

&
=
o
o
o

In the LocalDevice, it can be seen that the IP address of the device's Port1 Ethernet port has been changed to

192.168.188.200.

My EEEE |[5) ecere

I/ Device

|

" LocalDevice %

Esil & el

ARRAY [0..4] OF st..

stAdapterinfo

stadapterinfo

WSTRING(255)

ARRAY [0..3] OF BYTE

BYTE 192

ETEAS{E 168 B3 %’T{
BYTE 188 Eﬁfﬁ%
e = (EmE

ARRAY [0..3] OF BYTE
ARRAY [0..5] OF BYTE
ARRAY [0..3] OF BYTE
stAdapterinfo
stAdapterinfo
stAdapterinfo

UINT

WSTRING

ARRAY [0..3] OF BYTE
BYTE

BYTE

BYTE

BYTE

0

BinE

ARRAY [0..3] OF BYTE

::-I:V [0..3] OF B%ﬂiﬁiﬁ -

=3 & ]
ARRAY [0..4] OF st...

stadapterinfo

stAdapterInfo

WSTRING(255) "gth0”

ARRAY [0..3] OF BYTE

BYTE 182

BYTE 168

BYTE 188

BYTE 200

ARRAY [0..3] OF BYTE
ARRAY [0..5] OF BYTE
ARRAY [0..3] OF BYTE
stAdapterinfo
stAdapterinfo
stAdapterinfo

UINT

WSTRING

ARRAY [0..3] OF BYTE

ARRAY [0..3] OF BYTE
ARRAY [0..3] OF BYTE
BYTE

Tethe”

192
168
188
200
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LocalDevieBii B
s 25 E=it) =HeilE EEE = HiME B2 =
= [JLPORT1 PC
B @ Port1pAddr STRING "192.168.188.200° '192.168.188.100'  '192.168.188.100" IP:
@ PortiGatewayAddr  STRING 192.168.186.1 '192.168.188.1 '192.168.188.1 E
. # PortiMask STRING '255.255.255.0° '255,255.255.0° '255,255,255.0° F
+ [ PORTZ PC
+ [ PORT4 FC
# - [4 InputFilterConfig B
+D InputIntConfig B
+ [ OutputModeConfig B
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2.5 TCP (Function group)

TCP communication function blocks encapsulated based on socket.

| 2.5.1 FB_TCPServer (FB)

€ Variables

Name ‘ FB_TCPServer (Create server function block)
Graphical representation ST representation
FB_TCPServer (

FB TCPServer xEnable:=,
—IxEnable xBusy }— ipAddr:=,
—iDﬂddf xError b— uiPort:=,
—{uiPort eErrorb— xBusy=>.
:‘.Iﬂ'-Cti'l'E - xError=> |
hServer p— etrmor=,

xActive=> |
hServer=>);

(1) Input variable

Input variable Name Data type Valid range | Initial value Description
xEnable Function block enable BOOL TRUE, FALSE FALSE
ipAddr Server IP address STRING 0
uiPort Server port number WORD 0

(2) Output variable
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Output variable Name Data type Valid range Description
xBusy BOOL TRUE, FALSE | TRUE: Function block is running.
xError BOOL TRUE, FALSE
eError ErrorlD Error code.
_ TRUE: Handle is output upon successful creation.
xActive BOOL TRUE, FALSE
FALSE: The current handle is inactive.
The interface handle generated upon creation,
hServer Handle hHandle

provided to the connection function block.
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| 2.5.2 FB_TCPConnection (FB)

¢ Variables

Name ‘ FB_TCPConnection (Connection function block)
Graphical representation ST representation
- FB_TCPConnection(
FB_TCPConnection Enablo
—ixEnable xBusy hServer:=,
—hServer xError XBusy=>,
eError xError=>
xictive eError=>
hHandle XActive=>,
hHandle=>);
&
(1) Input variable 3
2
Input variable Name Data type Valid range Initial value Description =3
o
xEnable Function block enable BOOL TRUE, FALSE FALSE g:
Accepts the handle generated by FB_ 8
hServer Handle hHandle —
TCPServer. Q)
o
3
(2) Output variable 3
3.
o
Output variable Name Data type Valid range Description L
xBusy BOOL TRUE, FALSE 8
xError BOOL TRUE, FALSE 5
ekrror ErrorlD Error code. é
TRUE: Handle is output upon successful creation. o
xActive BOOL TRUE, FALSE 3
FALSE: The current handle is inactive. g
=4
Connection handle, provided to the read/write ~
hHandle hHandle
function blocks.
€ Key points
+ The handle connection is used in the following form.
FE_TCPServer (—
FB_TCPServer '—
—xEnable *Busy— FB_TCPRead ()
—lipAddr xError— FB_TCPConnection [: FB_TCPRead '—
—uiPort eError— FB_TCPConnection hHandle xBusy—
xActive— —xEnable xBusyH —xEnable xError—
hServer hServer *Error— —iszSize eError—
eError— —Data xReady—
xActivel- szCount—
hHandle

FEB_TCPWwirite len

FB_TCPwhite '—|
hHandle xDone—
—xExecute xBusy—
—szSize xError—
—Data eError—
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I 2.5.3 FB_TCPClient (FB)

¢ Variables

Name ‘ FB_TCPClient (Create client function block)
Graphical representation ST representation
FB_TCPClient (
xEnable:=,
. udiTimeOut:=,
FB_TCPChent oAddre
—I{xEnable xBusyf— IpAddr=,
—[udiTimeQut = 20] xErrorp— uiPort:=,
2o |pAd dr egrrory— xBusy=> ,
—uiPort wActivep—
hHandlef— xError=>,
eError=>,
xActive=> | °
0
hHandle=>); o)
3
i 2
(1) Input variable S
8
Input variable Name Data type Valid range Initial value Description g-
xEnable Function block enable. BOOL TRUE, FALSE FALSE i
[«
Unit: ms. g
Connection timeout duration, affected by 3
udiTimeOut Handle UDINT 20 ) } ] c
the task cycle in which the function block =3
) o
resides. %
ipAddr Server IP address. STRING 0 8
uiPort Server port number. WORD 0 5
S
. o
(2) Output variable Q
3
Output variable Name Data type Valid range Description {?_,_/
xBusy BOOL TRUE, FALSE
xError BOOL TRUE, FALSE
eError ErrorlD Error code.
_ TRUE: Handle is output upon successful creation.
xActive BOOL TRUE, FALSE
FALSE: The current handle is inactive.
Connection handle, provided to the read/write
hHandle hHandle
function blocks.

€ Key points

+ The handle connection is used in the following form.

FB_TCPClient )

xEnable
udiTimeOut
ipAddr
—uiPort

FB_TCPClient '—

xDone—
xBusy|
xErrort—
eError—
xActive|
hHandle

FB_TCPRead
FB_TCPRead
hHandle xBusy/|
—i{xEnable xError|
—iszSize eError
—Data xReady
szCount
FB_TCPwrite
FB_TCPwrite -
hHandle xDone
—xExecute xBusy|
—iszSize xError|
—{Data eError
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| 2.5.4 FB_TCPRead (FB)

¢ Variables

Name ‘ FB_TCPRead (Read function block)
Graphical representation ST representation
FB_TCPRead (
hHandle:=,
FB_TCPRead xEnlabIe:: ,
—hHandle xBusyp— szSize=,
—xEnable xErrorp— Data:=,
—5Z5ize eErrorfp— xBusy=> ,
—Data xReadyt— -
xError=> |
szCountfj—
ekError=>,
xReady=>,
szCount=>);
(1) Input variable
Input variable Name Data type Valid range Initial value Description
Accepts the handle created by the client
hHandle Handle hHandle
or connection function block.
xEnable Function block enable. BOOL TRUE, FALSE FALSE
Equivalent to DINT in 32-bit systems, LINT
szSize Receive data length. XINT in 64-bit systems. Must not exceed the
receive data buffer size.
Data Receive data buffer. ANY
(2) Output variable
Output variable Name Data type Valid range Description
xBusy BOOL TRUE, FALSE
xError BOOL TRUE, FALSE
eError ErrorlD Error code.
xReady BOOL TRUE, FALSE |Active when data is received, for one cycle only.
Length of the received data. Active when data is
szCount DINT
received, for one cycle only.

€ Key points

+ The Data pin can be directly assigned a sample data variable.
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| 2.5.5 FB_TCPWrite (FB)

¢ Variables

Name ‘ FB_TCPWrite (Write function block)
Graphical representation ST representation
FB_TCPWrite (
hHandle:=,
FB_TCPWrite xExecute:=,
—hHandle xDonep— szSize=,
—xExecute xBusyf— Data:=,
—575ize xErrorp— B
xDone=> |
—Data eErrorf—
xBusy=>,
xError=>,
eError=>);
(1) Input variable
Input variable Name Data type Valid range Initial value Description
Accepts the handle created by the client
hHandle Handle hHandle
or connection function block.
xExecute Function block enable. BOOL TRUE, FALSE FALSE
Equivalent to DINT in 32-bit systems, LINT
szSize Transmit data length. XINT in 64-bit systems. Must not exceed the
transmit data buffer size.
Data Transmit data buffer. ANY
(2) Output variable
Output variable Name Data type Valid range Description
When xExecute is not TRUE, it outputs a pulse for
xDone BOOL TRUE, FALSE
one cycle.
xBusy BOOL TRUE, FALSE
xError BOOL TRUE, FALSE
eError ErrorlD Error code.

¢ Key points

+ The Data pin can be directly assigned a sample data variable.
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| 2.5.6 FB_BreakLineCheck (FB)

¢ Variables

Name ‘ FB_BreakLineCheck (Connection break line detection function block)
Graphical representation ST representation
FB_BreakLineCheck (
xEnable:=,
FB_BreakLineCheck icycletime:=,
—pEnable xConnectedj— udiTimeOut:=,
—licycletime wBusyf—
—udiTimeOut eErrorf— ipAddr=,
—{ipAddr xConnected=> |
xBusy=>,
eError=>);

(1) Input variable

Input variable Name Data type Valid range Initial value Description
xEnable Function block enable. BOOL TRUE, FALSE FALSE
Detection trigger cycle

icycletime ] UDINT 1-99999 10 The cycle count of the current task period.
interval count.

Connection timeout
udiTimeOut ) UDINT 1-99999 10 Timeout period.
duration.

ipAddr Connected IP address. STRING 192.168.88.100'

(2) Output variable

Output variable Name Data type Valid range Description
xConnected Connection status. BOOL TRUE, FALSE |Outputs status at the interval set by icycletime.
xBusy BOOL TRUE, FALSE
eError ErrorlD Error code.
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€ Key points

+ This function block can only be used for connection break line detection, not for heartbeat detection.

+ The icycletime pin value is the number of task cycle intervals. The task cycle time is the period of the task in which this
function block resides.

- Itis not recommended to place this function block in a low-priority task cycle, a short task cycle, or with a very short in-
terval. Otherwise, the load rate may increase, affecting communication.
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| 2.5.7 FB_TCPServerSuite (FB)

¢ Variables

Name ‘ FB_TCPServerSuite (Server suite function block)
Graphical representation ST representation
FB_TCPServerSuite (
xEnable:=,
ipAddr:=,
uiPort:=,
xEnableRead:=,
FB_TCPServerSuite
= ReadData:=
—xEnable xBusyp— cadbata=,
—lipAddr xErrorb— szReadDataSize:=,
—uiPort eErrorf— xExecuteWrite:=
—xEnableRead xActive— ) _ .
—ReadData xReady— WiiteData:=, o
—szReadDataSize szReadCountf}— szWriteData:=, g
—xExlecuteWﬂte ¥WriteDonep— xBusy=>, 3
—WriteData c
—{szWriteData xError=>, 2.
eError=>, g_.
xActive=> | g
xReady=>, (o)
o
szReadCount=>, 3
xWriteDone=>); E
3.
. o
(1) Input variable =
S
Input variable Name Data type Valid range Initial value Description <
)
xEnable Function block enable BOOL TRUE, FALSE FALSE g
ipAddr Server IP address STRING 0 %
3
uiPort Server port number WORD 0 g
xEnableRead Function block enable BOOL TRUE, FALSE FALSE Z
ReadData Receive data buffer ANY
Equivalent to DINT in 32-bit systems, LINT
szReadDataSize | Receive data length XINT in 64-bit systems. Must not exceed the
receive data buffer size.
xExecuteWrite Function block enable BOOL TRUE, FALSE FALSE
WriteData Transmit data buffer ANY
Equivalent to DINT in 32-bit systems, LINT
szWriteData Transmit data length XINT in 64-bit systems. Must not exceed the
transmit data buffer size.
(2) Output variable
Output variable Name Data type Valid range Description
xBusy BOOL TRUE, FALSE
xError BOOL TRUE, FALSE
eError ErrorlD Error code.
xActive BOOL TRUE, FALSE  |Connection established pin.
xReady Receive status BOOL TRUE, FALSE  |Active when data is received, for one cycle only.
szReadCount Received data length DINT Active when data is received, for one cycle only.
When xExecute is not TRUE, it outputs a pulse for
xWriteDone BOOL TRUE, FALSE
one cycle.
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€ Key points
- This is a function block integrating FB_TCPServer, FB_TCPConnection, FB_TCPRead, and FB_TCPWrite.

| 2.5.8 FB_TCPClientSuite (FB)

€ Variables

Name ‘ FB_TCPClientSuite (Client suite function block)
Graphical representation ST representation
FB_TCPClientSuite (
xEnable:=,
ipAddr:=,
uiPort:=,
udiTimeOut:=, .
FB_TCPClientSuite o
—IxEnable xActivel— xEnableRead:=, 3
—JipAddr xBusyp— ReadData:=, g
—uiPort xErrorf— o S
—udiTimeOut eErrorf— szReadDataSize:= , o
—{xEnableRead xReadyp— xExecuteWrite:=, 3,
—] - o
ReadData : szRea!dCulmt WriteData:= S
—{szReadDataSize XWriteDonep— —
—ExecuteWrite szWriteData:=, g)
—{WriteData xActive=>, 3
—{szWriteData 3
xBusy=>, g
xError=>, g'
+
eError=>, o
=]
xReady=>, Z
szReadCount=>, g
o
xWriteDone=>); tg
3
(1) Input variable 2
Input variable Name Data type Valid range Initial value Description
xEnable Function block enable BOOL TRUE, FALSE FALSE
Unit: ms.
) Connection timeout duration, affected by
udiTimeOut Handle UDINT 20
the task cycle in which the function block
resides.
ipAddr Server IP address STRING 0
uiPort Server port number WORD 0
xEnableRead Function block enable BOOL TRUE, FALSE FALSE
ReadData Receive data buffer ANY
Equivalent to DINT in 32-bit systems, LINT
szReadDataSize | Receive data length XINT in 64-bit systems. Must not exceed the
receive data buffer size.
xExecuteWrite Function block enable BOOL TRUE, FALSE FALSE
WriteData Transmit data buffer ANY
Equivalent to DINT in 32-bit systems, LINT
szWriteData Transmit data length XINT in 64-bit systems. Must not exceed the
transmit data buffer size.
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(2) Output variable

Output variable Name Data type Valid range Description

xActive BOOL TRUE, FALSE |Connection established pin.

xBusy BOOL TRUE, FALSE

xError BOOL TRUE, FALSE

eError ErrorlD Error code.

xReady Receive status BOOL TRUE, FALSE |Active when data is received, for one cycle only.
szReadCount Received data length DINT Active when data is received, for one cycle only.
WriteDone BOOL TRUE. FALSE When xExecute is not TRUE, it outputs a pulse for

one cycle.

€ Key points
- This is a function block integrating FB_TCPClient, FB_TCPRead, and FB_TCPWrite.
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apter 3 DataProcess (Data Processing)

3.1 StreamProcess (Function group).....

3.1.1 GET (Get data)

3.1.2 SET (Write data)

3.1.3 Usage example 1 (Integer data conversion)

3.1.4 Usage example 2 (Floating-point data conversion)

3.2 Type Convert (Function group).........

3.2.1 CHAR_TO_BYTE (FUN)

3.2.2 Usage example

3.3 Type Packing (Function group).........

3.3.1 Function group (Packing)

3.3.2 Function group (UnPacking)



3.1  StreamProcess (Function group)

A function group for stream processing. It is used to retrieve data of the required type from a continuous data stream (e.g.,
an array, a string) or to write data of a corresponding type into a data stream. Note: This function does not perform any check
on the remaining length of the data stream. Ensure that the data length pointed to by the data stream pointer is sufficient for

retrieving or writing the corresponding data type during use.

| 3.1.1 GET (Get data)

Name

Description

Get_DINT (FUN)

Convert BYTE to DINT

Get_INT (FUN)

Convert BYTE to INT

Get_LREAL(FUN)

Convert BYTE to LREAL

Get_REAL(FUN)

Convert BYTE to REAL

Get_UDINT (FUN)

Convert BYTE to UDINT

Get_UINT (FUN)

Convert BYTE to UINT

Get_USINT (FUN)

Convert BYTE to USINT

Function form:

Get_XXXX(pData:=);

pData is a pointer to the start address of a BYTE array.

| 3.1.2 SET (Write data)

Name

Description

Set_DINT (FUN)

Convert DINT to BYTE and write into a BYTE array

Set_INT (FUN)

Convert INT to BYTE and write into a BYTE array

Set_LREAL(FUN)

Convert LREAL to BYTE and write into a BYTE array

Set_REAL(FUN)

Convert REAL to BYTE and write into a BYTE array

Set_UDINT (FUN)

Convert UDINT to BYTE and write into a BYTE array

Set_UINT (FUN)

Convert UINT to BYTE and write into a BYTE array

Set_USINT (FUN)

Convert USINT to BYTE and write into a BYTE array

Function form:
Set_XXXX(in:= ,pData:=);

In is the value to be written.

pData is a pointer to the start address of a BYTE array.

¢ Key points

- Integer data conversion simply follows the radix conversion rules.

- The conversion between floating-point data and BYTE must adhere to floating-point normalization. Examples are pro-

vided below.
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I 3.1.3 Usage example 1 (Integer data conversion)

[1] Get data

Declare some integer data variables to hold the function output values. Declare a 4-byte BYTE array to act as the data

stream.

Pc_PrG x i EEiE2 | [ Device
1 PROGRAM FLC FRG

B 2 VAR
3 testbyte :ARBAY [0..3] OF BYTE;
5 getDint :DINT;
& getlnt +INT;
7 getlUdint :TUDINT:
3 getlUint :TUINT:
3 getlUsint +TJSINT;

getDint :=Get_DINT (pData:= ADR(testbyte)):
getInt :=Get_INT (pData:=ADR(testbyte)):
getlUdint:=Get UDINT (pData:=ADR(testbyte) )’
getlUint :=Get UINT (pData:=ADR(testbyte)):
getlUsint:=Get_USINT (pData:=ADR(testbyte) )’

VR T

[T

@]

After logging into the program, for ease of understanding, the BYTE array values are displayed and modified in binary for-

mat to 2#00010000 00000010 00001000 00011000 (in the array, the byte at a later address is the higher-order byte). It can be .
observed that different functions retrieve values from the array based on the space size they require. g
[))
=t s & 3
= @ testbyte ARRAY [0..3] OF BYTE §
@ testbyte[0] BYTE 200011000 =
@ testbyte[1] BYTE 200001000 g
@ testbyte[Z] BYTE 200000010 %
@ testhyte[3] BYTE 2200010000 §
% getDint DINT 2#00010000000000100000100000011000 g
% getlnt INT 2#0000100000011000 3
% getUdint UDINT 2#00010000000000100000100000011000 =~

% getlint UINT 2#0000100000011000

% getUsint USINT 200011000
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[2] Write data

Declare some integer data variables to hold the values to be written by the function. Declare a 4-byte BYTE array to act as
the data stream.

PLC_PRG x i EEEE [ Devie |

1 FROGRAM FLC_FRG
B 2 VAR
3 testhyte (ARRAY [0..3] OF BYTE;
4
5 dintnum :DINT;
€ intnum : INT:
7 udintnum :UDINT;
g uintnum :UINT;
5 usintnum :TUSINT;
. 101
1 Set_DINT (in:= dintnum, pData:=ADR(testhyte));
2 Set_INI (in:= intnum, pData:=ADRE(testbyte)):
3 Set_UDINT (in:= udintnum, pData:=ADE(testbyte)):;
4 Set_UINT (in:= uintnum, pData:=ADR(testhyte)):
s Set_USINT (in:= usintnum, pData:=ADR(testbyte)) .'I

[

Since writing data to the same array causes mutual interference, other functions are commented out here, demonstrat-
ing only writing DINT data. DINT is a 32-bit signed integer. The value of dintnum is modified to -158, which is 2#11111111
11111111 11111111 01100010 (two's complement).

pLC_PrG x| [fi] EE12E | Devie |

(@]

L]
Device.Application.PLC_PRG o
S el = EEE 3 L
)]
= @ testhyte ARRAY [0..3] OF BYTE E
@ testbyte[0] BYTE 0 g
@ testbyte[1] BYTE 0 3
@ testbyte[2] BYTE 0 ]
~
@ testbyte[3] BYTE 0 (w)
| & dintnum DINT 0 -158 | g.-
intnum 0
@ INT o
@ udintnum UDINT 0 o
@ uintnum UINT 0 8
@ usintnum USINT 0 g
@ getDint DINT 0 =]
«©
@ getint INT 0 ~
@ getUdint UDINT 0
@ getUint UINT 0
@ getUsint USINT 0
+ @ testreal ARRAY [0,.3] OF BYTE
+ @ testlreal ARRAY [N..71 OF RYTF

It can be seen that the values of the BYTE array testbyte have been modified.

PLC_PRG x (i EZ1@2 | ([ Device |

Device.Application.PLC_PRG

=Tl =i =] ;
o4 @ testhyte ARRAY [0..3] OF BYTE
@ testhyte[0] EYTE 2£01100010
@ testbyte[1] BYTE 2#11111111
@ testhyte[2] EYTE 2#11111111
f testbyte[3] BYTE 2#11111111
# dintnum DINT 2#11111131111111111111111101100010 II:
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I 3.1.4 Usage example 2 (Floating-point data conversion)

For ease of understanding, the floating-point example first introduces writing data. This example will explain in detail the
conversion method between floating-point numbers and binary.

Declare floating-point data as input for the write functions. Map the BYTE array address to the corresponding function
output pin. (Ensure the BYTE array has sufficient space).

[1-2] First, use the write functions to write the values realnum and Irealnum into the array testxxxx.

[3] Then, use the read functions to read the values from array testxxxx into getreal and getlreal.

Pic_PRG x (i) E=EE [ Devie |

1 FROGRAM FLC_FRG

=] 2 VAR
3 testreal JRRRAY [0..3] OF BYTE;
4 testlreal JRRRAY [0..7] OF BYTE;
5
£ getLreal
7 getReal
) realnum
10 lrealnumd -

1 Set_REALh: realnum, Data::nnﬂ(testreah i

2 Set LEERL(in:q lrealnum| pData:=ADR(testlreal))
3

4 getReal W&:mlﬁ(testrﬁaln:

5 getLreal] . LRERL (pData:FADR (testlreal)) s

Example: Convert the real value 2.5 to binary representation (32-bit float composition: 1-bit sign, 8-bit exponent, 23-bit

(@]

mantissa).
(1) Separate integer and fractional parts. Convert the decimal number 2.5 to binary: 2#10.1
(2) Shift 10.1 to the left to get 1.01*271.
Therefore, the following is obtained:
® Sign bit (S): 0 (positive number)
® Exponent (E): Should be 127 + (1) = 128, therefore, binary representation: 10000000.
@ Mantissa (M): After padding to 23 bits: 01000000000000000000000.

(BU!SSQDOJd E’].E’G) ssadoideleq -

The final 32-bit floating-point number in binary is: 2# 0 170000000 01000000000000000000000

PLC PRG x |fff] EEZIBE | [ Device |

Device Application.PLC_PRG

=iET e =l
= @ testreal ARRAY [0..3] OF BYTE
@ testreal[0] BYTE 2700000000
@ testreal[1] BYTE 2700000000
@ testreal[2] BYTE 200100000
@ testreal[3] BYTE 2#01000000
+ @ testlreal ARRAY [0..7] OF BYTE
@ aetlreal LREAL 0
getReal REAL 2.5
realnum REAL 2.5

It can be seen that the value obtained in the array is 2#01000000 00100000 00000000 00000000 (note: high/low byte or-
der is reversed), which matches the calculation result. The value obtained by getReal is 2.5 (the inverse process is not exempli-

fied; simply reverse the above process).

Example: Convert the Ireal value 300 to binary representation (64-bit double precision composition: 1-bit sign, 11-bit ex-
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ponent, 52-bit mantissa).
(3) Separate integer and fractional parts. Convert the decimal number 300 to binary: 2#00100101100
(4) Shift 00100101100 to the left to get 1.001011 * 28.
Therefore, the following is obtained:
@ Sign bit (S): 0 (positive number)
® Exponent (E): Should be 1023 + (8) = 1031, therefore, binary representation: 2#10000000111.
@ Mantissa (M): After padding to 52 bits: 00101100000000.............
The final 64-bit floating-point number in binary is: 2# 0 170000000111 00101100000000.........

PLC_PRG x (] EEEE [ Deviee |

Device.Application.PLC_PRG

=ET =R B
+ @ testreal ARRAY [0..3] OF BYTE
= @ testlreal ARRAY [0..7] OF BYTE
@ testlreal[0] BYTE 2#00000000
@ testlreal[1] BYTE 2200000000
@ testlreal[2] BYTE 2#00000000
@ testlreal[3] BYTE 2200000000
@ testlreal[4] BYTE 2#00000000
@ testlreal[5] BYTE 2%11000000
@ testireal[] BYTE 201110010 O
@ testlreal[7] BYTE 2#01000000
I 4 getlreal LREAL 300
@ getReal REAL 0
4 realnum REAL ]
[# Trealnum [REAL 300 ]

3.2 Type Convert (Function group)

A function group for type conversion, containing various data type conversions.
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I 3.2.1 CHAR_TO_BYTE (FUN)

@ Variables

Name CHAR_TO_BYTE (Character to numeric value)
Supported modes CSP Csv CST

Graphical representation ST representation

CHAR_TO_BYTE
—" Sl 2 CHAR_TO_BYTE(In:= );

(1) Input variable

Input variable Name Data type Valid range Initial value Description

Pointer to the device information struc-
IN Input string STRING (1)

ture.
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(2) Output variable

Output variable Name Data type Valid range Description
CHAR_TO_BYTE Conversion result BYTE The BYTE value converted from the character.

¢ Key points

+ Refer to the ASCII code table for the conversion relationship between strings and bytes.

I 3.2.2 Usage example

[1] Declare the following two variables. Call the function to convert mess (STRING) to BYTE, and assign the output
result to getmess (BYTE).

PLC_PRG X | [] Device [fff] E21BR |

1 PROGRAM PLC _PRG
3 2 WAR
2 mess : STRING;
4 getmess BYTE;
5 END VAR

1 getmess:=CHAR TO BYTE (In:= mess);

[2] Download and run the program.

Modify the value of mess to ‘@' It can be seen that the value of getmess changes to 64, which corresponds to the conver-

sion value in the ASCII code table.

PLC_PRG X | ] Device |[ffi] EE=1BER |

Device.Application.PLC_PRG

=L == ] HEE i
@ mess STRIMNG ‘'
@ getmess BYTE 64
1 getmess[ 84 :=CHAR_TO BYTE(In:= mess & |} ;[RETURHN]
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3.3 Type Packing (Function group)

A function group for data packing/unpacking. It can combine or convert types like BYTE, BIT, etc., to/from other types.

I 3.3.1 Function group (Packing)

Name Description
BOOL_PACK_BYTE (FUN) Pack BOOLs into BYTE
BYTE_PACK_DINT (FUN) Pack BYTEs into DINT

BYTE_PACK_INT (FUN) Pack BYTEs into INT
BYTE_PACK_LREAL (FUN) Pack BYTEs into LREAL
BYTE_PACK_REAL (FUN) Pack BYTEs into REAL
BYTE_PACK_UDINT (FUN) Pack BYTEs into UDINT
BYTE_PACK_UINT (FUN) Pack BYTEs into UINT

I 3.3.2 Function group (UnPacking)

Name Description &

BYTE_UNPACK_BOOL (FUN) Unpack BYTE into BOOLs

DINT_UNPACK_BYTE (FUN) Unpack DINT into BYTEs

INT_UNPACK_BYTE (FUN) Unpack INT into BYTEs
LREAL_UNPACK_BYTE (FUN) Unpack LREAL into BYTEs

REAL_UNPACK_BYTE (FUN) Unpack REAL into BYTEs
UDINT_UNPACK_BYTE (FUN) Unpack UDINT into BYTEs

UINT_UNPACK_BYTE (FUN) Unpack UINT into BYTEs

€ Key points

- This function group provides data packing/unpacking functions for different data types, similar to the StreamProcess

function group.

(6U!53330Jd BZ].EG) ssadoideleq -
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4.1

I 4.1.1 HMC_GetCamMasterSetPosition (FB)

GetCamPosition

This function block is used to calculate the master axis position based on an input slave axis position.

€ Variables

Name HMC_GetCamMasterSetPosition
Supported modes CSP Csv CST
Graphical representation ST representation
HMC_GetCamMasterSetPosition(
CamTable:=,
bExecute:=,
HMC_GetCamMasterSetPosition fSlavePosition:= ,
—CamTable bDonep—
—{bExecute bBusyE— bMode:=,
—fSlavePosition time_lastf—
—bMode fPrecision:=,
— fPrecision
—arrMasterPosition arrMasterPosition:= s
bDone=>,
bBusy=>,
time_last=>);
(1) Input variable
Input variable Name Data type Valid range Initial value Description
REFERENCE TO
Input cam table. Only polynomial mode is
CamTable Cam table SM3_Basic.MC_
supported.
CAM_REF
bExecute Enable BOOL TRUE, FALSE FALSE TRUE: Triggers the function.
fSlavePosition Slave position LREAL Slave axis position.
Calculation mode TRUE: Calculates one solution per cycle.
bMode BOOL TRUE, FALSE FALSE
FALSE: Outputs all solutions in one cycle.
Master position calculation precision.
fPrecision Precision LREAL 0.0001
Unit: Application unit.
Array for storing the output master axis
arrMasterPosition Master position POINTER TO LREAL positions. Outputs multiple solutions
when there are multiple matching ones.
(2) Output variable
Output variable Name Data type Valid range Description
bDone Done BOOL TRUE, FALSE | TRUE: Function block execution is complete.
bBusy Busy BOOL TRUE, FALSE | TRUE: Function block is executing.
Time taken for calculation.
time_last Calculation time ULINT )
Unit: ps.

¢ Key points

+ The calculation mode can be set to TRUE to reduce fluctuations in the task cycle. However, calculating the points will

require multiple cycles.
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- arrMasterPosition is a pointer to the start address of an LREAL array, used to store multiple LREAL type data (master

axis positions).
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€ Usage example

[1] Create a new cam table (polynomial).

Right-click [Application] -> [Add Object] -> [Cam Table..] to add a cam table, named Cam here.

=) Levice (RO -1y - . F8 getipos
=B rLc B35 4 gEEFDS
= Iu Applicats - — ! 5 END VRR
Cam o = ;
0 el = R
PLC_R == B 3 bExecute:= ,
= @ LE » R 4 fSlavePositior
o @ N =t , , bHu:-deE=. f
E | aremssersoss:
& LocalDevice — 8 bDone=> ,
3 SoftMotion GJ!|>I{:| FRIRTE: r I|B camz=...
[ = & CNCER..
[J wEEe &y CNCER.
REEUSEA.. #¢  DUT.
q =3I =0 Interface...
JTEEvay e —— T persistent TE..,
& POU..
wE -~ 1 x
=5 Lhstedt -
=il Device HCQi-1300-0)
- Bl rcBig
- [} | Application |
I@. Cam |
S
PLC_PRG {PRG)
- B rems
= @ MainTask
&) pLC_PRG
‘A LocalDevice
‘; SoftMotion General Axis Pool
<
o
=
[2] Modify the master-slave position correspondence in the Cam table. The demonstration Cam is shown below. ,:01
(This table is for demonstrating this function block's calculation only.) é
i EEmE PLCPRG '@ Cam x[[f) Devie | g
am amF OBHE  HER (@)
; I 2
- £ L “’"““-\\\ " \3_/

L Ex okl

0 20 40 [ & 100 120 140 160 180 200 220 240 260 280 30 320 340
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[3] Declare and call the function block. Declare an LREAL array named getPos to receive the master axis positions
calculated by the function block.

i EE.IEEE 5] PLC_PRG X | &, Cam ||

FROGEAM FLC _ERG
WAR
FB_getMpos
EPDE
END VAR

Device

[ %]

=]
:HMC GetCamMasterSetPoaition;
:ARRAY [0..5] OF LREAL; |

Lo

(3]

m
—

FB_getMpos |
CamTakle:= Cam,
bExecute:= ,
£3lavePosition:= ,
bMode:= ,

& fPrecision:= ,

[ o%]

W L

(13}

arrMasterPosition:=
bkDone=> ,

kBusy=> ,

10 time_last=> );

getPos, I

o0

1]

[4] Use the function block

This example demonstrates calculating the master axis position when the slave axis position is 200, with the calculation
mode set to one solution per cycle.

D EEEs PLC_PRG X | Cam
Device Application.PLC_PRG

=T E-Siel =1 b-3=31=] it

= @ FB_getMpos
+ %% CamTable

]/m Device ]

HMC_GetCamMasterSetPosition
REFERENCE TO SM3_Basic. MC_CAM_REF

*% bExecute
% fSlavePosition
*% bMode
% fPrecision
+ *% arrMasterPosition
"% bDone
" bBusy
" time_last
@ getPos
@ getPos[0]
@ getPos[1]
@ getPos[2]
@ getPos[3]
@ getPos[4]
@ getPos[5]

BOOL
LREAL
BOOL
LREAL
POINTER TO LREAL
BOCOL
BOOL
ULINT

ARRAY [0..5] OF LREAL

LREAL
LREAL
LREAL
LREAL
LREAL
LREAL
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After triggering the function block, it calculates and outputs all matching master axis positions. Simultaneously, the bDone

pin outputs TRUE, and the time_last pin outputs the time used for the calculation.

i) EEEE ]S Pc_Pre x| @ Cam
Device Application.PLC_PRG
F=ER i =l
= @ FB_getMpos HMC_GetCamMasterSetPosition
+ % CamTable REFEREMCE TO 5M3_Basic, MC_CAM_REF

}/ﬂj Device ]

% bExecute BOOL

]

I 4.1.2 HMC_GetCamSalveSetPosition (FB)

% fSlavePosition LREAL 200

% bMode BOOL TRUE

% fPrecision LREAL 0.0001

+ *p arrMasterPosition POINTER TO LREAL 1620000024293463138

" bDone BOGL | RuE | =R =2

"% bBusy BOOL

" time_last ULINT E Ii-[—%ﬁa‘j
= @ getPos ARRAY [0..5] OF LREAL

@ getPos[0] LREAL 86.2305672197822 D__E@EEBE

@ getPos[1] LREAL 181.5263362285703 .

@ getPos[2] LREAL 273.23237438954629 ﬁEflL%

@ agetPos[3] LREAL 0

@ getPos[4] LREAL 0

@ getPos[5] LREAL 0

This function block is used to calculate the slave axis position, velocity, and acceleration based on an input master axis po-

sition.

€ Variables

Name HMC_GetCamMasterSetPosition
Supported modes CSP Csv CST
Graphical representation ST representation
HMC_GetCamSalveSetPosition(
CamTable:=,
bExecute:=,
HMC_GetCamSalveSetPosition fMasterPosition:=,
—{CamTable bDonet—
—bExscute bBusyf— bDone=> ,
— fMasterPosition bError}—
fStartPositiont— bBusy=>,
fStartVelocity}—
fStartAccelerationf— bError=>,
fStartPosition=>,
fStartVelocity=>,
fStartAcceleration=>);

(1) Input variable

Input variable Name Data type Valid range Initial value Description
REFERENCE TO
Input cam table. Only polynomial mode is
CamTable Cam table SM3_Basic.MC_
supported.
CAM_REF
bExecute Enable BOOL TRUE, FALSE FALSE TRUE: Triggers the function.
fMasterPosition Master position LREAL Master axis position.
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(2) Output variable

Output variable Name Data type Valid range Description
TRUE: Function block execution is complete.
bDone Done BOOL TRUE, FALSE
TRUE: Function block is executing.
bBusy Busy BOOL TRUE, FALSE
bError Error BOOL TRUE, FALSE | TRUE: An error occurred in the function block.
fStartPosition Slave position LREAL Slave position.
fStartVelocity Slave velocity LREAL Slave velocity.
fStartAcceleration Slave acceleration LREAL Slave acceleration.

4 Usage example

[1] Create a new cam table (polynomial)

Right-click [Application] -> [Add Object] -> [Cam Table..] to add a Cam table, named Cam here.

=) Levice (HLQI-15004Y)

s 3 FB_getMpos
= Bl pLc B getPos
= "'J Applicatian ; } s END VAR
@ Cam | ® =" ;
: =] 1 FB getMpos(
Ez _§
m EE Eﬂf“ 2 CamTakble:= Can
PLC | R 3 bExecute:= ,
B 3 4 f5lavePositior
FrREE R
5ok 5 bMode:=
WE =i * € fPrecision:= ,
=1 7 arrMasterPosit
"2 LocalDevice = B 2 bDone=> ,
& SoftMotion GJ!|_| ESES * I|B camzz...
) RN & CNCER..
O &Eus & CNCGEE..
FEETSEA.. ¢ DUT..
'55 BRI =2 Interface...
- e
B EMIRATRER WY porsistont S
& POU..
BE -~ 0 X
=5 Untitled 1 -
=-[i Device @ 1-1300-D)
=Bl pciBE
- ;| Appiication |
m Cam |
fi) =2
PLC_PRG (PRG)
- 5 neme
= @ MainTask
& PLC_PRG

% LocalDevice
‘L SoftMotion General Axis Pool
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[2] Modify the master-slave position correspondence in the Cam table. The demonstration Cam is shown below. (This
table is for demonstrating this function block's calculation only.)

E2 im0
T
20 40 60 8 100 120 140 180 180 200 220 240 260 280 300 320 340

E= i miiO)
M
I
000512
=
Z

0- E2 1A

20 40 60 80 100 1o 140 160 180 200 220 240 280 280 300 320 340

[3] Declare and call the function block. Input a master axis position to calculate the corresponding slave axis
position, velocity, and acceleration.

This example demonstrates calculating the slave axis parameters when the master axis position is 200.

HMC_GetCamSalveSetPosition

HMC GetCamSalveSetPosition
Cam —CamTable bDone —m—
= bExecute bBusy =
—fMasterPosition bError =
fStartPosition [~
fStartVelocity
fStartAcceleration [~
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4.2 GetVitualAxis

| 4.2.1 FB_CreatVitualAxis (FB)

This function block is used to create a virtual axis.

€ Variables

Name FB_CreatVitualAxis
Supported modes CSP Csv CST
Graphical representation ST representation
FB_CreatVitualAxis(
bCreateEx:=,
FB_CreatVitualAxis bModulo:=,
:EE{::::OB( bg:;: fModuloPeriod:=,
—{fModuloPeriod bError} bDone=>,
pAXis=>,
bError=>);
(1) Input variable
Input variable Name Data type Valid range Initial value Description
bCreateEx Trigger pin BOOL Rising edge trigger.
bModulo Axis modality selection BOOL TRUE, FALSE FALSE TRUE: Modal axts.
FALSE: Linear axis.
fModuloPeriod Modulo period REAL Period for the modal axis.

(2) Output variable

Output variable Name Data type Valid range Description
bDone Done BOOL TRUE, FALSE | TRUE: Function block execution is complete.
POINTER TO AXIS_REF_
pAXis Output axis pointer Pointer to the generated virtual axis.
VIRTUAL_SM3
bError Error BOOL TRUE, FALSE | TRUE: Creation failed, please check.

€ Key points
+ The calculation mode can be set to TRUE to reduce fluctuations in the task cycle. However, calculating the points will

require multiple cycles.

- arrMasterPosition is a pointer to the start address of an LREAL array, used to store multiple LREAL type data (master
axis positions).
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€ Usage example

After declaring the function block, call and configure it in the program.
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(*ES B, FHTiSENX T, bCreateEx ¥TRUEE, bDonef=- 8557
£, pAxisEIS7ERIE M EEIITEE)
FB CreatVitualAxis |

bCreatsEx:= TRUE,
EModulo:= boniEForeid s,
fModuloPeriod:= fiEFE %S,
bDone=> ,

pAxis=> ,

bError=> );
/- E R SR Z R, S5 Start () F¥&
FB CreatVitualRxis.m Start():
IF FB CreatVitualAxis.bDone THEN /-~ BRI
MC_Power {
Axis:= FB_CreatVitualAxis.plAxis~,
Enable:= TRUE,
bRegulatorOn:= ,
bDriveStart:= TRUE,
Status=> ,
bRegulatorRealState=> ,
bDriveStartRealState=> ,
Busy=> ,
Error=> ,
ErrorID=> );
MC_Jog(
Axig:= FB CreatVitualAxis.pAxis*,
JogForward:= bF,
JogBackward:= bB,
Velocity:= fVel,
Acceleration:= fVel*l0,
Deceleration:= fVel*1l0O,
Jerk:= ,
Busy=> ,
CommandAborted=> ,
Error=> ,
Errorld=> );

END _IF
/- RSS2 E 8/ En End() Bf%:
FB CreatVitualAxis.m End():
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4.3 HMC_Gearln

I 4.3.1 HMC_ActGearln (FB)

Electronic gearing. This function block is used to couple and follow the master axis feedback position.

€ Variables

Name HMC_ActGearln
Supported modes CSP Csv CST
Graphical representation ST representation
HMC_ActGearln(
Master:=,
Slave:=,
HMC_ActGearln Execute:=,
—{Master InGearp— RatioNumerator:=,
—{Slave Busy— RatioDenominator:=,
—Execute CommandAborted}— S
—RatioNumerator Errorp— Acceleratllon— '
—{RatioDenominator ErrorIDp— Deceleration:=,
—Acceleration Jerk:=,
—Deceleration InGear=>,
—Jerk Busy=>,
CommandAborted=>,
Error=>,
ErrorlD=>);
(1) Input variable
Input variable Name Data type Valid range Initial value Description
bExecute Enable BOOL TRUE, FALSE FALSE TRUE: Triggers the function
RatioNumerator Ratio numerator LREAL Ratio numerator.
RatioDenominator | Ratio denominator LREAL Ratio denominator.
Acceleration Acceleration LREAL
Deceleration Deceleration LREAL
Jerk Jerk LREAL
(2) Output variable
Output variable Name Data type Valid range Description
InGear Gearin BOOL TRUE, FALSE | TRUE: Coupling is complete.
bBusy Busy BOOL TRUE, FALSE | TRUE: Function block is executing.
CommandAborted | Command aborted BOOL TRUE, FALSE | TRUE: Function block execution is aborted.
Error Error BOOL TRUE, FALSE
ErrorlD Error ID SMC_ERROR
(3) Input/Output variable
Output variable Name Data type Valid range Description
Master Master axis AXIS_REF SM3 Master axis
Slave Slave axis AXIS_REF SM3 Slave axis

¢ Key points

- Couples and follows the master axis feedback position. The usage method is the same as MC_Gearln.
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4.4  HMC_GearinMultiMaster

| 4.4.1 HMC_GearInMultiMaster (FB)

This function block is used to implement multi-master axis coupling.

€ Variables

Name HMC_GetCamMasterSetPosition
Supported modes CSP Csv CST
Graphical representation ST representation
HMC_GearInMultiMaster(
Master1:=,
Master2:=,
Master3:=,
Master4:= |
Slave:=,
HMC_GearInMultiMaster SyncMode:=,
—{Masterl InGearf—
—Master2 Busyp— Execute:=,
—Master3 Act'wei— s a4
—Masterd CommandAbortedp— GearRatiol:=,
—|Slave Errorf— GearRatio2:=,
—SyncMode ErrorlDf—
—Execute GearRatio3:=,
—GearRatiol X
—|GearRatio2 GearRatio4:=,
—GearRatio3 [P
il - sl Acceleration:=,
—Acceleration Deceleration:=,
—{Deceleration
—erk Jerk:= s
InGear=>,
Busy=>,
Active=>,

CommandAborted=> |

Error=>,

ErrorlD=>); Z

o

(g

(1) Input variable S

- . ” —r <

Input variable Name Data type Valid range |Initial value Description Q

Synchronization ) Input cam table, only polynomial mode g

SyncMode E_GearInMultiMasterSyncMode

mode supported. Q

bExecute Enable BOOL TRUE, FALSE| FALSE  |TRUE: Triggers the function. Er

GearRatio1 Gear ratio 1 LREAL ?—,
GearRatio2 Gear ratio 2 LREAL
GearRatio3 Gear ratio 3 LREAL
GearRatio4 Gear ratio 4 LREAL
Acceleration Acceleration LREAL
Deceleration Deceleration LREAL
Jerk Jerk LREAL

(2) Output variable
Output variable Name Data type Valid range Description

TRUE: Function block gear synchronization is
InGear Gear synchronization BOOL TRUE, FALSE

complete.
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bBusy Busy BOOL TRUE, FALSE | TRUE: Function block is executing.
Active Active BOOL TRUE, FALSE | TRUE: Function block is active.
CommandAborted | Command aborted BOOL TRUE, FALSE | TRUE: Function block execution is aborted.
Error Error BOOL TRUE, FALSE | TRUE: An error occurred in the function block.
ErrorlD Error ID UDINT

(3) Input/Output variable

Output variable Name Data type Valid range Description
Master1 Master axis 1 AXIS_REF SM3 Master axis
Master2 Master axis 2 AXIS_REF_SM3 Master axis
Master3 Master axis 3 AXIS_REF_SM3 Master axis
Master4 Master axis 4 AXIS_REF SM3 Master axis
Slave Slave axis AXIS_REF SM3 Slave axis

¢ Key points

+ E_GearInMultiMasterSyncMode VELOSYNC, velocity synchronization. When coupling is complete, the slave axis velocity
equals the master axis velocity multiplied by the ratio.

+ E_GearlnMultiMasterSyncMode VELOSYNC, position and velocity synchronization. When coupling is complete, the slave
axis velocity (position) equals the master axis velocity (position) multiplied by the ratio.

45 HMC_Home

I 4.5.1 HMC_Home_Extends (FB)

HCFA homing function block. This function block is used when homing issues occur with the standard MC_Home block.

¢ Variables

Name HMC_Home_Extends R
Supported modes CSP Csv CST OZ
Graphical representation ST representation gi
HMC_Home_Extends( i
AXis:= | OZ
Execute:= g'
HMC_Home_Extends o >
. — - Position:=, 0
— AXis Donep— Done- )
one=>, r?'_
—Execute Busyp— _ 3
S Busy=>, i<
—{Position CommandAbortedp— _ =
CommandAborted=>,
—idAdvanced Errorp— -
Error=>,
—tTimeOut ErrorlD _
ErrorlD=>,
dAdvanced:=,
tTimeOut:= );
(1) Input variable
Input variable Name Data type Valid range Initial value Description
Axis Axis XIS_REF_ SM3
Execute Pin triggering BOOL TRUE, FALSE FALSE
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- ) ) The absolute position where the signal is
Position Position setting LREAL 0
detected.
0: Function is identical to MC_Home.
Function mode
dAdvanced INT ;2 1. Attempt restart after timeout.
selection
2: Reset first, then restart after timeout.
tTimeOut Timeout TIME 1S Homing action timeout judgment.
(2) Output variable
Output variable Name Data type Valid range Description
bDone Done BOOL TRUE, FALSE | TRUE: Function block execution is complete.
Busy Busy BOOL TRUE, FALSE | TRUE: Execution is in progress.
CommandAborted | Command aborted BOOL TRUE, FALSE | TRUE: Aborted by another command.
Error Error BOOL TRUE, FALSE | TRUE: An error occurred.
ErrorID Error ID SMC_ERROR 0 Error ID

¢ Key points

- Use in the same way as the MC_Home function block. Simply fill in the relevant parameters for "dAdvanced" and "tTime-

Out".
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4.6 OMRONMotion

I 4.6.1 HMC_MoveFeed (FB)

This function block performs positioning based on a specified travel distance from the point where an external interrupt
input occurs.

€ Variables

Name HMC_MoveFeed
Supported modes CSP Csv CST
Graphical representation ST representation
HMC_MoveFeed(
Axis:=,
Triggerinput:=,
TriggerVariable:=,
Execute:=,
WindowOnly:=,
HMC_MoveFeed FirstPosition:=,
— S0 LastPosition:=
—{TriggerInput Infeed o
—{TriggerVariable Busy Position:=,
—Ex_ecute Active Velocity:= ,
—{WindowOnly CommandAborted )
—FirstPosition Errorf— Acceleration:=,
—LastPosition ErrorIDf— Deceleration:=,
—Position Jerk=
—{Velocity e,
—Acceleration Direction:=,
—{Deceleration MoveMode:= |
—Jerk
—|Direction FeedDistance:=,
—MoveMade FeedVelocity:=,
—FeedDistance
—IFeedVelocity ErrorDetect:=,
—ErrorDetect Done=>,
Infeed=>, Z
Busy=>, 8;
o
Active=>, =
CommandAborted=> | OZ
- =
Error=>, g
ErrorlD=>);
rrorlD=>); p
o
X >
(1) Input variable g
Input variable Name Data type Valid range Initial value Description
bExecute Enable BOOL TRUE, FALSE FALSE TRUE: Triggers the function.
WindowOnly Window only BOOL
FirstPosition First position LREAL
LastPosition Last position LREAL
Position Target position LREAL
Velocity Target velocity LREAL
Acceleration Acceleration LREAL
Deceleration Deceleration LREAL
Jerk Jerk LREAL
Direction Direction selection MC_DIRECTION
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MoveMode

Move mode selection

_eMC_MOVE_MODE

Selects the move method.
0: Absolute positioning
1: Relative positioning

2: Velocity control.

Specifies the travel distance after the

interrupt input. Set as positive for move-

FeedDistance Feed distance LREAL ment in the same direction as before the
interrupt; set as negative for movement in
the opposite direction.

FeedVelocity Feed velocity LREAL Specifies .the targeft velocity for movement
after the interrupt input.

ErrorDetect Frror detection BOOL
selection
(2) Output variable
Output variable Name Data type Valid range Description
Done Done BOOL TRUE, FALSE | TRUE: Function block is complete.
Infeed infeed BOOL TRUE, FALSE Receives a latch input, becomes TRUE during
infeed.
bBusy Busy BOOL TRUE, FALSE | TRUE: Function block is executing.
Active Active BOOL TRUE, FALSE | TRUE: Function block is active.
CommandAborted | Command aborted BOOL TRUE, FALSE | TRUE: Function block execution is aborted.
Error Error BOOL TRUE, FALSE  |TRUE: An error occurred in the function block.
ErrorlD Error ID UDINT
(3) Input/Output variable
Output variable Name Data type Valid range Description
Axis AXxis AXIS_REF_SM3
Tiggerinput Trigger condition _STRIGGER_REF
When specifying the controller mode under
TiggerVariable Trigger variable BOOL trigger conditions, specifies the input variable to
trigger.

€ Key points
- _eMC_TRIGGER_MODE (0: _mcDrive, 1: _mcController specifies the trigger mode. 0: Drive mode. 1: Controller mode.)

- Latch ID selection: _eMC TRIGGER_LATCHID (0: _mcLatch1, 1: _mcLatch2. 0: Latch function 1. 1: Latch function 2.)

L]
<
o
(g
o
=]
~~
<
o
(=8
o
=}
0
o
=}
g
=
=
N—r

- PDO mapping: Latch Function (60B8h), Latch Status (60B%h), Latch Position 1 (60BAh), Latch Position 2 (60BCh).

- On the rising edge of Execute (Start), movement begins according to the setting of MoveMode (move mode selection),
using one of the methods: absolute move, relative move, or velocity control.

- For absolute move, set the target position in Position (target position). For relative move, set the target distance in Posi-
tion ((target position). For any move method, the move action is performed at the Velocity (target velocity).

- During movement, a relative positioning action occurs on the rising edge of the external input (interrupt input). From
the feedback position, the axis moves the distance specified by FeedDistance (feed distance) at FeedVelocity (feed velocity).

+ When performing interrupt feed with an absolute or relative move command, if no interrupt signal is input before reach-
ing the target position, the axis stops at the original target position. When stopping without an interrupt input, ErrorDetect
(error detection selection) can specify whether to output an error. When error output is specified, CommandAborted (command
aborted) becomes TRUE, and Busy (busy), Active (active) become FALSE.
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+ When using interrupt masking, set WindowOnly (window only) to TRUE and specify FirstPosition (first position) and
LastPosition (last position). Interrupt feed positioning is executed by the first interrupt signal occurring while the feedback po-
sition is between FirstPosition (first position) and LastPosition (last position).

| 4.6.2 HMC_SyncMoveAbsolute (FB)

This function block outputs the specified target position for an axis on a per-cycle basis.

€ Variables

Name HMC_SyncMoveAbsolute
Supported modes CSP Csv CST
Graphical representation ST representation
HMC_SyncMoveAbsolute(
Axis:=,
Execute:=,
HMC_SyncMoveAbsolute Position:=,
e ot witn=
—{Position Active— InPosition=>,
—{Width CommandAbortedf— Busy=> |
Errorp—
ErrorlDf— Active=>,
CommandAborted=> |
Error=>,
ErrorID=>);
(1) Input variable
Input variable Name Data type Valid range Initial value Description
bExecute Enable BOOL TRUE, FALSE FALSE TRUE: Triggers the function.
Position LREAL
Width LREAL R
(2) Output variable g
=
Output variable Name Data type Valid range Description i
InPosition In position BOOL TRUE, FALSE | TRUE: Function block positioning is complete. %
bBusy Busy BOOL TRUE, FALSE | TRUE: Function block is executing. g
Active Active BOOL TRUE, FALSE | TRUE: Function block is active. Q
CommandAborted | Command aborted BOOL TRUE, FALSE | TRUE: Function block execution is aborted. Er
Error Error BOOL TRUE, FALSE | TRUE: An error occurred in the function block. 8—/
ErrorID Error ID SMC_ERROR
(3) Input/Output variable
Output variable Name Data type Valid range Description

Axis Axis AXIS_REF_ SM3

¢ Key points

+ This command outputs the target position given by the user program to the servo drive, etc., in Cycle Synchronous Po-
sition (CSP) mode according to the task cycle. The target position is specified as an absolute position.

-+ When Position (target position) is not updated, InPosition (in position) becomes TRUE if the difference between the tar-
get position and the feedback position is within the axis parameter [In-position width].
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4.7 OverrideVel

| 4.7.1 HMC_Jog (FB)

This function block is used for variable-speed jogging by changing the speed ratio.

€ Variables

Name HMC_Jog (Variable-speed jog)
Supported modes CSP Csv CST
Graphical representation ST representation
HMC_Jog(
Axis:=,
JogForward:=,
HMC_Jog JogBackward:=,
— s Busy[— SpeedRatio:=,
—logForward Command&bortedf— o
—logBackward Errorfb— Velocity:=,
— SpeedRatio Errorldf— Acceleration:=,
—|Velodity . Deceleration:=,
—Acceleration
—{Deceleratian Jerk:=,
—Jerk Busy=>,
CommandAborted=>,
Error=>,
Errorld=>);

(1) Input/Output variable

Input/Output variable Name Data type Description

Axis Axis AXIS_REF_SM3 Specifies the axis, an instance of AXIS_REF SM3.

(2) Input variable

Input variable Name Data type Valid range Initial value Description
TRUE: Axis moves in the negative direc-

Jog forward tion.

JogForward BOOL TRUE, FALSE FALSE ) o )
FALSE: Axis stops moving in the negative
direction.

TRUE: Axis moves in the negative direc-
tion.

JogBackward Jog backward BOOL TRUE, FALSE FALSE ) o )
FALSE: Axis stops moving in the negative
direction.

) ) o The proportion of the axis's actual velocity

SpeedRatio Speed ratio LREAL 0"~"1 0 ) )
relative to the target velocity.

Positive number
Velocity Target velocity LREAL o 0 Specifies the target velocity.
or'0".
Positive number

Acceleration Acceleration LREAL . 0 Acceleration

or"0".
Positive number
Deceleration Deceleration LREAL o 0 Deceleration
or'0".
Positive number
Jerk Jerk LREAL . 0 Specifies the jerk.
or"0".
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(3) Output variable

Output variable Name Data type Valid range Description
Busy Busy BOOL TRUE, FALSE | TRUE: Function block is running.
CommandAborted | Command aborted BOOL TRUE, FALSE | TRUE: Function block execution is aborted.
TRUE: An error occurred in the function block;
Error Error BOOL TRUE, FALSE
execution has stopped.
ErrorlD Error ID SMC_ERROR 0 Outputs the error code when an exception occurs.

¢ Key points

- Controls axis jog operation. Forward jog is controlled by JogForward. When set to TRUE, the axis performs forward jog
at the set velocity, speed ratio, and acceleration. Reverse jog is controlled by JogBackward. When set to TRUE, the axis per-
forms reverse jog at the set velocity, speed ratio, and acceleration.

- Changing the SpeedRatio during axis motion takes effect immediately. The SpeedRatio can be modified to change the
axis's current motion speed as a proportion of the target velocity in real-time.

- During jog operation, if JogForward or JogBackward changes from TRUE to FALSE, the axis immediately decelerates to
a stop according to the set deceleration.

- The axis is in a Continuous Motion state during jogging.

- If both JogForward and JogBackward are set to TRUE simultaneously, the axis will stop moving or not start moving, and
no error will be reported.

| 4.7.2 HMC_Jogs (FB)

A variant of the HMC_Jog function block. This block is used for variable-speed jogging by directly changing the velocity
value.

€ Variables

Name HMC_Jogs (Variable-speed jog)
Supported modes CSP Csv CST
Graphical representation ST representation
HMC_Jogs(
Axis:=,
JogForward:=,
. HMC_Jogs JogBackward:=,

I S Velocity:=

—JogForward CommandAborted}— Y h

—JogBackward Errorf— Acceleration:=,

—\Velocity Errorldf— Deceleration:=,

—Acceleration Jerk=

—{Deceleration o

—Jerk Busy=>,
CommandAborted=>,
Error=>,
Errorld=>);

(1) Input/Output variable
Input/Output variable Name Data type Description
Axis Axis AXIS_REF SM3 Specifies the axis, an instance of AXIS_REF_ SM3.
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(2) Input variable

Input variable Name Data type Valid range | Initial value Description
TRUE: Axis moves in the positive direction.
JogForward Jog forward BOOL TRUE, FALSE FALSE FALSE: Axis stops moving in the positive
direction.

TRUE: Axis moves in the negative direc-

tion.

JogBackward Jog backward BOOL TRUE, FALSE FALSE ) o )
FALSE: Axis stops moving in the negative
direction.

Positive number
Velocity Target velocity LREAL o 0 Specifies the target velocity.
or"0".
Positive number
Acceleration Acceleration LREAL o 0 Acceleration
or"0".
Positive number
Deceleration Deceleration LREAL . 0 Deceleration
or"0".
Positive number
Jerk Jerk LREAL . 0 Specifies the jerk.
or"0".
(3) Output variable
Output variable Name Data type Valid range Description
Busy Busy BOOL TRUE, FALSE | TRUE: Function block is running.
CommandAborted | Command aborted BOOL TRUE, FALSE | TRUE: Function block execution is aborted.
TRUE: An error occurred in the function block;
Error Error BOOL TRUE, FALSE
execution has stopped.
ErrorlD Error ID SMC_ERROR 0 Outputs the error code when an exception occurs.

€ Key points

- Changes take effect immediately even during axis motion. The axis's current motion speed can be changed in real-time
by modifying Velocity.

+ For other considerations, refer to the description of the HMC_Jog function block.
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| 4.7.3 HMC_MoveAbsolute (FB)

¢ Variables

Name

HMC_MoveAbsolute (Variable-speed absolute positioning)

Supported modes CSP Csv CST
Graphical representation ST representation
HMC_MoveAbsolute(
AXis:= |
Execute:=,
Position:=,
HMC_MoveAbsolute .
—Axis Doneb— SpeedRatio:=,
—{Execute Busyf— Velocity:=,
—{Position CommandAborted p— Acceleration:= ,
—SpeedRatio Errorf— Deceleration =
— Welocity ErrorIDf— C
—Acceleration Jerk:=,
—{Deceleration Direction:=,
—Jr::rk . Done=>,
—Direction
Busy=>,
CommandAborted=>,
Error=>,
ErrorlD=>);
(1) Input/Output variable
Input/Output variable Name Data type Description
Axis Axis AXIS_REF SM3 Specifies the axis, an instance of AXIS_REF SM3.
(2) Input variable
Input variable Name Data type Valid range Initial value Description
Execute Start BOOL TRUE, FALSE FALSE TRUE: Enables the function block. .
. Negative . L <
- Target position - Specifies the target position in absolute o)
Position LREAL numbers, positive 0 =
. coordinates, in [command units]. o
numbers, "0 i
) Target velocity - » ) g
Velocity LREAL Positive number 0 Specifies the target velocity. o
o
=]
) ) e The proportion of the axis's actual velocity o)
SpeedRatio Speed ratio LREAL 0"~"1 0 ) ) o)
relative to the target velocity. 3
) Target velocity Positive number » ) §
Velocity LREAL . 0 Specifies the target velocity. ~
or"0".
Positive number
Acceleration Acceleration LREAL . 0 Acceleration
or"0".
Positive number
Deceleration Deceleration LREAL . 0 Deceleration
or"0".
Positive number Specifies the jerk.
Jerk Jerk LREAL . 0
or'0".
Fastest, current,
Direction Direction selection MC_Direction  |positive, shortest,  Shortest Reference: MC_Direction
negative
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(3) Output variable

Output variable Name Data type Valid range Description
Done Done BOOL TRUE, FALSE | TRUE: Function block is complete.
Busy Busy BOOL TRUE, FALSE | TRUE: Function block is running.
CommandAborted | Command aborted BOOL TRUE, FALSE | TRUE: Function block execution is aborted.
TRUE: An error occurred in the function block;
Error Error BOOL TRUE, FALSE
execution has stopped.
ErrorlD Error ID SMC_ERROR 0 Outputs the error code when an exception occurs.

€ Key points

- This is an absolute positioning function block. The Position data is the absolute position of the axis. The axis state is
Discrete Motion during the execution of this function block.

- Changing the SpeedRatio during axis motion takes effect immediately. The SpeedRatio can be modified to change the
axis's current motion speed as a proportion of the target velocity in real-time.

- The rising edge of Execute starts the function block. During function block execution, a new rising edge can be re-trig-
gered. Each rising edge reloads the function block's input parameters and re-executes the function block.

- If Acceleration or Deceleration is zero, starting the function block (Execute) will result in an error, and the axis state will
be Standstill.

« For Direction (direction selection), refer to MC_Direction.

4.8 RobotMove (Function group)

I 4.8.1 Interpolation models and model function blocks

4.8.1.1 FB_KimTransl_None2 (No-model 2-axis model)

The no-model 2-axis resembles a 2-axis gantry planar structure. Axis 1 controls the horizontal lateral motion (X-axis), and
Axis 2 controls the horizontal longitudinal motion (Y-axis).

FB_KimTrans|_None2(

bWriteParameter:=, /BB L RIS S
outCartesianPos=>, [ B4R
bDone=>, BB EERRES
bError=>, BB E \HBIRES
dOffsetAQ:=, [/AOsRYE MRS 2
dOffsetAl:=, J/ALSRYERIMRTS 2
AxisX:=, /17K X&h

AxisY:=); [1IKTFEYH
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4.8.1.2 FB_KimTransl_None3 (No-model 3-axis model)

The no-model 3-axis resembles a 3-axis gantry spatial structure. Based on the 2-axis model, an additional Axis 3 is added
to control vertical motion along the spatial Z-axis.

FB_KimTransl_None3(

bWriteParameter:=, [ENER L RHMEES N
outCartesianPos=>, [/ R AR
bDone=>, [ERBREEERES
bError=>, J[ERBHE NEZES
dOffsetA0:=, [/AOHEYERIMETE 2
dOffsetAl:=, [/ALSHEYERIMETE 2
dOffsetA2:=, JIA25h N EIMRTE 2
AxisX:=, /== iE]X %

AxisY:=, [/ iBY 4

AxisZ:=); JEEre:!

4.8.1.3 FB_KimTransl_Delta2 (2-axis delta model)

The 2-axis Delta robot model is shown in the figure below. The left and right axes (modal) control the motion of the left
and right link 1 (uniformly defined as Link 1), respectively. Three parameters must be set in the function block: the length of link
1 (dArmLength1), the length of link 2 (dArmLength2), and the distance between the end points when both links 1 are horizon-
tal (dDistance). By default, when both links 1 are in the horizontal position, the spatial position of the robot's end point is (0,0).

FB_KimTrans|_Delta2(

bWriteParameter:=, [/ENEE L A B8

outCartesianPos=>, /5 S A AT

bDone=>, [EREBHEBERRKRES

bError=>, [BREHENEIRES

dArmLengthl:=, [EMLIKE

dArmLength2:=, [EM2KE

dDistance:=, [/ ET IR RIS

dOffsetA0:=, [/AOBIE MRS B

dOffsetAl:=, [/ALHRIERIMRERS 2

Axis0:=, [/, (ELFHRP, GEEXEE6a R EH)
Axis1:=); J/EH, (ELFHRP, UERMEGNEF G

L]
Y
o
(g
o
=]
L)
<
o
(=8
o
=}
0
o
>
(=g
=
=
N

77



4.8.1.4 FB_KimTransl_Polar2_Z (3-axis polar cylindrical coordinate model)

Axis 0 controls the rotational axis, Axis 1 controls the horizontal telescopic axis, and Axis 2 controls the vertical movement
along the spatial Z-axis.

Note: The set of points reachable in space by the end point is a cylinder, hence it is called the cylindrical coordinate system model.

FB_KimTrans|_Polar2_Z(

bWriteParameter:=, NBNERE L R hERE 25K
outCartesianPos=>, /5 =R ] 4T
bDone=>, JEREREETRES
bError=>, JEREHRE \FIRES
dOffsetA0:=, //AO% (RERECHY) HEIMRIZE
dOffsetAl:=, J/ALE (Z14RH) HEIMRIZE
dMaxR:=, J/ALER (ZHERH) MRAEE
Axis0:=, /A0 (hie¥eChl)
Axisl:=, J/ALSH (ZetER%H)
Axis2:=); JIA25h (FHPEZ5h)
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4.8.1.5 FB_KimTransl_Scara2_Z Tool (4-axis Scara2 robot model)

The 4-axis Scara robot model is shown in the figure. Axis 0 (modal) controls the rotation of the main arm. Axis 1 (modal)
controls the rotation of the forearm. Axis 2 (linear) controls the vertical movement of the auxiliary axis. Axis 3 (modal) controls
the rotation of the tool axis, with counter-clockwise defined as the positive direction.

Three parameters must be set in the function block: the length of the main arm (dArmLength1), the length of the forearm
(dArmlLength2), and the elbow configuration bElbowlow (TRUE for right-handed, FALSE for left-handed). In simulation, the
default configuration is with both the main arm and forearm positioned along the positive half of the spatial x-axis, meaning
the arm is fully extended pointing along the positive x-axis. The auxiliary axis is not moved vertically, and the tool axis rotation
angle is 0. In this state, the end point is at the spatial coordinate (0,0,0) with the tool axis rotation angle at O degrees.

FB_KimTransl_Scara2_Z_Tool(

bWriteParameter:=, JISENEBL A E B I
outCartesianPos=>, [/ = e 44T
bDone=>, [BEESHERERRKES
bError=>, [[EREHE N\EIRES
dArmLengthl:=, [EFLIKE (KE)
dArmLength2:=, [[EF2KE (IE)
dOffsetA0:=, J/AOEIER MRS 2
dOffsetAl:=, [/ALHRYENIMRTE 2
bElbowLow:=, J/EBEIRIRE, TRUEAREFR, FALSEASEFR
Axis0:=, JIRE

Axisl:=, [11VE

Axis2:=, //5HENZ 5

Axis3:=); /| TERM

HCFa

e

(]0J3U0D) UOIION) UOIIOIN »
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4.8.1.6 FB_KimTransl_Scara2_Z Tool_ABS (4-axis Scara2 robot absolute model)

This is the absolute version of the FB_KimTransl_Scara2_Z_Tool model. The servo zero point corresponds to the spatial co-
ordinate (L1+L2, 0, 0) and orientation (0,0,0).

FB_KimTransl_Scara2_Z_Tool_ABS(

bWriteParameter:=, JIEANEE LR MEE S
outCartesianPos=>, Wik sEEE
bDone=>, JEREBHERETRES
bError=>, [BERBHENEIRES
dArmLengthl:=, [EFLIEE (K8)
dArmLength2:=, [EF2EKE (E)
bElbowLow:=, [/REBSRIEE, TRUEAREFR, FALSEASEFR
Axis0:=, [IREH

Axisl:=, J[IVEH

Axis2:=, //5EBhZ5

Axis3:=); /| ZER%H

4.8.1.7 FB_KimTransl_Scara3_Z (Three-joint Scara model)

This is a variant of the FB_KimTrans|_Scara2_Z Tool model, as shown in the figure below.

FB_KimTransl_Scara3_Z(

bWriteParameter:=,
outCartesianPos=>,
bDone=>,
bError=>,
dArmLengthl:=,
dArmLength2:=,
dArmLength3:=,
bElbowLow:=,
Axis0:=,

Axisl:=,

Axis2:=,

Axis3:=);

/IS NEE L B E S
J/EiH e B AT

BRI HERERRES
[BEI2HE \EIRES
[EFIKE (KE)
[EF2KE (ME)
[EIKE

/RS EIRI&E, TRUEAREGF R, FALSEASEFER
[/ KB

/B

/58BN Z%h

//ZERHM

-
[}
(8]

.
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4.8.1.8 FB_KimTransl_SimilarScara2 (Scara-like model)

This model is a variant of the Scara model, as shown in the figure below.

Note: Parts A and F are each controlled by two motors. FD is the length of the main arm axis; EC is the length of the forearm axis;

CB is the length of the intermediate support side; DC is the length of the end side; AB is the length from the main arm axis to the
intermediate support side on the end side.

4.8.1.9 FB_KimTransl_Trapezoid2 (2-axis T-shaped manipulator)

This structure is similar to what is also called a CoreXY or H-Bot structure.

FB_KimTransl_Trapezoid2( g%
bWriteParameter:=, [/ ENEE L MR E S S
outCartesianPos=>, [/ =2 K4
bDone=>, |EREHREFRIES 2
bError=>, [BREBHENEIRES (33
dOffsetX:=, [/ EEIEXERREE 9
doffsety:=, [/ iE ATV RS IA R TS B 5
AxXisAD:=, //AO%H ~
AxisAl:=); //A1%H
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4.8.1.10 FB_KimTransl_GantryCutter2 (2D gantry with cutter)

FB_KimTransl_GantryCutter2(
bWriteParameter:=,
outCartesianPos=>,
bDone=>,
bError=>,
dOffsetX:=,
dOffsetY:=,
dOffsetR:=,
AxisX:=,

AxisY:=,
AxisR:==);

[IENEB L R MELE S
At =B 44 AR

/R BHREETHES
[MREBEE NRIRES
/ARy ENIMR TS 2
/ALY EIMETS B
[IA3MhBYEN SMRETS B

//X%h

AL

//R¥

4.8.1.11 FB_KimTransl_GantryCutter3 (3D gantry with cutter)

FB_KimTransl_GantryCutter3(
bWriteParameter:=,
outCartesianPos=>,
bDone=>,
bError==>,
dOffsetX:=,
dOffsetY:=,
dOffsetZ:=,
dOffsetR:=,
AxisX:=,

AxisY:=,
AxisZ:=,
AxisR:==);

[IENREL R MHEEE SR
[ [ =SB 444
[MRESHEERMES
[MEERSHENERES
/A0SR ENIMR TS B
/AR ERIMR TS 2
[IA25hEVENIMR TS B
(AR ENIMRTS B
/X%

AL

/2%

//R%
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4.8.1.12 FB_KimTransl_Axis4 (4-Axis bridge cutting machine)

Ah45°

Ajh45°

<

A%H0°

]

m

1

a

cX i oy
e >

Straight cut Z platform difference: Measure the distance as shown in Figure C, with the Z-axis at the zero position.

Angled cut Z platform difference: Measure the distance as shown in Figure D, with the Z-axis at the zero position and the
A-axis at 45°.

Angled cut Y difference: Measure the distance as shown in Figure E, the projection spacing on the Y-axis when the A-axis
isat 45°and 0°.

C axis center deviation X: Measure the distance as shown in Figure CX.

C axis center deviation Y: Measure the distance as shown in Figure CY.

FB_KimTransl_Axis4( Z
bWriteParameter:=, JIENER L A E S %.
outCartesianPos=>, Ik s Bl 5
bDone=>, RS HERERRES 2
bError=>, JEEEHE \KIRES =
f71:=, JETIZEEE (33
fz2:=, JFHNZERE 9
frotateA_Y:=, /Y E 5
frotateC_X:=, J/CHITMRZEX =
frotateC_Y:=, JICHIMREY
Apos:=, JIAhAE
dOffsetX:=, JIXERYEIMRTZ 2
dOffsety:=, JIYHBEIMRTE 2
dOffsetZ:=, [ 25 EIMER 2
AxisX:=, /X%

AxisY:=, /Y5
AxisZ:=, /1254
AxisC:=); //C5
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4.8.1.13 FB_KimTransl_Axis5 (5-axis bridge cutting machine)

z

Offset between A-axis rotation center and C-axis rotation center: Measure the distance as shown in Figure D.

Offset between the inner side of the saw blade and the A-axis rotation center: Measure the distance as shown in Figure E.
Height difference between the saw blade center and the A-axis rotation center: Measure the distance as shown in Figure F.
Offset between the saw blade center and the C-axis rotation center: Measure the distance as shown in Figure G.

Saw blade thickness: Input the appropriate thickness value according to the specific blade used.

FB_KimTransl_Axis5(

bWriteParameter:=, B ANBR L EHMEEE S

outCartesianPos=>, [ /5 =SB 444

bDone=>, [BEEHEERKRES

bError=>, [[BRSHE NEIRES

farml:=, /IASHRERE RO S CREE P ORTS

farm2:=, /88 F RIMIFIASAERE P CRTE

fsawWw:=, [BREE

fsawR:=, [[SER H1ER

fsawz:=, /R RO RIARBE R R B -
fsawC:=, [[3BR ROFICHEE MR S
dOffsetX:=, [IXERNE MBI 2 S
dOffsetY:=, [IYSHEVEIMRIZ 2 z
dOffsetz:=, /| 2B E MRS 2 2
AxisX:=, /X5 S
AxisY:=, L] e
AxisZ:=, /] 2%k 2’
AxisA:=, /A% =3
AxisC:=); /] Cith
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I 4.8.2 Motion control function blocks

4.8.2.1 HMC_RobotHandWheel (Handwheel spatial jog function block)

HMC_RobotHandWheel(

bEnable:=, /! fE8E

pRobotKimTransl:=, [IAEEAMER, IRER, MRETEEESEEETIERRT
HandWhellPosX:=, [IFEXE

HandWhellPosY:=, [IFRYUE

HandWhellPosZ:=, [IFRZE

bBusy=>, [[E#EITHR{ES, TRUEAIETTH, FALSEAfEHEITREEE
bError=>, [BEITHIRES, BHMIERIRNMESH=SEThEERIEE
outCartesianPos=>); [ARIE AR E U R FER R E R e iR E

4.8.2.2 HMC_RobotJog (Interpolation jog function block)

HMC_RobotJog(

fvelocity:=, /| B EhRE
fAcceleration:=, /| = Eh R E
fDeceleration:=, || B EhiEEE
xJogForward:=, [IXBHIE A RS Eh
xJogBackward:=, //Xs R 5B S Eh
yJogForward:=, [/HhIEA RS Eh
yJogBackward:=, //41R A 1A s 5h
zJogForward:=, | ZHIEA RSN
zJogBackward:=, & nbalc =¥
pRobotKimTransl:=, JIFBRAGERY, HER, MRTEEEISIEELES,
bBusy=>, | fE#ETTHRIES, TRUEAIETTH, FALSEAIEREBITR
bError=>, [EITIHRIRES, HEMTERIRNME R = SHINEERIRS
outCartesianPos=>); [ARIB S ah I E U Riath FE R IR E SR EZRLAR(XY,Z)
<
&
4.8.2.3 HMC_RobotMove (Motion control function block) S
K
The trajectory command parameter group supports up to 100 commands. g‘.
=}
HMC_RobotMove( g)
bExecute:=, /| EHRMEES 3
bPause:=, |[{EHEEES, ATRUEGELLIEH, TEFALSEGHERIETT 3
bAbort:=, [[{EHEIEES, ATRUEGEILIBEHNEITHESRKH =
fOverride:=, [[EH SR HAIETTHIESIRELS, BAEeBHEMRE, HIEE B
bSmooth:=, /| BRZERINTTFRTIEE, FTEEEERAITANRRE
fSmooth_R:=, || Z B NEFiREE
fSmooth_Override:=, [[TEBThEERE 4R LL B, BRI S/ NTF1
pRobotKimTransl:=, JIFBBAEE, WAER, MRETEEEESELESR
NumberOfCommand:=, [[H e S {ER T3
stMoveCommand:=, [EESEHEE, RATIFI005%ES
bDone=>, [[{EHFERRIES
bPaused=>, /IEERRES
bBusy=>, [FEFNEITR{ES, TRUERIZETTH, FALSENIGFMEITRE
bError=>, /IETHIRES, BMTEERNMEE RS HIERIRE
eErrorlD=>, [ ERE LS
dCommandCount=>, [[EHiEThIE S8, s iE T eMRITRERE N0
dRunCount=>, [/ SENEITRI T ERES
outCartesianPos=>); [RIBE RIS U RiEs F R IR E SR FIR T E LRI E
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4.8.2.4 HMC_RobotMove_max1000 (Extended multi-axis motion control function block)

The trajectory command parameter group supports up to 1,000 commands.

HMC_RobotMove_max1000(

bExecute:=, [| EFEMEES

bPause:=, JHEHNEEES, ATRUEGFELLIEH, RS FALSER4LEEETT
bAbort:=, JHEHMEIEES, ATRUEGARLIEHMETHEERH
fOverride:=, /BB HANEI TS SHRELR, RR:BEMRE, HAEESH
bSmooth:=, /IBBZEHNETEIIRE, SEEERITINER
fSmooth_R:=, /| ZEHT TR

fSmooth_Override:=, /| FiaThReREga b fl, B L/ NTF1

pRobotKimTransl:=, [/AS AER, WiER, MEEEERSIEETIER
NumberQfCommand:=, [[ENiT e EE T

stMoveCommand:=, [iBEiES S, BATIFI000%ES

bDone=>, /[{E# RS

bPaused=>, [[EfFRR{ES

bBusy=>, [fEHIBITHRIES, TRUERIBTTH, FALSERIE#EITR
bError=>, [BEITHIRES, EMTEERNNE ST SHINEERIRE
eErrorlD=>, [ B PEACES

dCommandCount=>, JEEEES T, LI EmiESeRITRERFE RO
dRunCount=>, NEE =G INE E 3

outCartesianPos=>); [[IRIEE R E U R FIE IR E SR N ELin i E

I 4.8.3 Motion command parameter stMoveParameter

4.8.3.1 Linear interpolation mode

Linear interpolation controls the machine's endpoint to move from the initial position to the target point along a straight-
line path. Simply set the bMoveType mode to FALSE. The parameters used are as follows:

stCommand[1].fAcceleration :=; J/INERE
stCommand[1].fDeceleration :=; /[RRE
stCommand[1].fVelocity :=; [RE
stCommand[1].stTargetPos.X :=; [ iH 2% E (i E = ia 45X
stCommand[1].stTargetPosY :=; [ R RIEE I E B 2ARY
stCommand[1].stTargetPos.Z :=; [IFREFRIEE I E= 82452
stCommand[1].stTargetPos.A :=; [[Fimm TEMISERREAEA
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4.8.3.2 Circular interpolation mode - radius mode

Determine the distance from the start point to the target point, and set the radius. This defines an isosceles triangle (legs
equal to the radius). The vertex of this triangle is the arc center. The minor arc (arc with central angle < 180°) is used as the mo-

tion path. The parameters used are as follows:

stCommand[1].bMoveType :=TRUE;
stCommand[1].fAcceleration :=; /IR E
stCommand[1].fDeceleration :=; [ BRE
stCommand[1].fVelocity :=; [RE
stCommand[1].stArcParameter.eArcMode:=1;
stCommand[1].stArcParameter.bDirection:=;
stCommand[1].stArcParameter.fRadius:=;
stCommand[1].stTargetPos.X :=;
stCommand[1].stTargetPos.Y :=;
stCommand[1].stTargetPos.Z :=;
stCommand[1].stTargetPos.A :=;

[[HEFMETUERE (TRUERESNER, FALSEREZIER)

/B, EMERT AR (L3 RER)
//EIARE (TRUEAPETS, FALSEAIRRTE)
[EEHEF, ¥REXEH,RINEXYTEIEH
[/ ARG SIRTE (I B =B 2 AFX

/AR SIRTE (I BB L ATY

/R RIRE (& Tia) #HRZ
[/FRFETRMISEREEAEA

4.8.3.3 Circular interpolation mode - center mode

Determine the coordinates of the start point, target point, and arc center. The motion path is defined by the center coor-
dinate. The spatial coordinate of the center should lie on the perpendicular bisector of the line between the start and target
points. If not, the center coordinate will be automatically corrected, with a deviation not exceeding 10%. The arc motion direc-
tion bDirection can be selected freely for clockwise or counterclockwise rotation (minor arc: central angle < 180° ). The parame-

ters used are as follows:

stCommand[1l].bMoveType :=TRUE;
stCommand[1].fAcceleration :=; [[INRE
stCommand[1].fDeceleration :=; [ RRE
stCommand[1].fVelocity :=; |ERE
stCommand[1].stArcParameter.eArcMode:=0;
stCommand[1].stArcParameter.bDirection:=;
stCommand[1].stArcParameter.stMidPoint.X:=;
stCommand[1].stArcParameter.stMidPoint.Y:=;
stCommand[1].stArcParameter.stMidPoint.Z:=;
stCommand[1].stTargetPos.X :=;
stCommand[l].stTargetPos.Y :=;
stCommand[1].stTargetPos.Z :=;
stCommand|[1].stTargetPos.A:=;

[[iEFMETER (TRUEXENEH, FALSEXREZIE)

/ESRE, ESNiE#ETER (0RER)
//E5lAR (TRUEASIN, FALSEARIN)
/BB, BOEXEA

/BB 4Ry, BRNEA
[[BED=EE5Z, BRER

[/ b == R (i B 2] AR X

[R5 0% RE (L B 8] A ATRY

[/& b = i R (i B ) AR Z

[/&R = TR¥NS E R A EA
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4.8.3.4 Circular interpolation mode - cross point mode

Determine the coordinates of the start point, target point, and cross point. Note that the three points must not be collin-
ear, as this prevents defining a unique interpolation plane in 3D space. The circumcenter of the triangle formed by the three
points (intersection of the perpendicular bisectors) serves as the arc center, defining the circumcircle. The arc motion direction
bDirection can be selected for clockwise or counterclockwise rotation (minor arc: central angle < 180°). The parameters used
are as follows:

stCommand[1].bMoveType :=TRUE; //{&#MEZ:EE (TRUERENEH, FALSEAELZEH)

stCommand|[1].fAcceleration :=; JINEE

stCommand[1].fDeceleration :=; JRRE

stCommand[1].fVelocity :=; 1RE

stCommand[1].stArcParameter.eArcMode:=2; J/ESE, BEIEHATEN (2hdESER)
stCommand[1].stArcParameter.bDirection:=; J/EiM7A®E (TRUEASIN, FALSEAHIN)
stCommand[1].stArcParameter.stAcorssPoint.X:=; [T AR R, TEAEREA
stCommand|[1].stArcParameter.stAcorssPointY:=; [T R EEE ATy, EiEREXEA
stCommand[1].stArcParameter.stAcorssPoint.Z:=; iR REiRZ, TEAEREA
stCommand[1].stTargetPos.X :=; /7% S8 E B = a4 HRX

stCommand[1].stTargetPosY :=; /7R iR iR E 1 B =R AAATY

stCommand[1].stTargetPos.Z :=; JIFRIFRIEE M BT AR

stCommand[1].stTargetPos.A :=; JIFRER TR EREREA

I 4.8.4 Usage process examples

4.8.4.1 Example for 2-axis Delta model

Example: Given a Delta robot (as shown below), Link 1 length is 500, Link 2 length is 1100. The starting ends of the two
Link 1s are tangentially connected in a circle, so the end point distance is taken as twice the length of Link 1. The horizontal
position is the origin. The positive direction for both axes is set inward, meaning the left axis clockwise is positive, and the right
axis counterclockwise is positive. In this state, the robot endpoint position automatically converted by the function block is (0,0).
To lift the end point up by 20, a linear interpolation motion command is used, setting the target coordinate to (0,20):

L]
Y
o
(g
o
=]
L)
<
o
(=8
o
=}
0
o
>
(=g
=
=
N

Declaration and calling of the Delta robot model function block and motion function block

Declare and call the HMC_RobotMove and FB_KimTransl_Delta2 function blocks in PLC_RPG. Also, enable Axis 0 and Axis 1.
For convenience in this example, the enable value is directly written as 1, meaning auto-enable.

Parameters for FB_KimTrans|_Delta: Link 1 length is 500, Link 2 length is 1100. dDistance is the distance between the ends
of the two Link 1s. Since the starting ends are tangentially connected, dDistance here is Link 1 length * 2, i.e,, 500 * 2=1000.
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e > 1 x PLCPRG X[[5] command  |'@f Trac= [ ov |
- ” - 1 PROGRAM PLC_PRG b
) et e | e o 1, 2AEBE R
=0 peves prr13020) 3 MC_Powerl,MC_Power2 B8 ) S
- B rcizg . A Robotriors = = AsaEk
=} Application H FB_HimTransl_Delta2
@ : x
[l N
command {(PRG) = % HCiP;:Erl( . \
2 13:= 1350, g 1
“[21 pLc prG pRo) 3 Enable:=1, De"ta}mﬁg/\ﬁij
= 8 rEmE 4 bRegulatorfn:=1 ,
= §B EtherCAT Task s bDriveStart:=l ,
@ PLC PRG € Status=> ,
o 7 bRegulatorRealState=> ,
@ MainfTzsk H bDriveStartRealStates=> ,
- @ command 9 Busy=> ,
&l Trace 10 Error=> ,
-8 LocalDevice 1 ErrorID=> );
12|
) & SoftMotion General Axis Pool 5 13 MC_Powera(
= ﬂi EtherCAT_Master_SoftMotion {(EtherCAT]| 1a Awis:= Axisl,
[ LocaEtherCATDevice (LocalEtherCA 15 Enable:= 1,
= [if)] HCFA _X3E_Servo Driver (HCFA X3E LE bRegulatorfni=1 ,
Hi 17 i =
Mg AxisD (SM_Drive_GenericDSP4] poriveStart:= 1,
: 18 Status=> ,
= m HCFA_X3E_Servo_Driver_1 (HCFA X| 19 bRequlatorRealState=> ,
~Hg@P Axis1(5M_Drive_GenericDSP4] 20 bDriveStartRealState=> ,
21 Busy=> ,
22 Error=> ,
23 ErrorID=> );
. 24
CHP B 25  FB KinTransl Delta2(
e biiriteParameter:= , N N >
27 bDone=> , / I%HAI f EHZ‘IKJE
28 bError=>
30
31
32|
23
ELY
35
HMC RobotMove (
bExecute:= ,
bPause:= ,
bAbort:= ,
kY g —
fOverride:= 1, ERELLG, MRS
bSmooth:=

£Smooth_R:= ,

SmoothPathMode:= ,

fSmooth_Override:= ,

pRobotKimTransl:= ADR(FB_KimTransl Delta2), #/| g5 AfE8dtbhE
NumberOfCommand:= NumberCommand, {FFR1SS ML
stMoveCommand:= stCommand, Ea]}-g%ﬁgﬁg
bDone=> ,

bPaused=> ,

bBusy=> ,

bError=> ,

eErrorlD=> ,

dCommandCount=> ,
dRunCount=> ,
outCartesianPos=> );

.
Y
o
=
o
S5
~
X
o
=
o
=}
0
o
3
+
=
o
N

Declare motion command array in GVL

v R ox PLC_PRG command @8 Trace @ VL x|

d1 - 1 //{attribute 'gualified only')
sviice (HOQ-1300-0) 8 3 L G
I PLC B4R 4| END VAR

o Application ’ r
@ ow
D ez BEFH jgena

command (PRG)

51 oir oommom
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Fill in the parameters in POUcommand. To lift the end point up by 20, a linear interpolation motion command is used, set-
ting the target coordinate to (0,20):

EE v o x PLCPRG  [Z] command x| &S Trace @ o |
= @ Untitied? - 1 PROGRAM command
. 2 VAR
= De 1-1306-0)
@ mmﬁi ? 3| END VAR
= B pcimE B -

= u Application
@ on
0 szEs
command (PRG)
PLC_PRG (PRG)

- asme
= 58 EtherCAT Task
8] PLC_PRG 1
=38 MainTask E
R S
& command N bMoveType E: /-t\tﬁj][lfmﬁ
@5 T 4 stCommand[1] . fAcceleration
[ Trace -
5 stCommand[1l].fDeceleration N
2 LowDevice ¢| | stCommand[l].fvelocit o FIDERE
"3 SoftMotion General Axis Pool 7 stlommand[l] .stTargetPos.X
= EtherCAT _Master_SoftMotion (EtherCAT| | (stCcmmand(l].stTargetPos. ¥ - —
i Haster € ; xy2&tR (0,20)
m LocalEtherCATDevice (LocalEtherCA” n
= m HCFA_X3E_Servo_Driver (HCFA X3E 11
Mg AxisO (5M_Drive_GenericDSP4( 1z
=[] HCFA_X3E_Servo_Driver_1 (HCFA X 49
- N . 14

Implementing motion control

Trigger the bWriteParameter pin of the FB_KimTrans|_Delta2 function block to write the model and axis configuration pa-
rameters.

PLC_PRG X command @ Trace [ G|

Device Application.PLC_PRG

=ERL = & EEE b3 R
® § MC_Powerl MC_Poner
® § MC_Power2 MC_Poner
% 1 Avc _Roborviore HYC_Rosattiove bifriteParameter I/ B TRUE
= & FB_KimTrans|_Delta2 FB_iamTrans]_Delta2 A/
% bwriteParameter BOOL B h AL
"% bDone B00L s
" bEmor B00L ==
% damLengthi LREAL I EE
% damLengthz LREAL e
“p distance LREAL
* doffsetan LREAL 0
* doffsetal LREAL 0 '
*# & R_bwriteParameter Standard.R_TRIG
@ R_Q_bwriteParameter BOOL L
*# % SMC_TRAFOF_Bipod_Am SMC_TRAFOF_Bpod
# @ SMC_TRAFO_Bipod_am SMC_TRAFO_Bipod._ R
* oo SMC_Posinfo
® Offsetan LREAL 0
# Offsetal LREAL 0 °
® Distance LREAL 0 Z
& ArmLengthl LREAL 0 / £ j)\ﬂ!L (@]
& AmLength2 LREAL 0 SN\ 'Device. Application HIFFA E =g
o= — e 5
- i Device Application HoHFA(E = =]
5 i mopeweri( e » =
2 Bxis:= Bxisg, <
3
: =4
e Status=> , ]
7 bRequlatorRealState=> , >
£ bDriveStartRealState=> ,
10 Error=
1 Errorid=> 1: 3
=
8 130 Mo Powerz( o
13 =
15 ~
16
17
18
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If parameters are correct and axes are error-free, the model and axis parameter configuration is completed. The bDone pin
outputs TRUE, which indicates the completion of model parameter configuration.

PLC_PRG X command
Device.Application.PLC_PRG
FiaF

+ d MC_Powerl

* @ MC_Power2

+ d§ HMC_RobotMove

= & FB_KimTrans|_Delta2
bwriteParameter
bDone

bError

darmLengthl
dArmLength2
dDistance

doffsetan

doffsetAl
R_bwriteParameter
R_Q_bWriteParameter
SMC_TRAFOF_Bipod_Arm
SMC_TRAFO_Bipod_Arm
pi

OffsetAd

Offsetal

s e e e e veeddELLIdE

Distance
@ ArmLengthl
@ ArmLength2
& 5@ Axis0
* Wy avisi

@8 Trace i on |

Esic) = HEE etk =
MC_Power
MC_Power
HMC_RobotMove
FE_KimTransl_Delta2

SEEHBRYIGHIER, SHEBTES EHTRUE

BOOL BRI L RhE R 2.
s00L - BREYME

BOOL HHE b EHER

LREAL 500 SRR EHRE
LREAL 1100 R

LREAL 1000 AT EAAER

LREAL 0 AV MR

LREAL ] AL MRS E

Standard.R_TRIG

BOOL

SMC_TRAFOF_Bipod. ..
SMC_TRAFO_Bipod_...

SMC_PosInfo

LREAL 0
LREAL 0
LREAL 1000
LREAL 500
LREAL 1100

MRS (RXE)
N EHEE (EXE) YiEAEEAE

REFERENCE TO AXI...
REFERENCE TO AXL...

Trigger the bExecute pin of the HMC_RobotMove function block to start robot motion.

PLC_PRG x command

r@? Trace }/ﬁ GVL ]

Device.Application.PLC_PRG

A
+ @ MC_Powerl
+ @ MC_Power2
= @ HMC_RobotMove
% bExecute
4% bPause
4% babort
% foverride
% bSmooth
4% fSmooth_R
% fSmooth_Override
*% pRobotKimTrans|
+ #§ stMoveCommand
" bDone
@ bPaused
Fé bBusy
Fé bError
Fg eErrorlD
P dCommandCount
P dRunCount
# %@ outCartesianPos
+ # FB_KimTrans|_Delta2

+

=3 = HEE il =2
MC_Power

MC_Power / ].
HMC_RobotMove
Ml

BOOL Il
BOOL | ihihe S FALS..
8001 = AT
REAL 1 v *;Eé HANETANESRE .
B00L FALSE - B
REAL 0 S
REAL 1 s , LBl R 16
POINTER TO FB_Kim... 16200000289346CE640 . IRTERERE..
POINTER TO stMove... 16500000283346F3440 s EINEE HE A 005EES o
sooL B P toeEssE. BbE.
BOOL 5 wmAEE. {h R EREEEE ..
BOOL =ty » FALSEEREEINAT..
BoOL W wEE. R, DEMFENE..
STRING
DINT 0 A# FHETRE -
DINT -1 i Sl
stCartesianPos 3 IS PR E R .
FB_KimTrans|_Delta2 l S\ 'Device.Application' 89FFE(E —

%'De\.’ice..ﬁpplicatinn‘ﬁﬁﬁ{-ﬁ 2

i Device.Application B9FFEE

T 3
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After the program finishes running all commands in the array (here, 1 command), the bDone pin outputs TRUE, indicating
motion control is complete, and the robot end point has reached the specified position.

PLC_PRG X command '@ Trace [ o |

Device Application.PLC_PRG

FE =3 =1 EEE ik =5 =3

+ 4 MC_Powerl MC_Power
+ § MC_Power2 MC_Power
= @ HMC_RobotMove HMC_RobotMove
4§ bExecute BOOL EHERE
# bPause BOOL g ATRUE fEH. IEE FaLS..
4 babort BOOL £ IF I ATRUE. 21 BIMETHE .
4 foverride REAL EREPLEL, SObF S A TS AR
5 bsmooth BOOL z BRZENIEEhE
45 fSmooth R REAL 0 ZHRNETEER
“p fSmooth_Override REAL 1 i i R b RS LG

+ 4% pRobotKimTransl POINTER TO FB_Kim... 16#00000289346CE640 22 AER, PRER, INRTEERE..

+ 4 stMoveCommand POINTER TO stMove, .. _16200000289346F9440 — IS SR AT I0RIES -
"$ bDone BOOL LifFh P ETE R HES 2HTME, BbE.
"% bPaused BOOL LibPause ) TRUE, BIGHMEEDESLEE ..
"% bBusy BOOL TRUES#S5I5Trh FALSEGHMEEHT ..
"$ bError BOOL HiEREM R, BEHTEDE..
" eErrorD STRING R {48
" dCommandCount DINT 0 R EIT B EES T AT,
"% dRunCount DINT 1 HEEfTR TENLAES -

* " outCartesianos stCartesianPos AR A B U RS B RHA ELEEY .

FB_KimTrans|_Delta2

FB_KimTrans| Delta2

bDone5 | ATRUE

To observe the detailed axis motion process, add traces for the command position and command velocity of Axis 0 and

Axis 1.
C pmEs X
b emnm TEiE
_ T - [ xis0. fsetpositon F
e YCR T ]
- fxis1fSetPosition . ‘/ﬁ \,|
= Axisi fSetvelacity o
= Ais Lfsetvelodty SEZEE: ‘ *ES vl
wamESS: O
FER T &
i =—— A BEegs. S
el yEmrEEs O
- BEr
. LR s
- oTEE B BRRHE ) ERed
mm Axis0 fSetPosition
= B2
% _ v
e} BRI
BT Tz mEQ |

Repeat the operation and observe the command position and velocity in the trace. The trace shows both left and right
axes rotate forward by 2.4 degrees, achieving the Delta robot end point lift. Conversion shows the lift distance is 20.

PLC_PRG command

Ve Trace x /@ on |

mE

ErEE

- Ais0 fSetPosition -
- A1 fSetPosition

= Avis0 fSetvelocity

= Avis L fSetvelocity

it e SSSSUSNUNN
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4.8.4.2 Example for 4-axis Scara model

Example: Given a 4-axis Scara robot as shown below. Assume the arm is in a right-hand configuration, with the main arm
and forearm perpendicular. The auxiliary axis is not moved vertically. Thus, the end point spatial coordinate is xyz (500, 500, 0)
and the tool axis rotation angle is 0. Main arm length is 500, forearm length is 500. The endpoint needs to be controlled to:

(1) Move from (500, 500, 0) to (800, 0, 0) in linear interpolation mode.

(2) Lower the auxiliary axis to -50, i.e., spatial coordinate (800, 0, -50).

(3) Retract the auxiliary axis, i.e., spatial coordinate (800, 0, 0).

(4) Move to (0, 800, 0) in radius mode, with a radius of 800.

(5) Lower the auxiliary axis to -50, i.e., spatial coordinate (0, 800, 0), while rotating the tool axis forward by 90 degrees.
(6) Retract the auxiliary axis, i.e., spatial coordinate (0, 800, 0), while rotating the tool axis backward by 90 degrees.

(7) Move counterclockwise to (800, 0, 0) in center mode, with (0, 0, 0) as the center.

HCFa

_ ®lInE

Declaration and calling of the Scara robot model and motion function blocks

<

Declare and call the HMC_RobotMove and FB_KimTransl_Scara2_Z Tool function blocks in PLC_RPG. Also, enable all 4 axes 8,
(Axis 0-Axis 3). For convenience, the enable value is directly written as 1, meaning auto-enable. g
Parameters for FB_KimTrans|_Scara2_Z Tool: Main arm length is 500, forearm length is 500. Arm configuration is set to é
TRUE, meaning right-hand configuration. g'
O

FB _KimTransl_ Scara2 Z Tool( g

bWriteParameter:= , o

bDone=> , %

LE ==,
g | 4 NNVERE

dirmlength2:= 500,
d0ffsethi:= ,
dOoffsethl:= ,
bElbowLow:= TRUE, .

e ™ Farztiz
RAxisl:= Rxisl,

Axis2:= Rxisa,

Axis3:= Rxis3);

93



HMC_RobotMove (

bExecute:= ,

bPause:= ,

baAbort:= ,

foverride:= 1, jREELLAI, WIES
bSmooth:= ,

fSmooth_R:= ,
SmoothPathMode:= ,

fSmooth_Override:= ,

pRobotKimTransl:= ADR(FB _KimTransl Scara2 Z Tool), HL%EA*ﬁiuitﬂﬂt
NumberOfCommand:= NumberCommand, ESHEENE
stMoveCommand:= stCommand, Eﬁ;g@ﬁggg
bDone=> ,

bPaused=> ,

bBusy=> ,

bError=> ,

eErrorID=> ,

dCommandCount=> ,

dRunCount=> ,

outCartesianPos=> );

Declare motion command array in GVL

According to the example, declare a stMoveParameter array in GVL, using 7 motion commands.

@ en lx}/@fl Trace command PLCPRG  [A# AxisD  [A# Axisl  [A# Adis2  [As Awis3

1 fattribute 'gualified only'}

B 2 VAR _GLOBAL
3 stCommand :ARRAIF stMoveParameter;
4 END_VRR

And fill in the parameters in POUcommand. As per the example, there are 7 motion commands in total:

S/, BEEABEIE (500,0,00
stCommand[l] .EMoveType :=FALSE;
stCommand([l] .fAcceleration :=300;
stCommand[1] .fDeceleration :=300;
stCommand([l] .fVelocity
stCommand[l] .scTargetPos.
stCommand([l] .stTargetPos.
stCommand[l] .stTargetPos.
stCommand([l] .stTargetPos.

o S

/0. PR TR
stCommand[2] .EMoveType :=FALSE;
stCommand [2] .fhcceleration :=300;
stCommand[2] .fDeceleration :=300;
stCommand[2] .fVelocity ==1007
stCommand[2] .stTargetPos.
stCommand[2] .stTargetPos.
stCommand[2] .scTargetPos.
stCommand[2] .stTargetPos.

.
Y
o
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o
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o
=}
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(=g
=
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N

ook

/13 EE R
stCommand [3] .bMowveType :=FRLSE;
stCommand[3] .fAcceleration :=300;
stCommand[3] .fDeceleration :=300;
atCommand [3] .fVelocity :=100;
stCommand[3] .stTargetPos.
stCommand[3] .scTargetPos.
stCommand[3] .stTargetPos.
stCommand[3] .stTargetPos.

ook
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srd. EEET, LisoofirEE, F (0,800,0.
stCommand [4] .EMoveType :=IRUE;
stCommand[4] .fAcceleration ;
stCommand [4] .fDeceleration :=30
stCommand [4] . fVelocity :=1007;
stCommand [4] .sthrcParameter.ehrcMode =1}
stCommand [4] .stArcParameter.
stCommand([4] .stTargetPos.X :
stCommand[4] .3tTargetPos.Y :
stCommand[4] .5tTargetPos.Z =0
stCommand[4] .stTargetPos.A :=0;

/75 SRS TR0, T
atCommand [5] .EMoveType
stCommand [5] . fhcceleration :
stCommand [5] . fDeceleration :
stCommand [5] . fVelocity

stCommand [5] .3tTargetPos.
stCommand[5] .stTargetPos.
stCommand [5] .3tTargetPos.
atCommand [5] .stTargetPos.

stCommand [ €] .EMoveType
stCommand [¢] . fhcceleration
stCommand[¢] .fDeceleration :
stCommand[c] . £Velocity

stCommand [c] .3tTargetPos.
atCommand [¢] .stTargetPos.
stCommand [€] .stTargetPos.
stCommand[€] .stTargetPos.

Lo S I

A EOEST, B00,0,00 2B
stCommand[7] .bMoveType
stCommand[7] .fAcceleration :
stCommand[7] .fDeceleration : iH
stCommand[7] .fVelocity :=100;
stCommand[7] .stArcParameter.eircMode 1=0;
stCommand[7] .stArcParameter.bDirection:=F&
stCommand[7] .stArcParameter.stMidPoint . X
stCommand[7] .stArcParameter.stMidPoint.Y:
stCommand[7] .sthrcParameter.stMidPoint.Z:=0;
stCommand[7] .stTargetPos. X
stCommand[7] .stTargetPos.Y :
stCommand[7] .stTargetPos.2 :=0
stCommand[7] .stTargetPos.A :=0;

ATETEHESSE (800,0,00

Implementing motion control

In the example simulation program, to adjust the robot's main arm and forearm to a perpendicular state, i.e., to position the
end point at (500, 500, 0), the MC_MoveAdditive function block is used to rotate Axis1 forward by 90 degrees.

Note: In actual use, different model function blocks automatically read the current axis positions and convert them to the end point
spatial coordinate (x, y, z) under their respective models. In simulation, because the function blocks internally default all axes to the
initial position 0, some individual axis positioning operations are needed first to mimic the actual usage scenario. In simulation, first
complete individual axis positioning before writing model parameters to the robot function block.
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MC MoveRdditive(
Axis:= hxisl,
Execute:= ,
Distance:= 40,
Velocitvy:= 100,
Acceleration:=

Deceleration:=
Jerk:= ,
Done=> ,
Busy=> ,
Commandiborted=> ,
Error=> ,
ErrorID=> );

Trigger the Execute pin of MC_MoveAdditive, the bWriteParameter pin of FB_KimTransl_Scara2_Z Tool, and the bExecute
pin of HMC_RobotMove sequentially. This starts the robot motion according to the 7 commands in the array. Trace the position
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and velocity of axes AxisO-Axis3. The specific performance is as shown in the figure:

@ on e Trace x|[E] conmend PCrRG  |ne A [ns Aot lar Awz o aus | .
[ I v oy
I | EnTe
l W - x50 fSetPosition =
| | - pis1 fSetPosition
ottt = Axis2fSetPosition
s B YN = pis3 fSetPosition
Vi — v, = il il st fetvelocity
i - fxis1 fSetVelocity
3 = Axis2 fSetvelocity
b3 = fis3 fetVelocity
0%
st | P ——
100 5
i1
i
i3
i i P, F—
1004 ;
=
200 i
o ;
T

T
0s

T
205

Note: The "step" seen in the trace for Axis 0 and Axis 3 is not runaway motion. This "step" is caused by Axis 0 and Axis 3 having
motion commands involving rotation from 0 degrees in the negative direction. (E.g., for a modal axis, rotating from 0 to -10 degrees,
because modal axes in CODESYS have no negative values, it displays as 350 degrees.)

To make the visualization more intuitive, AxisO and Axis3 are changed to linear axes here. Observing the trace plot again,
the motion of all four axes appears relatively smooth:

@ e Trace x command PLCPRG  [Bs Axis)  [A# Adsl [ Axs2  [ns Axis3 | -
4 . EE
] N FTE
o3 . ,/ \\ - Axis0.fSetPosition =
20 Pd - ods L fSetPosition
1 ™ . B = Axis2 fSetPosition
4 e S, = Axis3 fSetFosition
3 { —"‘w/ \w/ e - Axis0 fSetvelocity
] i = AxisLiSetvelocty
Bl I = Axis2fSetvelocity
3 ; == Axis3 fSetvelocity
Qo 44330343413054343303434035 st 388833388488 3333 i e 13388 388388938833
.
] <
o
—
o i - d —+
e e = —
7 P o
s e § P
- S5
—_
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- <
3
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= Lo =
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= >
1003 0
E| o
3 3
=
3 P e oo I ———
3 e LT B v 2
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1003 ~
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[ 30s m

Usage example for jog function block HMC_RobotJog

This example uses the 4-axis Scara robot model. The HMC_RobotJog function block controls the multi-axis motion of the
model to achieve linear movement of the model's end point along the positive or negative direction of a single spatial axis (X, Y,
or2).

This example demonstrates controlling the end point from position (500, 500, 0) to move along the positive X-axis to its
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limit (i.e., arms fully extended). Theoretically, the final end point spatial position is (( v 3)*500, 500, 0), meaning AxisO rotates
forward 30 degrees, and Axis1 rotates 0 degrees (arms fully extended).

Declare and call the HMC_RobotJog function block in PLC_RPG:

i EEEs PLC_PRG x| @ Trace  ns AxisD  |As# Axisi
1 PROGRAM FLC FRG
B 2 VAR
3 MC_Powerl,MC Powerl,MC_Power3,MC Powerd :MC_Power;
4 HMC RobkotMove :HMC RobotMowve;
5 MC MovelRdditiwve :MC Moveldditiwve;
[ HMC RobotJog :HMC Robotdog;
7 FB KimTransl ScaraZ Z Tool :FB KimTransl Scaral Z Tool;
7€
77 HMC_RobotJdog(
78 fVelocity:= 100,
”-' fnccelerar.].. in:= ll:ll._“:', k- @Eiﬁ%
=0 fheceleratiqn:= 1000,
21 xJogForward:= ,
82 xJogBackward:= ,
23 yJogForward:= ,
24 yJogBackward:= ,
a5 zJogForward:= ,
1= zJogBackward:= , o~ *ﬂ%’gkﬁﬂ
a7 pRobotKinTransl: =|ADR{FB_KimIransl_Scaraz_z_Iool ) ,|
28 bBusy=> ,
25 bError=:> ,
=] cutCartesianPos=> );
91

Similar to the command-based robot control above, first use MC_MoveAdditive to rotate Axis 1 forward 90 degrees, posi-
tioning the end point at (500, 500, 0). Then use the function block to write model parameters. Specific steps are as follows:

(1) Trigger the Execute pin of MC_MoveAdditive to rotate Axis 1 forward by 90 degrees.
(2) Trigger the bWriteParameter pin of FB_KimTrans|_Scara2_Z Tool to write the model parameters.
(3) Trigger the xJogForward pin of HMC_RobotJog to control the end point for linear motion along the positive X-axis.

The trace is as shown below:

fip BEEs 5] rcrrc V@ Trace x s Axs0  [ns Avist  [|Z] command - .
o i BE
Fips
/ e <
/ (=3
mm Axis 1.fSetPosition —
¢ N o
1 N £ Ais2.fSetPosition =
} N ~~
’f 1 = isaistpostton Z
= Asis LFSetVelocity o
=)
. = & 0
o
J i S
/ o
/ =
o
N
n
N
20
T — T
0 20 m

It can be seen that Axis 0's final rotation angle is 28.87 degrees, and Axis 1's final rotation angle is 2.26 degrees. In practical
use, reaching the theoretical state is not always possible, which is normal.
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4.9 Teaching

I 4.9.1 HC_teaching (FB)

After enabling the teaching function, it records axis positions and replays them, similar to robot lead-through teaching.

€ Variables

Name

HC_teaching (Teaching function block)

Supported modes CSP Csv CST
Graphical representation ST representation
HC _Teaching(
B Enable:=,
HC_Teaching bHome:= .
—i{Enable bDonef— b Execute
—bHome bBusyp— xecure=,
—bExecuta dSamplingNum:=,
_dSEmp“ngNum vaerride::,
—fOverride VelHome:=,
—VE'HGTTIE AccHome:= ,
—AccHome bDone=> |
—Axis bBusy=>,
—{Buffer "
Xis:=
—Num ’
Buffer:=,
Num:=);
(1) Input/Output variable
Input/Output variable Name Data type Valid range Description
Axis Axis AXIS_REF_SM3
For recording teaching position information.
Buffer Data buffer ARRAY [*] OF REAL
Declare as a PERSISTENT variable.
Number of array For recording the count of array elements.
Num DINT
elements Declare as a PERSISTENT variable.
(2) Input variable
Input variable Name Data type Valid range Initial value Description
) When TRUE, starts recording axis posi-
Enable Start teaching BOOL }
tions.
bHome Homing BOOL Returns to the recorded initial position.
bExecute Enable BOOL Replays the teaching process.
dSamplingNum | Sampling cycle count DINT 1 Sampling cycle count.
Teaching speed ) )
fOverride ) Real 1 Teaching speed override.
override
VelHome Homing velocity Real Homing velocity.
AccHome Homing acceleration Real Homing acceleration.
(3) Output variable
Output variable Name Data type Valid range Description
bDone Done BOOL
bBusy Busy BOOL
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€ Usage example

[1] Declare the following variables. (BUFFER, NUM can be declared as ordinary variables if power-off retention is
not required.)

PROGRAM PLC_PRG

VAR
HC_Teaching:HC _Teaching;
MC_POWER:MC_Power;;

END VAR

[VAR|RETAIN PERSISTENT
BUFFER :ARRAY [0..6000] OF REAL;
NUM :DINT;

END VAR

[2] Download and run the program.

With servo power off, trigger Enable to start teaching. Teaching ends when the buffer is full or Enable is set to FALSE. Posi-
tion data is kept in the buffer, and the data count is recorded.

HC_Teaching
HC Teaching
—Enable bDone —m—
={bHome bBusy ~
= bExecute
—dSamplingNum
—fOverride
10 —VelHome

100 —(AccHome
SM_Drive_GenericDSP402 —=|Axis
BUFFER —Buffer

NUM [ 1470 |Num

MC_POWER K3

MC Power g'

SM Drive GenericDSP402 —=iAxis Status N H— >
1 —Enable bRegulatorRealState — OZ

=bRegulatorOn bDriveStartRealState = 83 %"

1 —bDriveStart Busy o

Tl FALSE | S

ErroriD é_r
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F:ET -] i1 EEE
BUFFER[41] REAL 0.005493164
BUFFER[42] REAL 0.005493164
BUFFER[43] REAL 0.002746582
BUFFER[44] REAL 0.002746582
BUFFER[45] REAL 0.005493164
BUFFER[46] REAL 0.002746582
BUFFER[47] REAL 0.005493164
BUFFER[48] REAL 0.002746582
BUFFER[45] REAL 0.005493164
BUFFER[50] REAL 0.005493164
BUFFER[51] REAL 0.002746582
BUFFER[52] REAL 0.005493164
BUFFER[53] REAL 0.005493164
BUFFER[54] REAL 0.002746582
BUFFER[55] REAL 0.005493164
BUFFER[56] REAL 0.005493164
BUFFER[57] REAL 0.002746582
BUFFER[58] REAL 0.005493164
BUFFER[59] REAL 0.002746582
BUFFER[60] REAL 0.002746582
BUFFER[61] REAL 0.002746582
BUFFER[62] REAL 0.005493164
BUFFER[63] REAL 0.005493164
BUFFER[64] REAL 0.005493164
BUFFER[65] REAL 0.005453164
BUFFER[66] REAL 0.005493164
BUFFER[67] REAL 0.005493164
BUFFER[68] REAL 0.002746582
BUFFER[69] REAL 0.005483164

o1iccenlTal nras n nATACCON

(AR S S8 SR 3R IR 3R 3B 3h S8 S 3B B R BE 3R S 3R 2R SR 3R 3R R 3R BB SR 3R 3R 3N

[3] Execute homing

Enable the servo, trigger bHome, and the axis returns to the initial position.

[4] Replay teaching process

¢ Key points

- If the axis is a modal axis, a dSamplingNum value that is too large can cause the motor to rotate in the wrong direction
during replay. For example, with a sampling cycle of 100, the axis moves from 240 to 80. The forward distance is 200, but the
reverse distance is 160. The servo may actually run in reverse to 80.
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410 TransformCam

I 4.10.1 HMC_TransformCam (FB)

This function block is used to convert different curves into a Cam table.

Name HMC_TransformCam
Supported modes CSP Csv CST
Graphical representation ST representation
HMC TransformCam(
Execute:=,
MC_CAM_REF:=,
HMC_TransformCam nElements:=,
— Bxecute Busyp—
—|MC_CAM_REF Done}— Busy=>,
—InElements Errorf— Done=>
—arrCamType ERROR_ID}— ’
—{MC_CAM_REF_0UT Error=>,
ERROR_ID=>,
arrCamType:=,
MC_CAM_REF OUT:=);

(1) Input/Output variable

Input/Output variable Name Data type Valid range Description
MC_CAM_REF OUT Converted cam table MC_CAM_REF

(2) Input variable

Input variable Name Data type Valid range Initial value Description
bExecute Enable BOOL
MC_CAM_REF Cam MC_CAM_REF
nElements Number of elements INT 3601
ARRAY [*] OF
arrCamType Curve type array °
Camtype Z
o
(=)
(3) Output variable S
Output variable Name Data type Valid range Description o
Done Done BOOL g
Busy Busy BOOL Q
Error Error BOOL 2"
o
ErrorlD Error ID WSTRING =

€ Key points

+ CamType (ENUM): Polynomial5=0, 5th-order polynomial; Line=1, line; Sintype=2, trigonometric function; Polynomial3=3,
3rd-order polynomial; parabola=4, parabola; Exponential=5, exponential curve.

+ MC_CAM_REF is the source Cam table. Using its XYVA parameters, it is converted into nElements curves of the types
specified in the arrCamType array, and output to MC_CAM_REF OUT.
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apter 5 OmronUtils (Omron Instruction

o
Functions)

5.1 Comparison instructions......... rereretersaeeaeaens 107
5.1.1 ZoneCmp (Zone compare) 107
5.1.2 TableCmp (Table compare) 108
5.1.3 AryCmpNE (Array batch compare - not equal) 111

5.2 Timer instructions......... reereeneaeenenas 112
5.2.1 AccumulationTimer (Accumulation timer) 112
5.2.2 Timer (100ms timer) 116

5.3 Counter instructions.... rererreeeeeeaenens 118
5.3.1 CTD_** (Down counter group) 118
5.3.2 CTU_** (Up counter group) 120
5.3.3 CTUD_ (Up/Down counter group) 122

5.4 Arithmetic instructions ceeeeeaeteeeaens 125
5.4.1 Inc/Dec (Increment/Decrement) 125
5.4.2 AryAddV (Array element addition) 125
5.4.3 ArySubV (Array element subtraction) 127
5.4.4 AryMean (Array element mean value calculation) 128
5.4.5 ArySD (Array element standard deviation) 130
5.4.6 ModReal (Real number remainder) 131
5.4.7 CheckReal (Real number check) 133

5.5 Bit string operation instructions....... SO 134
5.5.1 AryAnd/AryOr/AryXor/AryXorN 134

5.6 Selection instructions.. reereeeneaeenenas 136
5.6.1 AryMax/AryMin (Array variable maximum /minimum retrieval) 136

5.6.2 ArySearch (Array search) 138




5.7 Data transfer instructions...... cerreree e 141
5.7.1 TransBits (Multi-bit transfer) 141
5.7.2 SetBlock (Block set) 143
5.7.3 ReadNbit_**** (Read N-bits within bit string)
5.7.4 WriteNbit_**** (Write N-bits within bit string)

5.7.5 AryMove (Array move)
5.7.6 Clear (Initialize) IO . .......ccoeeereneeoe

5.8  Shift iNStrUCLIONS.......coiueeiiciciciine sttt sttt ecseaessessssssassss s ssnas 150
5.8.1 AryShiftReg (Shift register) ... 150
5.8.2 AryShiftRegL 152

eft/right N elements) 155

ersion instructions. s 157

5.9.1 Swap (Byte swap) 157
5.9.2 Decoder (Bit decoder) 158
5.9.3 Encoder (Bit encoder) 160
5.9.4 BitCnt (Bit counter) 162
5.9.5 LineToColm (Line-to-column bit conversion) 163
5.9.6 Gray (Gray code conversion) 165
5.9.7 PWLLineChk (Polyline data check) 168
5.9.8 MovingAverage (Moving average) 171
5.9.9 DispartReal (Separate mantissa and exponent of a real number) 175
5.9.10 UnitReal (Combine mantissa and exponent into real number) 177
5.9.11 NumToDecString/NumToHexString (Fixed-length decimal/hexadecimal string conversion)........... 178
5.9.12 FixNumToString (Fixed-point number to string conversion) 180
5.9.13 StringToFixNum (String to fixed-point number conversion) 182
5.9.14 DtToString (Date and time to string conversion) 183
5.9.15 DateToString (Date to string conversion) 185
5.9.16 StringToAry (String to array conversion) 186
5.9.17 AryToString (Array to string conversion) 187
5.9.18 RoundUp (Real number round up) 188
5.9.19 TodToString (Time of day to string conversion) 189
5.9.20 StringToDt (String to date and time conversion) 190
5.9.21 AryToWstring (Array to wide string conversion) 191
5.9.22 WstringToAry (Wide string to array conversion) 192
5.9.23 AryByteTo (Convert from byte array) 194
5.9.24 ToAryByte (Convert to byte array) 198

5.10 FSC instructions reeeneneneataens 203
5.10.1 StringSum (SUM value calculation) 203
5.10.2 StringLRC (LRC value calculation <string>) 204
5.10.3 CRC16 (CRC16 general function block <string>) 205

5.11 Stack/Table instructions......... bbbt b b bbb 207
5.11.1 StackPush (Save stack data) 207
5.11.2 StackFIFO/StackLIFO (First-In-First-Out / Last-In-First-Out) 208

5.11.3 Stackins (Insert stack data) 211




5.11.4 StackDel (Delete stack data) 214
5.11.5 RecSearch (Record search) 215

5.11.6 RecRangeSearch (Range-specified record search) 220
5.11.7 RecSort (Record sort)

5.11.8 RecNum (Get record count)

5.11.9 RecMax/RecMin (Record maximum/minimum retrieval)........c..cccceuerreerenne

5.12 String instructions........ « e ..

5.12.1 ClearString (String clear)........... .. 232
5.12.2 ToUCase/ToLCase (String cas 233
5.12.3 TrimL/TrimR (Stci 234
...................................................... 235

(Add time) 235
5.13.2 ADD_TOD_TIME (Add time of day and time) 236
5.13.3 ADD_DT._TIME (Add date-time and time) 237
5.13.4 SUB_TIME (Subtract time) 238
5.13.5 SUB_TOD_TIME (Subtract time from time of day) 239
5.13.6 SUB_TOD_TOD (Time of day subtraction) 240
5.13.7 SUB_DATE_DATE (Date subtraction) 241
5.13.8 SUB_DT DT (Date and time subtraction) 242
5.13.9 SUB_DT._TIME (Subtract time from date and time) 243
5.13.10 MULTIME (Time multiplication) 244
5.13.11 DIVTIME (Time division) 244
5.13.12 CONCAT_DATE_TOD (Combine date and time of day) 245
5.13.13 SetTime (Clock adjustment) 246
5.13.14 GetTime (Get time) 247
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5.1  Comparison instructions

I 5.1.1 ZoneCmp (Zone compare)

The instruction determines if the comparison data is between the specified lower and upper limits.

Instruction Name FB/FUN Graphical representation ST representation

ZoneCmp

ZoneCmp Zone compare FUN i HEe Out:=ZoneCmp(MN, In, MX);

€ Variables

Name Input/Output Description Valid range Unit Initial value
MN Lower limit Lower limit 0
In Comparison data Input The value to compare Conforms to data type. — ™
MX Upper limit Upper limit 0
Out Comparison result Output Comparison result Conforms to data type. — —

*Initial value is not applicable if an input parameter is omitted. An exception occurs during linking.

BOOL| Bit string Integer Real Time, duration, date, string
U | = %
os) C [ C _ — =
2 EIHHEHEBHBHERE IEHHEEE
Flm S8 215|595 |5|- S|4 |~ |2 |m | m|9 %
O O O O
MN O O O O O O O O O O =
*
0 \ ol o \ 0
In O O O O O O O O O O =
»
0 \ ol o \ 0
MX O O O O O O O O O O =
X
Out O ‘ ‘
€ Function

It determines if the comparison data "In" is between the upper limit "MX" and the lower limit "MN".

"Out" is TRUE when "MX" = "In" = "MN"; otherwise, it is FALSE.

Data type Magnitude relationship
TIME A value with a larger magnitude is considered greater.
DATE, TOD, DT For date and time-of-day, the later one is considered greater.

Example with "MN"=INT#10, "In"=INT#20, "MX"=INT#30 is shown below. Variable Result is TRUE.

FBD ST

El:EEAL;
B2 :BEAL;

Variable declaration R3:REAL;
Eesult:BOOL;

END VAR

(SUOI3UNS UOIIONIISU| UOIWQ) S|IINUOCIWQ «
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ZoneCap Result A : =ZoneCop |
R1[ 10 }—MN Result Mmi:=R1[_ W ],
Program R2[_15 _ }—IN m:=R2[ ],
[ =20 1
Rs[_ 20 }mx ME:=R3[_ 2 ] ):
1
=& i =]
@ Ri REAL 10
R2 REAL 15
Result v
@ R3 REAL 20
# Result BOOL

€ Reference
When comparing TIME, DT, or TOD types, match the precision of the values to be compared. The "TruncTime", "TruncDt",
and "TruncTod" instructions are available to match value precision.

¢ Key points
- If the data types of "In", "MX", and "MN" differ, they are promoted to a data type encompassing the valid ranges of all in-
volved types before comparison.

+ When "In", "MX", or "MN" are real numbers, unexpected results may occur due to rounding errors, e.g., from division that
does not yield an exact result.

- Signed integer types (SINT, INT, DINT, LINT) and unsigned integer types (USINT, UINT, UDINT, ULINT) cannot be com-
pared.

- TIME, DATE, TOD, and DT types can only be compared with the same data type. Specifying different types causes an ex-
ception during linking.

+ + oo js considered equal to + ® | and - @ is considered equal to - ©o .
« If the value of "In" is Not-a-Number (NaN), "Out" is FALSE.

- When using this instruction in a ladder diagram, if an exception occurs in the circuit preceding this instruction, "Out" is
FALSE.

- An exception occurs and "Out" is FALSE under the following conditions:

- When the value of "MN" is greater than the value of "MX".

+ When either "MX" or "MN" is Not-a-Number (NaN).

I 5.1.2 TableCmp (Table compare)

The instruction compares comparison data against multiple defined intervals specified in a comparison table.

Instruction Name FB/FUN Graphical representation ST representation

TableCmp
In TableCmpf—
e ] Out:=TableCmp(In, Table, Size, AryOut);
AryOut

TableCmp Table compare FUN
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€ Variables

Name Input/Output Description Valid range Unit Initial value
In Comparison data The value to be compared.
Table[ ] )
A two-dimensional array with
Two- *)
} ) Comparison table each defined interval as an
dimensional Input Conforms to data type. —
element.
array
S Comparison Number of elements in Table[] :
ize
specification to compare with "In".
Comparison result for each
Individual compare element of Table[].
AryOut([ ] Input/Output Conforms to data type. — —
Result array TRUE: Match.
FALSE: Mismatch.
TRUE: All elements of Table(]
) match "In".
Out Comparison result Output Conforms to data type. — —
FALSE: At least one element
does not match.

*Initial value is not applicable if an input parameter is omitted. An exception occurs during linking.

BOOL Bit string Integer Real |Time, duration, date, string
g | = %)
w C Cc C L
8 |3|88|5|2|2|5(E|%|2|2|5|8 8|28 8|92
= m | g g g S| 915|584 =4 | 4 | - ,:E m | m| O %
In O O (@] O (@] O (@] O (@] O

Two-dimensional ) ) ) ,
A two-dimensional array with elements of the same data type as "In".

array

Size O
AryOut[ ] array O

Out O

¢ Function

It compares the comparison data "In" with the "Size" groups of defined intervals specified by the comparison table Table[].

Table[] is a two-dimensional array. The first dimension is the interval number. The second dimension's element O represents the
interval's set value A, and element 1 represents the interval's set value B.

EERE(HA EE(HB

I 510 "I]lhlq-m.ﬂl | | Table[0.1] ‘

B fa]1 "r‘lhh-mn | | Table[1.1] ‘

8] [ Size ||'I"lln|i-| Size 1.0] | | Table| | Size 1.1] |

BEEML A FE(E B (97 LK R E R T E TR . BOE A RIGER B iEE S 762 XM A
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BESE A = 5 {HB PESE A = B E (B
I
F YK S W [ SE LK [H)
EEMA i e HB iEE HB BEE A

“In" ?ﬂa’é [1 1] lt;ﬁiﬁ%ﬁlﬁ# ‘:F'ﬁl[tﬂiﬁﬂiﬂé’ﬂ AryOu| ] 'Il S “In” TF;E)\ P EIE XL |7"~|HJ[):[ ,
AryOut[i] (I{E4 TRUE ; FEH, W AcvOw(i] MR FALSE. @R AnOuw ] 1Y “Size” PICEEH
TRUE, WIFEEZEH “ow™ M{EN TRUE, W% FALSE,
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FBD ST
WAR
in:INT;
size:UINT;
Variable declaration out :ARRAY [1..10] OF BOOL:
table: ARRAY [l..10,0..1] OF INT:
END VAR
TableCmp TableCmp |
in[ 15 [—In I In:=in ,
Program table —Table Table:=Table[1,0] ,
size[ 3 | —Size Size:=gize ,
out —Aryiut Arylut:=cut );
=T =3 =]
@ in INT 15
& size UINT 3
= & out ARRAY [1..10] OF BOOL
@ outl1] BOOL TRUE
@ out[2] BOOL FALSE
@ out[3] BOOL
Result  outld] Bl
= @ table ARRAY [1..10, 0..1] OF INT
@ table[1, 0] INT 10
& table[1, 1] INT 20
& table[2, 0] INT 20
@ table[2, 1] INT 10
& table[3, 0] INT 4
& table[3, 1] INT 20

€ Key points

- Set the data type of "In" and the elements of Table[] to be identical. Otherwise, an exception occurs during linking.

- Ensure Table[] is a two-dimensional array.

- If the size of the second dimension of Table[] is greater than or equal to 3, elements with index 2 and beyond in the sec-
ond dimension are ignored.

- If the size of the AryOut[] array is greater than or equal to "Size", the comparison results are stored in AryOut[0] to Ary-
Out['Size"-1]. Other array elements remain unchanged.

- Signed integer types (SINT, INT, DINT, LINT) and unsigned integer types (USINT, UINT, UDINT, ULINT) cannot be com-
pared.

- When comparing real numbers, unexpected results may occur due to rounding errors, e.g., from division that does not
yield an exact result.

- If the value of "Size" is 0, "Out" is FALSE, and AryOut[] remains unchanged.

- When using this instruction in a ladder diagram, if an exception occurs in the circuit preceding this instruction, "Out" is
FALSE.

- An exception occurs and "Out" becomes FALSE under the following condition:

(SUOI3UNS UOIIONIISU| UOIWQ) S|IINUOCIWQ «

+ When the array size of the second dimension of Table[] is 1.
+ When the value of "Size" exceeds the size of the AryOut[] array.

-+ When the value of "Size" exceeds the size of the first dimension of the Table[ ] array.

110



I 5.1.3 AryCmpNE (Array batch compare - not equal)

The instruction compares corresponding elements of two arrays to determine if they are different.

Instruction Name FB/FUN Graphical representation ST representation
Array whole n1 i AyCmoNE|— _

AryCmpNE FUN 2 AryCmpNE(InT, In2, Size, AryOut);
compare NE e

@ Variables

Name Input/Output Description Valid range Unit Initial value
In[1In2[] Comparison data Array containing the values to .
array be compared.
Input Conforms to data type. —
S Number of elements to Number of elements to ]
ize
compare compare.
AryOut[ ] i .
Comparison result array| Input/Output Comparison result array. Conforms to data type. — —
array
Out Return value Output Always TRUE. TRUE only. — —

*Initial value is not applicable if an input parameter is omitted. An exception occurs during linking.

BOOL Bit string Integer Real |Time, duration, date, string
g [ C %
w C = C [
AHHHHEHEHEEEHEEERHEBHBEERE
L O~ R = - = T B = = I S| A\ | &2 | m | m |9 -
In o|lolojojojo|loj]ojo|lOoO|O0O|0O0O]0O0]|]0O]|O
Two-dimensional ) ) ) .
A two-dimensional array with elements of the same data type as "In".
array
Size (©)
AryOut[ ] array O
Out O
¢ Function

It compares the two arrays In1[0] to In1["Size"-1] and In2[0] to In2['Size"-1] element by element based on their indices. The
comparison results are stored in the corresponding elements AryOut[0] to AryOut["Size"-1] of the result array.

The arrays to be compared, In1 and In2, are initialized as shown below. Example with "Size" = 5. .
o

FBD | ST g

FROGEAM FLC FRG a

VAR =

e - . . - 2

Inl: ARRAY[O..9] OF BYTE := [1, 2, 5, &, &, 5{0)]~r 6

' ' In2: ARRAY[0..9] OF BYTE := [2, 2, 5, 7, 2, 5{0)]: 3
Variable declaration Size :UINT:=5: §
aryliut :ABRAY [0..9] OF BOOL; 5

out : BOOL; &

END VAR s

[

S

AryCmpNE out FIEY: =Ar5,'E‘I_an-IE{ E'

Ini[o] [1 FIml out [ Inl:= InlJ :IIII. S

Program In2[0] [2 }—In2 In2:= In2[0][Z], a
Size[ 5 |—{SIZE SIZE:= Size[ 5 |, =

aryOut — AryOut AryOut:= aryOut) ; RETURN]| S




Device Application.PLC_PRG

F=ETL =5 =l
+ @ Inl ARRAY [0..9] ...
+ @ In2 ARRAY [0..9] ...
@ Size INT
= @& aryQut ARRAY [0..9] ...
@ aryOut[0] BOOL TRUE

@ aryOut[1] BOOL

Result @ aryOut[2]  BOOL
@ aryOut[3] BOOL
@ aryOut[4] BOOL
@ aryOut[5] BOOL
@ aryOut[e] BOOL
@ aryOut[7] BOOL
@ aryOut[8] BOOL
@ aryOut[9] BOOL

@ out BOOL

LU e e e A L e ;' o m wu
|l B2l BBl B =) =
| O O o N = O el I
Wwlwm|wlw|w|w| ml Wl W
mim{m| m|m|m mj| m

_n
=
E
Ln
m

€ Key points
- Set the data types of In1[] and In2[] to be identical.

- Ensure the size of the AryOut[] array is greater than or equal to "Size".

« When In1[] or In2[] contain real numbers, unexpected results may occur due to rounding errors, e.g., from division that
does not yield an exact result.

- If the value of "Size" is 0, "Out" is TRUE, and AryOut[] remains unchanged.

- The return value "Out" is not used when employing this instruction in an ST program.

- An exception occurs and ENO becomes FALSE, and AryOut[] remains unchanged under the following condition:
- When the data types of In1[] and In2[] differ.

- When the size of any of the arrays In1[], In2[], or AryOut[] is less than "Size".

5.2 Timer instructions

I 5.2.1 AccumulationTimer (Accumulation timer)

A timer that accumulates the time during which the timer input is TRUE.

Instruction Name FB/FUN Graphical representation ST representation
AccumulationTimer
Accumulation | Accumulation —In o] o
] ) FUN —er el |AccumulationTimer(in, PT, Reset, Q, ET);
Timer timer -

(SUOI3UNS UOIIONIISU| UOIWQ) S|IINUOCIWQ «
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€ Variables

Name Input/Output Description Valid range Unit Initial value

TRUE: Timer operates.
In Timer input Conforms to data type. — FALSE
FALSE: Timer stops.

PT Set time Input Maximum time to count. (*) ms 0
TRUE: Timer resets.
Reset Reset Conforms to data type. — FALSE
FALSE: Timer does not reset.

TRUE: "ET" has reached "PT".

Q Timer output FALSE: "ET" has not reached | Conforms to data type. —
Output - -
PT".
ET Elapsed time. Elapsed time. (*) ms

*Initial value is not applicable if an input parameter is omitted. An exception occurs during linking.

BOOL Bit string Integer Real |Time, duration, date, string
U | &= %)

w C Cc C [
AHHHHEBEEHEHBHEHEHEEEE
Mg | 8|85 7|55 S || s | g |m | m 9 &

In O

PT O

Reset O

Q O

ET O

€ Function

A timer that accumulates the time during which the timer input "In" is TRUE. The set time unit is ns, with a timing resolution
of 100ns.

When "Reset" is FALSE, the timer starts after "In" changes from FALSE to TRUE, and the elapsed time "ET" increases simul-
taneously with time.

When "In" becomes FALSE, the timer stops. However, the "ET" value at that moment is retained.
When "In" becomes TRUE again, the timer restarts. "ET" increases from the retained value.

When "ET" reaches the set time "PT", the timer output "Q" becomes TRUE. At this point, "ET" stops increasing.

When "Reset" becomes TRUE, the timer resets. The value of "ET" becomes 0, and "Q" becomes FALSE.

(SUOI3UNS UOIIONIISU| UOIWQ) S|IINUOCIWQ «
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“PT™ =T#10ms B 75 Bl FIRS PP E A0 F PR o 288 A O TRUE (9 23R HE]E 10ms B, 255 abe (9{H2E

4 TRUE.,
LD ST
AccumulationTimer_instance(A, T#10ms, abc, def, ghi);
AccumulationTimer_instance
A AccumulationTimer def

S o—0O
T#10ms —PT ET ghi

abc — Reset

TRUE
[n]=A FALSE |_| |

TRUE H |
[ Reset | =abe  paLSE H i ﬂ

[PT ] =T#10ms ---

[ET ] =ghi

_ TRUE l_‘
Q) =def FALSE

¢ Reference

To reset the timer output and elapsed time when "In" becomes FALSE, use the "TON instruction (P2-124)

When connecting to devices like touch panels that do not support the TIME data type, first convert the set time expressed
as an integer to the TIME type before inputting it to this instruction.

To convert from an integer type to TIME, use the "NanoSecToTime instruction (P2-617)". To convert from TIME to an integer
type, use the "TimeToNanoSec instruction (P2-615)". The time unit for these instructions is nanoseconds. A user program for
setting time in milliseconds using an INT variable msintVar is shown below.

LD
Setparameter MUL
m EN ENO|—
msIntVar —In1 — tmpLintVar
LINT#1000000—In2
o
NanoSecToTime 3
EN ENO|— Sé
tmpLintvar —{In — msTimeVar =
(%)
AccumulationTimer_instance o)
Trigger AccumulationTimer 3
In Qfl— =
msTimeVar—] PT ET— 5
—] Reset r:m:
AccumulationTimer_instance.Q Tout §.
O 5
c
ST a
tmpLintVar:=msintVar*LINT#1000000; g'
msTimeVar:=NanoSecToTime(tmpLintVar); L

AccumulationTimer_instance(In:=Trigger, PT:=msTimeVar, Q=>Tout);
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Usage example is shown below.

FBD ST
WAR
enakle: BOOL;
FI:TIME;
) ) RES:BOOL;
Variable declaration 0:BOOL:
ET:TIME;
LecTimer: BecumlationTimer:
END VAR
AccTimer AecTimer |
AccumulationTimer In:=enable ,
Program enable —In Q——ao PT:=PT ,
PT —PT ET —ET Besst:=RE3 ,
RES —jReset 0=>0 ,
ET=+ET );
=ikt Sl &
@ enable BOOL TRUE
@ FT TIME T#1m
Result @ RES BOOCL FALSE
# Q BOOL FALSE
@ ET TIME T£65959ms
+ & AccTimer AccumulationTimer

& Key points

- "ET" and "Q" are updated when this instruction is executed. Therefore, strictly speaking, the condition for "Q" to become
TRUE is not the moment the accumulated timer operation time equals "PT", but the moment this instruction is first executed af-
ter the accumulated time has reached "PT". Consequently, a delay of up to 1 task cycle may occur.

-+ "PT"and "ET" are set in units of ns, with a timing resolution of 100ns.

- When both "In" and "Reset" become TRUE, "Reset" takes priority. That is, the value of "ET" becomes 0, and "Q" becomes
FALSE.

- If the value of "In" is already TRUE at the start of operation, timing begins from that moment.

- If T#Oms or a negative number is set for "PT", "Q" becomes TRUE after the value of "In" becomes TRUE.

+ The value of "PT" can be changed before the value of "ET" reaches it. The behavior in this case is as follows.

Timer status Value of "Q" Changed "PT" value Behavior

"Q" value remains TRUE.
After timing completed TRUE — "ET" value also remains unchanged (retains the previ-

ous "PT" value before the change).

When "In" becomes TRUE, timing continues. When "ET"
“PT” = “ET” reaches the changed "PT" value, "Q" becomes TRUE and
During timing FALSE "ET" stops increasing.

e When "In" becomes TRUE, "Q" immediately becomes
PT <"ET

TRUE. "ET" also immediately stops increasing.

+ This instruction resides in the master control area. When a reset is executed via master control, the behavior is as fol-
lows.
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+ The timer stops. "ET" and "Q" retain their values at that moment.

- When the reset is released via master control, "ET" resumes increasing from the retained value.
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- When "Q" is connected to a subsequent Out instruction, FALSE is input to the Out instruction even if the value of "Q" is
TRUE.

- "Reset" is effective.

- If this instruction is not executed due to the execution of a JMP system instruction (JMP instruction, etc.), the value of
"ET" is not updated. However, timing continues during this period. Therefore, when this instruction is executed later, "ET" is up-
dated to the correct value.

+ When using this instruction in a ladder diagram, if an exception occurs in the circuit preceding this instruction, the value
of "Q" is FALSE.

I 5.2.2 Timer (100ms timer)

A timer that outputs TRUE after the set time has elapsed from its start. Both the set time unit and timing resolution are
100ms.

Instruction Name FB/FUN Graphical representation ST representation
Timer
Timer 100ms timer FUN :lli'ljl' ﬂmg | |Out:=Timer (In, PTTimerDat, Q, ET);
ETH—

€ Variables

Name Input/Output Description Valid range Unit Initial value
TRUE: Timer operates.
In Timer input — FALSE
FALSE: Timer stops.
Input Conforms to data type.
The time from timer start until
PT Set time ms ™

"Q" becomes TRUE.
TRUE: Timer output is ON.

Out Return value
FALSE: Timer output is OFF. —
- Output - — Conforms to data type. —
Q Timer output Same meaning as ‘Out’.
ET Elapsed Remaining time ms

*Initial value is not applicable if an input parameter is omitted. An exception occurs during linking.

BOOL Bit string Integer Real |Time, duration, date, string
U | = %)

w C c C r
212|8|5|8/8|c|8|E(g|=|2|z/8|8|2|8|8|g|z
FlmI S |8 Bl15|9|5|5) S|4 |~ | & |m|m|9 %

In O

PT O

Reset O

Q O

ET O

€ Function

A timer that outputs TRUE after the set time has elapsed from its start. Both the set time unit and timing unit are 100ms.

When the timer input "In" becomes FALSE, the timer resets. The remaining time "ET" is set to the set time "PT", and the tim-
er output "Q" becomes FALSE.

When "In" changes from TRUE to FALSE, the timer starts. The value of "ET" decreases simultaneously with time.

When the value of "ET" reaches 0, the timer output "Q" becomes TRUE. At this point, decreasing the value of "ET" stops.
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After the timer starts, if "In" becomes FALSE before "ET" reaches 0, the timer resets.

An example and timing diagram for "PT"= UINT#10 are shown below. 1000ms (1s) after the variable enable becomes TRUE,
the value of the variable Q becomes TRUE.

FBD | ST
WAE.
enakble:BOOL;
FI:UINT;
Variable declaration EES:BOOL:
2:BOOL;
ET:UINT;
END VAR
Timer(
Timer
enable JEEEE—In - In:=enable ,
Program BT BT oo E:T.: =FT ,
ET - ET =0,
ET=5ET )
= eS| B
é enable BOOL —
@ FT UINT 1000
Result # RES B00L e

# Q BOOL FALSE
# ET UINT 857

¢ Reference

For more precise timing, use the "TON instruction (P2-124)", which times in 100ns units. The TON instruction times in 100ns
units during instruction execution, enabling more accurate timing than the Timer instruction. However, the Timer instruction has
a shorter execution time.

€ Key points

- Timing occurs at the beginning of the POU describing this instruction. Therefore, regardless of where this instruction is
executed within the same POU, the value of "ET" is the same.

- "Q" is updated when this instruction is executed. Strictly speaking, the condition for "Q" to become TRUE is not the
moment the elapsed time from timer start equals "PT". The condition is the moment this instruction is first executed after the
elapsed time from timer start has reached "PT". Consequently, a delay of up to 1 task cycle may occur.

- "TimerDat" is an input-output variable; no value transfer is needed. Ensure storage for the _sTimer structure and pass it
to this instruction.

- Do not change the content of "TimerDat".
- If the value of "In" is already TRUE at the start of operation, timing begins from that moment.
- Achange to the value of "PT" takes effect the next time the timer is reset. It is not reflected during the timing process.

+ This instruction resides in the master control area. When a reset is executed via master control, the timer resets. The val-
ue of "PT"is set in "ET", and the value of "Q" becomes FALSE.

- If this instruction is not executed due to the execution of a JMP system instruction (JMP instruction, etc.), the value of
"ET" is not updated. However, timing continues during this period. Therefore, when this instruction is executed later, "ET" is up-
dated to the correct value.

+ When using this instruction in a ladder diagram, if an exception occurs in the circuit preceding this instruction, the val-
ues of "Q" and "Out" become FALSE.
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5.3 Counter instructions

I 5.3.1 CTD_** (Down counter group)

A counter that performs a decrement operation each time the counter input signal is received. The preset value and count
value data type can be any of INT, DINT, LINT, UDINT, or ULINT.

Instruction Name FB/FUN Graphical representation ST representation
CTD_INT CTD_** (CD, Load, PVQ, CV);
Down counter —ep o] = )
CTD_** FUN Load ov The double asterisk key (**) refers to any of
group B B
—FV INT, DINT, LINT, UDINT, ULINT.
@ Variables
Name Input/Output Description Valid range Unit Initial value
CD Counter input Counter input
Conforms to data type. FALSE
Load Load signal Input TRUE: Loads "PV"into "CV". —
PV Preset value Preset value for the counter. | Conforms to data type. 0
TRUE: Counter output is ON.
Q Counter output ) Conforms to data type.
Output FALSE: Counter output is OFF. — —
cv Count value Current value of the counter. | Conforms to data type.
BOOL Bit string Integer Real |Time, duration, date, string
9 [ [%2]
W | w | = c c | c — x| 5| 4|o =
&12/6|3|58|2|S|8|c/2/z(2|5|8|8|3|8|8|39|z
°|m|B|8|2|3|5|5 |3 5|7 |3|5|F F |7 7|57 |z
CD O
Load O
PV o | O o | O
Q O
cv Same data type as "PV".
¢ Function

A down counter. The preset value and count value data type can be any of INT, DINT, LINT, UDINT, or ULINT.

The instruction name varies based on the data type of "PV" and "CV". For example, if both are of type LINT, the instruction
name is CTD_LINT.

When the load signal "Load" is set to TRUE, the preset value "PV" is loaded into the count value "CV", and the counter out-
put "Q" becomes FALSE.

When the counter input signal "CD" is at a rising edge, "CV" is decremented. When the value of "CV" is less than 0, the value
of "Q" becomes TRUE.

When the value of "CV" is less than 0, "CV" does not change even if "CD" is at a rising edge.
While "Load" is TRUE, "CD" is ignored. "CV" is not decremented.

An example and timing diagram for the CTD_LINT instruction with "PV"=LINT#5 are shown below.
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LD 3T

CTD_LINT _instance(A, abc, LINT#5, def, ghi);
CTD_LINT _instance

A CTO_LINT def
abc— Load CV —aghi
LINT#5 —| PV

TRUE

Ch1=A FALSE ] | ] | ] |
} TRUE : : : : ;
Load | =abe FALSE | E : E

PV | =LINT#5  ----=
[CV | =ghi
00—
) TRUE — ‘
() | =det '
' FALSE :
“Load” FHTRUER . “CVT AR,
m“CV" ingk PV (. “Q" FEHTRUE
Q" EHTRUE ]
“Load” FFHFALSER ,
OV IR T EE T
FBD ST
VAR
CD:BOOL:
LOAD: BOOL;
. ) FV:INT;
Variable declaration a: L:
CWViINT;
CID _0:CTD_INT;
END VAR
CTD_0 CID 0¢
CTD INT “3'=“:' '
5 co [EE—cD o —ET— LOAD:=LOAD ,
rogrem 1080 [l —Lcad oV CV[ 5 ] PV:=PV ,
[T v =0 |
CV=>CW ) g
=3 e &
% D BOOL
@ LOAD BOCL FALSE
Result -
P PV INT 1
@ Q BOOL
@ v INT 0

€ Reference
If a counter that performs an increment operation each time the counter input signal is received is needed, use "CTU_**".

"

If a counter that performs both increment and decrement operations is needed, use the "CTUD instruction (P2-152)

€ Key points

- To restart the counter after the countdown finishes, first set the value of "Load" to TRUE and then to FALSE.

- Set the data types of "PV" and "CV" to be identical.

(SUOI3UNS UOIIONIISU| UOIWQ) S|IINUOCIWQ «

- If a negative number is set for "PV", when the value of "Load" becomes TRUE, the value of "PV" is loaded into "CV". Since
the value of "CV" is less than 0, the value of "Q" immediately becomes TRUE. Subsequently, "CV" is not decremented even if "CD"
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changes.

- If power is disconnected or the action mode is controlled by the program while the value of "CD" is FALSE, and then ex-
ecution of this instruction is restarted, "CV" is decremented once if the value of "CD" becomes TRUE.

- When using this instruction in a ladder diagram, if an exception occurs in the circuit preceding this instruction, the value
of "Q" becomes FALSE.

I 5.3.2 CTU_ ** (Up counter group)

A counter that performs an increment operation each time the counter input signal is received. The preset value and count
value data type can be any of INT, DINT, LINT, UDINT, or ULINT.

Instruction Name FB/FUN Graphical representation ST representation
CTU_DINT CTU_** (CU, Reset, PV, Q, CV);
Up counter —cu o] )
CTU_** FUN —lpeset cvl— | The double asterisk key (**) refers to any of
group
—F INT, DINT, LINT, UDINT, ULINT.
@ Variables
Name Input/Output Description Valid range Unit Initial value
Cu Counter input Counter input
Conforms to data type. FALSE
Reset Reset signal Input TRUE: Resets "CV" to 0. —
PV Preset value Preset value for the counter. | Conforms to data type. 0
TRUE: Counter output is ON.
Q Counter output Output ) Conforms to data type.
FALSE: Counter output is OFF. — —
Ccv Count value Input Current value of the counter. | Conforms to data type.

*Initial value is not applicable if an input parameter is omitted. An exception occurs during linking.

BOOL Bit string Integer Real |Time, duration, date, string
O | C 0

@ C S C -
A HHHEHHEEHHEBHHEEEEE
oA |&2|8|g|3|/53|5|3|/3|7|3 |3 |82 |7 R|°|"|%

CuU O

Reset @)

PV O O O O

Q O

cv Same data type as "PV".

4 Function

An up counter. The preset value and count value data type can be any of DINT, LINT, UDINT, or ULINT. The instruction
name varies based on the data type of "PV" and "CV". For example, if both are of type LINT, the instruction name is CTU_LINT.

When the reset signal "Reset" is set to TRUE, the count value "CV" becomes 0, and the counter output "Q" becomes FALSE.

When the counter input signal "CU" is at a rising edge, "CV" is incremented. When the value of "CV" is greater than the val-
ue of the preset value "PV", the value of "Q" becomes TRUE.

When the value of "CV" is greater than the value of "PV", "CV" does not change even if a larger value is input to "CU".

While "Reset” is TRUE, "CU" is ignored. "CV" is not incremented.

CTU_LINT instruction with "PV"=LINT#5 are shown below.
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LD 8T

CTD _LINT instance(A, abc, LINT#5, def, ghi);
CTD_LINT instance

A CTD _LINT def
N i e
abc— Load CVW pP—ghi
LINTES — PV

) TRLIF

S |_] |_] |_] |_| |_] L
TRUE

Reset | =abw FALSE

PV | SLINT#5 ----- heeeeenes
CV | =ghi ' :
0--ol ! i
TRUE 1
() | =de _I :
FALSE ; !
“Reset” TEHTRUER , OV R PV,
# cv" B ko, Q7 EATRUE

0" W HFALSE o
“Reset” FMFALSER .,
"LV IR TR E R

FBD ST
VAR
CU:BOOL;
RE3:BOOL;
bl declarat FV:DINT:
Variable declaration 0:BOOL:
CWViDINT;
CIU_0:CTU_DINT:
END VAR
CTU_0¢
CTU_0 -
= Cuo:=C0 ,
CTU_DINT
o EEE—r | o HEE—— Reset:=RES ,
Program RES [N R—Reset OV CV PV:=FV ,
ev[ 13 bV 0=30 .
*Q , o
CV=>CV ); 3
o
. s =]
ey =i & <
# CU BOOL FALSE @
# RES BOOL FALSE S
Result @ PV DINT 13 §
# Q BOOL 3
@ v DINT 13 c
(2]
: =
o
>
¢ Reference J
If a counter that performs a decrement operation each time the counter input signal is received is needed, use the "CTD_** a
instruction”. S
S

If a counter that performs both increment and decrement operations is needed, use the "CTUD_** instruction".

€ Key points
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- To restart the counter after counting finishes, first set the value of "Reset” to TRUE and then to FALSE.

- If a negative number is set for "PV", when the value of "Reset" becomes TRUE, the value of "CV" becomes 0. Since the
value of "CV" is greater than the value of "PV", the value of "Q" immediately becomes TRUE. Subsequently, "CV" is not incre-
mented even if "CU" changes.

- Set the data types of "PV" and "CV" to be identical.

- If the value of "PV" is changed while the value of "Reset" is FALSE, the behavior is as follows.

Condition Behavior

Greater than "CV" at that moment | Counting continues.

Less than "CV" at that moment Counting ends. The value of "Q" becomes TRUE. The value of "CV" remains unchanged at that moment.

- If power is disconnected or the action mode is controlled by the program while the value of "CU" is FALSE, and then ex-
ecution of this instruction is restarted, "CV" is incremented once if the value of "CU" becomes TRUE.

- When using this instruction in a ladder diagram, if an exception occurs in the circuit preceding this instruction, the value
of "Q" becomes FALSE.

I 5.3.3 CTUD_ (Up/Down counter group)

A counter that performs increment and decrement operations based on the up counter and down counter inputs. The pre-
set value and count value data type can be any of INT, DINT, LINT, UDINT, or ULINT.

Instruction Name FB/FUN Graphical representation ST representation
o CTUD_INT a CTUD_** (CU, CD, Reset, Load, PV, QU, QD,
Up/Down ] L CV);
CTUD_** P FUN e o ,
counter group L;:z The double asterisk key (**) refers to any of
—pv INT, DINT, LINT, UDINT, ULINT.
@ Variables
Name Input/Output Description Valid range Unit | Initial value
CU Up counter input Up counter input FALSE
CD Down counter input Down counter input
Conforms to data type.
Reset Reset signal out TRUE: Resets "CV" to 0.
npu —
Load Load signal TRUE: Loads "PV" into "CV". 0

Up counter's count completion value.
PV Preset value S Conforms to data type.
Down counter's initial value.

TRUE: Up counter output is ON.

Qu Up counter output )
FALSE: Up counter output is OFF.
Conforms to data type.
Output TRUE: Down counter output is ON. — —
Qb Down counter output )
FALSE: Down counter output is OFF.
cv Count value Current value of the counter. Conforms to data type.

*Initial value is not applicable if an input parameter is omitted. An exception occurs during linking.

BOOL Bit string Integer Real |Time, duration, date, string
U | &= %)
c cC | c —
8128|558 /2|c|8|E(g|=2|z/8/8|2|8|8|g|z
°|@|&|8|8|3|%|3|3|5|7|3|5|F|F|F” 4|57 |z
CuU O
CD O
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Reset (@)
Load O
PV (@) @) O (@)
QU ©)
QD o)
cv Same data type as "PV".
€ Function

A counter that performs increment and decrement operations based on the up counter and down counter input signals. It
combines the functions of both an up counter and a down counter.

The preset value and count value data type can be any of DINT, LINT, UDINT, or ULINT. The instruction name varies based
on the data type of "PV" and "CV". For example, if both are of type LINT, the instruction name is CTUD_LINT.

Up counter function

When the reset signal "Reset" is set to TRUE, the count value "CV" becomes 0, and the up counter output "QU" becomes
FALSE.

When the up counter input signal "CU" is at a rising edge, "CV" is incremented. When the value of "CV" is greater than the
value of the preset value "PV", the value of "QU" becomes TRUE.

non

When the value of "CV" is greater than the value of "PV", "CV" does not change even if a larger value is input to "CU".

Down counter function

When the load signal "Load" is set to TRUE, the preset value "PV" is loaded into the count value "CV", and the down count-
er output "QD" becomes FALSE.

When the down counter input signal "CD" is at a rising edge, "CV" is decremented. When the value of "CV" is less than O,
the value of "QD" becomes TRUE.

When the value of "CV" is less than 0, "CV" does not change even if a larger value is input to "CD".

Common functions for up and down counters

While "Load" or "Reset" is TRUE, "CU" and "CD" are ignored. "CV" is not incremented or decremented.
When "CU" and "CD" are simultaneously at a rising edge, "CV" does not change.

When both "Reset" and "Load" are TRUE, "Reset" takes priority, and the value of "CV" becomes 0.

When "Reset" is set to TRUE, the value of "CV" becomes 0, therefore the value of "QD" becomes TRUE.
When "Load" is set to TRUE, the value of "CV" equals "PV", therefore the value of "QU" will become TRUE.

The relationship between "Reset”, "Load", "CV", "QU", and "QD" is shown below. The value of "PV" is set greater than 0.

FBD ST

CD:BOOL;
LOAD:BOOL;
C:BOOL;
RE5:BOOL;
Variable declaration EV:INT:

QU :BOOL;

QD:BOOL;

CWV i INT;

CIUD 0:CTUD_INT;
END VAR
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CTUD 0(
Cuo:=CT
TR0 CD:=CD ,
CTUD_INT
cu T CU o et FALSE | RBeset:=BES ,
€0 Xl cD QD (= QD Load:=LOAD
Program BES JEXEl—rFeset  cv|-CV[ @] re_pr '
102D Xl Load BV:i=EV ,
BV 3 eV QU=>:»QU
QD=>0D ,
CV=>CV ) »
FET et E
@ CD BOOL FALSE
#@ LOAD EOOL FALSE
# QD BOOL
@ CU BOOL
# RES BOCL
$ QU BOOL
i@ Py INT 3
oV INT 3
Result '
F=ET ==H E
$ CD BOOL
@ LOAD BOOL FALSE
# QD BOOL TRUE
@ CU BOOL FALSE
& RES BOOL FALSE
§ qu BOOL FALSE
@ PV INT 3
@OV INT 0

¢ Reference

If a counter that performs a decrement operation each time the counter input signal is received is needed, use the "CTD_**

instruction”.

If a counter that performs both increment and decrement operations is needed, use the "CTUD_** instruction”.

¢ Key points

- To restart the counter after counting finishes, first set the value of "Reset” to TRUE and then to FALSE.

- If a negative number is set for "PV", when the value of "Reset" becomes TRUE, the value of "CV" becomes 0. Since the
value of "CV" is greater than the value of "PV", the value of "Q" immediately becomes TRUE. Subsequently, "CV" is not incre-
mented even if "CU" changes.

- Set the data types of "PV" and "CV" to be identical.

- If the value of "PV" is changed while the value of "Reset" is FALSE, the behavior is as follows.

Condition Behavior

Greater than "CV" at that moment | Counting continues.

Less than "CV" at that moment Counting ends. The value of "Q" becomes TRUE. The value of "CV" remains unchanged at that moment.

(SUOI3UNS UOIIONIISU| UOIWQ) S|IINUOCIWQ «

- If power is disconnected or the action mode is controlled by the program while the value of "CU" is FALSE, and then ex-
ecution of this instruction is restarted, "CV" is incremented once if the value of "CU" becomes TRUE.
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- When using this instruction in a ladder diagram, if an exception occurs in the circuit preceding this instruction, the value
of "Q" becomes FALSE.

5.4 Arithmetic instructions

I 5.4.1 Inc/Dec (Increment/Decrement)

Inc: Increments an integer value.

Dec: Decrements an integer value.

Instruction Name FB/FUN Graphical representation ST representation
Inc
Inc Increment FUN [imoue = |Inc(InOut);
Dec
Dec Decrement FUN —imout e== | Dec(InOut);

€ Variables

Name Input/Output Description Valid range Unit | Initial value
Inout Object data out Object data Conforms to data type. — —
npu
Out Return value P Always TRUE. TRUE only. — —

*Initial value is not applicable if an input parameter is omitted. An exception occurs during linking.

BOOL Bit string Integer Real |Time, duration, date, string
g | = %
2 2| 3|2/2|8|c|S|Slels|glclal=|2|g|= =
8|3|2/8/18/2/2|2/5/2|3|2|2|E|§/2/5/S|% |2
- m o g e 5 — 5 o = — = — = m m 5
InOut @) @) @) @) @) O O O
Out O
4 Function

+ Inc: Increments the object data "InOut”. When the maximum value of "InOut” is exceeded, it rolls over to the minimum
value.

- Dec: Decrements the object data "InOut". When the minimum value of "InOut" is exceeded, it rolls over to the maximum
value.

I 5.4.2 AryAddV (Array element addition)

The instruction adds the same value to each element of an array.

Instruction Name FB/FUN Graphical representation ST representation
Array element i Ry Aryaddy] _
AryAddV N FUN 2 AryAddV(In1, In2, Size, AryOut);
addition =

(ArrOut
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€ Variables

Name Input/Output Description Valid range Unit | Initial value
In1[] array Addend array Addend array .
In2 Addend Addend
) Number of elements in In1[] to be
Size Number of elements Input Conforms to data type. — 0
added.
Aryout[ ]
Result array Result array —
array
Out Return value Output Always TRUE. TRUE only. — —
BOOL Bit string Integer Real |Time, duration, date, string
@] — (%]
W | g | = c c | c — o | 5| a|o =
81215|5/8|2|s/8|c/2/z|8|2/8|8|28|8|z|z
2 | m |8 2|/ 8|54 Z15| 4 S|4 |~ |&|m|m|0C =
In1[] array cj]ojojo|o|]O| 0|0 OO
In2 Same data type as the source of In1[].
T T T T Tol T 1T I T [T T T T T 1]
AryOut[ ] array Same data type as the source of In1[].
oo ol T T T T T T T T [ [T [ T T T T [
€ Function

It adds the value of the addend "In2" to each of the first "Size" elements starting from In1[0] of the addend array In1[], and
outputs the result to the result array AryOut[].

An example with "In2"=INT#11 and "Size"=UINT#3 is shown below.

FBD ST
WAR
Inl: ARRAY [1..l0] OF INT := [lL, 2, 3, 4, 5, &, 7, 2, &, 1l0]=
In2 : INT;
Variable declaration Size :TINT;
Arrout :ABRRAY [l..l10] OF INT:
EHD_WR
AryAddy
. AryRd4dv
Inl[1] —{Inl — yRAV ( _
Inl:=Inl[1][_1_ ],
Program In2—In2 In2:=In2 3 ],
Size —Size Size:=Size[ 0 |,
Arrout[l] —|ArrQut LrrOut:=Rrrout[l1[_ 4 ] ):
FiE ESidl =] EEE ek R
£ @ Inl ARRAY [1..10] OF INT
@ In2 INT 3
@ Size UINT 10
= Arrout ARRAY [1..10] OF INT
@ Arrout[1] INT 4
@ Arrout[2] INT [
@ Arrout[3] INT 6
Result @ Arrout[4] INT 7
@ Arrout[5] INT 3
@ Arrout[6] INT g
@ Arrout[7] INT 10
@ Arrout[3] INT 11
@ Arrout[9] INT 12
@ Arrout[10] INT 13
£
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€ Key points
- Set the data types of In1[], "In2", and AryOut[] to be identical.

- If the addition result is outside the valid range of AryOut[], the element in AryOut[] becomes an error value. In this case,

no exception occurs, and the adjacent memory areas of the element are not corrupted.

+ When the value of "Size" is 0, the values in AryOut[] remain unchanged.

+ The return value "Out" is not used when employing this instruction in an ST program.

+ An exception occurs and ENO becomes FALSE, and AryOut[] remains unchanged under the following conditions:

+ When the data types of In1[], "In2", and AryOut[] differ.

+ When the value of "Size" exceeds the array bounds of In1[] or AryOut[].

I 5.4.3 ArySubV (Array element subtraction)

The instruction subtracts the same value from each element of an array.

Instruction Name FB/FUN Graphical representation ST representation
Array element 1 Lt ArySubvi— X
ArySubV . FUN 2 ArySubV(In1, In2, Size, AryOut);
subtraction Ao
@ Variables
Name Input/Output Description Valid range Unit | Initial value
In1[] array Minuend array Minuend array -
In2 Addend Addend
) Number of elements in In1[] to be
Size Number of elements Input Conforms to data type. — 0
added.
Aryout[
Result array Result array —
array
Out Return value Output Always TRUE. TRUE only. — —
BOOL Bit string Integer Real |Time, duration, date, string
=) [ n
W | g | = c c | c — » |5 |a|o 4
812/ 5|5/5/2|c|§|E|2|z|2|5|B|B|2|8|8|g|Z
°|m|8|8|8|3|53|3|3|%|7|3|5|F|F|F |87 |z2
In1[] array O O O O O O O O O O
In2 Same data type as the source of In1[l.
size N I = I I O O B D
AryOut[ ] array Same data type as the source of In1[].
ow Jofl [ | [ [ [ [ [T [P [ [T [ [ [ [ |
€ Function

It subtracts the value of the subtrahend "In2" from each of the first "Size" elements starting from In1[0] of the minuend ar-
ray In1[], and outputs the result to the result array AryOut[].

An example with "In2"=INT#11 and "Size"=UINT#3 is shown below.
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FBD ST
VAR
Iml: ARRAY [l..l0] OF IMT := [1, 2, 2, 4, 5, ©, 7, 2, 59, 10]:
In2 :INT;
Variable declaration Size :UINT;
Errout :ABRRBAY [l..l0] OF INT;
END_‘-"P«R
Ary Suby ArySubV(
Inl[1l] —Inl — Inl:=Inl[1] ,
Program In2 —In2 InZ:=In2 ,
S5ize —Size Size:=5ize ,
Arrout [l1] —|ArrOut Arrfut:=&rrout[l] )
= Bl B HEE il 2554
¥ o m ARRAY [1..10] OF INT
@ In2 INT 3
@ Size UINT 10
= @ Arrout ARRAY [1..10] OF INT
@ Arrout[1] INT -2
@ Arrout[2] INT -1
@ Arrout[3] INT 0
Result @ Arrout[4] INT 1
@ Arrout[5] INT 2
@ Arrout[s] INT 3
@ Arrout[7] INT 4
@ Arrout[8] INT 5
@ Arrout[9] INT [
@ Arrout[10] INT 7
<

¢ Key points
- Set the data types of In1[], "In2", and AryOut([] to be identical.

- If the subtraction result is outside the valid range of AryOut[], the element in AryOut[] becomes an error value. In this
case, no exception occurs, and the adjacent memory areas of the element are not corrupted.

-+ When the value of "Size" is 0, the values in AryOut[] remain unchanged.

- The return value "Out" is not used when employing this instruction in an ST program.

+ An exception occurs and ENO becomes FALSE, and AryOut[] remains unchanged under the following conditions:
+ When the data types of In1[], In2, and AryOut[] differ.

+ When the value of "Size" exceeds the array bounds of In1[] or AryOut[].

I 5.4.4 AryMean (Array element mean value calculation)

The instruction calculates the mean value of array elements.

Instruction Name FB/FUN Graphical representation ST representation
Array element
AryMean
AryMean mean value FUN .- s | AryMean(In, Size, Out);
—Out
calculation
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€ Variables

Name Input/Output Description Valid range Unit | Initial value
In1[] array Source array Source array ™
) Number of elements in ) Conforms to data type. —
Size Input Number of elements in In[]. 0
source
Out Calculation result Calculation result. Conforms to data type. — —

*Initial value is not applicable if an input parameter is omitted. An exception occurs during linking.

BOOL Bit string Integer Real |Time, duration, date, string
g | 0
W | m | = c c | c — x| 5143l o =
81215|18|5|2|5|2|c|%|5/2|2/8|8|2|5|8|z|z
2 | m |8 2 B 5|4 2|1 5|4 S|9 |~ | & |m|m|9 %
In1[] array o|lojojo|jo|lOo]O|O|O]|]O0O]|O
Size @)
Out O O O O O O O O O O O
4 Function
It calculates the mean value of the "Size" elements starting from In[0] in the source array In[].
An example with "Size"=UINT#5 is shown below.
FBD ST
WAR
In :ARRAY [1..10] OF INT := [l, 2, 3, 4, 5, &, 7, 2, 9, 10]
] ) Size +UINT;
Variable declaration out - INT:
END VAR
AryMean BryMean (
In[l] —In — In:=In[l] ,
Program Size —{Size Size:=Size ,
out —{0ut Jut:=out )
AR ESic) =] HEEE il =
= @ In ARRAY [1..10] OF INT °
@ Inf1] INT 1 o
@ In[2] INT 2 3
@ (3] INT 3 o
& In[4) NT 4 a
@ In[s] INT 5 =4
# n[6] T 6 @
Result @ In[7] T 7 o
# me] N s 3
@ In[s] INT el g
@ In[10] INT 10 5
@ Size UINT 10 a
@ out INT 5 E
(2]
[
o
< 5
T
c
. >
¢ Key points o
o
+ When In[] and "Out" are integer types, the decimal part of the mean value is truncated. a

+ When the data types of In[] and "Out" differ, ensure the valid range of "Out" encompasses the valid range of In].

- If the calculation result exceeds the valid range of "Out", the value of "Out" becomes an error value. No exception occurs
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in this case.

- If an intermediate value during calculation exceeds the valid range of In[], the value of "Out" becomes an error value. No
exception occurs in this case.

+ When the value of "Size" is 0, the value of "Out" is 0.
- An exception occurs and ENO becomes FALSE, and "Out" remains unchanged under the following condition:

+ When the value of "Size" exceeds the array bounds of In[].

I 5.4.5 ArySD (Array element standard deviation)

The instruction calculates the standard deviation of array elements.

Instruction Name FB/FUN Graphical representation ST representation
Array element —
ArySD standard FUN . 73| ArySD(In, Size, Out);
—Qut
deviation
€ Variables
Name Input/Output Description Valid range Unit | Initial value
In1[] array Source array Source array *
) Number of elements in ) Conforms to data type. —
Size Input Number of elements in In[]. 0
source
Out Calculation result Calculation result. Conforms to data type. — —

*Initial value is not applicable if an input parameter is omitted. An exception occurs during linking.

BOOL Bit string Integer Real |Time, duration, date, string
g | = %)

w C cC | c —
812|8|5|8|8|c|8|E(g|=|2|z/8|8|2|8|8|g|z
= m | g g g S35 |5 |4 e B R < ;E m | m| O %

In1[] array o|lojojojJo|lOo]O|O|lO]|]O]|O

Size O

Out O @] O O O O O O O O O

€ Function

It calculates the standard deviation of the "Size" elements starting from In[0] in the source array In].

2 (In[i]-InM) ’

Standard deviation =
[ Size | -1

i Index of In[]. 0~ “Size” -1
InM: Mean value of In[0] to In["Size"-1].

An example with "Size"=UINT#5 is shown below.
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FBD ST
VAR
Inl :ARRAY [l..10] OF REAL :
Variable declaration out :BEAL;
Size :TJINT:
END VAR
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ArySD ArySD{
Inl[l] ——In — In:=In[l] ,
Program Size —{5ize Size:=Size ,
out —{0ut Cut:=out }:
FER ESiel] =1 EEE ik R
= @ Ini ARRAY [1..10] OF REAL
& Ini[i] REAL 1234
@ Ini[2] REAL 234.5
@ Ini[3)] REAL 345.6
@ In1[4] REAL 456.7
& Ini[5] REAL 567.8
Resul @ Ini[6] REAL 0
esult & Ini[7] REAL 0
@ Ini[g] REAL 0
% Ini[9] REAL 0
@ Ini[10] REAL 0
@ out REAL 175.66452
@ Size UINT 5
£
In[0]=aryIn[1 123. 4
n[1]=aryIn[2 234.5 e 3
Lty S A
Principle analysis “Qize” =UINTH5 “Out” =rOut | 175. 6645

In[3]=aryIn[4 456. 7
In[4]=aryIn[5 567. 8

(1]

(2]
In[2]=aryIn[3] 345.6
(4]

(5]

¢ Key points

+ When In[] and "Out" are integer types, the decimal part of the mean value is truncated.

+ When the data types of In[] and "Out" differ, ensure the valid range of "Out" encompasses the valid range of In].

- If the calculation result exceeds the valid range of "Out’, the value of "Out” becomes an error value. No exception occurs

in this case.

- If an intermediate value during calculation exceeds the valid range of In[], the value of "Out" becomes an error value. No

exception occurs in this case.

« When the value of "Size" is 0, the value of "Out" is 0.

« An exception occurs and ENO becomes FALSE, and "Out" remains unchanged under the following condition:

- When the value of "Size" exceeds the array bounds of In[].

I 5.4.6 ModReal (Real number remainder)

The instruction calculates the remainder after dividing real numbers.

Instruction Name FB/FUN Graphical representation ST representation
Real number i ModReal wodReall—
ModReal ] FUN 2 ModReal(In1, In2, Out);
remainder —lout
@ Variables
Name Input/Output Description Valid range Unit | Initial value
In1(] Dividend Dividend
Conforms to data type. — ™
In2 Divisor Input Divisor
Out Remainder Remainder Conforms to data type. — —

131

L]
o
3
=
o
=)
C
=4
7
~—~
o
3
o
=]
=3
[%]
+
=
C
(2]
=4
o
>
i
c
>
(2]
(=4
o
>
(%
N



*Initial value is not applicable if an input parameter is omitted. An exception occurs during linking.

BOOL Bit string Integer Real |Time, duration, date, string
g | 0
w C c C [
AHHHEHEHEHEHEEERHHHBEERE
Flm 6|8 B 5|4 2|1 5|4 S|439 |~ | & |m|m|9 %
In1[ ] array O | O
Size @) (@)
Out O O
4 Function
It calculates the remainder after dividing the dividend "In1" by the divisor "In2".
This instruction performs the operation using the following formula.
"Out"="In1"- ("In1"/"In2") * "In2". The division inside the parentheses truncates the decimal part.
Therefore, example values for "In1", "In2", and "Out" are as follows.
Value of "In1" Value of "In2" Value of "Out"
99 3.14 0.48
9.9 -3.14 0.48
-99 314 -0.48
-9.9 -3.14 -0.48

An example with "In1"=REAL#20 and "In2"'=REAL#3 is shown below. The value of variable abc is REAL#2.

FBD ST
WAE.
Inl :BEAL;
In2 :REAL;
Variable declaration ot REAL:
END VAR
ModReal ModReal |
Inl —Inl — Inl:=Inl ,
Program In2 —Inz In2:=In2 ,
out —Qut Cut:=out ) .'|
F=EA =i E
a Inl REAL 20
Resul
esult @ In2 REAL 3
@ out REAL 2

¢ Reference

Use the "CheckReal instruction” to check if the value of "Out" is + o , - c©  or Not-a-Number (NaN).

€ Key points

+ Use "In1", "In2", and "Out" by setting their attributes to the same type.
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I 5.4.7 CheckReal (Real number check)

The instruction determines if a real number is infinite or Not-a-Number (NaN).

Instruction Name FB/FUN Graphical representation ST representation
Real number _n (heckRent CheckReall— o o
CheckReal FUN Lo CheckReal(In, Nan, Posinfinite, Neglnfinite);
check N:l:f:::t::
€ Variables
Name Input/Output Description Valid range Unit | Initial value
In Real number Input Real number Conforms to data type. o
Out Return value Always TRUE. TRUE only.
N NaN determination TRUE: NaN.
an
result FALSE: Not NaN.
Positive infinity Output TRUE: Positive infinity.
PosInfinite Conforms to data type. — —
determination result FALSE: Not positive infinity.
o Negative infinity TRUE: Negative infinity.
Neglnfinite
determination result FALSE: Not negative infinity.

*Initial value is not applicable if an input parameter is omitted. An exception occurs during linking.

BOOL Bit string Integer Real |Time, duration, date, string
JHHHEHEBHEBBEBBHEBHBEE
L I~ R = - I T e I = = I S| A |- | &2 | m | m |9 -

In O O

Out O

Nan O

Poslnfinite O

NeglInfinite (©)

4 Function

It determines if the real number "In" is NaN, positive infinity, or negative infinity, and outputs the results to "Nan", "PosIn-

finite", and "Neglnfinite" respectively.

Usage example with "In"=10#2.44 is shown below.

FBD ST

Inl :REAL;
Han :BOOL;
Posinfinite:BO0OL;
Heginfinite :BOOL;

Variable declaration

EHIJ_‘-A'FJ.R
CheckReal CheckReal (
Inl —In In:=Inl ,
Han — Nan Wan=>Nan ,

Program
PosInfinite — Posinfinite PosInfinite=:Poainfinite ,

NegInfinite=>Neginfinite );
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HegInfinite — Neginfinite
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=ET =5 =}

g Inl REAL 2.4
Result # Nan BOOL FALSE
@ Posinfinite BOOL FALSE
g MNeginfinite BOOL FALSE

€ Reference

Use this instruction to detect if the result of an arithmetic operation using real numbers is NaN, positive infinity, or negative
infinity.

€ Key points

+ The return value "Out" is not used when employing this instruction in an ST program.

5.5  Bit string operation instructions

I 5.5.1 AryAnd/AryOr/AryXor/AryXorN

The instruction performs bitwise logical operations on each corresponding bit of each element between two arrays for
BOOLean and bit string data types.

AryAnd: Logical AND.
AryOr: Logical OR.
AryXor: Exclusive OR.
AryXorN: Exclusive NOR.

Instruction Name FB/FUN Graphical representation ST representation
AryAnd
AryAnd  |Array logical AND FUN i T |AryAnd(nT, In2, Size, AryOut):
—{AryOut
AryOr
AryOr Array logical OR FUN Eg:i g AryOr(In1, In2, Size, AryOut);
—AryOut

Array exclusive —n i AryXorf— ) o
AryXor FUN = AryXor(In1, In2, Size, AryOut); 3
OR —{AryOut 3
=]
C
AryXorN ‘;_P'
Array exclusive —fm AryXorNf— ) »
AryXorN FUN —in2 AryXorN(In1, In2, Size, AryOut); ~
NOR vou Q
=
o
=]
@ Variables =3
&
c
Name Input/Output Description Valid range Unit | Initial value aQ
IN1[1,In2[ ] S
Source array Source array ™ T
array Conforms to data type. — c
=]
Size Number of elements Input Number of source elements. 0 Q
AryOut[ ] g
Result array Result array Conforms to data type. — — o
array
Out Return value Output Always TRUE. TRUE only. — —
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BOOL Bit string Integer Real |Time, duration, date, string
W | w | = g S | c c|S | Slo|l=z=|lo|lc|2|S5|2|9]|4 a
S13|8/8|8|2|2/2|5(|3|3|3|3|5(8F|3/8(9|2
In1[ ] array O O] O] O] O
Out Same data type as In1[].
size e P
AryOut[ ] Same data type as In1[].
ow Jol | [ [ [ [ I [ [ PP [ [ |

€ Function

It performs a logical operation on each corresponding bit of the first "Size" elements of the source arrays In1[] and In2[].
The result is stored in the corresponding element of AryOut[]. Therefore, the data types of In1[], In2[], and AryOut[] must be
identical.

An example for the AryAnd instruction with "Size"=UINT#3 is shown below.

LD ST
AryAnd{abc]1], def2], UINT#3, ghi[3]);
AryAnd
—{ }—EN ENO f—
abe1]—|Int —
defl2] = In2
UINT#3 —Size
AryOut _
ghi[3] —F - - === === L ghi[3]
Ini[f=abe{1] [TRUE AND  In2[0)=def[2] [TRUE | —= AryOu[0}=ghi[3] [TRUE

[Size | =UINT#3 | Ini[l}=abe[2] [FALSE AND  In2[1]=def[3] [TRUE | =* AryOui]l}=ghi[4] |[FALSE
Inl[Z]=ahef3] [FALSE AND  In2[2]=def[4] |FALSE| == ArvOuwf2]=ghi[5] [FALSE

FBD ST
VAR
Inl :ARRAY[1..5] OF BYTE;:
Variable decl . In2 :ARRAY[1..5] OF BYTE;
ariable declaration Aryout :ARRAY[1..S5] OF BYTE;
uiSize :UINT:=5;
END VAR
AryAnd

AryAnd( Inl:=Inl[l] ,
In2:=In2[1] ,
Size:=uiSize ,
AryQut:=Aryout[l] ):

Inl[1] —{Inl —
In2[1] —In2
uiSize —{Size

Aryout[1] — AryOut

Program

(SUOI3UNS UOIIONIISU| UOIWQ) S|IINUOCIWQ «
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= ¢ Inl ARRAY [1..5] OF BYTE
# In1f1] BYTE 2#11111111
& Ini[2] BYTE 2%11111111
& Ini[3] BYTE 2#11111111
& Ini[4] BYTE 2211111111
& In1[5] BYTE 2211111111

= # In2 ARRAY [1..5] OF BYTE
# In2[1] BYTE 2#11110000
# In2[2] BYTE 2200001111
Result ® In2[3] BYTE 2210101010
& In2[4] BYTE 200000000
& In2[5] BYTE 2#11111111

= ¢ Aryout ARRAY [1..5] OF BYTE
# Aryout{1] BYTE 2#11110000
@ Aryout[2] BYTE 2#00001111
#® Aryout(3] BYTE 2#10101010
# Aryout[4] BYTE 2200000000
# Aryout[5] BYTE 2#11111111

€ Key points
- Set the data types of In1[], In2[], and AryOut[] to be identical.

- Set the number of elements in the AryOut[] array to be greater than or equal to "Size".

- When the value of "Size" is 0, the values in AryOut[] remain unchanged.

+ The return value "Out" is not used when employing this instruction in an ST program.

« An exception occurs and ENO becomes FALSE, and AryOut[] remains unchanged under the following conditions:
+ When the data types of In1[], In2[], and AryOut[] differ.

+ When the value of "Size" exceeds the number of elements in any of In1[], In2[], or AryOut(].

5.6 Selection instructions

I S I—
I 5.6.1 AryMax/AryMin (Array variable maximum /minimum retrieval)

AryMax: Retrieves the maximum value of 1-dimensional array elements.

AryMin: Retrieves the minimum value of 1-dimensional array elements.

Instruction Name FB/FUN Graphical representation ST representation R

Array variable e (@)

AryMax maximum FUN e mowrel  |Out:=AryMax(In, Size, InOutPos, Num); g

—Qut MNum -

retrieval é

(=g

Array variable - &

AryMin minimum FUN i noumel  |OUt:=AryMin(In, Size, InOutPos, Num); (o)

—Qut Num [~

retrieval g

=]

¢ Variables 2

]

Name Input/Output Description Valid range Unit |Initial value a

o

In[] array Source array Source array — ™ =]

T

S Number of source Input Number of elements in In[] to be 0 S
ize

elements examined. 20-

o

InOutPos Element index Output Element index of the retrieved value. | Conforms to data type. — — 7

Out Retrieval result Input Retrieval result. — —
Number of retrieved )
Num | Output Number of retrieved values.
values
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*Initial value is not applicable if an input parameter is omitted. An exception occurs during linking.

BOOL Bit string Integer Real |Time, duration, date, string
U | = %)
C —
212|858 2|c|§|E|lg|=z|2|5|8|83|8|8|g|2
e | m |38 z |3 /5|53 |5 |7 |5|5|7f|g|m|m|© =
In[]array O O O O O O O O O O O O O O O
Size O
InOutPos O
Out O @] O O O @] O O O O O O O O @]
Out O
4 Function

It examines the first "Size" array elements starting from In[0] of the source array In[]. The retrieved value is assigned to
"Out’, its element index to "InOutPos", and the number of retrieved values to "Num". If "Num" is greater than 1, "InOutPos" holds
the index of the lowest element among the retrieved values.

The magnitude relationship for data types other than integer and real numbers is determined as shown in the table below.

Instruction Name
TIME A value with a larger magnitude is considered greater.
DATE, TOD, Dt For dates and time-of-day, the later one is considered greater.
STRING Determined by comparing ASCII codes of characters.

AryMax: Retrieves the maximum value.
AryMin: Retrieves the minimum value.

An example for the AryMax instruction with "Size"=UINT#6 is shown below. The input parameter sent to In[] is abc[2], so
elements from abc[2] onward become the retrieval objects.

Qut:=out2 ,

FBD ST
VAR
In :AREAY [l..10] OF EEAL;
gize :TUINT;
outl :REAL;
Variable declaration outa :REAL;
maxP0s tTTINT»
minP0S tTTINT» °
numl :TTINT g
num2 :TUINT; o
END VAR Z
- =3
AryMax( ,"L
In:=In[1] , g
Sizer=gize , o
AryMax - . =}
In[1][ 10 }In — Cut:=cutl , =
size[ 8 | —{Size  InOutPos [ maxPOS InfutPos=rmaxP0S @
outl Out Hum|[-numl [ 3 | Wum=>numl :I . E
: : S
~+
Program . g
ArgMin AryMin( T
In[1][ 30 1—In —— In:=In[l] , c
size[ 3 | —{Size InQutPos —minPOS [ 2 | . . (37
owt2[ -5 }—out Num |- num2 [ 5] Size:=3ize , g..
>
wn

InOutPos=>minP0S ,
Hum=>num2 ) ;
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A ESidl & EEE vl =223
= § In ARRAY [1..10] OF REAL
@ In[1] REAL 10
@ In[2] REAL 23
% In[3] REAL 12
@ In[4] REAL 3
@ In[5] REAL 5
@ In[&] REAL 3
@ In[7] REAL 123
@ In[8] REAL 2
@ Inf9] REAL 1
Result @ In[10] REAL 3
@ size UINT g
@ outl REAL 123
@ out2 REAL -5
@ maxP0s UINT 6
§ minPOS UINT 4
@ numi UINT El
@ num2 UINT g
£

€ Reference
When comparing TIME, DT, or TOD data types, ensure the precision of the values to be compared is aligned. The "Trunc-

Time", "TruncDt", and "TruncTod" instructions are available to match the value precision.

¢ Key points

+ When the data types of In[] and "Out" differ, ensure the valid range of "Out" encompasses the valid range of In].

+ When In[] contains real numbers, the expected result may not be obtained due to rounding errors.

+ Ensure In[] is a one-dimensional array.

- When the value of "Size" is 0, the values of "Out" and "Num" become 0. The value of "InOutPos" remains unchanged.
+ When In[]is of STRING type and the value of "Size" is 0, "Out" contains only the null character.

- An exception occurs and ENO becomes FALSE, and "Out" remains unchanged under the following conditions:

+ When the value of "Size" exceeds its valid range.

+ When the Size exceeds the array bounds of In[].
+ When In[] is not a one-dimensional array.
- When In[] is of STRING type and is not NULL-terminated.

+ When In[] is of STRING type and contains more characters than the size of "Out".

I 5.6.2 ArySearch (Array search)

The instruction searches for a specified value within a 1-dimensional array.
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Instruction Name FB/FUN Graphical representation ST representation
Out:=ArySearch(in,
Size,
ArySearch )
ArySearch Array search FUN . "’“J.j, Key,
ey 180utaa4

InOutPos,
Num);
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€ Variables

Name Input/Output Description Valid range Unit | Initial value

In[] array Source array Source array ™

Size Number of source Input Number of elements in In[] to be - 0

elements searched.

Key Search key Value to search for. Conforms to data type. —
InOutPos Element index Element index of the found value. —

Out Search result Output Search result. — —

Num  [Number of found values Number of found values.

*Initial value is not applicable if an input parameter is omitted. An exception occurs during linking.

BOOL Bit string Integer Real |Time, duration, date, string
9 — (%]

oe) C (S Cc _ [ ]
212|8|8|8/2|5/8|E/2|=z|2|c|8|a|5/8|8|g| 3
°|R|&|g|&8|5|5|3|3|5|7|5|5|F|F|7|d|° |7z
O ocoj]ojojojojojojojoj]ojJ]Oo|jO]O]O]O]O]O]O0O]O

In[] array

Arrays of enumerated types can also be specified.

Size [ A = O A I O D O B B

Key Same data type as the source of In[].

InOutPos O

Out O

Num O

4 Function

It searches the first "Size" elements starting from In[0] of the 1-dimensional source array In[] for elements equal to the
search key "Key". The search result "Out’, element index "InOutPos", and number of found values "Num" are as shown in the ta-

ble below.
Presence of element(s) o . . . .
o Out InOutPos Num
equal to "Key
Present TRUE The index of the lowest element among those equal to "Key".| Number of elements equal to "Key".
Absent FALSE Unchanged 0

The magnitude relationship for data types other than integer and real numbers is determined as shown in the table below.

Instruction Name
TIME A value with a larger magnitude is considered greater.
DATE, TOD, Dt For dates and time-of-day, the later one is considered greater.

An example with "Size"=UINT#6 is shown below.

The input parameter sent to In[] is abc[2], so elements from abc[2] onward become the search objects.
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LD ST

jk:=ArySearchiabg2), UINT#E, def, ghi, mno);
ArySearch
—{ }*EN ENO | —
abc2]—In — jkd
UINT#E —Size Num |— mno
def —Key
) InCutPos
ghl —o-ooooerome oo — ghi
5 “Key” HESEMEP, REGFTESRY =3 i WA
SEES [ Key ] =def=INT#5555
In[(]=ahbc]2] 2345
In[1]=abe]3] [ [ O | =jkl |[TRUE
. In|2]=ahcf4] 5555
[ Size | sUINT#6 | p5[3]=abef5] 4567 R [ InOutPes | =ghi |UINT#3
In[4])=abcf6] 1234
|n|5]=.a|:-|7] QRTE [ Wum | =mne |UINT#2
5555
i R
FBD \ ST
WAR
In :ARRAY [l..10] OF BEAL;
size :TINT;
Variable declaration key ‘REAL;
searchP03 :UINT;
num tTINT;
END VAR
ArySearch(
ArySearch In:=In[l] ,
In[l] —In — S5IZE:= size,
Program gize —5IZE Num [— num Eeyi=key ,
key — Key Infutpos — 3earchPds Num=>num ,
Infutpos=>rasarchP0S )
=ER =3 & HE=E hicvld 232
= @ In ARRAY [1..10] OF REAL
@ In[1] REAL 10
@ In[2] REAL 23
@ In[3] REAL 12
@ In[4] REAL 3
@ In[s] REAL -5
@ In[6] REAL 3
Result @ In[7] REAL 123
@ In[a] REAL -2
@ In[g] REAL 1
@ In[10] REAL 3
@ size UINT 10
@ key REAL 3
@ searchPOS UINT 3
@ num UINT 3
£
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¢ Reference

non

When comparing TIME, DT, or TOD types, match the precision of the values to be compared. The "TruncTime", “TruncDt",
and "TruncTod" instructions are available to match value precision.

¢ Key points

- Ensure "Key" is of the same data type as the elements of In[].
+ When the value of "Size" is 0, the values of "Out" and "Num" become 0. The value of "InOutPos" remains unchanged.
- Always use a variable as the input parameter for "Key". An exception occurs during linking if a constant is passed.

- When "Key" is an enumerated type, enumeration elements cannot be passed directly. An exception occurs during linking
if passed directly.

non

- An exception occurs and ENO becomes FALSE, and "Out", "Num", and "InOutPos" remain unchanged under the following
conditions:

-+ When "Size" exceeds the array bounds of InJ.
+ When In[] or "Key" is of STRING type and is not null-terminated.

+ When In[] is not a one-dimensional array.

5.7 Data transfer instructions

I 5.7.1 TransBits (Multi-bit transfer)

The instruction transfers multiple bits within a bit string.

Instruction Name FB/FUN Graphical representation ST representation
TransBits
o TranaBits)— TransBits(In, InPos, InOut,
TransBits Multi-bit transfer FUN mout )
iz InOutPos, Size);
€ Variables
Name Input/Output Description Valid range Unit | Initial value
In Source Source Conforms to data type. — (*1)
InPos Source bit position Transfer start bit position in "In". (*2) 0
InOutPos | Destination bit position Input Transfer start bit position in "Out". (*3) —
Size Number of bits Number of bits to transfer. (*4) 1
InOut Destination Destination Conforms to data type. — —
Out Return value Output Always TRUE. TRUE only. — —
*1 Initial value is not applicable if an input parameter is omitted. An exception occurs during linking.
*2 0 to (number of bits in "In") - 1
*3 0 to (number of bits in "InOut") - 1
*4 0 to (number of bits in "In")
BOOL Bit string Integer Real |Time, duration, date, string
@] [] [
W g | = c c | c — » | 5| a|o 4
812/5(3|/8|2|5|2|/c|2|z/2|5/8| 2 2|8|8|9|z
°|@|&|g|8|5 3|3 /5 /3|7 5|3 F | F|FA|A|5 7|z
In O O O O
InPos (@)
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InOutPos (@)
Size (@)
InOut O O (@) O
Out O

4 Function
It transfers "Size" bits from the bit position "InPos" in the source "In" to the bit position "InOutPos" in the destination "InOut".

An example with "In"=2#0101001100111010, "InPos"=USINT#2, "InOutPos"=USINT#0, "Size"=USINT#5 is shown below.

FBD ST
PROGRAM PLC_PRG
WAR
check :BOOL;
In :WORD:=2£#0101001100111010;
) ) inPos tOSINT:=2;
Variable declaration inOutPos .USINT:
gize tOSINT:=5;
infut :WORD ;
Cut :BOOL;
END VAR

IF check[@NEd THEW
Cut A : =TransBits (

TransBits In:= In[ Ze0i01001100111010 ],
Tn [240101001160111610}— Tn — our NEEEE InPos:— inPos| 250w
i -
Program snout [Z0000000000003130}— In0uz Juri= inoan : '
1nOutPos 2200000000 | InOutPos In.:utPcsi= inOutPos[ 2200000000 |,
size [2200000101—(SIZE SIZE:= size[ 2200000101 |) ;
check R :=FLL5E;
END_TF[RETURN|
=ET Bt =]
d@ check BOOL
@ In WORD 2#0101001100111010
& inPos USINT 2£00000010
Result .
@ inQOutPos USINT 2#00000000
@ size USINT 2£00000101
@ inOut WORD 2#0000000000001110
& Out BOOL

¢ Reference

Overlap between the source and destination data areas is allowed.

¢ Key points
- Do not specify source or destination bit positions beyond the highest bit of "In" and "InOut". This causes an exception,
and no action is taken.

+ When the value of "Size" is 0, no transfer occurs.

- Bits in "InOut" not involved in the transfer remain unchanged.

- The return value "Out" is not used when employing this instruction in an ST program.

- An exception occurs and ENO becomes FALSE, and "InOut" remains unchanged under the following conditions:
+ When the value of "InPos" exceeds its valid range.

+ When the value of "InOutPos" exceeds its valid range.
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- When the value of "Size" exceeds its valid range.
- When the specification of "InPos" and "Size" exceeds the number of bits in "In".

-+ When the specification of "InOutPos" and "Size" exceeds the number of bits in "InOut".

I 5.7.2 SetBlock (Block set)

The instruction transfers the value of a variable or constant to multiple array elements.

Instruction Name FB/FUN Graphical representation ST representation
SetBlock
SetBlocks Block set FUN | KT SetBlock(In, AryOut, Size);
—AryOut
@ Variables
Name Input/Output Description Valid range Unit | Initial value
In Source Source ™
Conforms to data type. —
Size Number of elements out Number of array elements to transfer. 1
npu
AryOut [] o o
Destination array Destination array Conforms to data type. — —
array
Out Return value Output Always TRUE. TRUE only. — —

* Initial value is not applicable if an input parameter is omitted. An exception occurs during linking.

BOOL Bit string Integer Real |Time, duration, date, string
» | w £ 2| 5|¢ clclal= cl=z % ]ale 9
O O O O O O O O O O O O O O O O O O O O
" Enumerated types, entire structures, or a single structure element can also be specified.
size P Jer P
Aryout[ ] array An array whose elements are of the same data type as "In".
Out ol [t rr PP PPl
4 Function

It transfers the value of the source "In" to the first "Size" positions starting from AryOut[0] of the destination array AryOut[].

An example with "Size"=UINT#3 is shown below.

LD

5T

SetBlock(abc, def[1], UINT#3),

SetBlock
—| %EN ENC —
abc —in —
AryOut
defl] —feeeneennennnns — def[l]
UINT#3—|Size

[In ] =ahe [1234

AryOutf0]=def [1] [1234
AryOui{1]=def [2] 1234
AryOu|2]=def [3] |1234

] [ Size | =UINT#3

143

L]
o
3
=
o
=)
C
=4
7
~—~
o
3
o
=]
=3
[%]
+
=
C
(2]
=4
o
>
i
c
>
(2]
(=4
o
>
(%
N



FBD ST
WAE
In:BREAL;
Variable declaration Size:USINT;
Lrrout:ABRAY [l1..10] OF REAL:
END_‘W!.R
SetBlock SetBlock(
In—In — In:= In,
Program Size —|5IZE SIZE:= Size,
Lrrout[l] —AryOut AryQut:=Arrout[l] );
F=AT ESii) =] HEE il a5 =
@ In REAL 4
@ Size USINT 6
= @ Arrout ARRAY [1..10] OF REAL
@ Arrout[1] REAL 4
@ Arrout[2] REAL 4
@ Arrout[3] REAL 4
§ Arrout[4] REAL 4
Result @ Arrout[5] REAL 4
@ Arrout[6] REAL 4
& Arrout[7] REAL 0
& Arrout[8] REAL 0
@ Arrout[9] REAL 0
@ Arrout[10] REAL 0
£

¢ Key points
- Set the data types of "In" and AryOut[] to be identical. If they differ, an exception will occur during linking.

+ When "In" and AryOut[] are of STRING type, ensure their area sizes are consistent.
+ When the value of "Size" is 0, "Out" is TRUE, and AryOut[] remains unchanged.
+ The return value "Out" is not used when employing this instruction in an ST program.

« An exception occurs and ENO becomes FALSE, and AryOut[] remains unchanged under the following conditions:

+ When the value of "Size" exceeds the array bounds of AryOut[].

I 5.7.3 ReadNbit_**** (Read N-bits within bit string)
ReadNbit_BYTE: Reads N bits within BYTE data.
ReadNbit WORD: Reads N bits within WORD data.
ReadNbit_ DWORD: Reads N bits within DWORD data.

ReadNbit_LWORD: Reads N bits within LWORD data.

Instruction Name FB/FUN Graphical representation ST representation
ReadNbit_****(In:= , Pos:=, Size:=, Qut=>)
ReadNbit_BYTE .
_| = . | |The four asterisks (****) are a placeholder
ReadNbit_*** Bit string read FUN _,I,”Ds ReadNb't‘B;E_ P
_aize for one of the data types: BYTE, WORD,

(SUOI3UNS UOIIONIISU| UOIWQ) S|IINUOCIWQ «

DWORD, or LWORD.
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€ Variables

Name Input/Output Description Valid range Unit | Initial value
In Source Source —
Pos Start bit position Input Start bit position Conforms to data type. B 0
Size Number of bits N Number of bits N Conforms to data type. — 1
Out Read result Output Read bit string result. Conforms to data type. — —
BOOL Bit string Integer Real |Time, duration, date, string
8|2 5|2|5(8|s|E|E|¢e|z|2|s|?/8|3 /88|l
FlmI e |8 Bl5 |9 |55 S|439 |~ |&2|m|m|9 %
In O O O O
Pos (@)
Size
Out O ©) O O
€ Function

It reads and copies "Size" bits of data starting from position "Pos" in the source "In" to "Out".

FBD ST
WAR
In:BYTE;
Variable declaration pos:USINT;
5ize:TUSINT;
out:BYTE;
END VAR
ReadNbit BYTE Readlibit BYTE (
In—In In:=In ,
Program pos — Bas out — out Pos:=pos ,
Size —5ize Size:=5ize ,
fut=>out) »
e s &
# In BYTE 2#10101111
Result # pos USINT 200000000
@ Size USINT 2#00000100
@ out BYTE 2#00001111

¢ Key points
- Set the data types of "In" and "Out" to be identical. If they differ, an exception occurs during linking.

- When the value of "Size" is 0, "Out" is TRUE, and "Out" remains unchanged.

I 5.7.4 WriteNbit_**** (Write N-bits within bit string)

WriteNbit_BYTE: Writes N bits within BYTE data.

WriteNbit WORD: Writes N bits within WORD data.
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WriteNbit_ DWORD: Writes N bits within DWORD data.

WriteNbit_LWORD: Writes N bits within LWORD data.
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Instruction Name FB/FUN Graphical representation ST representation
WriteNbit_****(In:= , Pos:=, Size:= , Out=>)
—n R —— The four asterisks (****) are a placeholder
WriteNbit_*** | Bit string write FUN —es
I for one of the data types: BYTE, WORD,
DWORD, or LWORD.
¢ Variables
Name Input/Output Description Valid range Unit |Initial value
In Data source Data source to be copied. —
: — — — Conforms to data type. —
Pos Write start position Input Start position for writing. 0
Size Number of bits Number of bits to copy. Conforms to data type. — 1
InOut Data to write Output Data to be written. Conforms to data type. — —
BOOL Bit string Integer Real |Time, duration, date, string
=] - n
w C Cc & [
8 12|5|5/5/2|5|85|2(z|2|c|8|8|3 8|82
| m| 5|3 215|535 |57 S|4 |~ |&|m|m|0C =
In O O O O
Pos (@)
Size
Out O O O O
4 Function
It copies "Size" bits of data starting from bit 0 of the data source "In" to bits "Pos" through "Pos+Size" of "InOut".
FBD ST
WAR
In:BYTE;
‘ 4 pos:USINT;
Variable declaration Size:USINT;:
Inout:BYTE;
END VAR
WriteNbit BYTE WriteNbit BYTE(
In—In — In:=In , .
Program pos — Paos Pos:=pos3 , o
Size —{Size Size:=Size , 3
=
Inout —=In0ut InOut:=Inout }: S
C
=
" s (T
s il & # 3
# In BYTE 2#10101111 g
Result # pos USINT 200000000 S
=]
# Size USINT 2#00000110 &
# Inout BYTE 2#00101111 &
=S
=]
. T
€ Key points 5
o
- Set the data types of "In" and "InOut" to be identical. If they differ, an exception occurs during linking. s
>
w

+ When the value of "Size" is 0, "Out” is TRUE, and "Out" remains unchanged.

- Data size is not zero. Position does not exceed data length. The sum of position and number of bits to write does not
exceed data length.
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I 5.7.5 AryMove (Array move)

The instruction transfers multiple array elements. The source and destination data types can differ.

Instruction Name FB/FUN Graphical representation ST representation
AryMove
AryMove Array transfer FUN T e AryMove(in, AryOut, Size);
—AryOut
¢ Variables
Name Input/Output Description Valid range Unit | Initial value
In[] array Source array Source array ™
Conforms to data type. —
Size Number of elements out Number of elements to transfer. 1
npu
AryOut[ ] o L
Destination array Destination array Conforms to data type. — —
array
Out Return value Output Always TRUE. TRUE only. — —

* Initial value is not applicable if an input parameter is omitted. An exception occurs during linking.

BOOL Bit string Integer Real |Time, duration, date, string
@ w | = g E o Sl cClo|l=|lo|lc|®m 5|20 «
23/3/5|8(2|5|2/2/5 /535|588 % 5 ¢8|9z2
O O O O O O O O O O O O O @) O O O O O O
" Enumerated types, entire structures, or a single structure element can also be specified.
sie N I N I I =D R R B B
AryOut An array whose elements are of the same data type as "In".
ow fol [ | [ [ I [ [T [P [ [T [ [ [ [ |
€ Function

It transfers the first "Size" elements starting from In[0] of the source array In[] to the elements starting from AryOut[0] of the
destination array AryOut[]. The data types of In[] and AryOut[] may differ.

An example with "Size"=UINT#2 is shown below.

LD 5T

AryMove(abc[1], def2], UINT#2);

AryMove
—{ }7@4 ENO|—
abc[1]—{in —
AryOut
defl2]—F--------------—def[Z]
UINT#2 —|Size

. o Infif=ahef1] ik AryOu0)=def[2]
[Size ] <UINT#2 [l..|1|=.-.|.-|z|E — = AnOullj=def[3]

FBD | ST
VAR
In :ARRAY[1..5] OF BOOL ;
Variable declaration Size :UINT;
AryOut :ARRAY [l..5] OF BOOL;
END VAR
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Tn[1] _I:ﬂm | AryMove (In:=In[l] ,
Program Size —|SIZE S12E:=Size ,
Aryout (1) — Aryour AryOut:=AryOut[l] ):

= 9 In ARRAY [1..5] OF BOOL
# In[1] BOOL
# In[2] BOOL
@ In[3] BOOL
# In[4] BOOL
# In[5) BOOL
$ Size UINT

Result = & AryOut ARRAY [1..5] OF BOOL

® AryOut[1] BOOL
# AryOut[2] BOOL
& AryOut[3] BOOL
@ AryOut[4] BOOL
@ AryOut[s] BOOL

& Reference
- When the data types of In[] and AryOut[] are identical, the MemCopy instruction can be used for high-speed process-
ing.

- The same array can be specified for both In[] and AryOut[]. In this case, overlap between source and destination ele-
ments is allowed.

An example with In[0]=A[2], AryOut[0]=A[4], "Size"=UINT#3 is shown below.

Afo] 1232 Ajo] [1234
A[1] [2345 1] [2335

In=A[2] [3356 In=A[2] [3456

I A3 [4567 \ A3] [4567
['Size | =UINT#3 [.-h-g.{hn:.-\l-t] 5678 \ AryOu=A[4] [3956
Al5] 6789 \ Al5] 4567

Af6] [7890 Aj6] [5678

€ Key points

- When the data types of In[] and AryOut[] differ, ensure the valid range of AryOut[] encompasses the valid range of In[],
regardless of which of the following data type groups they belong to: BYTE, WORD, DWORD, LWORD, USINT, UINT, UDINT,
ULINT, SINT, INT, DINT, LINT, REAL, LREAL.

+ When In[]is an array of structures, set the data types of In[] and AryOut[] to be identical.

+ When the value of "Size" is 0, "Out" is TRUE, and AryOut[] remains unchanged.

+ The return value "Out" is not used when employing this instruction in an ST program.

+ An exception occurs and ENO becomes FALSE, and AryOut[] remains unchanged under the following conditions:
+ When the value of "Size" exceeds the size of In[] or AryOut[].

+ When In[] or AryOut[] are arrays of STRING type, and any element to be transferred is not null-terminated.

+ When In[] or AryOut[] are arrays of STRING type, and the string length of a transfer element exceeds the size of the Ary-
Out[] element.

(SUOI3UNS UOIIONIISU| UOIWQ) S|IINUOCIWQ «
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| 5.7.6 Clear (Initialize)

The instruction initializes a variable.

Instruction Name FB/FUN Graphical representation ST representation
Clear
Clear Initialize FUN ﬁw“‘ Dean Out:=Clear(InOut);
@ Variables
Name Input/Output Description Valid range Unit | Initial value
InOut Object to initialize Input/Output Object to initialize Conforms to data type.
Out Return value Output Always TRUE. TRUE only.

* Initial value is not applicable if an input parameter is omitted. An exception occurs during linking.

BOOL Bit string Integer Real |Time, duration, date, string
U | &= %)

w C c C r

812/5|5/8 2/ 5|E|E|¢|=z|2|c/8|z|2|8|8|clz

F M58 B 5|4 2|1 5|4 S|4 |~ |&|m|m|9 %

@] O @] O O O O O O O O O O O O O O O O O

In

Enumerated types, entire structures, or a single structure element can also be specified.

Out

O

€ Function

It initializes the value of the object "InOut".

If an initial value attribute is set for the variable, it is initialized to that value. If not set, it is initialized to the default initial

value for its data type.

The default initial value for each data type is shown in the table below.

Data type Default value
BOOL FALSE
BYTE, WORD, DWORD, LWORD 16#0
USINT, UINT, UDINT, ULINT, SINT, INT, DINT, LINT, REAL, LREAL 0
TIME T#0ms
DATE D#1970-1-1
TOD TOD#0:0:0
DT DT#1970-1-1-0:0:0
STRING -

When "InOut" is an entire array, a single array element, an entire structure, or a single structure element, it is processed as

shown in the table below.

“InOut”

Processing

Entire array

Initializes all elements of the array.

A single array element

Initializes only that element.

Entire structure

Initializes all members of the structure.

A single structure element

Initializes only that structure element.

An example is shown below. Initializes the value of variable abc. For example, if abc=INT#10, abc becomes INT#O0.
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FBD \ ST
VAR
Variable declaration InOut :INT:=10;
END VAR
clear
Program InOut — InOut = Clear(InOut:=In0ut );
Result # InOut INT 0

€ Reference

+ When "InOut" is an array used as a stack, also clear the variable that manages the stack count when executing this in-
struction.

+ When initializing cam data variables with this instruction, the values are set to zero, not to the values saved via the MC_

SaveCamTable instruction.

¢ Key points

+ The return value "Out" is not used when employing this instruction in an ST program.

- When initializing variables of an enumerated type, set the initial value attribute. If not set, the variable value becomes
zero.

5.8 Shift instructions

I 5.8.1 AryShiftReg (Shift register)

The instruction shifts the entire bit string composed of array elements left by 1 bit and inserts an input value into the least
significant bit.

Instruction Name FB/FUN Graphical representation ST representation
AryShiftReg_instance(Shift,
S Reset, °
—shift e “ P_CY— |ﬂ g
AryShiftRe Shift register FB TReset ’
y g g —%nout InOut, 3
— Size 3
Size, g
PCY=>); @
o
. 3
@ Variables d
-]
Name Input/Output Description Valid range Unit | Initial value i
Shift Shift FALSE — TRUE triggers the shift. g
Reset Reset TRUE: Performs a reset. — FALSE g‘
=]
In Input value Value inserted into the LSB of InOut[]. | Conforms to data type. -
c
S Number of array Input Number of elements used for the shift : 2
ize —~
elements register within InOut[]. o
— -]
INOut[ ] o o <
Bit string array Bit string array. Conforms to data type. —
array
PCY Carry flag Output Value held in the carry flag status. | Conforms to data type. — FALSE
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BOOL Bit string Integer Real |Time, duration, date, string
ABHHHBBEHBEEEEBEBBEEEE
Mg | Z|E|5| 7|55 S || s | g |m | m 9 &
Shift @)
Reset O
In O
Size O
InOut[ ] array O Ol O] O] O
PCY O

¢ Function

When "Shift" changes from FALSE to TRUE, the first "Size" array elements starting from InOut[0] of the bit string array In-
Out[] are shifted left (towards higher significance) by 1 bit.

The input value "In" is inserted into the least significant bit. The bit shifted out from the most significant bit of the array is
output to the carry (CY) flag "P.CY".
“Size” HICHE
[P_CY ] [In]

qunmuvumkuvk;, Ju“J{uruxguu\_/{uuttum‘\_/

N\ N\

InChutf 1] InChut]i1]

When "Reset" is TRUE, FALSE is set to all bits of the first "Size" elements starting from InOut[0] and to the carry (CY) flag.

An example is shown below for a BYTE-type array InOut[], with InOut[0] = 2#10101010, InOut[1] = 2#10101010,
"Size"=UINT#2, and "In" = TRUE, when a single Shift is triggered.

InOut[0] = 2410101010, InOut[1] = 2#10101010 , "P.CY" = FALSE.
— InOut[0] = 2#01010101, InOut[1] = 2#01010101,"P.CY"=TRUE.

FBD ST
FROGRAM FLC_FRG
WAR
Shift :BOOL
Reast : BOOL;
In :BOOL;
Variable declaration Size :UINT;:
InCut (ABRBAY [0,..1] OF BYTE;
B CY :BOOL;
AryShiftReqg :HCFA OmronUitls.AryShiftReq;
END VAR
AryShiftReg AryShiftReq(
AryShiftReg ShifcEEE:= ShifcEENEN,
snift [JEEGRE—Shift P_CY peemp_Cy [ ResstEEA,
Rezet [T Reset InEGNE,
Program In IEEl—{ I TnOut:= Tngur [0)[ Z20m0m0m1 ],
Inout[0] [2#01010101 — InOut 51 ze[ Z00000D0D00ON0T0_|: = 51 ze[ Z00000D000000010_|
size Size E_CTRENER-> F_CYRENE) ;
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FER =] =}
@ Shift BOOL
@ Reset BOOL FALSE
@ In BOOL TRUE
Result @ Size UINT 2#0000000000000010
= & InOut ARRAY [0..1] OF BYTE
& InQut[0] BYTE 2£01010101
& InOut[1] BYTE 2£01010101
@ P.CY BOCL
Related system-defined variables
Variable name Name Data type Description
PCY Carry (CY) flag BOOL Value held in the carry flag status.

¢ Key points

When "Reset" is TRUE, the shift operation is not executed even if "Shift" changes from FALSE to TRUE.

+ When the value of "Size" is 0, InOut[] remains unchanged.

- An exception occurs and ENO becomes FALSE, and InOut[] remains unchanged under the following condition:

+ When the value of "Size" exceeds the array bounds of InOut[].

I 5.8.2 AryShiftRegLR (Left/Right shift register)

It shifts the entire bit string composed of array elements left or right by 1 bit and inserts an input value.

Instruction Name FB/FUN Graphical representation ST representation
AryShiftReg_instance(
ShiftL,
AT ShiftR,
. . —ShiftL P_CY
Left/Right shift —ShiftR Reset,
AryShiftRegLR ] FB —fReset
register 22 In,
= InOut,
Size,
PCY=>);
@ Variables
Name Input/Output Description Valid range Unit | Initial value
ShiftL Left shift FALSE — TRUE triggers a left shift.
ShiftR Right shift FALSE — TRUE triggers a right shift. FALSE
Reset Reset TRUE: Performs a reset.
In Input value Value inserted into the LSB of InOut[]. | Conforms to data type.
Input
S Number of array Number of elements used for the shift :
ize
elements register within InOut[].
InOut[ ]
Bit string array Bit string array. Conforms to data type. —
array
PCY Carry flag Output Value held in the carry flag status. | Conforms to data type. — FALSE
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BOOL Bit string Integer Real |Time, duration, date, string
8|2 |5/22|g|c|8(E|2lz|2|s|8|B|2|8|8| g B
r Mg |3 BS54 |55 S|9 |~ | &2 |m|m|9 GZ)
ShiftL @)
ShiftR @)
Reset O
In O
Size O
InOut[ ] array O O O O O
PCY O
€ Function

When "Shiftl" changes from FALSE to TRUE, the first "Size" array elements starting from InOut[0] of the bit string array In-
Out[] are shifted left by 1 bit. The input value "In" is inserted into the least significant bit. The bit shifted out from the most sig-
nificant bit of the array is output to the carry (CY) flag "P.CY".

“Size” PHIICE
recy] — Y
ageasrans faiarans QR an e nandn s

N\ N

Tt 1] IOt

When "ShiftR" changes from FALSE to TRUE, the elements are shifted right by 1 bit, and "In" is inserted into the most signif-
icant bit. The bit shifted out from the least significant bit of the array is output to the carry (CY) flag "P.CY".

“Size” AYICH
— —

[In ] [P_CY ]

'l

N\ N\

InChmf 1] Inhanf (0]

When "Reset" is TRUE, FALSE is set to all bits of the first "Size" elements starting from InOut[0] and to "P.CY".

An example is shown below for a BYTE-type array InOut[], with InOut[0] = 2#10101010, InOut[1] = 2#10101010,
"Size"=UINT#2, and "In" = TRUE, when "ShiftL" changes from FALSE to TRUE.

INOut[0] = 2410101010, InOut[1] = 2#10101010, "P.CY" = FALSE.
— InOut[0] = 2#01010101, InOut[1] = 2#01010101,"P.CY"=TRUE.
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FBD ST

PROGRAM PLC PRG
VAR

Shiftl :BOOL;

ShiftR :BOOL;

Reset : BOOL;

In :BOOL;

Size :UINT;

InCut :ARRAY [0..l1] OF BYTE:;

P CY :BOOL;

AryShiftRegLlR :HCFA OmronUitls.AryShiftReglR;

Variable declaration

END VAR
AryShiftRegLR
ArystliRagli MYS:;EiRig := ShiftL S
shifel [JEEREI—ShiftL B_CY —p_cv [ Sbi;ER;; Shzg;:
shifch [ENEG—5hiftR Resec @SR - Reset@NEA,
Program Reset [[ENEDR—Reset IE:- DA,
o EEE— In InOut:= Inout [0][Zeoi010%1],
InOut [0) [2#01010101 — InOut Siie ZWO := Size[ 2#0000000000000010 |,
S12¢ [2¥0000000850008010}— (512 O
FEA =3
& ShiftL BOOL
@ ShiftR BOOL
# Reset BOOL
& In BOOL
Result Z
@ Size UINT 2#0000000000000010
= @ InOut ARRAY [0..1] OF BYTE
# InOut[0] BYTE 2201010101
# InOutf1] BYTE 2#01010101

$ PCY BOOL

Related system-defined variables

Variable name Name Data type Description
PCY Carry (CY) flag BOOL Value held in the carry flag status.

¢ Key points
- When "Reset" is TRUE, the shift operation is not executed even if "Shift" changes from FALSE to TRUE.

+ When both "Shiftl" and "ShiftR" change from FALSE to TRUE simultaneously, no shift operation is performed.

- ENO becomes TRUE when the shift operation proceeds normally upon "Shift" changing from FALSE to TRUE, or when
the reset operation proceeds normally upon "Reset" becoming TRUE.

- When the value of "Size" is 0, InOut[] remains unchanged.
- An exception occurs and ENO becomes FALSE, and InOut[] remains unchanged under the following condition:.

- When the value of "Size" exceeds the array bounds of InOut[].

(SUOI3UNS UOIIONIISU| UOIWQ) S|IINUOCIWQ «
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I 5.8.3 ArySHL/ArySHR (Array shift left/right N elements)
The instruction shifts multiple array elements.
ArySHL: Shifts left (towards higher indices).
ArySHR: Shifts right (towards lower indices).

Instruction Name FB/FUN Graphical representation ST representation
Array shift left N AncHL
ArySHL Y FUN - ST ArySHL(INOut, Size, Num);
elements —{Num
Array shift right Aovsim
ArySHR Y 9 FUN - SR | ArySHR(InOut, Size, Num);
N elements —|num

€ Variables

Name Input/Output Description Valid range Unit | Initial value
Number of elements to
Size Number of elements to be shifted. 1
shift
Number of shift
Num . Input Number of positions to shift. Conforms to data type.
positions —
INOut[ ] ) )
Array to shift Array to be shifted. —
array
Out Return value Output Always TRUE. TRUE only. —
BOOL Bit string Integer Real |Time, duration, date, string
9 [ (%]
@ C Cc C r
& 2|8|5|5|2|s|g|E|glz/2|5|8|8/2(8|8|e|z2
clme 8|85 7|55 S|4 F &g |m | m|© 5
Size O
Num O
O O O O O O O O O O O O O @) O @) O O O O
InOut[ ] array
Arrays of structures can also be used.
ow Jofl [ | [ [ I [ [T [P [ [T [ [T [ |
4 Function

It shifts the first "Size" elements (at the higher indices) of the target array InOut[] by "Num" positions. Values shifted out of
the array are discarded. The vacated positions are filled with the initial value of the InOut[] data type. If an initial value attribute
is set for InOut[], that value is used. Otherwise, the default initial value for the data type is used. If InOut[] is an array of struc-
tures, all members of each structure element are initialized.

The default initial value for each data type is shown in the table below.

L]
o
3
=
o
=)
[
.
o

~—~
o
3
=
o
S5
=3
[%]
(=g
=
[
(2]
=
o
>
n
[
>
(2]
=
o
>
(%
N

Data type Default value
BOOL FALSE
BYTE, WORD, DWORD, LWORD 16#0
USINT, UINT, UDINT, ULINT, SINT, INT, DINT, LINT, REAL, LREAL 0
TIME T#0ms
DATE D#1970-1-1
TOD TOD#0:0:0
DT DT#1970-1-1-0:0:0
STRING

ArySHL: Shifts left (towards the higher indices of the array)
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ArySHR: Shifts right (towards the lower indices of the array).
An example for the ArySHL instruction with "Size"=UINT#6 and "Num"=UINT#2 is shown below.

FBD | ST
PROGRAM PLC_PRG
VAR
Num :UINT;
Size :UINT;
Variable declaration InOut :ARRAY [0..5] OF BYTE:
Cut :BOOL;
check :BOOL;
END VAR
IF checkESg THEN
out BGEEE: =ArySHL (
InOut[0] E'_II::I.I!‘;:SHL +—out Ir,lou“= ?nom:[:]lIl.
Program size[_& }—{Size ;;Z:‘:NE
tum [ Hum check SR :=FLL5E;
END_IFRETURN]
FEK i &
& Num UINT 2
@ Size UINT 6
= & InOut ARRAY [0..5] OF BYTE
& InOut[0] BYTE 0
Result $ InOut[1] BYTE 0
@ InOut{2] BYTE 1
@ InOut[3] BYTE 2
@ InOut[4] BYTE 3
$ InOut[S] BYTE 7

# Out BOOL m

[ Size | =UINT#6

- —

IoDwf5]  InOutf4] InOuf3] InOuf2] Owfl) kO]
=ahe{6] =ahef5) =ahe{4] =ahe|3] =ahdf2] =ahe] 1]

I ¢« T 2 1T # 1 3 1 2 1 1 |

sl

L4153

InODwf5] InOuf4] InOuf3] InOuf2] kOwfl) (0]
=she{6] =ahe{S] =sbefd] =ahe{3] =ahef2] =abefl]

L & 1 =% | & 1 4 |1 &% § & |

€ Reference
When InOut[] is of BOOL type, it is equivalent to shifting a "Size"-bit bit string by "Num" bits.
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€ Key points

+ When the value of "Num" is 0, no shift operation is performed.

+ When the value of "Num" is greater than "Size", all values from InOut[0] to InOut["Size"-1] are initialized.

- The return value "Out" is not used when employing this instruction in an ST program.

- An exception occurs and ENO becomes FALSE, and InOut[] remains unchanged under the following condition:

- When the value of "Size" exceeds the array bounds of InOut[].

5.9 Data conversion instructions

I 5.9.1 Swap (Byte swap)

The instruction swaps the high-order and low-order bytes of a 16-bit value.

Instruction Name FB/FUN Graphical representation ST representation

SWAP

FB —In SWAPR—

Swap Byte swap Out:=Swap(In);

€ Variables

Name Input/Output Description Valid range Unit | Initial value
In Conversion source Input Conversion source — 0
Conforms to data type.
Out Conversion result Output Conversion result — —
BOOL Bit string Integer Real |Time, duration, date, string
g | %)
vs) C c C [
ARHHHEBEEHBEHEBHEHEHEEEE
r-"“o@@q"z—i" S|4 F & |m | m|© P
Shift O
Reset ©)
€ Function
It swaps the high-order and low-order bytes of the conversion source “In" and assigns the result to "Out". °
(©)
An example with "In"'=WORD#16#1234 is shown below. 3
S
FBD ST S
=
VAR @
4 A In :WORD:=l¢6# 4 g
Variable declaration Out :WORD: §
END VAR 5
- a
o
&
sSwap i +
Program In—1In - Out:= SWAP(In:= In): g
T
c
a
@ In WORD 1671234 =
Result : 8
# Out WORD 1623412 o
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I 5.9.2 Decoder (Bit decoder)

The instruction sets a single bit specified by an array element (up to 256 bits) to TRUE, and all other bits to FALSE.

The instruction swaps the high-order and low-order bytes of a 16-bit value.

Instruction Name FB/FUN Graphical representation ST representation
Decoder
Decoder Bit decoder FUN e pecedet= | Decoder(In, Size, INOut);
—InQut
@ Variables
Name Input/Output Description Valid range Unit | Initial value
In Bit position Bit position to convert. Conforms to data type. — 0
Size Number of bits out Number of bits to convert. 0~8 Bit 1
npu
INOut[ ]
Target array Target array. Conforms to data type. — —
array
Out Return value Output Always TRUE. TRUE only. — —
BOOL Bit string Integer Real |Time, duration, date, string
Q - wn
w C C C _ [ |
8 125|2|8|2|5|8|E|2/2/2/5/8|8|2|8|8|9|2
= m g g g E — E E — = = — = ;E m m lw) %
In O
Size O
InOut[ ] array O O O O O
Out O
4 Function

It sets a specific bit within the first 27"Size" bits starting from InOut[0] of the target array InOut[] to TRUE. All other bits are
set to FALSE. The bit position of the TRUE bit is specified by the lower "Size" bits of the conversion bit position "In".

When passing the input/output parameter to InOut[], always include an element index, e.g., array[3].

An example with "In"=BYTE#16#09, "Size"=USINT#4, and InOut[] as a BYTE-type array. The value of the lower "Size" bits of
"In" is 16#9, which is decimal 9. Therefore, the 9th bit from the LSB of InOut[] is TRUE; all other bits are FALSE.

InOut[] is a BYTE array. The 9th bit from the LSB is bit 1 of InOut[1]. Thus, bit 1 of InOut[1] is TRUE; all bits of InOut[0] and
bits other than bit 1 of InOut[1] are FALSE.
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LD ST

Decoder(BY TE#16409, USINT#4, abc[3]);

Decoder

—( }75\1 ENOf—
BYTE# 16809 — —

USINT#4 —Size

InOut
abe[3]—}-------------}—abec[3]
{if {i
7 0
o o[l
[Size | =USINT#
f' 15 A A TRUE
FFFA{T i ATRUE
O] mmaa iS00 2 BAFALSE
r»..-j =16{i 1,
InOui[Tj=abef4] Ei:ﬁ:ﬁﬂ;

If the number of bits in an InOut[] element is greater than the number represented by "Size", the remaining bits retain their
values. Example: "In"=BYTE#16#02, "Size"=USINT#2, InOut[] is a WORD-type array. "Size"=USINT#2, so the lower 4 bits of In-
Out[0] are set. Bits 4-15 of InOut[0] retain their values.

{if {if

i 0
i o]

[ Size | =USINT#2

{21 HTRUE
o, 1, 3 ¥CAFALSE

it fir fir
15 4 0
InCui(0] [o|1|of1]1}o]o|1olo|1|ojo]1]0

.

7 e
A4 - 15 =Aft
FBD ST
VAR .
In BYTE; g
Variable declaration Size :USINT; 3
InOut :ARRAY[l..5] OF BYTE; 2
END VAR =
— @
)
Decoder _3‘
In—In — Decoder (In:=In , S
Program Size —{Size Size:=5ize , >
InOut:=InCut([l] }: S
InOut[1] —{InOut (1) 8
~+
=2
5
T
C
>
(o]
o
o
35
L
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$ In BYTE 2#00001001
$ Size USINT 2400000110
= @& InOut ARRAY [1..5] OF BYTE

# InOut[l]  BYTE 2#00000000

Result # InOutl2]  BYTE 2£00000010
# InOut[3]  BYTE 2£00000000

# InOut[4]  BYTE 2#00000000

# InOut[S]  BYTE 2#00000000

¢ Reference

To calculate the bit position of a TRUE bit within array elements of up to 256 bits, use the "Encoder instruction (P2-394)
¢ Key points

« When the value of "Size" is 0, all bits of InOut[] are FALSE.

+ The return value "Out" is not used when employing this instruction in an ST program.

+ An exception occurs, ENO becomes FALSE, and InOut[] remains unchanged under the following conditions:

- When "Size" is outside its valid range.

+ When 2"'Size" exceeds the number of bits in the InOut[] array elements.

+ When InOut([] is not an array of BOOL or bit string data types.

+ When an array without an index is passed to InOut[].

I 5.9.3 Encoder (Bit encoder)

The instruction calculates the bit position of a TRUE bit within array elements of up to 256 bits.

Instruction Name FB/FUN Graphical representation ST representation

Encoder

Encoder Bit encoder FUN :"S"IZE Encoder— | Qyt:=Encoder(In, Size);

€ Variables

Name Input/Output Description Valid range Unit | Initial value
In[] array Source array Input Source array Conforms to data type. — ™
Size Number of bits to check Number of bits to check. 0~8 Bit 1
Out Check result Output Check result. Conforms to data type. — —

* Initial value is not applicable if an input parameter is omitted. An exception occurs during linking.

BOOL Bit string Integer Real |Time, duration, date, string
U | = %)
w [ [ C [
AR HEHBEHEEEBHEHEEEE
In[ ] array O O] O] O] O
Size O
Out O
€ Function

It calculates the bit position of a TRUE bit within a specified range of the source array In[]. The bit position is calculated
within the range of 2*"Size" bits starting from In[0]. The bit position of the TRUE bit within this range, expressed in binary, is
stored in the lower "Size" bits of the conversion result "Out". The remaining bits of "Out” are set to FALSE.
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If multiple bits are TRUE within the specified range, the bit position of the highest-order TRUE bit is calculated. When
passing the input parameter to In[], always include an element index, e.g., array[3]. Example for "Size"=USINT#4, In[] as a BYTE-
type array.

"Size"=USINT#4, so the range for calculation is the 2%4=16 bits starting from In[0]. In the figure below, the 9th bit within this
range is TRUE. Since "Size"=USINT#4, the calculated value 9 (2#1001) is stored in the lower 4 bits of "Out". The upper 4 bits of
"Out” are set to FALSE.

LD 5T

def=Encoder(abc[3], USINT#4);

Encoder

—{ %EN ENOf—
abe[3] —|in L def

USINT#4 —{Size

fi it
T 1]

Irfii}=abe] 3] EEEEBEEE

2™ =6t t I
7 0
s EFEREE
$§ B TRUE R
{ir 9 — 241001
[ Ot ] =def EEEEHEEH
1 FALSE [ Size | =USINT#4
FBD \ ST
VAR
In :ARRAY [l..5] OF BYTE;
Variable declaration Size :USINT;
Out :BYTE;
END VAR
Encoder
— | Out:=Encoder (In:=In[l .
Program In In { [ ] !
- SIZE:=Size ): o
Size —SIZE 3
S
S
= ¢ In ARRAY [1..5] OF BYTE oy
# In[1] BYTE 2200000000 (33
# In[2] BYTE 2£00000000 3
# In[3] BYTE 2£00000101 ol
Result # In[4] BYTE 2200000001 2
=
# In[5] BYTE 2200000000 §
& Size USINT 2#00000101 g‘
# Out BYTE 2%00011000 T
>
0O
o
¢ Reference g

To set a single bit to TRUE and all others to FALSE within array elements of up to 256 bits, use the "Decoder instruction”.
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€ Key points
+ When the value of "Size" is 0, all bits of "Out" are FALSE.

- An exception occurs, ENO becomes FALSE, and "Out" remains unchanged under the following conditions:
- When "Size" is outside its valid range.

- When 2"'Size" exceeds the number of bits in the In[] array elements.

+ When all bits specified by "Size" within In[] are FALSE.

+ When In[] is not an array of BOOL or bit string data types.

- When an array without an index is passed to In[].

I 5.9.4 BitCnt (Bit counter)

The instruction counts the total number of bits set to TRUE within a bit string.

Instruction Name FB/FUN Graphical representation ST representation

BitCnt
BitCnt Bit count FUN —1 BECt— | Out:=BitCnt(In);

€ Variables

Name Input/Output Description Valid range Unit | Initial value
In Count target Input Target for counting TRUE bits. Conforms to data type. — ™
Out Count result Output Number of TRUE bits. 0 to number of bitsin "In"{  — —

* Initial value is not applicable if an input parameter is omitted. An exception occurs during linking.

BOOL Bit string Integer Real |Time, duration, date, string
U | = %)
w C [ C [
AHHHHEBEHEHEBHEHEHHEEEE
In O O O @]
Out O
€ Function

It counts the total number of bits set to TRUE in the count target "In".

An example with "In" as BYTE type, value BYTE#16#85, is shown below.

LD 3T

abc:=BitCnt(BY TE#16#85);

BitCnt

—{ |—EN EMNO—
BYTE#16#85 —{In — abc

A TRUE(D)E # iHE

(SUOI3UNS UOIIONIISU| UOIWQ) S|IINUOCIWQ «

[ Ot | =ahe E

162



FBD ST
VAR
i } In :BYTE;
Variable declaration out .USINT:
END VAR
BitCnt
Program In —In — Out:=BitCnt(In:=In ):
® In BYTE 255
Result
# Out USINT 8

I 5.9.5 LineToColm (Line-to-column bit conversion)

The instruction decomposes a bit string and outputs to bit positions specified by array elements.

Instruction Name FB/FUN Graphical representation ST representation
Line to bit string —n G unerocaimt— | LineToColm(In, InOut, Size,
LineToColm FUN —size
conversion - Pos);

€ Variables

Name Input/Output Description Valid range Unit | Initial value
In Source Source. Conforms to data type. @)
Number of result wy
Size Number of elements in the result. |0 to number of bits in "In", 1
elements —
_ - Input ) . _ 0 to number of bits in
Pos Target bit position Target bit position for conversion. 0
InOut(] - 1.
InOut[ ]
Result array Result. Conforms to data type. — —
array
Out Return value Output Always TRUE. TRUE only. — —
* Initial value is not applicable if an input parameter is omitted. An exception occurs during linking. g
=
o
BOOL Bit string Integer Real |Time, duration, date, string a
@] [] (%] +
w C = C — =
2|12/8|2(8|8|S|8|E|g|z|2|z|B|=2/2|8|8|g|2 &
O A28 !%21z|5%3|2|2|3|5| 3|3\ 2| | &l 73|z =
M| 8| 8|S 5|5 N = m ) g
In O] O] O] O 3
Size O 3
=]
Pos 2
c
InOutl ] array Ol O] O] O a
Out O g
c
€ Function a
It decomposes a bit string and outputs to bit positions specified by array elements. S,,.

First, it extracts "Size" bits from the LSB of the source "In" and decomposes them into individual bits. Then, it stores each bit
into the "Pos"-th bit of successive elements starting from InOut[0] in the result array InOut[]. This writes to "Size" array elements.
Bits that are not written retain their previous values.
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An example with "Pos"=USINT#3 and "Size"=USINT#4 is shown below.

LD ST

LineToColm(abe, def[1], USINT#4, USINT#3);

LineToColm
—{ }7 ENM ENO—
abc—In =
InOut
deﬂ1 ]_ ................. _dﬁﬂﬂ
USINT#4 —Size
USINT#3 —Pos

[ Size ] =USINT#4
e A L —
He i fir
{ir

oI - GBI

[In] =abe

R w i fif
fi [Pos | =USINT#3 0
| L/
Oufo}=def [1] [ofo[1]ofo]o]-~[1]ojolplo]s
I w1 j=def [2] [0]7]0]1[0]0]-~ [ofoltlali o
[Sise ] USINTHS | w2}t (3] [00O[7[1]0] - [0 lo 0010
InOw[3=def [4] [T[T[O[T[O[T]-~ [Of0[1 ol
F
FBD \ ST
VAR
In :BYTE;
. . Size :USINT;
Variable declaration Pos -USINT:
InCut :ARRAY[l..5] OF BYTE;:
END VAR
LineToColm
Tn —In | LineToColm(In:=In ,
) : Size:=Size
Size —{Size !
Program
9 Pos — Pas Pos:=Pos ,
InOut:=InCut[l |
InOut[1l] —{InOut (11
$ In BYTE 2200011
@ Size USINT 2200000
# Pos USINT 200000
= @ InOut ARRAY [1..5] OF BYTE
Result # InOut1] BYTE 2200100/
# InOut[2] BYTE 2200100/
@ InOut[3] BYTE 22001001
& InOut[4] BYTE 200100
& InOut[s] BYTE 2001001

€ Key points
+ When the value of "Size" is 0, all bits of "Out" are FALSE.

- An exception occurs, ENO becomes FALSE, and "Out" remains unchanged under the following conditions:
- When "Size" is outside its valid range.

- When the value of "Pos" is outside its valid range.

(SUOI3UNS UOIIONIISU| UOIWQ) S|IINUOCIWQ «

+ When the value of "Size" exceeds the array bounds of InOut[].

+ When InOut[] is not an array of bit string data types.
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+ When an array without an index is passed to InOut[].

I 5.9.6 Gray (Gray code conversion)

The instruction converts Gray code to an angle.

Instruction Name FB/FUN Graphical representation ST representation
Gray code —n e sy~ | LineToColm(In, InOut, Size,
Gray ) FUN —{Resolution
conversion - Pos);
€ Variables
Name Input/Output Description Valid range Unit | Initial value
In Conversion source Gray code to convert. Conforms to data type. 0
Enumeration type _eGRY_
Resolution Resolution Resolution. _R256
RESOLUTION
ERC Encoder remainder Input Encoder remainder compensation — 0
compensation value. 0 to the value of
Zero point "Resolution”.
ZPC Zero point compensation value.

compensation

Out Conversion result Output Conversion result. ™ ° —

*0 ~ 3.5999999999999%e+2.

BOOL Bit string Integer Real |Time, duration, date, string
SHHHEEBBEHEBBEBEEEEHEEE
L O~ R = - = T e = = I S|4 |- | &|m | m|© 5
In (@)
Resolution Enumeration _eGRY_RESOLUTION
ERC ©)
ZPC @)
Out O
€ Function
It converts the Gray code output value "In" from a rotary encoder to an angular value. The unit of the result "Out" is de- C.)
grees. g
"Resolution” is of the enumeration type _eGRY_RESOLUTION. The meanings of the enumeration elements are as follows. %
Enumeration element Meaning z
_R256 256 53?
_R1B 1-bit (2) g
_R2B 2-bit (4) =
_R3B 3-bit (8) g
_R4B 4-bit (16) %
_R5B 5-bit (32) S
_Ré6B 6-bit (64) %1
_R7B 7-bit (128) g"
_R8B 8-bit (256) b
_R9B 9-bit (512) -
_R10B 10-bit (1024)
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_R11B 10-bit (2048)
_R12B 12-bit (4096)
_R13B 13-bit (28192)
_R14B 14-bit (16384)
_R15B 15-bit (32768)
_R360 360
_R720 720
_R1024 1024
¢ Gray code

Gray code is a binary numeral system also known as reflected binary code. Its key feature is that codes for successive num-
bers differ by only one bit (e.g., 0 and 1, 1 and 2). Gray code is used in applications like absolute encoder outputs.

A 4-bit binary code and its Gray code equivalent are listed below.

Binary code Gray code
Decimal

2° 2? 2! 2° d G b a

0 0 0 0 0 0 0
1 0 0 0 1 0 0 0 1
2 0 0 1 0 0 0 1 1
3 0 0 1 1 0 0 1 0
4 0 1 0 0 0 1 1 0
5 0 1 0 1 0 1 1 1
6 0 1 1 0 0 1 0 1
7 0 1 1 1 0 1 0 0
8 1 0 0 0 1 1 0 0
9 1 0 0 1 1 1 0 1
10 1 0 1 0 1 1 1 1
11 1 0 1 1 1 1 1 0
12 1 1 0 0 1 0 1 0
13 1 1 0 1 1 0 1 1
14 1 1 1 0 1 0 0 1
15 1 1 1 1 1 0 0 0

Using Gray code ensures that when the encoder output increases or decreases by 1, only one bit changes, preventing mo-

L]

mentary erroneous outputs. The difference in encoder output changes between Gray code and binary code is shown below. o
3

4 M 178 Sy 2 g

— B S

o TRUE i . TRUE @
FALSE T FALSE (o)

23 TRUE i 4 TRUE .3‘
FALSE T FALSE S

22 TRUE i ¢ TRUE 5
FALSE = FALSE @

o TRUE j , TRUE B c
FALSE I FALSE a

0 TRUE —-l , TRUE : o
FALSE i FALSE / >

T

-

>

24 ek Tk, {8 St 2 (bR e (U 17, a

[ M W B A o B {2 P A 2 i i o

Al 2 il 4 1 {1 b

N
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FBD ST

VAR
In :WORD ;
Resolution :_eGRY_RESOLUTION:

Variable declaration ERC :UINT;

ZPC :UINT;
Out :LREAL;

END VAR

Gray
In—In I Qut:=Gray(In:=In ,

. . Resolution:=Resolution
Resolution —Resolution

Program ERC:=ERC,
ERC —ERC ZPC:=ZPC );
ZBC —ZEC
$ In WORD 16201A9
# Resolution _EGRY_RESOLUTION -R10B
Result # ERC UINT 1620000
& ZPC UINT 16%0151
@ Out LREAL 348.75

Encoder Remainder Compensation (ERC)

"ERC" is a compensation value that defines the Gray code range, used when the encoder resolution is not a power of two.
It ensures that the Gray codes for the maximum and minimum encoder outputs differ by only one bit.

Example: An absolute encoder with a resolution of 360 uses 9-bit Gray code. The 9-bit range is 0 to 511. The Gray code is
used for a range of 180 around the center of 0-511, i.e., from 76 to 435. Thus, the Gray code for output 0 is 001101010 (decimal
76), and for output 359 is 101101010 (decimal 435), differing by only one bit. Here, the "ERC" value is 76.

103t s
i|hlg|fle|[d]|ec|b]a HiLa s B {H "ERCT
o [o]ofo]ofofo]o]o]o
atiesishito 76 | oot 1 Jo 1 o |1 ]}
LA 255 lol1lofo]o|o]o]o]o 360
256 |1 |1 ]o]olo]o]oo]o o
_____ e o
A i i R 359 435 11 |n |1 | 1 |u | 1 |n ‘ 1 |u
51 |1 JoJololololololol) "

Zero Point Compensation (ZPC)

"ZPC" is set when the zero point (origin) angle of the rotary encoder is shifted. For example, to shift the origin of a rotary
encoder with a resolution of 256 by 90°, set "ZPC" to 256x(90/360)=64.

Description example

Example with "In"=WORD#16#1A9, "Resolution’=_R10B, "ERC"=UINT#0, "ZPC"=UINT#337. First, resolution is 10 bits, so one
unit of Gray code equals 360° /1024=0.35° . Gray code 16#01A9 corresponds to decimal 305. Thus, the uncompensated angle is
0.35° x305=106.75° . "ERC"=0, "ZPC"=337. The compensated angle is 106.75° -(0+337)x0.35° =-11.20°. Since "Out" must be >0°,
the result is -11.20° +360° =348.80° . "Out" becomes LREAL#348.8.
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LD 5T

abc:=Gray(WORD#16£1A8, _R10B, UINT#0, UINT#337);

Gray

—{ }75\1 ENO —
WORD# 16481 A8 —In — abc

_R10B —Resolution
UINT#0 —ERC
UINT#337—(ZPC

H TS 16401 A9=305
e T R {1
035° % 305=106.75°

— SR fI=360° /1024
=0.35¢

A R0 R

106.75% ={0+337) x 0.35° +360°

=348.80°

Reference

Refer to the manual of the rotary encoder being used to determine the appropriate values for "Resolution” and "ERC".

Conversion from gray code to binary code

Conversion from Gray code to binary code can be performed as follows. The logic symbol in the diagram represents XOR.

SRE 1% e I

e 2

d ﬁD z
e S

b L} 2!

a ,iDzw

¢ Key points

- An exception occurs, "ENO" becomes FALSE, and "Out" remains unchanged under the following conditions:
- When the value of "Resolution” is outside its valid range.

+ When the value of "ERC" is greater than the resolution specified by "Resolution’”.

- When the value of "ZPC" is greater than the resolution specified by "Resolution”.

+ When the value of "In" converted to a bit string is less than the value of "ERC".

+ When the value of the bit string after compensation by "ERC" exceeds the resolution specified by "Resolution’.

I 5.9.7 PWLLineChk (Polyline data check)

The instruction determines if the polyline data used by the polyline approximation conversion (no polyline data check) in-
struction is sorted in ascending order of X-coordinates.

Instruction Name FB/FUN Graphical representation ST representation
Polyline data PWLLineChk )
PWLLineChk heck FUN = Puttinechid— 1 Qut:=PWLLineChk(Line,Num);
chec
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€ Variables

Name Input/Output Description Valid range Unit | Initial value
Line[ ] array| Polyline data array Polyline data array ™
Number of polyline data Input ) ) Conforms to data type. —
Num ) Number of polyline data points 1
points
Out Judgment result Output Judgment result Conforms to data type. — —

* Initial value is not applicable if an input parameter is omitted. An exception occurs during linking.

BOOL Bit string Integer Real |Time, duration, date, string
U | &= "
C —
8 1%|8(5|8|8|c|S|E/2|2|2|c|8|B|3(8|8|g|z
e | m 8 = & /5|55 |5 | |5|5|Ff|&g|m|m|© =
In O O O O O O O O O O
Size O
Out O
€ Function

It determines if the elements of the polyline data array Line[] used by the PWLApproxNoLineChk instruction are sorted
in ascending order of their X-coordinates. If they are in ascending order, the judgment result "Out" is TRUE; otherwise, "Out" is
FALSE.

FBD | ST
VAR
Line tARRAY[l..5,1..2] OF REAL;
Variable declaration Hum :UINT:=5;
Out :BOOL;
END VAR
PWLLineChk
Program Line[1,1] —Line - Out:=PWLLineChk (Line:=Line[l,1] ,
Num — Num Num:=Num ):
= & Line ARRAY [1..2, 1..5] ...
& Line[1, 1] REAL 1
@& Line[1, 2] REAL 1.1
& Line[1,3] REAL 2
& Line(1, 4] REAL -1.1
# Line[1, 5] REAL 3
Result # Line[2, 1] REAL 2

@& Line[2, 2] REAL -
# Line[2, 3] REAL 0
& Line[2, 4] REAL 5
# Line[2, 5] REAL -3

# Num UINT 5

$ out BOOL

Elements of polyline data Line[] and number of data points "Num"

Line[] is two-dimensional. Set the size of the first dimension to 2. As shown in the figure, store the coordinate values of
each polyline point (X0, Y0), (X1, Y1)... as elements of Line[]. The number of polyline data points "Num" is half the number of el-
ements in Line[] used for the polyline approximation calculation.
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(X0, Y o)

e (%07 N | =2 Y T M | =25

(X1,Y1)
(T N ] =0, Y T Mo | =1}
X
Line| 128 $etd nt Line| [o34E R
Linef0.,0] o Line]0,0,0] %
Linef0).1] Yo Linef0,0,1] Yo
Line[1.0] X Line[0) 1.0 X
Line{1.1] 11 Linef0,1,1] Y1
Linef2.0] b ] Linef0,2,0] X2
Line{2.1] Yz Linef0,2.1] Y2
Line| :|—.'\L|mJ -10] Klr Namn | =1 |Jn«||:.l. [ Num | -1.0] xlr-"'"“"
Line{ [ Num | —1.1] (7 Nam] =1 Line{0, [ Num | —1,1] [¥ T S 1 =1

Description example

An example checking if a polyline data array abc[] with 4 data points is sorted in ascending X-order is shown below.
"Num'=UINT#4, the element values of abc[] are as follows:

abc[0.0]=X0 =LREAL#1.0, abc[0,1]=Y0 =LREAL#5.0,
abc[1.0]=X1 =LREAL#6.0, abc[1,1]=Y1 =LREAL#6.0,
abc[2.0]=X2 =LREAL#4.0, abc[2,1]=Y2 =LREAL#2.0,
abc[3.0]=X3 =LREAL#5.0, abc[3,1]=Y3 =LREAL#3.0

The X-coordinates are not in ascending order, therefore "Out" is FALSE.
LD ST

def=PWLLineChk(abc]0,0], UINT#4);

PWLLineChk def

H e
abc{0,0] —Line

UINT#4 —{Num

{ahe[0,0], abef 0.1 J=(1.0.5.0)

{abef 1.0].abef 1.1 Ji=(6.0.6.0)

—
b1 S el

{ahe] 3.0)abe 3.1 J=(5.0.3.0)

{abe[2.0)abef 21 =(4.0.2.0)
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€ Key points

- Line[] is two-dimensional. Set the size of the first dimension to 2.

- An exception occurs, and "Out" becomes FALSE under the following conditions:
-+ When the value of "Num" exceeds the array bounds of Line[].

- When Line[] is of REAL type and contains elements that are NaN, + o, or - .

- When Line[] is not a supported data type.

I 5.9.8 MovingAverage (Moving average)

The instruction calculates the moving average.

Instruction Name FB/FUN Graphical representation ST representation

MovingAverage(

In,

MovingAverage
In MovingAverage}— Buf,
Buf
Out Out’

BufSize

Sakindes BufSize
3 ,

Movin
9 Moving average FUN

| 1111 ]

Average

Curlndex,

Q);

¢ Variables

Name Input/Output Description Valid range Unit | Initial value
In Input value Value used for average calculation. ™
BUfSize Maximum number of Input Maximum number of elements used for| Conforms to data type. — :
elements average calculation.
Curindex Input save position Input/Output | Position in Buf[] where "In" is saved.
Buf[ ] array Input save array Input Array storing the "In" values.

TRUE: Number of values saved to Buf[]
Calculation complete is greater than "BufSize".

Q Input/Output
flag FALSE: Number of values saved to

Buff] is less than "BufSize".

Conforms to data type. — —

Out Calculation result Input Calculation result. Conforms to data type. — — .
o
* Initial value is not applicable if an input parameter is omitted. An exception occurs during linking. §
o
q q q q q >
BOOL Bit string Integer Real |Time, duration, date, string C
(=g
9 [ wn =

ve) C C C _ [ ]
g 12|8|5|5/2|c|8|E|2/=|2|5/8|8|2|8|8|g|z2 2
°|A|&|g|&8|53|5/5|3|5 /7 |5|5|F F|F|A|° |7z ¢
In olojojo|lo|lo|lo|lo|o|oO S
BufSize @) 5
b
Curindex O o
Bufl ] array An array with elements of the same data type as "In". a
[9)
Q O =
T
Out O O O O O O O O O O g
Q
[nA
. o
4 Function 3

Each time this instruction is executed, the input value "In" is saved into the input save array Buf[]. The average of the saved
values is then stored in the calculation result "Out". The maximum number of elements used for the average calculation is spec-
ified by "BufSize".
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FBD ST
PROGRAM PLC FRG
VAR
In :UINT;
BufSize :UINT;
A A Curindex:UINT:
Variable declaration T E >
Buf :ARRAY [0..3] OF UINT;
o] :BOOL;
Out :UINT;
check :BOOL;
END VAR
El checkEEd THEN
- Movinghverage (
MovingAverage In:= In[0],
In[ 0 }—In — -
Buf:= Buf[0][ 0]
Buf[0) [0 |—{Buf
out:= out[_0 |
Program out [ }—Out BufSize:= BufSize[ 0
BufSize[ 0 |—|BufSize .
] CurIndex:= Curindex[ 0 |,
Curindex [0 ||CurIndex 0:= O .
Q mc check[EMER: =F115E;
END_THEETURN]

Initial value input

Set the input save position "Curlndex” to 0, then execute this instruction. After clearing Buf[0] to Buf['BufSize"-1] of the
input save array Buf[], the initial input value "In" is saved to Buf[0]. The calculation complete flag "Q" is FALSE, indicating the
number of values saved to Buff] has not yet reached "BufSize". When "Q" is FALSE, the average is calculated using values from
Buf[0] to Buf["Curlndex"+1]. The result is saved to "Out". Then, the value of "Curlndex” is incremented.

FLRPATIES
Buf[0]=aryBuf[1] | 1234 | ¥ “In” MMELRAFEBur[0]H
Buf[1]=aryBuf[2] 0
“CurIndex” =uiCurSize III Buf[2]=aryBuf[3] 0
_
“In” =siValln 1234 “Out” =siValOut | 1234 | Buf[0]FIBuf [0]HFII{E

(Buf [0 fIfED

“CurIndex” =uiCurSize &

“0” =x0utQ FALSE | BUEIRAFEUNT “BufSize” ,
[FALSE ] BLfRecscn ]

(SUOI3UNS UOIIONIISU| UOIWQ) S|IINUOCIWQ «
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Input until the BufSize-th execution

On each execution, the value of "In" is saved to Buf["Curlndex"]. The average is calculated using the values from Buf[0] to
Buf["Curindex"] (a total of "Curlndex"+1 values), and the result is stored in "Out". Once the number of executions reaches "Buf-
Size", the value of "Q" becomes TRUE.

BARPIT IS
Buf[0]=aryBuf[1] | 1234 | # “In” BMELRABEBut 119
Buf[1]=aryBuf[2] 2345
“CurIndex” =uiCurSize Buf [2]=aryBuf [3] 0
—_—
“In” =siValln | 2345 “OQut” =siValOut | 1789 | Buf[0]ZBuf [1]fF¥{EH
“Curlndex” =uiCurSize e
“Q” =x0utQ FALSE | #H{E{R7FHNT “BufSize”
PR AR EE TRUE
FBIRPATIES
Buf [0]=aryBuf[1] | 1234 | ¥ “In” A& ZEBuf[0]h
Buf[1]=aryBuf [2] 2345
“Curlndex” =uiCurSize Buf [2]=aryBuf [3] 3456
“In” =siValln 3456 “Out” =siValOut | 2345 Buf [0]3Buf [2] ~FH1{E

“CurIndex” =uiCurSize b

“0” =x0utq -TRUE BUERTFEOLE] “BufSize” ,
v [ TRUE | BRI (£-H TRUE

Input after the BufSize-th execution

On each execution, the value of "In" overwrites a value cyclically within Buf[0] to Buf['BufSize"-1]. The average is calculated
using the current values in Buf[0] to Buf['BufSize"-1], and the result is stored in "Out". After "Curindex" reaches "BufSize", it re-
sets to 1 and then increments. "Q" remains TRUE.

HAWPITRS
Buf[0]=aryBuf[1] | 4567 | #% “In” B{E % % FBuf (0]
Buf[1]=aryBuf[2] 2345
“Curlndex” =uiCurSize Buf(2]=aryBuf[3] | 1234
“In” =siValln 4567 “Out” =siValOut | 3456 Buf [0] £Buf [2] f-FH1E

“Curlndex” =uiCurSize RE R

“Q” —x0utqQ TRUE | #ERFEUEF] “BufSize” ,
x (TR ] tte s
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FHIAIT IS

Buf[0]=aryBuf[1] 4567 B “In” FEERRZIBuf[0]H
Buf[1]=aryBuf[2] 5678

“Curlndex” =uiCurSize Buf [2])=aryBuf [3] 3456
“In” =siValln o678 “Out” =siValOut | 4567 Buf [0]#|Buf [2] f9~F4E

“Curlndex” =uiCurSize e

“Q7 =x0utQ TRUE | BUERAFEGEF] “BufSize” ,
X [ oo | Eiath s

Initialization of saved values

If "CurSize" is set to 0 and then this instruction is executed, the values from Buf[0] to Buf['BufSize"-1] are set to 0, and the
current value of "In" is then saved to Buff0]. "Curlndex" becomes 1, and "Q" becomes FALSE. Change of "BufSize" Value: If the
value of "BufSize" is changed and then this instruction is executed, operation proceeds based on the new "BufSize" value and
the current "Curindex” value.

Buf [0]=aryBuf[1] 4567
Buf [1]=aryBuf[2] 2345
Buf [2]=aryBuf[3] 3456

“Out” =siValOut
“Curlndex” =uiCurSize

“Q” =x0utqQ

A “BufSize” =2)5#UiTR 4

“Curlndex” #H “BufSize” ,

Buf [0]=aryBuf[1] 5678 | —
Buf[1]=aryBuf[2] 2345 RS Aot (115 1747
“CurIndex” =uiCurSize Buf [2]=aryBuf [3] 3456 ~— TS e
“In” =siValln “Out” =siValout [ 4011 ] Buf[0) BIBuf[1]45F 5

“Corlndex” =uiCurSize [ 1] poorpios’ Al Tufsize”,

“Q” =x0utq HE A7 HOET) “BufSize”

[ b R4 TRUE

€ Key points

The data types of "In", "Out", and the elements of Buf[] must be identical. Otherwise, an exception occurs during compi-
lation.

Even if the calculation result exceeds the valid range of "Out”, no exception occurs; an illegal value is stored in "Out".

When the value of "BufSize" is 0, the values of "Out" and "Curlndex" are 0, and "Q" becomes TRUE.
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After changing the value of "BufSize", "Curindex" retains its current value.

When the value of "BufSize" exceeds the size of Buff], the function return value is FALSE, and "Out" remains unchanged.

I 5.9.9 DispartReal (Separate mantissa and exponent of a real number)

The instruction separates a real number into a signed mantissa (fraction) part and an exponent part.

Instruction Name FB/FUN Graphical representation ST representation
Separate
mantissa and Drspaners) Out:=DispartReal(In,Fraction,
DispartReal FUN 1 Dls;:f;t;;i & p
exponent of real Einan Exponent);
number
@ Variables
Name Input/Output Description Valid range Unit | Initial value
In Real number Input Real number to be separated. Conforms to data type. — (*1)
Out Return value Always TRUE. TRUE only. — —
) Signed mantissa ) ) )
Fraction i Output Signed mantissa (fraction). (*2)
(fraction)
Exponent Exponent part Exponent part. (*3)

*1 Initial value is not applicable if an input parameter is omitted. An exception occurs during linking.

*2 Valid range varies depending on the combination of data types for "In" and "Fraction”. See the Function section for de-
tails.

*3 When "In" is REAL type, valid range is -44 to 32. When "In" is LREAL type, valid range is -322 to 294.

BOOL Bit string Integer Real |Time, duration, date, string
U | = %)
w [ [ C [
AR HEHBEHEEEBHEHEEEE
FlmI S8 B 5|4 25| 4 S|9 |~ |&|m|m|9 %
In O
Out O
Fraction O
Exponent (@)
€ Function

It separates the real number "In" into the signed mantissa (fraction) part "Fraction” and the exponent part "Exponent".
When "In" is of REAL type, "Fraction" is a 7-digit integer. When "In" is of LREAL type, "Fraction" is a 15-digit integer.
An example with "In" as REAL type, value REAL#-123.456, is shown below.

Lo 5T

DispartReal(REAL#-123 456, abc, def);

DispartR eal

’—EN ENO |—
REAL#-123.456 —In —
Fraction — abc

Exponent (— def

T SRR R

[In ]| REAL#-123.456 | ——— [ Fraction ] =ahc | -1234560

s

‘= [ Exponent ] =def

(SUOI3UNS UOIIONIISU| UOIWQ) S|IINUOCIWQ «
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An example with "In" as REAL type, value REAL#-123.456789, is shown below.
LD ST

DispartReal(LREAL#-123 456789, abc, def);

DispartReal

I EMN ENO }—
LREAL#=-123 456789 —JIn —
Fraction |— abc

Exponent — def

HAT S AR SO

i) [LREAS-128 456700] ——— [P b [-1234879000000
¥
‘= [ Exponent ] =def -12
FBD | ST
VAR
In : LREAL;
Variable declaration Fraction : LINT;
Exponent :INT;
END VAR
DispartReal
In—In DispartReal (In:=In ,
Program Fractinn - Fraction Fraction=>Fraction ,
Exponent=>Exponent );
Exponent [~ Exponent
® In LREAL -123.456789
Result @ Fraction LINT -12345678%000000
# BExponent INT -12

€ Reference

To combine a signed mantissa (fraction) and an exponent to obtain a real number, use the "UniteReal instruction (P2-427)

¢ Key points

- When converting to an integer, errors may occur depending on the value of "In".

- When the number of significant digits in "In" exceeds that of "Fraction", rounding is performed to keep it within the valid

range of "Fraction”. Rounding is handled as shown below.

Decimal part value Action Example
149t01
Less than 0.5 Truncate
-1.48to0 -1
157t02
Greater than or equal to 0.5 Increment
-1.51to -2

- An exception occurs, ENO becomes FALSE, and "Fraction” and "Exponent’ remain unchanged under the following con-

ditions:

+ When the value of "In" is Not-a-Number (NaN) or infinite.
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I 5.9.10 UnitReal (Combine mantissa and exponent into real number)

The instruction combines a signed mantissa (fraction) part and an exponent part into a real number.

Instruction Name FB/FUN Graphical representation ST representation
Combine
; UniteReal =) :
UniteReal mantissa and FUN __ | Unitereal— | Qut:=DispartReal(In,Fraction,
exponent into —{Bxponent Exponent);
real number
€ Variables
Name Input/Output Description Valid range Unit | Initial value
) Signed mantissa ) ) )
Fraction ) Signed mantissa (fraction) ™
(fraction) Input Conforms to data type. —
Exponent Exponent part Exponent part 0
Out Real number Output Real number Conforms to data type. — —

* Initial value is not applicable if an input parameter is omitted. An exception occurs during linking.

BOOL Bit string Integer Real |Time, duration, date, string
U | &= %)

W m| 2|2 |s|S|lc|S|Clo|l=|lolc|®|5|2|9|4 =
S|13/8/8/8|2/z|2|5|z|2|z|z|8|@a|x/5|8/9 |2

Fraction O

Exponent @)

Out O

€ Function

It combines the signed mantissa (fraction) part "Fraction” and the exponent part "Exponent” to obtain the real number
"Out".

An example with "Fraction"=DINT#-15 and "Exponent"=INT#-1 is shown below.
LD sT

abc:=UniteReal (DINT#15, INT#1);

UniteReal
’— EN ENO}—
DINT#-15 —{Fraction ——abc
INT# -1 —|Exponent

AT oA R ok

[ Fraction | | DINT#15 | —————= [ Out | =ahe |REAL#-1.5

R R

rl:)«.|l)||1'|l| | INT#-1 —_—

FBD ST
VAR
Fraction :LINT;
Variable declaration Exponent :INT;
Out : LREAL;
END VAR
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UniteReal
Program Fraction —{Fraction

Exponent —Exponent

Out:=UniteReal (Fraction:=Fraction ,
Exponent:=Exponent );

& Fraction LINT -15
Result # Exponent INT -1
# Out LREAL -15

¢ Reference

To separate a real number into a signed mantissa (fraction) part and an exponent part, use the "DispartReal instruction’.

¢ Key points
- When converting an integer to a real number, errors may occur depending on the values of "Fraction" and "Exponent”.

- If the combination result exceeds the valid range of "Out”, "Out" becomes infinity with the same sign as "Fraction” when
"Exponent” is positive. If "Exponent” is negative, "Out" becomes 0.

5.9.11 NumToDecString/NumToHexString (Fixed-length decimal/hexadecimal string conver-
sion)
NumToDecString: Converts an integer to a fixed-length decimal string format.

NumToHexString: Converts an integer to a fixed-length hexadecimal string format.

Instruction Name FB/FUN Graphical representation ST representation
Fixed-length in NumToDecString NumToDecsngl— Out::NumToDecString(ln, L,
NumToDecString| decimal string FUN iy Fil)
—Fil 1),
conversion
Fixed-length s NamTofiexstring — el |Out=NumToHexString(In, L,
NumToHexString| hexadecimal FUN I Fil)
—Fill 1),
string conversion .

€ Variables

Name Input/Output Description Valid range Unit | Initial value
In Integer Integer Conforms to data type. ™
L Character count nout Character count for "Out". 0~1985 1
npu
P _BLANK
Fill Fill character Fill character. — _BLANK
_ZERO
Out String Output String. Conforms to data type. — —

* Initial value is not applicable if an input parameter is omitted. An exception occurs during linking.
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BOOL Bit string Integer Real |Time, duration, date, string
9 — (%]

W | w | = c c | c — x| 5|4 o =
812|5|5|8|2|c/2/c|%/z/2|5|8|38/2|8|8|9|z
°|M|B|8|2|3|5|5|3|5|7 |55 F|F|7|A|° |7 |z

In O O O O O O O O

L O

Fill Enumeration elements of _eFILL_CHR: Refer to functional description.

Out [ e I
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¢ Function

NumToDecString: Converts the integer "In" to a string in UTF-8 half-width alphanumeric decimal format. A leading '-' (minus
sign) is added if "In" is negative.

NumToHexString: Converts the integer "In" to a string in UTF-8 half-width alphanumeric hexadecimal format. If "In" is neg-
ative, it is represented in two's complement form (bit inversion + 1).

Both instructions set the character length of the output string "Out" to "L". If the result has fewer characters than "L", the
character specified by "Fill" is added to the higher-order positions. If the conversion result has more characters than "L", only

the "L" lowest-order characters from the result are assigned to "Out". "Out" is terminated with a null character. The character
count "L" does not include the null character.

"Fill" is of the enumeration type _eFILL_CHR. The meaning of the enumeration element is as follows.

Enumeration element Meaning
_BLANK "' (half-width space character)
_ZERO 0’

Several examples for the NumToDecString instruction are shown below.

LD 5T

jKk=MNumToDecString(abc, def, ghi);

NumToDecString

—| }—EN EMNOfF—

abc—In — jkl

def —jL

ghi —{Fill
[In] =ahe=INT#128, [L] =def=UINT#& . [Fill ] =ghi = _BLANK
Fou] =kl [ | ] ] [TP]8]
[In] =ahe=INT#- 128, [L] =def=UINT#&. [Fill | =ghi = _BLANK

Fou ) =k [T T 12

[In) =abe=INTS 128, [L] =def=UINT#&. [Fill] = ghi=_ZERO

['Dut ] =jk1 |- [0]0[0fo[1]2]8]

Several examples for the NumToHexString instruction are shown below.

LD 5T
jd=NumToHexString(abc, def, ghi);
MumToHex String

_| l—EN ENO |—

abc—{In — jkl

def—L

ghi —{Fill
[n] =abe=INT#128, [L] =def=UINT#8, [Fill ] =ghi =_BLANK
Fow) =k TTTTTED]

[In) =abe=INT#128. [L] =def=UINT#8. [Fill ] =ghi=_ZERO

[ out | =jkip[ofop[ofolefo]

[In) =abe=INT#=128, [L] =def=UINT#&. [Fill] =ghi=_BLANK
[0 | =j1[F|FFIFIF[F[8[0

(SUOI3UNS UOIIONIISU| UOIWQ) S|IINUOCIWQ «
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FBD ST
VAR
In:INT;
A A L:TINT;
Variable declaration FILL: eFILL CHR;
OUT : STRING:
END VAR
OUTL :=HumTolecString(
NumToDecString
In—In —— ouUT1 In:=In ,
L— .
L L= .
FILL —Fill )
Fill:=FILL };
Program
NumToHexString OUT2 :=HumToHexString |
In—In —— OUT2 Iﬂ:=Iﬂ .
L—L
FILL —{Fill L:=L ,
Fill:=FILL };
AT i =]
@ In INT 12345
@ oL LINT g
Result d FILL _EFILL_CHR _ZEROD

@ OUT1 STRING '012345'
@ ouTz STRING '003039°

€ Key points

- When the value of "L"is 0, the value of "Out" remains unchanged.

+ When the conversion result has more characters than "L", the "L" lowest-order characters from the result are stored in
"Out”. An example is shown below.

Instruction Value of "In" Value of "L" Value of "Out"
NumToDecString 20
128 2
NumToHexString 80

- An exception occurs, ENO becomes FALSE, and "Out" remains unchanged under the following conditions:
+ When the value of "L" is outside its valid range.
- When the value of "Fill" is outside its valid range.

-+ When the conversion result exceeds the range of "Out".

I 5.9.12 FixNumToString (Fixed-point number to string conversion)

The instruction converts a signed fixed-point number to a decimal string format.
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Instruction Name FB/FUN Graphical representation ST representation
Fixed-point _
- , . TR . Out:=FixNumToString(In,
FixNumToString [number to string FUN :;"m FixNumToStringf—
i Zero);
conversion
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€ Variables

Name Input/Output Description Valid range Unit | Initial value

In Fixed-point number Signed fixed-point number. 0

Display when decimal places are less
Input than 3. Conforms to data type. —
Zero Zero display TRUE: Pads with 0" TRUE

. Pads wi .

FALSE: Does not pad with "0".

Out Decimal string Output Decimal string. Conforms to data type. — —
BOOL Bit string Integer Real |Time, duration, date, string
=] [l n
w C C C _ [ 4
8 12|5|5/8/2|5/8/5|2/z/2/5/8|28/3 8|8 sz
e mle 88|55 |5 S|4 |\F g |m | m O 5
In O
Zero @)
Out ©)
€ Function

It converts the signed fixed-point number "In" to a decimal string. The conversion steps are as follows.
1. Convert "In" from hexadecimal format to decimal format.
2. Divide that value by 1,000.

When the number of decimal places in "In" is less than 3, the zero display "Zero" specifies whether to pad with '0' before the
3rd decimal place in "Out". If "Zero" is TRUE, it is padded with '0'. "Out" is terminated with a null character. Several examples are
shown below.

LD ST

ghi=FixNumToString(abc, def);

FixMumToString

};EN ENO —
abc—In — ghi

def —{Zem
“In" =abc _ =on
- “Zero" =def=TRUE | “Zero" =del=FALSE
16400014620 83500 8.5 -
(10#83500) o o o
16400051444 g
1934 500" 3345
(10#334500) 334500 S é
~+
1640003BEFC 245.500" - E
(10#245500) B T Q
3
o
S
FBD ST 2
= Al
VAR a
In:INT; S
L:TINT; m
Variable declaration FILL: =FILL CHE: S
- _\-l r 3
OUT : STRING; =
)
END VAR 2
N
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FixNumToString OUT1:=FixNumToString|
In—In —— OUT1
Program In:=In ,
Zero —Zero Zero:=Zero );
ikt i E
# In INT 12345
# L UINT 6
Result
@ FILL _EFILL_CHR. _ZERO
@ ouT1 STRIMG '012345"
@ ouT2 STRIMG ‘003039

¢ Key points
- Digits beyond the 4th decimal place of "In" are truncated.

- Underscores (16#5F) within the "In" string are ignored.

- An exception occurs, ENO becomes FALSE, and "Out" remains unchanged under the following conditions:
- When "In" is not null-terminated.

- When the content of "In" contains characters that cannot be converted to a numeric value.

- When the content of "In" contains a decimal point but no fractional part.

- When the conversion result exceeds the valid range of "Out".

I 5.9.13 StringToFixNum (String to fixed-point number conversion)

The instruction converts a decimal string to a signed fixed-point number.

Instruction Name FB/FUN Graphical representation ST representation
String to fixed- i
StringToFixNum ) )
StringToFixNum | point number FUN " stngToFeumi— | Oy t-=StringToFixNum(In);
conversion

€ Variables

. : : o (©)
Name Input/Output Description Valid range Unit | Initial value 3
In Decimal string Input Decimal string. Conforms to data type. — §
Out Fixed-point number Output Signed fixed-point number. Conforms to data type. — — g
o
BOOL Bit string Integer Real |Time, duration, date, string g

g | %)
w [ c C _ [ = a
8121522 8|s|S|S|g|l=z|2|c|B|IB|2|8|23|a]|= S
S |AlZ2 %1212 |3|z|Z2|5 |5 |3 | 5| 2|>»>| a7 |o9o|"]|=Z -
M8 |8|S S| 5 I m D) ]
[%2]
In O S
c
Out O 8
o
S
¢ Function g
It converts the decimal string "In" to a fixed-point number. The conversion steps are as follows. a
o
. . " n 3
1. Multiply the numeric value represented by "In" by 1,000. o

2. Truncate the fractional part of that value.

3. Convert that value to a 32-bit hexadecimal format (DWORD type).
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Example values are shown below.

LD 5T

def=3tringToFixNum(abc);

StringToFxMNum
—{ }7EN ENO —
abc—ln — def

“In”=abc “Out”=def

16#0001462C
‘835

(10#83500)

) 16#00051AA4
‘3345

(10#334500)

16#0003BEFC
2455

(10#245500)

FBD ST
WAR
) ) In: STRING;
Variable declaration =
ot : DWORD ;
END VAR
StringToFixNum
Program In—{In ocut out:=5tringToFixNum{In:=In );
=l E- il =]
Result @ In STRIMG ‘83.5"
& Out DWORD 83500

¢ Key points

- Digits beyond the 4th decimal place of "In" are truncated.

+ Underscores (16#5F) within the "In" string are ignored.

- An exception occurs, ENO becomes FALSE, and "Out" remains unchanged under the following conditions:
- When "In" is not null-terminated.

- When the content of "In" contains characters that cannot be converted to a numeric value.

- When the content of "In" contains a decimal point but no fractional part.

- When the conversion result exceeds the valid range of "Out".

I 5.9.14 DtToString (Date and time to string conversion)

The instruction converts date and time to a string format.

Instruction Name FB/FUN Graphical representation ST representation

(SUOI3UNS UOIIONIISU| UOIWQ) S|IINUOCIWQ «

. DtToString
) Date and time to i Dt Tostringl— _ ) A
DtToString _ i FUN Out:=DtToString(In);
string conversion

183



€ Variables

Name Input/Output Description Valid range Unit | Initial value
Year,
month,
DT#1970-1-
In Date and time Input Date and time Conforms to data type. |day, hour, 1= 0:0:0
minute, -
second

30 bytes (29 half-width

alphanumeric characters

Out String Output String o - —
+ terminating null
character).
BOOL Bit string Integer Real |Time, duration, date, string
Q [ [7,)
® c c | c _ = &
8 1315|5(82(5|2/5|2(z|2|5|8 8|3|8|8 2|t
Fr|lmIS|B|8|5|5|5|5|7 S| A F|E | MmO P
In O
Out O

€ Function

It converts the date and time "In" to a string. The string "Out" is terminated with a null character. An example with "In" repre-
senting 2010-05-23 07:00:15.873232345 is shown below. Variable abc has the value '2010-05-23-07:00:15.873232345",

LD ST

abc:=DtToString(DT#2010-05-23-07:00:15.87323234 5);

DitToString
I EN ENO|—
DT#2010-05-23-07:00:15.873232345—In —abc
FH WedE T SOl .
“In" BOEEA0006E 5 23 H 700 158732323458, FEltabe {58 200 0-05-23-07:00:15.873232345',
FATER
[In] [DT#ED1DDS-23-DT:DD:1 5.873232345 ] — [ Out] =abe |‘201{)-D5234)?’:DD:15.3?’3232345‘
FBD | ST

VAR o
Variable dedlarati In:DATE AND TIME; 3
ariable declaration out: STRING: §
END VAR C
- [=A
o
DtToString (o)
Program In—In out cut:=DtToString(In:=In ); 3‘
o
>
2
FiEA =i E g
Result @ In DATE_AMD_TIME DT#1970-1-1-0:0:0 %_
@ out STRING '1470-01-01-00:00:00' ?n
c
>
o
[=A
i o
& Key points S

- An exception occurs, ENO becomes FALSE, and "Out" remains unchanged under the following conditions:

- When the conversion result exceeds the valid range of "Out".
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I 5.9.15 DateToString (Date to string conversion)

The instruction converts a date to a string format.

Instruction Name FB/FUN Graphical representation ST representation

_ Date to string . DateTostring s _
DateToString ) FUN -1 Aetesng= | Qut:i=DateToString(In);
conversion

¢ Variables

Name Input/Output Description Valid range Unit | Initial value
Year,

In Date Input Date Conforms to data type. | month, | D#1970-1-1
day

11 bytes (10 half-width

alphanumeric characters

Out String Output String o — —
+ terminating null
character).
BOOL Bit string Integer Real |Time, duration, date, string
=] - n
w = CcC | C r
8125|235/ 2(5|2|5|28|2/2|5|8\2(2|8|8|s|2
L I~ R = - = T e = = I S|4 |7 &g |m | m O 5
In O
Out ©)
4 Function
It converts the date "In" to a string. The string "Out” is terminated with a null character.
An example with "In" representing 2010-05-23 is shown below. Variable abc has the value 2010-05-23".
LD ST
abe=DateToSting(D#¥2010-05-23);
DateToString
}75‘4 ENOF—
D#2010-05-23 —Jin —abe
o
FFHB V" FeEH TR _3‘
“In" BH0106ESH23H , Eiftabefl (324 2010-05-23' S
T i : <
M) [D#201005-23 | —————— [ Out] =ahe [2010-05-23 =
[6)
3
FBD | ST 3
=
VAR 5
_ A In:DATE; &
Variable declaration out: STRING: 5
END VAR o
- >
T
DateToString S
Program In—In out out:=DateToString(In:=In ) 2..
o
=
&
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=ET e =]
Result @ In DATE D#15970-1-1
é out STRING '1870-01-01'

¢ Key points

- An exception occurs, ENO becomes FALSE, and "Out" remains unchanged under the following conditions:

- When the conversion result exceeds the valid range of "Out".

I 5.9.16 StringToAry (String to array conversion)

The instruction converts a string to a BYTE-type array.

Instruction Name FB/FUN Graphical representation ST representation
) String to array StringToAry A
StringToAry . FUN - strinaTeAnt= | StringToAry(In:= , AryOut:= );
conversion

¢ Variables

Name Input/Output Description Valid range Unit | Initial value
In String Input String Conforms to data type. —
AryOut[ ]
BYTE-type array Input/Output BYTE-type array Conforms to data type. — —
array
Number of bytes
Out Output Number of bytes converted 0~1985 BYTE —
converted
BOOL Bit string Integer Real |Time, duration, date, string
g | %
w (= CcC | C [
ARHHEHHBHEHEEHEBEHEHEBEEE
= m | § g g S|439 |5 |5 |4 =4 | 4| - ,:E m | m| O %
In @)
AryOut[ ] array O
Out ©)
4 Function

It treats the character codes of the string "In" as numeric values and saves them character by character into the BYTE-type
array AryOut[]. "Out" holds the number of bytes converted.

An example with "In"="XYZ"is shown below.

FBD ST

PROGEAM PLC PRG

VAR
In s STRING(1325) :="HYZ';

Variable declaration Lrylnt :ARRAY [0..4] OF BYTE;

dut :TINT;
check :BOOL;

END WAR
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IF check[@NEd THEN
Out[ 1850002 |:=5StringTolry({

StringToAry In:=In[ %z ]
Program In TEYE" In - out AryOut:= AryOut[0][15858]) ;

AryOuc[0] [16s58 | —AryOus checkEMER: =FLL5E;

END_IFRETUR

F=ET S =]
@ In STRIMG{1985) WHT
= @ Aryout ARRAY [0,.4] OF BYTE
@ AryOut[0] BYTE 16%58
Result @ AryOut[1] BYTE 1659
@ AryOut[2] BYTE 16558
@ AryOut[3] BYTE 1600
@ AryOut[4] BYTE 1600
@ Out UINT 160003

€ Key points

+ The null character terminating "In" is not stored in AryOut[].
+ When "In" is a string consisting only of a null character, the value of "Out" becomes 0, and AryOut[] remains unchanged.

-+ When the byte count of "In" exceeds the number of elements in AryOut[], the excess portion cannot be stored.

I 5.9.17 AryToString (Array to string conversion)

The instruction converts a BYTE-type array to a string.

Instruction Name FB/FUN Graphical representation ST representation
) Array to string AryToString _ A
AryToString ) FUN .- AnTostnel | StringToAry(In:=, AryOut:= );
conversion i o |
@ Variables
Name Input/Output Description Valid range Unit | Initial value
BYTE-type array, maximum element °
In[] array BYTE-type array Input Conforms to data type. *) o
count 1985. 3
— =
) Number of elements to Number of elements in In[] to be g
Size Input/Output 0~1985 1 C
convert converted. =
Out String Output String Conforms to data type. — — 2\
S
BOOL Bit string Integer Real |Time, duration, date, string 3
W | w| = |2 Slclclclc|an o x| 5140 4 2
8138 5|3 2/2/2/S|2|/2|z|2|8|8|2 5|8|9|2 2
X —
| m5 8|85 55| S| 9| F | &M | m|© S g
In[] array O a
o
Size (©) S
T
Out S
o
[nA
. o
4 Function 2

It treats the values of the elements starting from In[0] of the BYTE-type array as character codes and saves them in the

string "Out".

Out" is terminated with a null character. "Size" specifies the number of elements in In[] to convert. If a null charac-

ter is found within In[0] to In["Size"-1], only the content up to that point is stored in "Out".
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An example with "Size"=UINT#5 is shown below. Only data before the null character is converted to "Out’, i.e., In[0] = 16#52,
In[1] = 16#44. This converts to the string 'RD..

FBD ST
PROGRAM FLC_FRG
VAR
In: ARRAY[0..4] OF byte := [16252, l6#44, 1620, 162352, l&244];
Variable declaration size :UINT:=5;
out : STRING;
check :BOOL;
END VAR
IF check@ME3 THEN
AryToString(
AryToString In:= In[0][38852],
Program In[0] [Le#52 —In Cut{—out [ _'mRD" Size:= size[ 1620005 |,
size [Lezo00s | Size Out=> ocut]  RD"__ |i;
check IR :=FLLSE;
END_IFREFURN
F=ET =3 =]
= @ In ARFLAY [0..4] OF BYTE
& In[0] BYTE 16252
@ In[i] BYTE 162494
Result @ In[2] BYTE 1600
& In[3] BYTE 16252
@ In[4] BYTE 16544
@ size JINT 160005
@ out STRING RO’

¢ Key points

- When the value of "Size" is 0, "Out" is a string containing only a null character.
- An exception occurs, ENO becomes FALSE, and "Out" remains unchanged under the following conditions:
+ When the value of "Size" exceeds the array bounds of In].

- When the conversion result exceeds the valid range of "Out".

I 5.9.18 RoundUp (Real number round up)

The instruction rounds up the first decimal place.

Instruction Name FB/FUN Graphical representation ST representation
Real number ETET?
RoundUp FUN . ReundUPI— | RoundUp(In, Out);
round up

€ Variables

Name Input/Output Description Valid range Unit | Initial value
In Conversion target | Conversion target Conforms to data type. — *
nput
Out Conversion result Conversion result Conforms to data type. — —
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BOOL Bit string Integer Real |Time, duration, date, string
g | C 0
w C & C r
8 1318|5(8/8(g|2|5|2(z/2|2|8|8|2|8|8 |22
FlmI S| 8 B 5|4 2|1 5|4 S|9 |~ | &2 |m|m|9 %
In O (@)
Out O O
4 Function
It rounds up the first decimal place of the real number "In" to make it an integer.
An example with "In" of type REAL = 12.34 is shown below.
FBD ST
FROGRAM FLC_FRG
VAR
In tBEAL:=12.34;
Variable declaration ot :DINT:
check :BOOL;
END VAR
IF check[ZMEd THEN
R aUP RoundUF {
| In:=In[ 23 ],
Program i out:=ous B ] );
Out Out check ISR : =FLL5E;
END_IFRETURN]
=& b= =]
Result @ In REAL 12.34
@ Out DINT 13
¢ Key points
- If the conversion result exceeds the valid range of "Out", the value of "Out" becomes an error value.
I 5.9.19 TodToString (Time of day to string conversion)
The instruction converts a time of day to a string format. O
Instruction Name FB/FUN Graphical representation ST representation g
5
: TodToStrin C
Time of day to < . =3
TodToString . ‘ FUN —1a TedTestringi— | Oyt:=TodToString(In); &
string conversion pigy
o
3
o
@ Variables >
2
Name Input/Output Description Valid range Unit | Initial value g
Hour, oy
In Time of day Input Time of day Conforms to data type. | minute, | TOD#0:0:0 '3|'|
second %
(2]
13 bytes (12 half-width g'.
alphanumeric characters a

Out String Output String o — —
+ terminating null

character).
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BOOL Bit string Integer Real |Time, duration, date, string
g | 0
w C c C [
8128582 |5(8|E(2|z(2(5|8|8|2|8|8|a|2
QNQQQEHEEH"HH,-;EW.“—.U z
In @)
Out O
4 Function
It converts the time of day "In" to a string. "Out" is terminated with a null character.
An example with the input variable "In" = 23:23:23 is shown below.
FBD ST
FROGERMM FLC _FRG
WAR
I sTOD;
Variable declaration o
fut : STRING;
END VAR
TodToString out[ 232328 |:=TodToString(
Program In[ Topgz3:23:23 In ——out [[23:23:23" In:= Inl TOD&EZ3: 2323 ) :[RETURN
=& =5 =}
Result # In TIME_OF DAY  TOD#23:23:23
@ Out STRING '23:23:23'
€ Key points
- An exception occurs, ENO becomes FALSE, and "Out" remains unchanged under the following conditions:
- When the conversion result exceeds the valid range of "Out".
I 5.9.20 StringToDt (String to date and time conversion)
The instruction converts a string to a date and time format.
Instruction Name FB/FUN Graphical representation ST representation
String to date SEringToDE g
§ i —iN StringToDt}— : — <)
StringToDt and time FUN n et |StringToDt(In:=, Out=>); 3
conversion S5
C
=
. o
@ Variables o)
=
Name Input/Output Description Valid range Unit |Initial value =
In String Input String Conforms to data type. =1
2
Year, =
c
month, Q
) DT#1970-1- o
Out Date Output Date and time Conforms to data type. |day, hour, 1-0:0:0 S
minute, - EI
>
second 8—
o
=
&
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BOOL Bit string Integer Real |Time, duration, date, string
S %)
w C c C r
8128582 |5(8|E(2|z(2(5|8|8|2|8|8|a|2
e m| &8 2|2|%|5|3|F|5 |3 |5 |5 &|2|m|m|O =
(o] %) Q)
In @)
Out O
4 Function
It converts the string "In" to a date and time.
An example with the input variable "In" =2024-03-03-12:12:12"is shown below.
FBD | ST
VAR
In : STRING;
Variable declaration
Out :DT;
END VAR
Program ==y M e StringToDt(In:= In[ 20240303 » |,
Out —Out [ DT#2024-3-3-12:12:12 Out=>0ut] DT#2024-3-2-12:12:12 BH
FES =h =l
Result # In STRING 2024-03-03-12:12:12'
§ Out DATE_AND_TIME DT=2024-3-3-12:12:12
I 5.9.21 AryToWstring (Array to wide string conversion)
The instruction converts a BYTE-type array to a wide string.
Instruction Name FB/FUN Graphical representation ST representation
Array to wide R IE ]
AryToWstring _ ) FUN B AnTewstring— | AryToWstring(In:=, Size:=, Out=>);
string conversion - U
@ Variables
e : . " o
Name Input/Output Description Valid range Unit | Initial value 3
=
BYTE-type array, maximum element g
In[] array BYTE-type array Conforms to data type. @) c
count 1985. -
Input — s
) Number of elements to Number of elements in In[] to be Py
Size 0~1985 1 (@)
convert converted. 3
Out Wide string Output Wide string. Conforms to data type. — — §
5
BOOL Bit string Integer Real |Time, duration, date, string e_-""c-
] [ [%) <
w [ c C r
8|28/ 5|5/2|c|S|E|g|z|2|5/3|2/2|8|8|glZ2 2
P|m|&|8|8|3|5|3|5|5 |7 |5|5|F|g|m|m|© g S
T
In[ ] array O €
Size O =
o
Out © 2
4 Function

It treats the values of two consecutive elements starting from In[0] of the BYTE-type array as a single character code, and
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saves it in the wide string "Out".

Out" is terminated with null characters. "Size" specifies the number of elements in In[] to con-

vert. If two consecutive null characters are found within In[0] to In['Size"-1], only the content up to that point is stored in "Out".

An example with "Size"=UINT#6 is shown below. Only data before the null characters is converted to "Out’, i.e., In[0] =
16#52, In[1] = 16#00. This converts to the wide string 'R'.

FBD \ ST
VAR
In :ARRAY[1..6] OF BYTE :=[16#52, 16400, 1640, 1640, 16444, 16#00]
Variable declaration Size :UINT  :=6;
Ouc :WSTRING;
END VAR
AryToWstring AryToWstring (In:= In[l][36%52],
Program In[1] [Teg52}In Size:= Size[ 1620008 |,
Size [1620006 —{Size Out — Out out=> out__®___)):
= ®In ARRAY [1..6] OF BYTE
¥ In[1] BYTE 16252
i In[2] BYTE 1600
# In[3] BYTE 16200
Result $ In[4] BYTE 16200
® In3] BYTE 16%53
# In[6] BYTE 16200
$ Size UINT 1620006
@ Out WSTRING "R"

¢ Key points

- When the value of "Size" is 0, "Out" is a wide string containing only null characters.

- Conversion of one Wstring character requires two Bytes.

- An exception occurs, ENO becomes FALSE, and "Out" remains unchanged under the following conditions:
- When the value of "Size" exceeds the array bounds of In[].

- When the conversion result exceeds the valid range of "Out".

(©)
. . . . 3
I 5.9.22 WstringToAry (Wide string to array conversion) 3
=]
C
The instruction converts a wide string to a BYTE-type array. =
(%)
Instruction Name FB/FUN Graphical representation ST representation (33
Wide string to WstringToAry S
WstringToAry _ FUN oo wetngTetn— | \WstringToAry(In:= , AryOut:=); S
array conversion 5
&
=S
&
@ Variables =
=]
Name Input/Output Description Valid range Unit | Initial value L
=]
In Wide string Input Wide string Conforms to data type. — a
AryOut[ ] S
Byte-type array Input/Output Byte-type array Conforms to data type. — — )
array
Number of bytes
Out Output Number of bytes converted 0~1985 BYTE —
converted
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BOOL Bit string Integer Real |Time, duration, date, string

U | &= n

2 2|35 2|2|8|c|S|E|leg|ls|2|c|B|=|2|8|23|o|x

o3| %|2121z|2|z2z |22 =z | = z| > 02|33 S|a S

- m o g 8 5 — 5 3 — =l — = m m &

In O

AryOut[ ] array O
Out @)
€ Function

It treats the character codes of the wide string "In" as numeric values and saves them character by character into the BYTE-
type array AryOut[]. "Out" holds the number of bytes converted.

An example with "In"="ABC" is shown below.

FBD ST
VAR
AryOut :ARRAY[l..6] OF BYTE ;
Variable declaration Qut :UINT;
In sWSTRING +="ABC™;
END VAR
WstringToA: R . —
erogram InIns rin ry L ou Out [ 16#0002 | ;-ﬂ'st..lngTDLfy(Iﬂ.- Inf AEC
Aryout (1] [Z688L}—|Aryout AryOut:= AryOut[l][168i]) ;
= @& AryOut ARRAY [1..6] OF BYTE
# AryOut[1] BYTE 16241
# AryOut[2] BYTE 16200
# AryOut[3] BYTE 16242
Result # AryOut[4] BYTE 16200
@ AryOut]5] BYTE 16#43
® AryOut[6] BYTE 16200
$ Out UINT 160003
& In WSTRING "ABC"

¢ Key points

- The null characters terminating "In" are not stored in AryOut[].

- When "In" is a wide string consisting only of null characters, the value of "Out" becomes 0, and AryOut[] remains un-
changed.

+ When the byte count of "In" exceeds the number of elements in AryOut[], the excess portion cannot be stored.

- Conversion of one Wstring character requires two Bytes.
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I 5.9.23 AryByteTo (Convert from byte array)

The instruction combines elements of a BYTE-type array and saves the result to a variable.

Instruction Name FB/FUN Graphical representation ST representation
AryByteTo(In:=,
AryByteTo uiSIZE:=,
AryByteTo Convert from FUN EZi'ff | Order:=,
byte array —outval
== OutVal:=,
OutEle:=);
@ Variables
Name Input/Output Description Valid range Unit | Initial value
In[] array Source array Source array. Conforms to data type. ™
Size Number of elements Number of elements in In[] to convert. | Conforms to data type.
Order Conversion order Order of conversion. -LOVLHIGH, _LOW_HIGH
_HIGH_LOW
Outval Result array Result array. Conforms to data type.
OutEle Result array element Starting element in the result array. | Conforms to data type.
BOOL Bit string Integer Real |Time, duration, date, string
—
JHEBHBEHBHBEBBEBHHEEBEL
| m| 5|3 215|535 |57 S|4 |~ |&|m|m|C =
In[] array O
Size O
Order Enumeration type _eBYTE_ORDER. See Function description for enumeration values.
OutVal O O O O O O O O O O O O O @) O @) O O O O
OutEle O O O O O O O O O O O O O O O O O O O O
€ Function

It combines the first "Size" elements of the source array In[], calculated based on the data type size of the element "OutEle"
in the array "OutVal", and saves the result to "OutVal".

The order for combining In[] elements is specified in the conversion order "Order". "Order" is of the enumeration type _

eBYTE_ORDER. The meanings of the enumeration values are as follows.

Enumeration value Meaning
_LOW_HIGH Low-order byte first, then high-order byte.
_HIGH_LOW High-order byte first, then low-order byte.

When the data type of "OutEle" is 2 bytes or more, the processing steps are as follows:

1. Combine In[0] and In[1] according to the "Order" value to create 1 word (2 bytes) of data. If "Order" is _LOW_HIGH, the
high-order byte is In[1] and the low-order byte is In[0]. If "Order" is _HIGH_LOW, the high-order byte is In[0] and the low-order
byte is In[1].

2. Similarly combine values from In[2] and In[3] onward to create multiple 1-word data segments.
3. Continue until "Size" elements are used, saving the data sequentially into "OutVal".

Example with "OutVal' as DWORD-type array, Size =UINT#4, "In" as the 1st element of a BYTE array, Order =_LOW_HIGH,
"OutEle" as the 1st element of the "OutVal" array:
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A Sl =] E#EE
# odertest _EBYTE_ORDER [_Low_HiGH |
# Size UINT 1620004
= & Aryln ARRAY [1..6] OF BYTE
# AryIn[1] BYTE 16278
& AryIn[2) BYTE 1656
# AryIn[3] BYTE 16234
# AryIn[4] BYTE 16212
#® AryIn[s] BYTE 1600
#® Aryln[6] BYTE 16200
= $ AryOut ARRAY [1..3] OF DWORD
# AryOut[1] DWORD 16200000000
# AryOut]2] DWORD 16#12345678
# AryOut[3] DWORD 16200000000
<
3 85 AryByteTo(In:= AryIn([l][16#78], uiSIZE:= Size[16#0004 |, Order:= oderce:

OutVal:= AryCut, Outele:= AryOut(2][76#12345%67 ) :

Example with "OutVal" as DWORD-type array, Size =UINT#4, "In" as the 3rd element of a BYTE array, Order =_HIGH_LOW,
"OutEle" as the 2nd element of the "OutVal" array:

A S & EEE
# odertest _EBYTE_ORDER [_H1GH_Low |
P Size UINT 1650004
= & Aryln ARRAY [1..5] OF BYTE
# AryIn[1] BYTE 16#78
# AryIn[2] BYTE 16#56
# AryIn[3] BYTE 16434
® AryIn[4] BYTE 16%12
# AryIn[s] BYTE 16#91
#® AryIn[6] BYTE 16#92
= & Aryout ARRAY [1..3] OF DWORD
® AryOut[1] DWORD 16400000000
& AryOut{2] DWORD 16%91923412
# AryOut{3] DWORD 16200000000
<
-
3 85 AryByteTo(In:= AryIn(3][16#34], uiSIZE:= Size[16#0004 |, Order:= odertest[ _HIGH_LOW |,

36 OutVal:= AryQut, Outele:= AryOut[2][esiszaaz | ;

Example when the data type of "OutEle" is 1 byte:

Example with "OutVal" as SINT-type array, Size =UINT#3, "In" as the 1st element of a BYTE array, Order =_LOW_HIGH, "OutE-
le" as the Tst element of the "OutVal" array:

AR il E EEE .
# odertest _EBYTE_ORDER |_Low_HIGH | o

# Size UINT 1620003 3

2 ¢ Avin ARRAY [1..6] OF BYTE o
# AryIn[1] BYTE 16211 é

# AryIn[2] BYTE 16#22 (=3

# AryIn[3] BYTE 16233 o

~~

# AryIn[4] BYTE 16200 (o)

# AryIn[5] BYTE 16#00 3

=

#$ AryIn[6] BYTE 1600 g

= $ AryOut ARRAY [1..4] OF SINT —_
#® AryOut[1] SINT 16#11 c:’n

—+

# AryOut[2] SINT 1622 c

$ AryOut[3] SINT 16#33 Q

# AryOut[4] SINT 16200 o

>

£ - g-l
3 85 AryByteTo(In:= AryIn[l][36¥i1], uiSIZE:= Size[76#0003 |, Order:= odertest[ _LOW HIGH S
86 OutVal:= AryOut, Outele:= AryOut([l][Fe#i): a

i s

>

n

N
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Other conditions same as above, Order =_HIGH_LOW, example:

=EX =5 =] EEE
# odertest _EBYTE_ORDER | _HIGH_Low |
# Size UINT 1650003
= @ Aryln ARRAY [1..6] OF BYTE
# AryIn[1] BYTE 16#11
# AryIn[2] BYTE 16222
& AryIn[3] BYTE 16233
# AryIn[4] BYTE 16200
# AryIn[s] BYTE 16£00
# AryIn[6] BYTE 16200
= @ Aryout ARRAY [1..4] OF SINT
# AryOut[1] SINT 16222
& AryOut[2] SINT 16#11
& AryOut[3] SINT 16#00
# AryOut[4] SINT 16233
<
3 ss AryByteTo(In:= AryIn[l][3@M1], uiSIZE:= Size[7e#0003 |, Order:= oderl:esf_,

86 OutVal:= AryOut, Outele:= AryOut[l][368Z)) :

Example when the data type of "OutEle" is BOOL:

Example with "OutVal" as BOOL-type array, Size =UINT#3, "In" as the 1st element of a BYTE array, Order =_LOW_HIGH, "Out-
Ele" as the 1st element of the "OutVal" array:

=ET it & EEE
# odertest _EBYTE_ORDER _LOW_HIGH
# Size UINT 1620003
= @ Aryln ARRAY [1..4] OF BYTE
#® AryIn[1] BYTE 1612
#® AryIn[2] BYTE 16#13
# AryIn[3] BYTE 16214
# AryIn[4] BYTE 16200
= @& AryOut ARRAY [1..32] OF BOOL
# AryOut[1] BOOL
# AryOut[2] BOOL
& AryOut[3] BOOL
# AryOut[4] BOOL
# AryOut[5] BOOL
# AryOut[6] BOOL
#® AryOut[7] BOOL
® AryOut[8] BOOL
# Aryout[9] BOOL
#® AryOut[10] BOOL
#® AryOut[11] BOOL FALSE
<
3 ss] AryByteTo(In:= AryIn([l][i6#2], uiSIZE:= Size[16#0003 |, Order:= oderl:est,

BE OQutVal:= AryOut, Outele:= AryOut[l]EENEE):
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Size =UINT#3

In(0) =AryIn[1] | BYTE#16#12 Qutvall0] |FALSE

In(1) =Aryin[2)| BY TE#16#13 [——> Outval[1] | TRUE
——— Outval[2] |FALSE
——— Outval[3] |FALSE
———> oOutval[4] | TRUE
——— outval[5] |FALSE

In(2) =Aryin[3]| BY TE#16#14

——— Outvalls] |FALSE
L Outval[7] |FALSE
> Qutval[s] | TRUE

————— Outval[9] | TRUE

> OufVal[10] |FALSE
> Outval[11] |FALSE

- Quival[12] | TRUE
> Outval[13] |FASLE

——— OutVal[14] |FALSE

L Qutval[15] |FALSE

> Ouival[16] |FALSE

[————> 0Outval[17] |FALSE

> Ouival[18] | TRUE

—— Quival[19] |FALSE

——————> QutVval[20] | TRUE

> QuiVval[21] |FALSE

> Quival[22] |FALSE

L—————— Outval[23] |FLASE

Other conditions same as above, Order =_HIGH_LOW, example:

A i) 8 HEE
# odertest _EBYTE_ORDER | _HIGH_Low |
# Size UINT 1620003
= & Aryln ARRAY [1..4] OF BYTE
® AryIn[1] BYTE 1612
@ AryIn[2] BYTE 16#13
& AryIn[3] BYTE 16#14
$ AryIn[4] BYTE 16200
= & AryOut ARRAY [1..32] OF BOOL
@ AryOut[1] BOOL
# AryOut[2] BOOL
# AryOut[3] BOOL
& AryOut[4] BOOL
& Aryout[s] BOOL
# AryOut[6] BOOL
# Aryout[7] BOOL
# Aryout[8] BOOL
# Aryout[9] BOOL
#® AryOut[10] BOOL
# AryOut[11] BOOL
<
3 85 AryByteTo(In:= AryIn[l][G8#Z], uiSIZE:= Size[7680003 |, Order:= cdertest,

OutVal:= AryOut, Outele:= AryOut[l] R :
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In{0) =AryIn[1] | BYTE#16#12 —— Qutval[0] | TRUE

Size =UINT#3 4 In(1) =AryIn[2] | BYTE#16#13 — OutVal[1] | TRUE
—— Outval[2] |FALSE

—— Outval[3] |FALSE
> Outval[4] | TRUE
——— Qutval[5] |FALSE

In(2) =Aryin[3] | BYTE#16%#14

—— Qutvalls] |FALSE
—— Quival[7] |FALSE
—— Quival[s] |FALSE

|—————— Outval[9] | TRUE

——— Outval[10] |FALSE
——— Outval[11] |FALSE
——— Outval[12] | TRUE
> Outval[13] |FASLE

[

——= Qutval[14] |FALSE
[15] FALSE

Outval[16] |FALSE
[
[
[
[

17] |FALSE
18] |FALSE
19] [FALSE
20] |FALSE
Qutval[21] |FALSE
Qutval[22] |FALSE
Outval[23] |FALSE
FALSE
FALSE
TRUE
FALSE
- Qutval[28] | TRUE
———— Qutval[29] |FALSE

T3
L]

]
=

|———————— OutVal[24

[ CutVal[25

> Cutval[26

—— CutVal[27

= Outval[20] |FALSE

——— QutVall311 IFLASE

¢ Key points

- The input array "In" must be in Byte array element format.

- For "OutVal", specify the array. For "OutEle", specify the starting array element for the operation.

- If the output array has insufficient memory for the conversion, the function returns status FALSE and performs no ac-
tion.

I 5.9.24 ToAryByte (Convert to byte array)

The instruction splits a variable into 1-byte units and saves them to a BYTE-type array.

Instruction Name FB/FUN Graphical representation ST representation
ToAryByte(in:=,
ToAryByte . B
Convert to byte —jin ToaryBytel— |UISIZE:=,
ToAryByte FUN :zfﬁf Order:=,
array
- OutVal:=
—OutEle =
OutEle:=);
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€ Variables

Name Input/Output Description Valid range Unit | Initial value
In[] array Source array Source array. Conforms to data type. ™
Size Number of elements Number of elements in In[] to convert. | Conforms to data type.
Order Conversion order Order of conversion. LOWLHIGH, _LOW_HIGH
_HIGH_LOW
OutVal Result array BYTE array. Conforms to data type.
OutEle Result array element Starting element in the result array. | Conforms to data type.
BOOL Bit string Integer Real |Time, duration, date, string
JBHHEABEHEBEBERHEEER
L O~ R = - = T e = = I S|4 F & |m | m|© 5
In[] array O ocoj]ojojojojojojojoj]Ooj]OoO|O]O]O]O]O]O]O0O]O
Size O
Order Enumeration type _eBYTE_ORDER. See Function description for enumeration values.
OutVal O
OutEle O

¢ Function

It splits the first "Size" elements of the source array In[] into 1-byte units, and saves the result to the BYTE array "OutVal"
starting from element "OutEle".

The order for converting In[] values into 1-byte units is specified in the conversion order "Order". "Order" is of the enumer-

ation type _eBYTE_ORDER. The meanings of the enumeration values are as follows.

Enumeration value
_LOW_HIGH
_HIGH_LOW

Meaning

Low-order byte first, then high-order byte.

High-order byte first, then low-order byte.

When the data type of the elements in "In" is 2 bytes or more, the processing steps are as follows:
1. Split the value of "In" into 2-byte units. Then, within each 2-byte unit, split further into high-order and low-order bytes.

2. If "Order" is _LOW_HIGH, save to "OutVal" starting from element "OutEle" in the order: low-order byte first, then high-or-
der byte. If "Order" is _HIGH_LOW, save in the order: high-order byte first, then low-order byte.

3. Continue until data from "Size" elements is used, saving the data sequentially into "OutVal".

Example with "In" as the 1st element of a WORD-type array, Size =UINT#2, Order =_LOW_HIGH, "OutEle" as the 1st element
of the "OutVal" array:

=AK =5 B HEE
# odertest _EBYTE_ORDER [ _Low_riGH |
# Size UINT 1620002
= @ Aryln ARRAY [1..3] OF WORD
@ AryIn[1] WORD 16#1234
& AryIn[2] WORD 1625678
# AryIn[3] WORD 1620000
= # AryOut ARRAY [1..32] OF BYTE
$ AryOut{1] BYTE 16234
$ AryOut[2] BYTE 16#12
# Aryout[3] BYTE 16278
# AryOut[4] BYTE 16#56
# AryOut{5] BYTE 16200
@ AryOut6] BYTE 16200
<

-
EIEE ToAryByte (In:= AryIn(l][i6%1234 |, uiSIZE:= Size[76#0002 |, Order:= odertest] _LOW HIGH |,
54 OutVal:= AryOut, OutEle:= AryOut(l][16e=4) :
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Example with "In" as the 2nd element of a WORD-type array, Size =UINT#2, Order = _HIGH_LOW, "OutEle" as the 2nd ele-
ment of the "OutVal" array:

=ER i) =] aEE
# odertest _EBYTE_ORDER {_HIGH_Low |
P Size UINT 1620002
= @ AryIn ARRAY [1..3] OF WORD
# AryIn[1] WORD 161010
® AryIn[2] WORD 162345
# AryIn[3] WORD 1626789
= & AryOut ARRAY [1..32] OF BYTE
® AryOut{1] BYTE 1600
# AryOut{2] BYTE 16#23
# Aryout{3] BYTE 16%45
$ AryOut[4] BYTE 16467
® AryOut{s] BYTE 1689
@ AryOut(s) BYTE 16200
<
3 3 ToAryByte (In:= AryIn[2][1682335 |, uiSIZE:= Size[6#0002 |, Order:= oderr.es

54 OutVal:= AryOut, OutEle:= AryOut[2][F623)) :
Example when the data type of "OutEle" is 1 byte:

Example with “In" as the Tst element of a SINT-type array, Size =UINT#3, Order =_LOW_HIGH, "OutEle" as the 1st element of
the "OutVal" array:

FEL =il B EEE
# odertest _EBYTE_ORDER |_Low_HIGH |
& Size UINT 160003
= & Aryln ARRAY [1..4] OF SINT
#® AryIn[1] SINT 16211
# AryIn[2] SINT 16#22
#® AryIn[3] SINT 16#33
# AryIn[4] SINT 16#00
= & AryOut ARRAY [1..32] OF BYTE
#® Aryout{1] BYTE 16211
® Aryout2] BYTE 16222
# AryOut{3] BYTE 16#33
# AryOut[4] BYTE 16200
L] Aryﬂut[i] BYTE 16#00

-
ToAryByte (In:= AryIn[1][i8#11], uiSIZE:= Size[16#0003 |, Order:= odertest[ _LOWHIGH |,
OutVal:= AryQut, OutEle:= AryOuct(l][F&1)):

Other conditions same as above, Order =_HIGH_LOW, example:

.
=iE =8 H EEE o
# odertest _EBYTE_ORDER |_HIGH_Low | §

# Size UINT 1620003 g

= & Aryln ARRAY [1..4] OF SINT S
# Aryln[1] SINT 16211 o

# AryIn[2] SINT 16#22 6

# AryIn[3] SINT 16233 3

# AryIn[4] SINT 16200 o

= & AryOut ARRAY [1..32] OF BYTE 3
® AryOut[1] BYTE 16#22 ’a'_

# Aryout[2] BYTE 16211 o

# AryOut[3] BYTE 16200 a

# AryOut[4] BYTE 16#33 g.

# AryOut[5] BYTE 16200 T

< c
> - >

3 s3 ToAryByte (In:= AryIn[1][36#1] uiSIZE:= Size[76#0003 | Order:= odertest] _HIGH LOW |, a
54 OutVal:= AryCut, OutEle:= AryOut([l][3€822]): o

2
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Example when the data type of "OutEle" is BOOL:

Example with "OutVal" as BOOL-type array, Size =UINT#3, "In" as the 1st element of a BYTE array, Order =_LOW_HIGH, "Out-
Ele" as the 1st element of the "OutVal" array:

=E f=ac 4| H=EE
» otes sore o
$ Size UINT 1620003

= @ AryOut ARRAY [1..5] OF BYTE

& AryOut[1] BYTE 16#12

& AryOut[2] BYTE 1613

#® Aryout[3] BYTE 16214

# AryOut[4] BYTE 16200

# AryOut[5] BYTE 16#00
= @ AryIn ARRAY [1..32] OF BOOL

$ AryIn[1] BOOL

# AryIn[2] BOOL

@ AryIn[3] BOOL

® AryIn[4] BOOL

# AryIn[s] BOOL

$ AryIn[6] BOOL

@ AryIn[7] BOOL

# AryIn[g] BOOL

# AryIn[9] BOOL

@ AryIn[10] BOOL

@ AryIn[11] BOOL
<

-

3 53 ToAryByte (In:= AryIn([l]EBNEE, uiSIZE:= Size[7650008 |, Order:= odertest[ LOW HIGH |,

OutVal:= AryOut, OutEle:= AryOut(l][@8hz) ;

o] {PALSE > In(0) =AryIn[1] | BYTE#16#12

I e > In(1) =AryIn[2]| BYTE#16#13 Size =UINT#3
in[2] |FALSE

In[3] |FALSE —» In(2) =AryIn[3]| BYTE#16#14

inf4] | TRUE

In[5] |FALSE

In[6] |FALSE

In[7]  [FALSE

In[g] | TRUE

in[9] |TRUE

In[10] |FALSE
In[11] |FALSE
In[12] | TRUE
In[13] |FALSE
In[14] |FASLE
In[15] |FALSE
In[16] |FALSE
In[17] |FALSE

In[18] | TRUE
In[19] |FALSE
In[20] |TRUE

In[21] |FALSE
In[22] |FALSE
In[23] |FLASE
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Other conditions same as above, Order =_HIGH_LOW, example:

=E #8 & EEE
 oderes e ovoen
# Size UINT 1620003

= @ AryOut ARRAY [1..5] OF BYTE

# AryOut{1] BYTE 16#13

& AryOutf2] BYTE 16#12

# Aryout{3] BYTE 16200

& AryOut[4] BYTE 16214

& AryOut{5] BYTE 16%00
= @ Aryln ARRAY [1..32] OF BOOL

$ AryIn[1] BOOL

# AryIn[2] BOOL

# AryIn[3] BOOL

# AryIn[4] BOOL

# AryIn[5] BOOL

& AryIn[6] BOOL

# AryIn[7] BOOL

# AryIn[g] BOOL

# AryIn[g] BOOL

& AryIn[10] BOOL

# AryIn[11] BOOL
<

A

3 53 ToAryByte (In:= AryIn[l] B, uiSIZE:= Size[16%0003 |, Order:= odertest[ _HIGH_LOW |,

54 OutVal:= AryOut, OutEle:= AryOut([l][ie#s] :

In[0] |FALSE » In(0) =AryIn[1]| BYTE#16#12

Inf1] | TRUE — In(1) =AryIn[2] | BYTE#16#13 Size =UINT#3
In[2] |FALSE

@3] [FALSE In(2) =Aryin3]

4] | TRUE —> In(2) =Aryin[4]| BY TE#16#14

In[5] FALSE

In[6] |FALSE

In[7]  |FALSE

In[g] | TRUE

In[9] | TRUE

In[10] |FALSE
In[11] |FALSE
In[12] | TRUE
In[13] |FALSE
In[14] |[FASLE
In[15] |FALSE
In[16] |FALSE
In[17] |FALSE

In[18] | TRUE
In[19] |FALSE
In[20] | TRUE

In[21] |FALSE
In[22] |FALSE
In[23] |FLASE

€ Key points

+ For "In", input the starting array element for the operation.
- For "OutVal", specify a BYTE array. For "OutEle", specify the starting array element for the operation.

- If the output array has insufficient memory for the conversion, the function returns status FALSE and performs no ac-
tion.
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5.10 FSC instructions

I 5.10.1 StringSum (SUM value calculation)

The instruction calculates the sum value of a string.

Instruction Name FB/FUN Graphical representation ST representation
Sum value SRS :

StringSum FUN — 1 StringSumi— | Oyt:=StringSum(in, Size);
calculation —|Size

€ Variables

Name Input/Output Description Valid range Unit | Initial value
In Source string | Source string. Conforms to data type. —
nput
Size Byte size Byte size for the sum value. 12 BYTE 1
Byte count as indicated
Out Sum value Output Sum value. o BYTE -
by "Size".
BOOL Bit string Integer Real |Time, duration, date, string
=} [ n
W || = c c | c — x| 5|40 =
S 1318/5/5/2/5/2|5|2/2/2|5(8|8|3|5|8|=|2
clmI S| B|&8|5|F| 5|5 S| F | F & |m | m|C &
In @)
Size ©)
Out (@)
4 Function

It calculates the sum value of the source string "In" (the sum of the character codes for each character). The sum value

"Out" has the number of bytes specified by the byte size "Size". "Out" is expressed as a hexadecimal string, terminated with a
NULL character.

An example with "In"="1234" and "Size"=USINT#2 is shown below.
Lo ST

abc:=String Sum(11234', USINT#2);

StringSum
HEN ENQO— g
1234 —In |— abc =
USINT#2 —{Size o]
>
C
.
n
PTI—— FH A [Size| =USINT#2 6
- [Out ] =ahe 3
o
>
In the example above, if "Size"=USINT#1, the value of "Out" is A. g
g
FBD ST a
o
VAR o
=}
In : STRING; 21
Variable declaration Size :USINT; 3
Out : STRING; g'.
END_VAR 2
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StringSum

Program In—In
Size —|5ize

Qut:=5tringSum(In:=In ,
S5ize:=S5ize );

® In STRING 1234
Result $ Size USINT 2
# Out STRING 'CA'

¢ Key points

- When the sum of the character codes of "In" exceeds the number of bits representable by "Size", the higher-order bits
are discarded.

An exception occurs and ENO becomes FALSE, "Out" remains unchanged under the following conditions:
- When the value of "Size" exceeds its valid range.
-+ When "In" is not NULL-terminated.
+ When the byte count of "In"is 0 (contains only a NULL character).

-+ When the size of the processed result string exceeds the size of "Out".

I 5.10.2 StringLRC (LRC value calculation <string>)

The instruction calculates the LRC value (Longitudinal Redundancy Check) of a string.

Instruction Name FB/FUN Graphical representation ST representation
LRC value StringLRC
StringLRC calculation FUN —n StinglRCI— | Out:=StringLRC(In);
(String)

€ Variables

Name Input/Output Description Valid range Unit | Initial value
In Source string Input Source string Conforms to data type. —
Maximum 3 bytes (2 .
half-width alphanumeric @)
Out LRC value Output LRC value o — — 3
characters + terminating 3
=)
NULL character). c
=
n
BOOL Bit string Integer Real |Time, duration, date, string 3
T | C %)
w C & = [
21215/ 5/5/2|s|2(5|¢|z|8|5|8|8|2|8/8|=|2 i
clmIe 8|85 |55 S| |F|Eg|M|m © 5§ 3
In 0 2
o
Out o (Cw
[
S
¢ Function -
c
It calculates the LRC value (Longitudinal Redundancy Check) of the source string "In". The LRC value is the XOR of the 3
character codes of each character in "In". The LRC value "Out" is expressed as a hexadecimal string, terminated with a NULL g'
5
character. o,

An example with "In"="1234" is shown below.
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LD 5T

abc:=StringLRC('1234);

StringLRC
ENO—

}7EN
1234 —In — abc

[n]
gL Sl
rlIIJIJ =ahe
FBD \ ST
VAR
‘ ‘ In : STRING;
Variable declaration Out - STRING:
END VAR
StringLRC
Program In —In - Out:=5tringlLRC({In:=In );
# In STRING '1234'
Result
# Out STRING 04

¢ Key points

An exception occurs and ENO becomes FALSE, "Out" remains unchanged under the following conditions:
- When "In" is not NULL-terminated.
+ When the byte count of "In" is 0 (contains only a NULL character).

- When the byte count of "Out" exceeds its valid range.

I 5.10.3 CRC16 (CRC16 general function block <string>)

The instruction calculates the CRC16 value (Cyclic Redundancy Check) of a string.

Instruction Name FB/FUN Graphical representation ST representation g
CRC value o
CRC16 3
CRC16 calculation FUN L GRCE— | Out:=CRC16(In, CrcMode); <
(String) z
(@)
. 3
€ Variables 3
=]
Name Input/Output Description Valid range Unit | Initial value i
In Source string Input Source string Conforms to data type. — g
~
_CRC16_ o
CrcMode CRC model Input _eCRC16_MODE — — =]
CCITT T
c
Maximum 5 bytes (4 2
half-width alphanumeric g'
Out CRC value Output CRC value o — — >
characters + terminating &
NULL character).
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BOOL Bit string Integer Real |Time, duration, date, string
w | g | S| 2 |5]|¢ c | c — c |l ® | 5|2 o 4
A HBHEHEEHBHHEEERE
In O
CrcMode Enumeration _eCRC16_MODE
Out N e v =
4 Function

It calculates the CRC value (Cyclic Redundancy Check) of the source string "In". The CRC value is the checksum obtained
by checking each character of "In" through a CRC model. The CRC value "Out” is expressed as a hexadecimal string, terminated
with a NULL character.

An example with "In"="12" and "CrcMode" = _CRC16_MODBUS is shown below.

FBD ST
VAR
In : STRING;
Variable declaration Crchode :_eCRCLE_MODE;
out : STRING;
END VAR
CRC16
Program In —In — Out:=CRC16 (In:=In ,
CrcMode —{CrcMode Crctode:=CrcHode ) ;

@ In STRING 12

Result $ CrcMode _ECRC16_MODE _CRC16_MODBUS

# Out STRING F595"
Enumeration element Meaning
_CRC16_CCITT CCITT check
_CRC16_CCITT_FALSE CCITT_FALSE check
_CRC16_XMODEM XMODEM check
_CRC16_X25 X25 check
_CRC16_MODBUS MODBUS check
_CRC16_I1BM IBM check
_CRC16_MAXIM MAXIM check
_CRC16_USB USB check

€ Key points

An exception occurs and ENO becomes FALSE, "Out" remains unchanged under the following conditions:
- When "In" is not NULL-terminated.

+ When the byte count of "In" is 0 (contains only a NULL character).
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5.11 Stack/Table instructions

I 5.11.1 StackPush (Save stack data)

The instruction saves a value to a stack.

Instruction Name FB/FUN Graphical representation ST representation

StackPush Save stack data FUN

size
inout
uiNum

StackPush .
In stackpushi— | StackPush(In, InOut, Size,
Num);

€ Variables

Name Input/Output Description Valid range Unit | Initial value

Value, structure, or a single structure
In Input value

element to be input to the stack. Conforms to data type. —
Size Stack element count Input Number of array elements for the stack| 1
InOut[ ] _—
Stack array Array constituting the stack.
array Conforms to data type. — —

uiNum Saved element count | Input/Output [Number of elements saved in the stack,

Out Return value Output Always TRUE. TRUE only. — —
BOOL Bit string Integer Real |Time, duration, date, string
9 — (%]
w C & C _ [ =
8 2|8(5|8|2|5|8|5|2|z/2|5|B|8|2|8|8 |22
O O O O O O O O O O O O O O O O O O O O
In
Enumerated types, entire structures, or a single structure element can also be specified.
sz PP fe PP
InOut[ ] array An array with elements of the same data type as "In".
uiNum e)
Out (@)
€ Function

It is assumed that "Num" elements are currently saved in the stack array InOut[]. The input value "In" overwrites the next el-

ement INOut["Num"]. Then, "Num" is incremented. The stack element count "Size" specifies the number of elements in InOut([] to O
be used as the stack. 3
o

An example with "Size"=UINT#5 and "Num'=UINT#2 is shown below. Z

=

FBD ST =

FROGRAM FLC_FRG g

VAR o

=}

In : INT; 5

Size :UINT :=5; &

Variable declaration Infut :ARRAY[O..c] OF INT := [l234, 2343, 5{0)]: §
uilum :OINT :=2; o

Fat - - 3

out :BOOL; -

check  :BOOL: S

END VAR .

- o

>

&
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IF check@MES THEW
Cut EENEN:=5tackPush(
:Fn I;tackpush e ;in;::ir
Program Inour.s[;?e ::;Et inouc:i= Inut| 11z,
niNum [ 3 Fuilum ulNum::ul_IiI?JE‘II '
checkIMER:=FLLIE;
END_IFRETURN]

=EEL i (=}

# In INT 3456
@ Size UINT 3

= & InOut ARRAY [0..5] O...

@ InOut[0] INT 1234

@ InOut[l] INT 2345

Result @ InOut[2] INT 3458
@ InOut[3] INT 0
@ InOut[4] INT 0
& InOut[5] INT 0
@ InOut[6] INT 0
@ uiNum UINT 3

@ out BOOL

€ Reference
To extract the lowest or highest value from the stack, use the "StackFIFO/StackLIFO instruction”.

€ Key points
- Set the data types of "In" and the elements of InOut[] to be identical.

+ When transferring an element from an array to InOut[], the element's subsequent data is the processing target.
+ When the value of "Size" is 0, the values of InOut[] and "Num" remain unchanged.
- Always use a variable as the input parameter for "In". An exception occurs during linking if a constant is passed.

+ When "In" is an enumerated type, enumeration elements cannot be passed directly. An exception occurs during linking if

passed directly.
+ The return value "Out" is not used when employing this instruction in an ST program.
An exception occurs and ENO becomes FALSE, and InOut[] remains unchanged under the following conditions:
- When the data types of "In" and the elements of InOut[] differ.
+ When the value of "Size" is not 0 and "Num" = "Size".
+ When the value of "Size" exceeds the array bounds of InOut[].
+ When "In" is of STRING type and is not NULL-terminated.

+ When "In" and InOut[] are of STRING type, and the byte count of "In" exceeds the size of InOut[].

I 5.11.2 StackFIFO/StackLIFO (First-In-First-Out / Last-In-First-Out)
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StackFIFO: Extracts the value at the lowest position of the stack (first-in).

StackLIFO: Extracts the value at the highest position of the stack (last-in).
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Instruction Name FB/FUN Graphical representation ST representation
—size Steckrro stackriro}— | StackFIFO(InOut, OutVal, Size,
StackFIFO  |First-In-First-Out FUN —mout
o Num);
e Steckitre searol— |StackLIFO(InOut, OutVal, Size,
StackLIFO  |Last-In-First-Out FUN —mout
o Nurm);
€ Variables
Name Input/Output Description Valid range Unit | Initial value
Size Stack element count Number of stack elements. 1
InOut[ ] ) Conforms to data type. —
Stack array Array constituting the stack. —
array Input
Value or entire structure output from
OutVal Output value
the stack. Conforms to data type. — —
Num Saved element count | Input/Output [Number of elements saved in the stack.
Out Return value Output Always TRUE. TRUE only. — —
BOOL Bit string Integer Real |Time, duration, date, string
(=] — %]
w C Cc = -
828|155 /18|5|8|E|glz/12/2/18/8/2/8/|8|9|2
FlmIS B B 5|55 |57 S|4 |F~|E&|mM|m|© =
Size @)

©)
©)
©)
©)

O

©)
O
@)
©)
©)
O
@)
O
O
©)
O
@)

@) ©) (@)

InOut[ ] array
Arrays of enumerated types or arrays of structures can also be specified.

OutVal Same data type as the elements of InOut[].
Num O
Out (@)
€ Function

It is assumed that "Num" elements are currently saved in the stack array InOut[]. A value is extracted from it and assigned
to the output value "OutVal". The stack element count "Size" specifies the number of elements in InOut[] to be used as the stack.

StackFIFO: Extracts the value at the lowest position of the stack. The value of InOut[0] is assigned to "OutVal'. Then, the

"Num"-1 elements from InOut[1] onward are each shifted one position towards the lower indices of the stack array. Finally, o
"Num" is decremented. 3
o

An example with "Size"=UINT#5 and "Num'=UINT#3 is shown below. <
FBD ST =

(@)

FROGERAM FLC FRG 3

VAR §

Size :UINT :=5; 5

Infut :ARBAY[0..4] OF INT := [1234, 2345,3455,4{0)]1s e_-m‘i-

P 1T, . - C

Variable declaration Cutval :INT: q
Hum :UINT :=3; g'

Jut :BOOL; -

check »BOOL; i::z

END VAR a

- o

S

o
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IF check[EIEE THEN
- S_sr.acerm — Cm::sgiazc:%,
s s Lot Jooowe | e =
OutVal [ 1232 |—OutVal Num:= Narl 2 7 '
Num[ 2 FjNum check[IER: =FLL5E
END_IFFETURN]
FiEA =i E
# Size UINT 3
= & InOut ARRAY [0..5] O...
@ InOut[0] INT 2345
& InOut[1] INT 3456
& InOut[2] INT 0
Result @ InOut[3] INT 0
@ InQut[4] INT 0
@ InOut[5] INT 0
@ InOut[6] INT 0
d Outval INT 1234
@ MNum LINT 2
@ Out BOOL

StackLIFO: Extracts the value at the highest position of the stack. The value of InOut["Num"-1] is assigned to "OutVal".
"Num" is decremented.

An example with "Size"=UINT#5 and "Num"=UINT#3 is shown below.

FBD ST
FROGRAM FLC _FRG
VAR
Size :TUINT :=5;
InOut :ARRAY¥[0..6] OF INT := [1234, 2345,3456,4(0)]:
Variable declaration CutVal :INT:
HNum :TUINT :=3;
Cut :BOOL;
check :BOOL;
END VAR
IF check[EIER THEN
Cuc G :=5tackLIFO(
StackFIFOD Size:= Size[ 5 |,
Size[ § |—Size —out InCut:= InOut [0][ 724 ],
Program InOut[0] [(1234 |—InOut Cutval:= Ourvall % J,
OutVal [ 3456 |—OutVal Num:= Nax[ 2 );
= T : '
Num [ 2 -SKum checkEER: =Fo15E;
END_IFRETURN]

(SUOI3UNS UOIIONIISU| UOIWQ) S|IINUOCIWQ «
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Result

@ Size INT
= @& InOut ARRAY [0..5] O...
@ InOut[0] INT
@ InQut[1] INT
@ InOut[2] INT
@ InOut[3] INT
& InOut[4] INT
@ InOut[S] INT
@ InOut[6] INT
d@ Outval INT
@ Mum UINT
@ Out BOOL

1234
2345

[ R e B e B e N e |

3456

TRUE

IN

¢ Key points

- Set the data types of "In" and the elements of InOut[] to be identical.

+ When transferring an element from an array to InOut[], the element's subsequent data is the processing target.

+ When the value of "Size" is 0, the values of InOut[] and "Num" remain unchanged.

+ The return value "Out" is not used when employing this instruction in an ST program.

- An exception occurs and ENO becomes FALSE, and InOut[] remains unchanged under the following conditions:

+ When the data types of the elements of InOut[] and "OutVal" differ.

« When the values of "Num" and "Size" are not 0, and "Num" > "Size".

-+ When the value of "Size" exceeds the array bounds of InOut[].

+ When InOut[] is a STRING-type array and all its elements are not NULL-terminated.

- When InOut[] is a STRING-type array, and the byte count of an element exceeds the size of "OutVal".

I 5.11.3 Stacklns (Insert stack data)

The instruction inserts a value at an arbitrary position within a stack.

Instruction Name

FB/FUN

Graphical representation

ST representation

Stackins Insert stack data

FUN

In

Size
offset
InOut
Mum

StackIns

seknsi— | Stackins(In, InOut, Size, Num,

Offset);
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€ Variables

Name Input/Output Description Valid range Unit | Initial value

Value, entire structure, or a single

In Insert value structure element to insert into the *)
stack.
- Conforms to data type. —
Size Stack element count | Number of stack elements. 1
nput
- Offset position in the stack for inserting
OffSet Offset position "o 0
n'.
InOut[ ] -
Stack array Array constituting the stack. Conforms to data type. — —
array
Num Saved element count | Input/Output |[Number of elements saved in the stack| Conforms to data type. — —
Out Return value Output Always TRUE. TRUE only. — —

* Initial value is not applicable if an input parameter is omitted. An exception occurs during linking.

BOOL Bit string Integer Real |Time, duration, date, string

U | = )
w [ Cc C _ [ =
AHHHHEBEEHEHBHEBEHEHEEEE
c|mlg | 8|85 55| L T e - B B B &
O O O O O O O O O O O O O O O O O O O O

In
Enumerated types, entire structures, or a single structure element can also be specified.

Size O
OffSet O
InOut[ ] array An array with elements of the same data type as "In".
Num O
Out O
¢ Function

It is assumed that "Num" elements are currently saved in the stack array InOut[]. The insert value "In" is inserted at the posi-
tion InOut["Offset"] determined by the offset "Offset’. The elements at the same or higher indices, i.e., InOut["Offset"] to InOut["-
Num"-1], are each shifted one position towards the higher indices of the stack array. Then, "Num" is incremented. The stack
element count "Size" specifies the number of elements in InOut[] to be used as the stack.

An example with "Size"=UINT#6, "Num"'=UINT#3, and "Offset"=UINT#1 is shown below.

FBD ST .

FROGEAM FLC_FRG o

VAR 3

I s INT; g

n : : 2

Size :UINT :=t; =

Voo dec Offset :UINT :=1: %
ariable declaration - I - e e we e e

Infuat :ARRAY [0..€] OF INT := [l234, 345¢,45c67,4(0)]; 3

Num :UINT :=3; §

ot :BOOIL; =3

checlk :BOOL; ,_.""..

END VAR g

(=

o
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IF checkZMES THEN
Ouc A :=5tackIna(
StackIns
In:= In-ﬂm,
size & 1 In - our EEEE I
ize:= Size[ & |,
p size[ & |—ySize Offset:= Offset[ 1|
rogram Offsec[ 1 | —|Offset - R d
InCut:= InOut[0][ 1284 |,
InOut[0] 1234 |—InOut ] .
e Num:= Num[ 4 | ;
Num 4 HS checkEMER:=FLL5E;
END_IFEETURN]
F=Eal E- ] =]
@ In INT 2345
& Size UINT b
& Offset UINT 1
= @ InOut ARRAY [0..6] O...
d InOut[0] INT 1234
& InOut[1] INT 2345
Result
@ InOut[2] INT 3456
d InOut[3] INT 4567
@ InQut[4] INT 0
d InOut[5] INT 0
@ InOut[e] INT 0
& Mum UINT 4

$ Out BOOL

€ Key points
- Set the data types of "In" and InOut[] to be identical.

+ When transferring an element from an array to InOut[], the element's subsequent data is the processing target.
+ When the value of "Size" is 0, the values of InOut[] and "Num" remain unchanged.
- Always use a variable as the input parameter for "In". An exception occurs during linking if a constant is passed.

- When "In" is an enumerated type, enumeration elements cannot be passed directly. An exception occurs during linking if
passed directly.

+ The return value "Out" is not used when employing this instruction in an ST program.

- An exception occurs and ENO becomes FALSE, and InOut[] remains unchanged under the following conditions:
+ When the data types of "In" and the elements of InOut[] differ.

« When the value of "Size" is not 0, and the condition "Size" > "Num" = "Offset" is not satisfied.

- When the value of "Size" exceeds the array bounds of InOut[].

+ When "In" is of STRING type and is not NULL-terminated.

- When "In" and InOut[] are of STRING type, and the byte count of "In" exceeds the size of InOut[].
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I 5.11.4 StackDel (Delete stack data)

The instruction deletes a value at an arbitrary position within a stack.

Instruction Name FB/FUN Graphical representation ST representation
StackDel
—lsize stackoelt— | StackDel(InOut, Size, Num,
StackDel Delete stack data FUN — e
ot Offset);
@ Variables
Name Input/Output Description Valid range Unit | Initial value
Size Stack element count Number of stack elements. 1
— — - Conforms to data type. —
OffSet Offset position nout Offset position in the stack for deletion. 0
npu
INOut[ ]
Stack array Array constituting the stack. Conforms to data type. — —
array
Num Saved element count | Input/Output |[Number of elements saved in the stack| Conforms to data type. — —
Out Return value Output Always TRUE. TRUE only. — —

* Initial value is not applicable if an input parameter is omitted. An exception occurs during linking.

BOOL Bit string Integer Real |Time, duration, date, string
Q [ (%]
W || = c c | c — x| 5|30 =
S1218/5/8|2|/5/2|E/2/2|2|5/8|8|2|8|8|2|¢2
2| m |3 2 B 5|4 Z315|4 S| 49|~ |2 |m|m|9 %
Size (@)
OffSet O
©) coJlojo|jojojojojojojojojOojJ]OoO]j]O|]O]O|]O]O0O]O
InOut( ] array
Arrays of enumerated types or arrays of structures can also be specified.
Num (@)
Out (@)
€ Function

It is assumed that "Num" elements are currently saved in the stack array InOut([]. The value at the position InOut['Offset"],
determined by the offset "Offset’, is deleted. The elements at higher indices, i.e., InOut["Offset"+1] to InOut["Num"-1], are each
shifted one position towards the lower indices of the stack array. Then, "Num" is decremented. The stack element count "Size"

specifies the number of elements in INOut[] to be used as the stack. .
o

An example with "Size"=UINT#6, "Num"'=UINT#3, and "Offset"=UINT#1 is shown below (see example for initial InOut array §
values). S
C

=

FBD ST o

PROGRAM PLC_ERG )

VAR g

Size tOINT :=c; =)

Offset :UINT :=1;: 7

NI - i 2TAC TACE il | - =g

Variable declaration InCut FARRAY[0..€] OF INT := [1232, 2345,3436,2(0)]; g
Hum :TINT :=3; o+

out :BOOL; S

check  :BOOL; a

END VAR a

— (=4

o

5

o
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IF check[@E] THEN
Out A : =5tackDel (

StackDel Size:= Size[ & |,
Size[ & | —{Size —Out e Offset:= Dffset] 1|
L T r
Program Offset [ 1 |—Offset InCut:= InCut[0][ 1234 |,
InOut[0] [ 1234 —InOut Num:= Nur{ 2z |):
=
Fum[ 2z |-Num checkFMER: =FLL3E;

END_IFEETURH]

=l E- il =]

@ Size UINT B

#@ Offset UINT 1

= @ InOut ARRAY [0..8] O...

@ InOut[0] INT 1234
@ InOut[1] INT 3456

Result @ InOut[2] INT 0

@ InOut[3] INT 0

@ InOut[4] INT 0

@ InOut[5] INT 0

@ InOut[6] INT 0

& Mum LINT 2

@ Out BOOL

¢ Key points

+ When transferring an element from an array to InOut[], the element's subsequent data is the processing target.
- When the value of "Size" or "Num" is 0, the values of InOut[] and "Num" remain unchanged.

- The return value "Out" is not used when employing this instruction in an ST program.

+ An exception occurs and ENO becomes FALSE, and InOut[] remains unchanged under the following conditions:

« When the values of "Num" and "Size" are not 0, and the condition "Size" = "Num" > "Offset" is not satisfied.

I 5.11.5 RecSearch (Record search)

The instruction searches for elements matching a specified search key within an array of structures, using a designated
method.

Instruction Name FB/FUN Graphical representation ST representation
Out:=RecSearch(In,
Size,
i Recoearch recsearchl— | Member,
RecSearch Record search FUN EEE"M i Key,
Jinoupos Mode,
InOutPos,
Num);
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€ Variables

Name Input/Output Description Valid range Unit | Initial value
In[] array Search array Array of structures to be searched. — — *)
Size Number of elements Number of array elements to search. 1
Member of the structure in In[] to be
Member Member to search Conforms to data type.
searched. (*)
Input
Key Search key Search value.
_LINEAR,
Mode Search method Search method. _BIN_ASC, _LINEAR
_BIN_DESC
InOutPosl ] . ) )
Matching element index Index of the matching element. Conforms to data type. — —
array

TRUE: Matching element found.
Out Search result Input/Output — —
FALSE: No matching element found.

Conforms to data type.
Number of matching )
Num Output Number of matching elements. — —
elements

* Initial value is not applicable if an input parameter is omitted. An exception occurs during linking.

BOOL Bit string Integer Real Time, duration, date, string
Q - (7]
w C Cc C —
AEIHHHEBEBHEBHERHEBHBEERE
clmIe 88|55 |5 S| A (| &2 |m|m|© =
In[] array An array of structures is specified.
Size O
O O O O O O @] O @] O @] O O
Member ‘ ‘
Same data type as the "Member to Search" in In[].
Key Same data type as "Member".
Mode Enumeration _eSEARCH_MODE. See the Function section for enumeration elements.
InOutPos| ]
O
array
Out O
Num O
€ Function

Within the first "Size" elements (In[0] to In['Size"-1]) of the array of structures In[], searches for elements where the value of
the specified structure member "Member" matches the search key "Key". Pass the member of any element in In[] as the argu-
ment for "Member". If a matching element exists, the search result "Out” becomes TRUE. The index of the matching element and
the number of matches are assigned to InOutPos[0] and "Num" respectively. If there are two or more matches, the index of the
lowest matching element in In[] is assigned to InOutPos[0]. If no matching element exists, "Out" becomes FALSE, and InOut-
Pos[0] and "Num" become 0. When passing the input parameter to In[], always include an element index, e.g., array[3].

The search method "Mode" is of the enumeration type _eSEARCH_MODE. The meanings of the enumeration elements are

as follows.
Enumeration element Meaning
_LINEAR Linear search
_BIN_ASC Ascending binary search
_BIN_DESC Descending binary search

L]
o
3
=
o
=)
C
=4
7
~—~
o
3
o
=]
=3
[%]
+
=
C
(2]
=4
o
>
i
c
>
(2]
(=4
o
>
(%
N

In linear search, the search is performed sequentially from the first element of In[].

An example with "Size"=UINT#5, "Key"=INT#1, "Mode"=_LINEAR is shown below. The example shows that the Int member
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values of In[0] and In[3] match "Key".

FBD ST
FROGRAM FLC_FRG
VAR
In :ARRAY [0, .4] OF str:= [({intVal := 1, realWVal := 2.3},
{intVal := 5, realVal := 53g),
{intVal := 2, realVal := 3.%),
{intWVal := 1, realVal := ©.3),
{intWVal := 2, realVal := 33)];
Variable declaration Size *UINT :=3;
key +INT:=1:
Mode +HCFA_OmronUitls. =S5ERARCH MODE;
InCutPos:ARRAY [0..4] OF UINT;
Hum :UINT;
Cut :BOOL;
check :BOOL;
END VAR
IF check[EISH THEN
Out EEMEN: =RecSearch (
RecSearch In:= In[0],
In{o] —{In - out Size:= Size[[5
size[ 5 |—Size Num - Hum [z | Member:= In[0].intVal[_1 |,
Program In[0].intVal[ 1 |—|Member Key:= key[_1_ |,
key[ 1 | —|Key Mode:= Mode[  LINEAR |,
Mode [ LINEER [—|Mode InfutPos:= InfutPos,
InOutPos —|InOutPos Num=> Wum[ 2 |);
check[FIER: =FLL5E;
END_IF
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=& =H E
= @ In ARRAY [0..4] O...
= @ In[0] str
@ intval INT 1
i realval REAL 2.3
= @ In[1] str
@ intval INT 5
i realval REAL 536
= @ In[2] str
@ intval INT 2
@ realval REAL 5.6
= @ In[3] str
@ intval INT 1
Result @ realval REAL 6.3
= @ In[4] str
@ intval INT 8
@ realval REAL 55
@ Size UINT 5
W key INT 1
@ Mode _ESEARCH_MODE  _LIMEAR
= @ InOutPos ARRAY [0..4] O...
@ InOutPos[0] UINT 0
& InOutPos[1] UINT 3
& InOutPos[2] UINT 0
& In0OutPos[3] UINT 0
@ InOutPos[4] UINT 0
@ Num UINT 2
@ out BOOL

For ascending binary search, the array elements passed as the input parameter for In[] must be sorted in ascending order

before executing this instruction. The instruction then performs a binary search. The element order and result for the same ex-
ample after applying ascending binary search are shown below.

[Mode | = BIN_ASC [ Key | [INT#1234

o

3

=

o

5

S

0000 =ghi [TRUE] #r— e

0}=she(0] | [123a FOut ] =ghi i @

0000 (@)

+ InOutPosfO}=def [0] 3

0000 o

In[[}=abe{1] 1234 [ Num | =jkl >

[H] 5

a

0000 c

[ Size | =UINT#5 In[2}=ahe]2] 2345 [ Member ] =abe]0].m 2

0000 o

5

0000 n

Iof3fabef3) | [3856 b sthy g4 2 m 5

0000 o

o

0000 S

In{ 4]=ahe]4] 3456 G
0000
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For descending binary search, the array elements passed as the input parameter for In[] must be sorted in descending or-
der before executing this instruction. The instruction then performs a binary search. The element order and result for the same
example after applying descending binary search are shown below.

[ Mode | =_BIN_DESC [Key ] [INT#1234 [ Member | =ahe](]m

0000
IefO=abef0] | [3456 | S5HE# LFm
0000

0000

In{ 1 J=ahef1] 3456

0000

0000
[ Size | =UINT#5 In{2}=ahef2] 2345
0000

In{3}=ahef3] ?g [0t | =ghi fF 1E—3

0000
InOutPos[O}=def [0] [UINT#3
0000

Infd]mabef4] | 11234 [ Num | =jkl UINT#2
0000

¢ Key points

+ When transferring an element from an array to In[], the element's subsequent data is the processing target.
+ When "Member" is a real number, results may be unexpected due to rounding errors inherent to the value.
- When "Key" is a real number, do not specify it as Not-a-Number (NaN).

+ When the value of "Size" is 0, "Out" is FALSE, "Num" is 0, and InOutPos[] remains unchanged.

« When "Mode" is _BIN_ASC (or BIN_DESC), correct results cannot be obtained if the elements of In[] are not sorted in
ascending (or descending) order. Sort the elements in ascending (or descending) order before executing this instruction.

- An exception occurs and ENO becomes FALSE, and "Out", InOutPosl], and "Num" remain unchanged under the following
conditions:

+ When the value of "Size" exceeds the array bounds of In[].
+ When "Member" is not a member of the structures in In[].
- When the data type is not supported for "Member".

-+ When the data types of "Key" and "Member" differ.

- When In[] is not an array of structures.

- When "Member" or "Key" is of STRING type and is not NULL-terminated.

(SUOI3UNS UOIIONIISU| UOIWQ) S|IINUOCIWQ «
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I 5.11.6 RecRangeSearch (Range-specified record search)

The instruction searches for elements matching a specified range condition within an array of structures, using a designat-

ed method.
Instruction Name FB/FUN Graphical representation ST representation
Out:=RecRangeSearch(
In,
Size,
RecRangesearch . Member,
—mn RecRangeSearchf—
RecRange Range-specified FUN :Eimber MN,
Search record search Tcanditon MX,
—Mode
Timoes Condition,
Mode,
InOutPos,
Num);
@ Variables
Name Input/Output Description Valid range Unit | Initial value
In[] array Search array Array of structures to be searched. — — *)
Size Number of elements Number of array elements to search. 1
Member of the structure in In[] to be
Member Member to search *)
searched. Conforms to data type.
MN Lower bound Upper bound for search condition.
MX Upper bound Lower bound for search condition.
Input _EQ_BOTH,
_EQ MIN,
Condition Search condition Search condition. _EQ BOTH
_EQ_MAX,
_NE_BOTH
_LINEAR,
Mode Search method Search method. _BIN_ASC, _LINEAR
_BIN_DESC
InOutPosl ] _ ) ) Conforms to data type.
Matching element index Input/Output Index of the matching element. — —
array
TRUE: Matching element found.
Out Search result — —
FALSE: No matching element found.
Output Conforms to data type.
Number of matching )
Num Number of matching elements. — —
elements

* Initial value is not applicable if an input parameter is omitted. An exception occurs during linking.

BOOL Bit string Integer Real |Time, duration, date, string
22 2|2 5/5/c|S|cle|zl2|s|alE|2|8 o3
S |A|lz|81%8/2|/3|2|2|3|5|3|3|2|2|&|F =2
- S| 8|o| = = - o)

In[] array An array of structures is specified.

Size (@)

Member O O O O O O O O O O O O

Same data type as the "Member to Search" in In[l.

MN Same data type as "Member".

MX Same data type as "Member".

Condition Enumeration _eSEARCH_CONDITION. See the Function section for enumeration elements.
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Mode Enumeration _eSEARCH_MODE. See the Function section for enumeration elements.
InOutPos[ ] array O
Out O
Num O
€ Function

Within the first "Size" elements (In[0] to In["Size"-1]) of the array of structures In[], searches for elements where the value
of the specified structure member "Member" matches the search condition. The search condition and method are specified by
"Condition" and "Mode", detailed below. Pass the member of any element in In[] as the argument for "Member". If an element
matches the condition, the search result "Out” becomes TRUE. The index of the matching element and the number of matches
are assigned to InOutPos[0] and "Num" respectively. If there are two or more matches, the index of the lowest matching ele-
ment in In[] is assigned to InOutPos[0]. If no element matches, "Out" becomes FALSE, and InOutPos[0] and "Num" become 0.
When passing the input parameter to In[], always include an element index, e.g., array[3].

The search condition "Condition" is of the enumeration type _eSEARCH_CONDITION. The meanings of the enumeration ele-
ments are as follows.

Enumeration element Meaning
_EQ_BOTH ‘MN"<“Member’<“MX”
_EQ_MIN “‘MN"<*Member” < “MX”
_EQ_ MAX “‘MN” < “Member”<*“MX”
_NE_BOTH ‘MN” < “Member” < “MX”

The search method "Mode" is of the enumeration type _eSEARCH_MODE. The meanings of the enumeration elements are
as follows.

Enumeration element Meaning
_LINEAR Linear search
_BIN_ASC Ascending binary search
_BIN_DESC Descending binary search

In linear search, the search is performed sequentially from the first element of In[].

An example with "Size"=UINT#5, "MN"=INT#2, "MX"=INT#7, "Condition"=_EQ_BOTH, and "Mode"=_LINEAR is shown below.

FBD | ST

PROGEAM FLC_FRG
m [}
In tARRAY [0..4] OF str:= [({intVal := 1, realVal := 2.3}, ®)
[intVal := 5, realVal := 53&), 3
(intVal := 2, realVal := 5.§), S
(intVal := 1, realVal := 6.3}, S
{(intVal := &, realVal := 55)];: @
Size :UINT :=5: g?
Variable declaration M :INT  :=2; 3
ME :INT :=7; 3
conditiong :HCFA CmronUitls. =5EARCH CONDITION; é_
Mode +HCFA OmronUitls. =5EARCH MODE; g
InOutPos sARRAY [0..4] OF UINT: g‘-
Hum :UINT; S
out :BOOL; d
check +BOOL: 8,_
END VAR Ei
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IF check[ZNEE THEN
[olbid TR RecRangeSearch |
RecRangeSearch In:= In[0],
In[0] —In - out Size:= Size[ 5 |,
Size[ 5 |—Size Hum|[-Hum [ 2 | Member:= In[0].intVal[ 1 |,
In[0].intVal[ 1 | —|Member Mi:= M2z ],
Program iz |—mm M= M7
k[ 7 —mx Condition:= conditiong[  _EG BOTH |,
conditiong Conditinn l;ogz:; Hode,
Mode [ LINEER |—|Mode nlutPos:= InfutPos,
InfutPos —{InOutPos Hum=> NJ d
check IR : =FLL3E;
END_IF
FETl =i} E
£ @ In ARRAY [0..4] O...
@ Size UINT 5
@ MN INT 2
@ MY INT 7
& conditiong _ESEARCH_CO... _EQ_BOTH
@ Mode _ESEARCH_MODE _LIMEAR
Result = & InDutPos ARRAY [0,.4] Q...
& InOutPos[0] UINT 1
& InOutPos[1] UINT 2
@ InOutPos[2] JIMT 0
@ InOutPos[3] UINT 0
& InOutPos[4] UINT 0
@ MNum LJINT 2
@ Out BOOL

For ascending binary search, the array elements passed as the input parameter for In[] must be sorted in ascending order
before executing this instruction. The instruction then performs a binary search.

The element order and result for the same example after applying ascending binary search are shown below.

[ Condition ] =_EQ_BOTH [ MN]

[ Mode | =_BIN_ASC M)
In[0j=abef0] {1)2032 L [ Out | =ghi [TRUE] 7 —#
0000
InOutPos[0}=def [0]
aoon | L]
0000
In{}=abef1) 1234 | [ Num | =jkl (@]
0000 3
3
0000
[ Size ) <UINTHS InfZ}=abel2] | Hoag [ Member | =shef0fm é
0000 P
0000 o
Wn(3=abel3] | [3ama T i 248 m iy
0000 g
0000 | 3
In[4]=ahe]4] (3456 S
0000 -
>
7
—+
b}
c
a
[=A
o
S
T
c
S
a
[=A
o
>
o
N
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For descending binary search, the array elements passed as the input parameter for In[] must be sorted in descending or-
der before executing this instruction. The instruction then performs a binary search. The element order and result for the same
example after applying descending binary search are shown below.

[ Condition | =_EQ_BOTH  [MN]
[Mode | =_LINEAR MX ] [ Member | =abe[0].m

0000
In[0]=abe{0] 3456 " S EE S Fim
0000

0000
Inf1}=sbe{l] | [3a5g

0000

0000
b2j=bel?] | [2325
0000

[Size ] =UINT#S

0000
In[3]=sbef3] | [i532 [ Out ] =ghi TRUE] #e —#
0000

InDuiPosf0}=def [0] [UINTZ3
0000

Inf4]=abef4] | Fz32 I Num ] =jkl UINT#2
0000

€ Key points

- Set the data types of "Member", "MN", and "MX" to be identical to the data type of the searched structure member in
Inf].

+ When transferring an element from an array to In[], the element's subsequent data is the processing target.
- When "Member" is a real number, results may be unexpected due to rounding errors inherent to the value.
+ When "MN" or "MX" are real numbers, do not specify them as Not-a-Number (NaN).

+ When the value of "Size" is 0, "Out" is FALSE, "Num" is 0, and InOutPos[] remains unchanged.

« When "Mode" is _BIN_ASC (or BIN_DESC), correct results cannot be obtained if the elements of In[] are not sorted in
ascending (or descending) order. Sort the elements in ascending (or descending) order before executing this instruction.

+ An exception occurs and ENO becomes FALSE, and "Out", InOutPosl], and "Num" remain unchanged under the following
conditions:

- When the data types of the searched structure member "Member" in In[], "MN", and "MX" differ.
+ When "MN" > "MX".

+ When the value of "Mode" is outside its valid range.

+ When "Member" is not a member of the structures in In[].

- When the data type is not supported for "Member".

« When In[] is not an array of structures.

+ When "Member", "MN", or "MX" is of STRING type and is not NULL-terminated.
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I 5.11.7 RecSort (Record sort)

The instruction sorts the elements of an array of structures.

Instruction Name FB/FUN Graphical representation ST representation
RecSort_instance(Execute,
InOut,
Size,
—size Recsert Member,
RecSort Record sort FUN —[Member
T|order Order,
Done,
Busy,
Error);
@ Variables
Name Input/Output Description Valid range Unit | Initial value
Size Number of elements Number of elements to sort. 1
Member of the structure in InOut[] to | Conforms to data type.
Member Member to sort ™
be sorted. —
Input _ASC,
Order Sort order Sort order. _ASC
_DESC
InOut[ ]
Array to sort Array of structures to be sorted. — — —
array

* Initial value is not applicable if an input parameter is omitted. An exception occurs during linking.

BOOL Bit string Integer Real |Time, duration, date, string
8|2 5| 2|5|2/s/8|E|glz/2/5/8|532|8|8|g|3
clmIeg 88|55 |5 S|4 || & |m | m|© S

Size O

Mermber O O O O O O O O O O O O O O

Same data type as the "Member to sort" in InOut[].

Order Enumeration _eSORT_ORDER. See the Function section for enumeration elements.

InOut[ ] array An array of structures is specified.

4 Function

When "Execute” is TRUE, sorts the first "Size" elements (InOut[0] to InOut['Size"-1]) of the array of structures InOut[] ac-
cording to the value of the specified structure member "Member". The sort order is specified by "Order", detailed below. Pass
the member of any element in InOut[] as the argument for "Member". When passing the input/output parameter to InOut[], al-
ways include an element index, e.g., array[3].

The sort order "Order" is of the enumeration type _eSORT_ORDER. The meanings of the enumeration elements are as fol-

lows.
Enumeration element Meaning
_ASC _Ascending
_DESC _Descending

The magnitude relationship for data types other than integer and real numbers is determined as shown in the table below.
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Data type Meaning
TIME A value with a larger magnitude is considered greater.
DATE, TOD, DT For dates and time-of-day, the later one is considered greater.
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An example with "Size"=UINT#5 and "Order"=_ASC is shown below.

LD 5T

RecSort_instance(A, abc[0], UINT#S, abc[0).m, _ASC, def, ghi, jki);
RecSor_instance

A def
—{ I— ﬁ'xoeL;:L::SDD:ne —O
abef0] —g---=======-==~ — abcl0]

UINT#5—{Size Busy — ghi
abgcf0].m —{Member Error — jkl

_ASC —Order
[ Order | =_ASC [ Member | =abof 0].m
0000 0000
InOu[Of=ahe{0] | [R5 RHE# LEim InOu0}=abd 0] | [1234
0000 0000
0000 0000
nOuil=abel1] | [33a5 nOuf1}=abef1] | [1234
0000 0000
0000 0000
[ Size | =UINT#5 InOui2l=abe(2] | [q534 - InDuif2=ahe(?] | 2385
0000 0000
InOut]3}=abef3] 032[5)2 InOutf3]=ahe 3] %
0000 0000
0000 0000
InOut[4]=abef4] 1234 InOuif4}=abd4] | [3256 |
0000 0000
FBD ST
WAR
3ize:UINT;
Variable dedl order: e50RT ORDER;
ariable declaration o I )
Inout:ARBAY [l..10] QF DUT:
BecSort_0:RecSort;
END VAR
RecSort_0
BecSort RecSort_0(
gize —Size Sizei=aize ,
Program Incut[l].intl —Member Member:=Inout[l].intl ,
Order:=order ,
order — Order TnOut:=Tnout[1] }:
Incut[l] — InOut
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=ER Bl =1 HEE vl iE
@ size UINT 10
@ order _ESORT_ORDER _ASC
= & Inout ARRAY [1..10] OF DUT
= ¢ Inout[1] DUt
@ reall REAL 0
@ intl INT 0
+ @ Inout[2] DuUT
+ @ Inout[3] DuT
= @ Inout[4] DUT
@ reall REAL 0
Result @ int1 INT 123
= @ Inout[5] DuT
@ reall REAL 234
@ intl INT 222
¢ o[mas  Jour
+ @ Inout[7] DuT
+ @ Inout[8] DuUT
+ @ Inout[9] DuT
= @ Inout[10] DuT
@ reall REAL 0
@ intl INT 2342
£

¢ Key points

- Once this instruction starts execution, it continues processing to completion even if "Execute” becomes FALSE or the
execution time exceeds the task period.

- Confirm normal completion by checking if the value of "Done" becomes TRUE.

won won

, 'Done’,

"

- For the timing diagram of "Execute Busy", and "Error", refer to "Chapter Description (P2-2)
+ When "Member" is a real number, results may be unexpected due to rounding errors inherent to the value.

+ When transferring an element from an array to InOut[], the element's subsequent data is the processing target.
- When the value of "Size" is 0, "Done" is TRUE, and InOut[] remains unchanged.

- An exception occurs and "Error" becomes TRUE under the following conditions:

- When the value of "Order" exceeds its valid range.

+ When the value of "Size" exceeds the array bounds of InOut[].

« When "Member" is not a member of the structures in InOut[].
- When the data type is not supported for "Member".

+ When InOut(] is not an array of structures.

I 5.11.8 RecNum (Get record count)

The instruction calculates the number of records (elements) in an array of structures up to a specified end-of-data marker.

Instruction Name FB/FUN Graphical representation ST representation

RecNum
—In RecNumf— i
TJiember Out:=RecNum(in, Member,  Size, EndDat);
—>ize

—{EndDat

RecNum Get record count FUN

(SUOI3UNS UOIIONIISU| UOIWQ) S|IINUOCIWQ «
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€ Variables

Name Input/Output Description Valid range Unit | Initial value
In[] array Source array Array of structures to be processed. —
Member of the structure in In[] to be
Member Member — *)
Input processed.
- Conforms to data type.

Size Element count Element count.
EndDat End-of-data marker End-of-data marker.

Out Record count Output Record count. Conforms to data type. — —

* Initial value is not applicable if an input parameter is omitted. An exception occurs during linking.

BOOL Bit string Integer Real |Time, duration, date, string
(@] [ [%)
W m| 2|2 |s|Slcl S Clol=|lolrclr2|5 2|94 =
o S|d|lo|2 |z |2 ||z |Z|z|z|0|m|x o |9 |2
S|4 |88|8(3|3|2|3|5|5|5|5|F 8|77 ]8|% 2
In[] array An array of structures is specified.
o|lo|lo|lo]o]o]Jo]o|]o|]o|]o]o|o]Jo]o]o|]o]o]o]o

Member Enumerated types can also be specified.

Same data type as the processed member in In[l.

Size PP Jel PP
EndDat Same data type as "Member".

out L der PP
4 Function

Starting from the beginning of the array of structures In[], searches for an element where the value of the specified mem-
ber "Member" matches the end-of-data marker "EndDat". The number of elements before the matching element (the record
count) is then assigned to "Out". Pass the member of any element in In[] as the argument for "Member". When passing the input
parameter to In[], always include an element index, e.g., array[3].

An example with "EndDat"=INT#9999 is shown below.

LD 5T

def=RecNum(abc0], abc0].m, INT#2993);

abe[0] —|

def
abec[0].m —
INT#2999 |

L]

o

[ EndDat | 3
[ Member | =abef0].m =

S

10000 | A C

Inf0}=ahef0] | [3456 [ | SAHE R L m =5
0000 w
| ~~

Inf 1 }=ahef1] —234“50 ——————— O] =def [UINT#3] g
12345 | =

o

| >

T2)=abe]2] —'1:2':34':0 -
0000 a

oy g

In{ 3 Jabef3] | [9999 | «— 15 “EndDat” —&( o
0000 (=g

— o

0000 =}

Ifdjabeld] | Fzzal T
0000 c

>

=

o

>

wn

N
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FBD ST
WAR
In:ABRRAY [l..10] OQF DUT;
3ize:UINT;
Variable declaration EndDat:D0T:
out :UINT;
END VAR
RecHum out:=Reclum(
In—1In out In:=In[1]
' + (]
Program In[l].reall —Member Member:=In[l].reall ,
10 —5ize Size:=3ize ,
EndDat.reall —EndDat EndDat:=EndDat.reall );
FET B & EEE hiionelo =51
+ @ In[4] DuT
* @ In[5] DuT
+ @ In[] DUT
= @ In[7] DUT
@ reall REAL 12
@ int1 INT 33
= @ In[8] DUT
@ reall REAL 23
@ int1 INT 56
= @ In[o] DUT
Result @ reall REAL 0
@ intl INT 0
= @ In[10] DUT
@ reall REAL 45
@ intl INT 33
@ size UINT 10
= & EndDat DuT
@ reall REAL 23
@ intl INT 0
@ out UINT 7
£

¢ Key points

« If no member in In[] matches "EndDat", the total number of elements in In[] is assigned to "Out".

+ When "Member" is a real number, results may be unexpected due to rounding errors inherent to the value.

+ When "EndDat" is a real number, do not specify it as Not-a-Number (NaN).

+ When transferring an element from an array to In[], the element's subsequent data is the processing target.

- An exception occurs and ENO becomes FALSE, and "Out" remains unchanged under the following conditions:
+ When "Member" is not a member of the structures in In[].

+ When "Member" or "EndDat" is of STRING type and is not NULL-terminated.

- When the data type is not supported for "Member".

-+ When the data types of "Member" and "EndDat" differ.

- When In[] is not an array of structures.
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I 5.11.9 RecMax/RecMin (Record maximum/minimum retrieval)

RecMax: Retrieves the maximum value of a specified member within an array of structures.

RecMin: Retrieves the minimum value of a specified member within an array of structures.

Instruction Name FB/FUN Graphical representation ST representation
Record maximum —n Rectlax reeva— | RecMax(In, Size,Member, Out,
RecMax FUN —{size InOutPos—
retrieval T [ember “m | InOutPos, Num);
) Record minimum —n flecttin reavinf— | RecMin(In, Size, Member, Out,
RecMin ) FUN —size InOutPosf—
retrieval [ember Meme | InOutPos, Num);
@ Variables
Name Input/Output Description Valid range Unit | Initial value
In[] array Source array Array of structures to be processed. - ™
Size Number of elements Number of elements to search. 1
Input Member of the structure in In[] to be —
Member Member Conforms to data type. ™
processed.
Out Record count Retrieval result. —
InOutPos| ] .
Result element index Output Index of the result element. —
array Conforms to data type. —
Num Number of results Output Number of retrieval results. 0

* Initial value is not applicable if an input parameter is omitted. An exception occurs during linking.

BOOL Bit string Integer Real |Time, duration, date, string
AEHBHBEBEEBBREEHEEEREE
F | mlg |3 215|555 4 S|4 |~ &|m|m|© z
In[] array An array of structures is specified.
Size (@)
O O O O O O O O O O O O O O O O O O
Member Same data type as the processed member in In[l.
InOutPos[ ] array O
Out O O O O O O O O O O O O O O O
Num (@)
€ Function

Within the first "Size" elements (In[0] to In['Size"-1]) of the array of structures In[], examines the values of the specified

structure member "Member". Pass the member of any element in In[] as the argument for "Member". The index of the result el-

ement and the number of results are assigned to InOutPos[0] and "Num" respectively. If there are two or more results, the index

of the lowest result element in In[] is assigned to InOutPos[0]. When passing the input parameter to In[], always include an ele-

ment index, e.g., array[3].

The magnitude relationship for data types other than integer and real numbers is determined as shown in the table below.

Data type Meaning
TIME A value with a larger magnitude is considered greater.
DATE, TOD, DT For dates and time-of-day, the later one is considered greater.
STRING Determined by comparing the ASCII codes of the first characters.

RecMax: Retrieves the maximum value. The maximum value of the specified member is assigned to the result "Out".
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RecMin: Retrieves the minimum value. The minimum value of the specified member is assigned to the result "Out".

An example for the RecMax instruction with "Size"=UINT#5 is shown below.

LD ST
ghi:=RecMax(abc{0], UINT#5, abc[0].m, def[0], jK);
RecMax
—{ }75&1 ENO |—
abcl0] —In — ghi
UINT#5 —|Size Num |— jki
abc[0].m —Member
InOutPos
def[0] —tozcoomoceeeecoo-d t— def{0]
[ Member | =ahef0].m
0000
Inf0}=abef 0] 53 1 stpym s 58 m
0000
0000
In[1]=abef1] | [3aa5]
0000
0000
[Size ) =UINT#S | In[2=abel?] | [3asgt——+ [Ou) =ehi
0000
0000
nf3l=atk3] | F53a]
0000

Inf4j=abel ] [ Num | =jki
InOutPos{Ol=def [0]
FBD ST
WAR
size :UINT;
In :ARRAY [l1..10] OF OUT;
outl :TINT:
) ) out2 :TINT;
Variable declaration

Maxpos :UINT;

Minpos UINT;

Ma¥xnum :UINT;

Minnum :UINT;

END VAR

BecMax ( .
In:=In[l] , o
) RecMax Size:=size , 3
In[l] —In 3
. _ Member:=In[l].reall , ]
S1ze — 5ize InCutPos — Maxpos c
In[1l].reall —Member Num  Maxnum Out:=cutl.reall , S
outl.reall —{Out InCutPos=>Maxpos , z
Num=>Maxnum ) ; o
3
Program 3
- BecMin{ -]
RecMin —_
In[l] —In I In:=In[l] , ’a
gize —Size InOutPos — Minpos Size:=3ize , c
In[l].reall —|Member Num — Minnum Member:=In[l].reall , 8
out2.reall —Out Qut:=putd.reall , g
InCutPos=>Minpos E‘I
Hum=>Minnum ) ; g
[=
o
S
2
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=E E-Siil & aEE HhE iE
+ @ In[2] ouT
+ o In[3] ouT
+ @ In[4] ouUT
# @ In[5] DUT
# @ In[6] ouT
+ @ In[7) DuUT
= @ In[8] DUT
@ reall REAL 1
@ int1 INT 0
= & In[9] DuT
@ reall REAL 3456
Result @ intl INT 0
+  In[10] DuUT
= @ outl DuT
@ reall REAL 3456
@ intl INT 0
= @ out2 DuUT
@ reall REAL 1
@ intl INT 0
@ Maxpos UINT 8
@ Minpos UINT 7
@ Maxnum UINT 10
& Minnum UINT 10 |:|
£

¢ Key points

- When the data types of "Member" and "Out" differ, choose from the following data types to ensure the valid range of
"Out" encompasses the valid range of "Member". (INT, UINT, UDINT, ULINT, SINT, INT, DINT, LINT, REAL, LREAL)

+ When "Member" is a real number, results may be unexpected due to rounding errors inherent to the value.
- When transferring an element from an array to In[], the element's subsequent data is the processing target.

- When "In" is an enumerated type, always use a variable as the input parameter for "In". An exception occurs during link-
ing if a constant is passed.

-+ When the value of "Size" is 0, the values of "Out" and "Num" become 0. The value of InOutPos[] remains unchanged.

- An exception occurs and ENO becomes FALSE, "Out", InOutPos[], and "Num" remain unchanged under the following
conditions:

+ When the value of "Size" exceeds the array bounds of In[].

+ When "Member" is not a member of the structures in In[].

+ When the size of the InOutPos|] array is less than the dimension of In[].
- When an array without an index is passed to In[].

- When the data type is not supported for "Member".

- When "Member" is of STRING type and is not NULL-terminated.
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5.12 String instructions

I 5.12.1 ClearString (String clear)

The instruction clears a string.

Instruction Name FB/FUN Graphical representation ST representation

ClearString
ClearString String clear FUN i Clearstring— | ClearString(InOut);

€ Variables

Name Input/Output Description Valid range Unit | Initial value
InOut String to clear Input/Output String to be cleared. Conforms to data type.
Out Return value Output Always TRUE. TRUE only.
BOOL Bit string Integer Real |Time, duration, date, string
(=] [ n
W | m | = < S| Clun|= x| 5|40 =
812|5|5|8|2|s|g|c|g|lz|2|2|8|@g|2|8|8|9|2
cm|Ie 88|55 515 | S| =S |F| & |m|m | 3
In O
Out (@)
€ Function

It clears the string "InOut". The entire area of "InOut" is filled with NULL characters. An example is shown below.

A STRING-type variable In with default value 'abcd' is cleared after the function call.

FBD ST
PROGRAM PLC_PRG
VAR
check :BOOL;
Variable declaration In :STRING z='abed';
Cut *BOOL;
END VAR
ClearString (InCut:= In[  =tes  |);
ClearString
Program In —={Inout —— out —
cuc A :=ClearString(Intut:= In[ - |
END_TFRETURN]|
S ESidl =ER ESic) =]
Resul & check 800L @ check 8o0L
esult # In STRING # In STRING .
# out BoOL @ out BOOL

¢ Key points

+ The return value "Out" is not used when employing this instruction in an ST program.
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I 5.12.2 ToUCase/ToLCase (String case conversion)

ToUCase: Converts all half-width letters in a string to uppercase.

ToLCase: Converts all half-width letters in a string to lowercase.

Instruction Name FB/FUN Graphical representation ST representation
String to nbiss
ToUCase g FUN 18 Folicaagi— Out:=ToUCase(In);
uppercase
String to [ottaee
TolCase g FUN 1 Solcata— Out:=TolLCase(In);
lowercase

¢ Variables

Name Input/Output Description Valid range Unit | Initial value
In Source string Input Source string to be converted. Conforms to data type.
Out Converted string Output Converted string. Conforms to data type. —
BOOL Bit string Integer Real |Time, duration, date, string
Q — (%]
W C Cc C _ r =
82|55 |5(2|c|8|E(2/=|2|2|8|B|5|8/8|g|¢2
°|#|&8|8|&8|5|5|3|5|5|7|5|5|F |8 |7 |5 |7z
In O
Out O
4 Function

ToUCase: Converts all half-width letters in the source string "In" to uppercase.
TolLCase: Converts all half-width letters in the source string "In" to lowercase.

For all instructions, the output string is terminated with a NULL character. Characters that are not half-width letters are
unaffected.

An example for the ToUCase instruction with "In"='xyz" is shown below. The variable abc has the value 'XYZ'.

LD ST

abc =TollCase(xyz'),

ToUCase

—{ }7EN ENO}—
v — abc

%“yz —In

" AR RTERE R KR,
el HRETH

rlll | - r”lll | =ahe m

(SUOI3UNS UOIIONIISU| UOIWQ) S|IINUOCIWQ «

FBD | ST
VAR
4 4 In : STRING:
Variable declaration out *STRING:
END VAR

233



TolLCase
Program In In | Cut:=TolCase (In:=In );
$ In STRING 'AABD'
Result
$ Out STRING 'aabb’

€ Key points

+ Full-width letters are not converted.

+ An exception occurs and ENO becomes FALSE, "Out" remains unchanged under the following conditions:
+ When "In" is not NULL-terminated.

- When the character code of "In" is abnormal.

+ When the conversion result exceeds the size of "Out".

I 5.12.3 TrimL/TrimR (String left/right trim)

TrimL: Removes spaces from the beginning of a string.

TrimR: Removes spaces from the end of a string.

Instruction Name FB/FUN Graphical representation ST representation
TrimL
TrinL String left trim FUN —18 S Out:=TrinL(In);
TrimR )
TrinR String right trim FUN — i — Out:=TrinR(In);

€ Variables

Name Input/Output Description Valid range Unit | Initial value
In Source string Input Source string to be trimmed. Conforms to data type. .
Out Trimmed string Output Trimmed string. Conforms to data type. — g
o
BOOL Bit string Integer Real |Time, duration, date, string a
Q — [72) +
w C < C — =
gl2|/85|/5/2|s|g|E|gl=z|8/c|8|8|2|8|8|ls|Z2 =
c|m|e 88|55 Z|5 |4 4|9 |F| & |m|m© g g
In O o
5
Out © 5
[%2]
~
: c
€ Function e
TrimL: Removes spaces from the beginning of the source string "In" up to the first non-space character. If the beginning S
has no spaces, no action is taken. a
>
TrimR: Removes spaces from the end of the source string "In", starting from the last character. If the end has no spaces, no o
o
action is taken. 2

For all instructions, the output string is terminated with a NULL character. Both ASCII space (16#20) and Chinese full-width
space (16#E38080) are treated as spaces.
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An example for the TrimL instruction with "In"=" AB C' is shown below. The variable abc has the value AB C'.

LD 5T

abc:=TrimL{ AB C')

TrimL

—{ }7EN ENO—
' AB C' —in — abc

BEE “In” BFFE BIE TR ZE A R

M B L B T A
= B .
Fin) [ Out) e
FBD | ST
VAR
In : STRING:
Variable declaration Out « STRING
END VAR
TrimR )
Program In —In | Out:=TrimR (In:=In );
@ In STRING 'WABE '
Result
# Out STRING 'RABB’

€ Key points

An exception occurs and ENO becomes FALSE, and "Out" remains unchanged under the following conditions:
When "In" is not NULL-terminated.

When the character code of "In" is abnormal.

When the conversion result exceeds the size of "Out".

5.13 Time/Time of day instructions

| 5.13.1 ADD_TIME (Add time)

The instruction adds two time durations.

Instruction Name FB/FUN Graphical representation ST representation

ADD_TIME

ADD_TIME Time addition FUN - ADD_TIME[— Out:=ADD_TIME(In1, In2);

—INZ

L]
o
3
=
o
=)
C
=4
7
~—~
o
3
o
=]
=3
[%]
+
=
C
(2]
=4
o
=]
i
c
=)
(2]
(=4
o
>
(%
N
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€ Variables

Name Input/Output Description Valid range Unit | Initial value
In1 Augend time Augend time.
Input Conforms to data type. ms T#HOS
In2 Addend time Addend time.
Out Sum time Output Sum time. Conforms to data type. ms —
BOOL Bit string Integer Real |Time, duration, date, string
(=] [ n
W || = = c | c — o | 5|40 =
813/18/8|8|2|5/2|5|2/2/12|2|8|8|2(8|8|2|2
e me 8185 515 | S| |F| & |m|m | 3
In1 O
In2 O
Out (@)
€ Function

[t adds the time durations "In1" and "In2". The result "Out" is also a time duration.

An example with "In1"=T#1d2h3m4s and "In2"=T#5d6h7m8s is shown below.

FBD ST
FROGERAM FLC FRG
VAR
timel 1 TIME;
Variable declaration timed *TIME;
out :TIME;
check :BOOL;
END VAR
IF checkEIEE THEN
ADD TIME Out[ Teedenimizs  |:=ADD_TIME(
timel [ Tildznimds }—IN1 - Out [ T#edeniomizs 181 :=tinc] TN ;
Program cine2 [ Trssermss {12 e
END_IF
=iE E=Sie] &
@ timel TIME T#1d2h3m4s
Result
@ time2 TIME T#5d6h7mas
@ out TIME T#6ddh10mi2s
S
| 5.13.2 ADD_TOD_TIME (Add time of day and time) 3
C
The instruction adds a time duration to a time of day. a_"
Instruction Name FB/FUN Graphical representation ST representation (3)
=
o
Time of day and ADD_TIME Out:=ADD_TOD_TIME(In1, =]
ADD_TODTIME | ’ FUN om ADD_TIME{— =
time addition In2); a
~
=S
c
o
. [
@ Variables S
c
Name Input/Output Description Valid range Unit | Initial value 3
Hour, =2
TOD# S
In1 Time of day Time of day. minute, )
Input Conforms to data type. 0:0:0
second
In2 Time duration Time duration. ms T#0ms
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Hour,
Out Result time of day Output Resulting time of day. Conforms to data type. | minute, —
second
BOOL Bit string Integer Real |Time, duration, date, string
(=] [ n
w = Cc C [
8 |2/5|5/5/2|S5|8/5|¢/2/2|5/8|8/2|8|8|e|2
clmIe 88|57 |55 4|4 || & |m | m|© 2
In1 O
In2 O
Out (@)
€ Function
It adds the time duration "In2" to the time of day "In1". The result "Out" is a time of day.
FBD ST
PROGRAM FLC_FRG
WAR
Inl :TOD;
Variable declaration In2 + TIME :
out s TOD ;
END VAR
o o 8 :=ADD_TOD_TIME(
Inl[_ TOD#10:10:10 |—IN1 - out [TOD#10:-10-10.050 INl:= Inl TOD#10:10:10 ;
Program Tn2 ™z IH2:=TIn3| TES0ms BE
=iET bS] B
@ Inl TIME_CF_DAY TOD#10:10:10
Result
@ In2 TIME T#50ms
@ out TIME_OF_DAY TOD#10:10:10.050
| 5.13.3 ADD_DT.TIME (Add date-time and time)
The instruction adds a time duration to a date and time.
Instruction Name FB/FUN Graphical representation ST representation
Date-time and ADD_DT_TIHE Out:=ADD_DT TIME(In1,
ADD_DT.TIME FUN ix; ADD-DT-“MEf
time addition In2);
@ Variables
Name Input/Output Description Valid range Unit | Initial value
Year,
month, |TDT#1970-1-
In1 Date and time Date and time. day, hour, 1-
Input Conforms to data type. )
minute, 0:0:0
second
In2 Time duration Time duration. ns T#0s
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Year,
month,
Out Result date and time Output Resulting date and time. Conforms to data type. |day, hour, —
minute,
second
BOOL Bit string Integer Real |Time, duration, date, string
Q — (%]
w C c S [
8 2|8|5|5(2|c|8|E5(g|=|2|c|8B|B|3|8|8|g|z
= m | g @ g S| 95|55 |4 5 | 4| = ,IE m | m| 9 GZ)
In1 O
In2 O
Out o
4 Function

It adds the time duration "In2" to the date and time "In1". The result "Out" is a date and time.

An example with "In1"=DT#1970-1-1-0:0:0 and "In2"=T#1d is shown below.

Leap years are accounted for.

FBD ST
FROGRAM FLC FRG
VAR
Inl :DT;
Variable declaration In2 : TTME :
out DT;
END VAR
out| DT£1570-1-2-0:0:0 |:=ADD DT_TIME(
In1 [ _DT#1s70-1-1-0:0:0 | I}}?ﬂjTﬁTm out DT$1570-1-2-0:0:0 nl:= Ini| HETIIS I le
Program el m o - IN2:=Ing| T#id [1:
FEA E-ie] B
@ Inl DATE_AND TIME ~ DT#1570-1-1-0:0:0
Result
g In2 TIME T#1d
@ out DATE_AMD_TIME  DT=1970-1-2-0:0:0

| 5.13.4 SUB_TIME (Subtract time)

The instruction subtracts a time duration from another time duration.

Instruction Name FB/FUN Graphical representation ST representation
SUB_TIME
SUBTIME  |Time subtraction FUN e SUB_TIME— Out:=SUB_TIME(In1, In2);
@ Variables
Name Input/Output Description Valid range Unit | Initial value
In1 Minuend time Minuend time.
Input Conforms to data type. ms T#0ms
In2 Subtrahend time Subtrahend time.
Out Difference time Output Difference time. Conforms to data type. ms —
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BOOL Bit string Integer Real |Time, duration, date, string
g | %)
w [ C Cc r
81318/5/5|8(5/2|5|5/z/2|5|88|3|8|8|s|2
Flm B3 Bl1S5 |9 |5|5]| S| 9|~ |&2|m|m|9 GZ)
In1 (@)
In2 (@)
Out O
4 Function
It subtracts the time duration "In2" from the time duration “In1". The result "Out" is also a time duration.
An example with "In1"="In2"=T#1d is shown below.
FBD S
PROGRAM PLC_ERG
VAR
. . Inl :TIME;
Variable declaration In2 TIME:
out :TIME;
END VAR
g out| T&0ms J:=5UB_TIME{
Program mimE i fom o = "
Inz2[[ T34 Iz ' . ’
RETURMN
= =il =
@ out TIME T#0ms
Result
@ In2 TIME T#1d
@ Inl TIME T#1d
I 5.13.5 SUB_TOD_TIME (Subtract time from time of day)
The instruction subtracts a time duration from a time of day.
Instruction Name FB/FUN Graphical representation ST representation
Subtract time SUB_TOD_TIFE Out:=SUB_TOD TIME(InT,
SUB_TOD_TIME FUN . Sue-ToR-ef
from time of day In2);
@ Variables )
3
Name Input/Output Description Valid range Unit | Initial value S
Hour, E
. . . ) ) TOD# 7y
In1 Minuend time of day Minuend time of day. minute, —
Input Conforms to data type. 0:0:0 o
second 3
=
In2 Subtrahend time Subtrahend time. ms T#0s g
Hour, =3
b
Out Difference time of day Output Resulting time of day. Conforms to data type. | minute, — c
second 8‘
o
S
BOOL Bit string Integer Real |Time, duration, date, string a
WmEgECCCcm olc|® | 5|29 o @ 3
&1215|5/5(2|5|2/5|¢/3|2|2|/B|8|3|8|8|s|2 %
)
|—""'U’U°§—|"E|—|" S| F (| &2 |m|m|9 czua
In1 (@)
In2 @)
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Out

€ Function

It subtracts the time duration "In2" from the time of day "In1". The result "Out" is a time of day.

An example with "In1"=TOD#23:59:59 and "In2"=T#1s is shown below.

Variable declaration

FBD ST
PROGRAM FLC_FRG
VAR
Inl +TOD ;
In2 :TIME;
out :TOD ;
END VAR

out[ TODSZ35s5E J: =SUB_TOD_TIME(

SUB_TOD TIME IN1:=Inl[ TOD#22355:58 |,
Program Inl | TOD$23:59:53 IN1 outc TOD§23:53:58 IN2:=In2] = 1);:
2 ma1s | IN2
RETURMN
FiEr =i =]
@ out TIME_OF_DAY TOD#23:59:58
Result
@ In2 TIME T#1s
@ Inl TIME_OF_DAY TOD#23:59:59

I 5.13.6 SUB_TOD_TOD (Time of day subtraction)

The instruction subtracts a time of day from another time of day.

Instruction Name FB/FUN Graphical representation ST representation
Time of day SUB_TOD_TOD
SUB_TOD_TOD . FUN s SUBTODTODI— 1 Qut:=SUB_TOD_TOD(In1, In2);
subtraction
@ Variables
Name Input/Output Description Valid range Unit | Initial value
In1 Minuend time of day Minuend time of day. Hour,
TOD#
) Input ) Conforms to data type. | minute,
In2 Subtrahend time of day Subtrahend time of day. 0:0:0
second
Out Difference time Output Difference time. Conforms to data type. ms —
BOOL Bit string Integer Real |Time, duration, date, string
g [ C 0
w C Cc [ r
AEIHHHEBEBHEBHEEERHEBHBEERE
clmIe 88|57 |55 S| F (- | & |m|m|9 =
In1 (@)
In2 ©)
Out (@)
€ Function

It subtracts the time of day "In2" from the time of day "In1". The subtraction result "Out" is a time duration.

An example with "In1" = TOD#12:59:59 and "In2" = TOD#0:59:59 is shown below.
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FBD ST
PROGRAM PLC_FRG
VAR
. . Inl :TOD;
Variable declaration In2 .TOD
out :TIME;
END_VAR
out] TEIzh |:=SUB_TOD_TOD({
T IN1:=Tn)[_ToDFmsss ]
Program Inl[ ToD#12:53:53 |—INL — Cut T#l2h ) ——— ’
n2 Nz INz2:=In2[ TODsse5% | ):
RETURN
=i £ =)
@ out TIME T#12h
Result
@ In2 TIME_OF DAY  TOD#0:58:59
@ Inl TIME_COF_DAY TOD#12:59:59

I 5.13.7 SUB_DATE_DATE (Date subtraction)

The instruction subtracts a date from another date.

Instruction Name FB/FUN Graphical representation ST representation
SUB_DATE_DATE
SUB_DATE_DATE | Date subtraction FUN = SUB_DATE DATE— | Oyt:=SUB_DATE_DATE(In1,In2):
€ Variables
Name Input/Output Description Valid range Unit | Initial value
In1 Minuend date Minuend date. Year,
Input Conforms to data type. | month, | D#1970-1-1
In2 Subtrahend date Subtrahend date. q
ay
Out Difference time Output Difference time. Conforms to data type. ms —
BOOL Bit string Integer Real |Time, duration, date, string
[w] [ n
™ = <= C [
82|18 5|2/2|s|g|E|g|=z|8/c|8|8|2|8|8|g|z
clmIe 818|555 S| |F|&g|m|m© g
O L]
In1 o
In2 @) 3
o
Out O -]
C
[=A
. 3
€ Function 3
It subtracts the date "In2" from the date "In1". The subtraction result "Out" is a time duration. _3‘
o
An example with "In1"=D#1970-1-7 and "In2"=D#1970-1-2 is shown below. el
2
FBD ST c
PROGRAM PLC_PRG a
VAR 9
Inl :DATE; -
Variable declaration In2 :DATE : c
=]
out :TIME ; 2
END VAR o
=]
2
SUB_DATE_DATE outl  7ess  |:=SUB DATE DATE(
Proaram Inl [ D#1570-1-7 —{IN1 - out T#5d IN1:=In]| X
9 2 Cpasio-1 1|12 w2t o] )
RETORAI
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FET E-Sit] &
@ Inl DATE D#1870-1-7
Result @ In2 DATE D#1970-1-2
@ out TIME T#5d
I 5.13.8 SUB_DT DT (Date and time subtraction)
The instruction subtracts a date and time from another date and time.
Instruction Name FB/FUN Graphical representation ST representation
Date and time SUB_DT_DT
SUB_DT. DT ) FUN _i:; SUB_DTDTI— | Out:=SUB_DT_DT(In1, In2);
subtraction ]
€ Variables
Name Input/Output Description Valid range Unit | Initial value
In1 Minuend date and time, Minuend date and time. Year,
month,
DT#1970-1-
Subtrahend date and Input Conforms to data type. |day, hour,
In2 ) Subtrahend date and time. i 1-0:0:0
time. minute,
second
Out Difference time. Output Difference time. Conforms to data type. ns —
BOOL Bit string Integer Real |Time, duration, date, string
g [ = n
w C S C [
ARHHHEBEEEHBHEHEHEEEE
r | m|g |3 BlS5 |9 |5|5]| S| 9|~ | &2 |m|m|9 %
In1 O
In2 ©)
Out O
4 Function

It subtracts the date and time "In2" from the date and time "In1". The subtraction result "Out" is a time duration.

An example with "In1"=DT#1970-1-7-0:0:0 and "In2"=DT#1970-1-2-0:0:0 is shown below. C.)
FBD ST g
PROGEAM FLC_FRG E
Inl :DT; (o)
Variable declaration Inz :D'T: _3‘
out :TIME; S
END VAR 5
— 7
—+
-~
out]| T#5d | g
S5 I DS IN1:=Inl] DTETS70-17 (=4
Tn1 [ ~1-7-0-0- 11 rout [ m#sa o
Program 102 e rErTe | — IN2:=Tn2[ prewres: 3
RETURN T
S
FiEA =i =1 a
@ Int DATE_AND_TIME  DT#1970-1-7-0:0:0 S
Result &
# In2 DATE_AND_TIME  DT#1970-1-2-0:0:0
# out TIME Tz5d
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I 5.13.9 SUB_DT TIME (Subtract time from date and time)

The instruction subtracts a time duration from a date and time.

Instruction Name FB/FUN Graphical representation ST representation
Subtract time
SUB_DT_TIME
SUB_DT_TIME | from date and FUN e SBETTME | Qut:=SUB_DT_TIME(In1, In2);
time
@ Variables
Name Input/Output Description Valid range Unit | Initial value
Year,
month,
DT#1970-1-
In1 Minuend date and time Minuend date and time. day, hour,
Input Conforms to data type. i 1-0:0:0
minute,
second
In2 Subtrahend time Subtrahend time. ms T#0s
Year,
month,
Difference date and _ )
Out . Output Resulting date and time. Conforms to data type. |day, hour, —
ime
minute,
second
BOOL Bit string Integer Real |Time, duration, date, string
(=] — %]
® c c | c o
8 13|8|5/8/25|2|E|2|z|2|5|8|8|3|8|8 2|2
FmIS B Z|5|5|5 |57 S|4 |F~|E&|m|m|0© =
In1 O
In2 (@)
Out O
€ Function

It subtracts the time duration "In2" from the date and time "In1". The subtraction result "Out" is a date and time. Leap years

are accounted for.

An example with "In1"=DT#1970-1-7-0:0:0 and "In2"=T#1d is shown below.

FBD ST
FROGRAM FLC FRG
VAR
) ) Inl :DT;
Variable declaration In2 : TIME:
out :DT;
END VAR
Y out| T#2d4h7m |:=MULTIME(
Proaram ni o L our IN1:=In]] T#1d2hIm30s In
g In2 [z }{INZ IN2:=In2[2 | };
RETLRN
=& i E
Ree] @ Inl TIME T#1d2h3m30s
esult
@ In2 USINT 2
@ out TIME T#2d4h7m

243

L]
o
3
=
o
=)
[
.
o
~—~
o
3
=
o
S5
=3
[%]
(=g
=
[
(2]
=
o
>
n
[
>
(2]
=
o
>
(%
N



I 5.13.10 MULTIME (Time multiplication)

The instruction multiplies a time duration by a specified multiplier.

Instruction Name FB/FUN Graphical representation ST representation
Time MULTIME
MULTIME o FUN s MULTIME | Out:=MULTIME(In1, In2);
multiplication

¢ Variables

Name Input/Output Description Valid range Unit | Initial value
In1 Multiplicand time Multiplicand time. ms T#0s
Input Conforms to data type.
In2 Multiplier Multiplier - *)
Out Product time Output Product time. Conforms to data type. ms —
BOOL Bit string Integer Real |Time, duration, date, string
(=] [l n
w C c = (-
828|515/ 2|s|8|E(g|=z|2|5|8|8|3|8/8|g|2
L~ R = - = T e T =T = I S| =S |F| & |m|m | 3
In1 O
In2 O O O O O O O O O O
Out (@)
€ Function

It multiplies the time duration "In1" by the multiplier "In2". The multiplication result "Out” is a time duration. Leap years are
accounted for.

An example with "In1"=T#1d2h3m30s and "In2"=INT#2 is shown below.

FBD ST
FROGRAM FLC_FRG
VAR
) ) Inl :TIME;
Variable declaration In2 .USINT:
out :TIME;
END VER
e — out| TE244hTm |: =MULTIME {
Program In1 [ Triaznasass 1Nl L our [_Tezasmm IN1:=Inl| S A SIF b
9 In2[ 2z {IN2 IN2:=In2[2 | );
RETURH
=& i =)
Rl @ Inl TIME T#1d2h3m30s
esult
@ In2 USINT 2
@ out TIME T#2d4h7m

| 5.13.11 DIVTIME (Time division)

The instruction divides a time duration by a specified divisor.

Instruction Name FB/FUN Graphical representation ST representation
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MULTIME Time division FUN s PVIME= | Out:=MULTIME(In1, In2);

—N2
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€ Variables

Name Input/Output Description Valid range Unit | Initial value
In1 Dividend time Dividend time. ms T#0s
Input Conforms to data type.
In2 Divisor Divisor. — *)
Out Quotient time Output Quotient time. Conforms to data type. ms —
BOOL Bit string Integer Real |Time, duration, date, string
(=] [ n
w C Cc e [
AHEHBHHEEBHEEEBHHBEEEE
clme 885755 S| |F| & |m|m | 3
In1 O
In2 O (@) O (@) ©) (@) @) O @) @)
Out (@)
€ Function
It divides the time duration "In1" by the divisor "In2". The division result "Out" is a time duration.
An example with "In1"=T#1d and "In2"=INT#2 is shown below.
FBD ST
PROGRAM FLC_PRG
VAR
Inl :TIME;
Variable declaration Inz - USINT:
out :TIME;
END VAR
out] TH#12h |:=DIVTIME({
P In1 T3ld Ihll]lnﬂlm out T#ln INL:=Inl] = l'
rogram n - ow e )
9 In2[2 |INZ W2:=In2[3 ] ):
RETURN
F=EK il =]
$ Int TIME T#1d
Result
@ In2 USINT 2
% out TIME T#12h
I 5.13.12 CONCAT_DATE_TOD (Combine date and time of day) .
(©)
The instruction combines a date and a time of day. g
-]
Instruction Name FB/FUN Graphical representation ST representation <
Out:=CONCAT_DATE_TOD( 2
CONCATfDATEi Combine date CONCAT_DATE_TOD 6
FUN :{ixé CONCAT,DATE,TOD|» |n‘]’
TOD and time of day _3‘
In2); o
-
. 5
@ Variables &
5
Name Input/Output Description Valid range Unit | Initial value o
S
Year, EI
In1 Date Date. month, | D#1970-1-1 -]
a
day o
Input Conforms to data type. S
Hour, G
In2 Time of day Time of day. minute, | TOD#0:0:0
second
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Year,
month,
Combined date and
Out . Output Combined date and time. Conforms to data type. |day, hour, —
ime
minute,
second
BOOL Bit string Integer Real |Time, duration, date, string
g | %)
w C C S [
8131855/ 2/5/8|5/2/z8|5/8 8 2% 8 Nq:z
In1 O
In2 O
Out O
4 Function
It combines the date "In1" and the time of day "In2". The combination result "Out" is a date and time.
An example with "In1"=D#1970-1-7 and "In2" = TOD#12:12:12 is shown below.
FBD ST
PROGRMM FLC FRG
WAR
Inl :DATE ;
Variable declaration In2 < TOD :
out :DT;
END VAR
S — out] PSR AFEFRF] - =CONCAT_DATE_TOD({
n D#1570-1-7 - - [~ Cut DT£1570-1-7-12:13:13 INl::Inl'
Program = i ;- Inol—TooREEE ] )
FEAL i =]
@ Inl DATE D#1570-1-7
Result
@ In2 TIME_CF_DAY TOD#12:12:12
@ out DATE_AMD_TIME  DT#1870-1-7-12:12:12
I 5.13.13 SetTime (Clock adjustment)
The instruction sets the UTC time.
Instruction Name FB/FUN Graphical representation ST representation
SetTime
SetTime Clock adjustment FUN e SetTme— | SetTime(In);
@ Variables
Name Input/Output Description Valid range Unit | Initial value
Year,
month,
] Current date and time to set the system DT#1970-1-
In UTC time data Input Conforms to data type. |day, hour,
clock to. i 1-0:0:0
minute,
second
Out Return value Output Clock is TRUE. TRUE only. — —
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BOOL Bit string Integer Real |Time, duration, date, string
g | 0
w C & Cc r
8 |2|5|5|5|2|S5|8|C|%/2|2|5|8|8|2|8|8|a|2
Flm B3 Bl1S5 |9 |5|5]| S| 9|~ |&2|m|m|9 GZ)
In @)
Out @)
¢ Key points
- Set the system UTC time to the value of date and time "In".
- Itis recommended to use this instruction in the EtherCat Task. It may cause blocking.
| 5.13.14 GetTime (Get time)
The instruction reads the current UTC time.
Instruction Name FB/FUN Graphical representation ST representation
GetTime
GetTime Get time FUN Getime— | Qut:=GetTime();
@ Variables
Name Input/Output Description Valid range Unit | Initial value
Year,
month,
Out Current time Output Current time. Conforms to data type. |day, hour, —
minute,
second
BOOL Bit string Integer Real |Time, duration, date, string
g | 0
w C & Cc r
8 |Z|5(|5|5|2|5|8|C|%|2/2|5/8|8|2|8 8|a|2
Flm B3 BlS5 |9 |5|5]| S| 9|~ | &2 |m|m|9 %
Out @)
€ Function .
It reads the current time. The current time is the standard time for the set time zone, not GMT (Greenwich Mean Time). (33
=
Example: Set the system time to "In" = DT#2022-12-27-16:38:10 using the SetTime instruction, then read the system time S
into "recTime" using the GetTime instruction. g
3
FBD ST 3
PROGRAM PLC_FRG 3
o
VAR 5
Inl :DATE; 5
Variable declaration In2 - TOD: Q
o
out :DT; g
END VAR =
- o
5
T
SetTime IF setENER THEN C
Inl [ DT#2022-12-27-16:38:10 |—|IN - Out out Al =SetTime (IN:= In]] =]
setENER:=FAL5E; 2,_
Program ?;DEEZ HEN g
GetTime = ©,
recTime [ DT#2022-12-27-16:40:32 | =
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F=El -]
@ Inl DATE_AND_TIME

Result g Out BOOL
@ recTime DATE_AMND_TIME

@ set BOOL

=1

DT#2022-12-27-16:38:10

DT#2042-12-27-16:39:43
FALSE

I 5.13.15 DtToSec (Date and time to seconds conversion)

The instruction converts a date and time to the number of seconds elapsed since 1970-01-01 00:00:00.

Instruction Name FB/FUN Graphical representation ST representation
Date and time o
DtToSec to seconds FUN T BtToSeer— | Oyt:=DtToSec(In);
conversion
@ Variables
Name Input/Output Description Valid range Unit | Initial value
Year,
month,
DT#1970-1-
In Date and time Input Date and time. Conforms to data type. |day, hour, 1-0:0:0
minute, -
second
Seconds elapsed since 1970-01-01
Out Seconds Output 0~18446744073 Seconds —
00:00:00.
BOOL Bit string Integer Real |Time, duration, date, string
Q — n
w [ Cc Cc r
2 12|5(5|5/2|5|8|C|2|2/2|5|8(8|2|8|8|9|2
° |7 |8|8|8|5|5|3|3|3|7|5|5|F |8 |7 |7|8 ||z
In O
Out (@)
€ Function

It converts the date and time "In" to the number of seconds elapsed since 1970
Values less than 1 second are truncated.

An example with "In" = DT#1970-1-1-12:0:0 is shown below.

-01-01 00:00:00. The result unit is seconds.

FBD ST
FROGRAM PLC_PRG
WAR
Variable declaration In DT
ot : LINT;
END VAR
DtToSec out[ 4m00  Jr=DtToSec(
Program In| DT§1570-1-1-12:0:0 Out 43200 IN:= I DT#1570-1-1-12:0:0 |} : RETURN]
FiEF i =]
Result @ In DATE_AND_TIME  DT#1570-1-1-12:0:0
@ Out LINT 43200
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I 5.13.16 DateToSec (Date to seconds conversion)

The instruction converts a date to the number of seconds elapsed since 1970-01-01 00:00:00.

Instruction Name FB/FUN Graphical representation ST representation
Date to seconds Dete=Nutes

DateToSec ' FUN —1& Desnsec— Out:=DateToSec(In);
conversion

@ Variables
Name Input/Output Description Valid range Unit | Initial value

Year,
In Date Input Date. Conforms to data type. | month, | D#1970-1-1
day
Seconds elapsed since 1970-01-01
Out Seconds Output 0~18446744073 Seconds —
00:00:00.
BOOL Bit string Integer Real |Time, duration, date, string
(=] [ n
w C C C [
8 1318|5/8/25|2|E|2|z|2/5|8|8|3|8|8 2|2
c ™58 8|5 Z|5 |4 S|4 |F|&g|m|m © g
In O
Out @)
€ Function

It converts the date "In" at 00:00:00 to the number of seconds elapsed since 1970-01-01 00:00:00. The result unit is sec-
onds.

An example with "In"=D#1970-1-2 is shown below.

LD ST

abe:=DateToSec|D#1570-1-2);

Date ToSec

liEN ENO—
D#1870-1-2 —In

—abc
[n] | D#1970-1-2 |

- [ DT#1970-1-1-0:0:0.000000000 |

[Out ] =abe | LINT#88400 |s
FBD ST
VAR
_ ) In :DATE;
Variable declaration Out . LINT:
END VAR
dateToSec
Program In —IN | Out:=DateToSec(IN:=In };
@ In DATE D=1970-1-2
Result
& Out LINT 86400
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I 5.13.17 TodToSec (Time of day to seconds conversion)

The instruction converts a time of day to the number of seconds elapsed since 00:00:00.

Instruction Name FB/FUN Graphical representation ST representation
Time of day fodToses
TodToSec to seconds FUN i TedTesed— | Out:=TodToSec(In);
conversion

¢ Variables

Name Input/Output Description Valid range Unit | Initial value
Hour,
In Time of day Input Time of day. Conforms to data type. | Minute, | TOD#0:0:0
Second
Out Seconds Output Seconds elapsed since 00:00:00. 0~86399 Seconds —
BOOL Bit string Integer Real |Time, duration, date, string
(=] [l n
w C c = (
8 12|5(5|5/2|5|8|C|2|z/2|5|8(8|2|8|8|9|2
c|lmI S| B|&8|5|F| 5|5 S|4 |F|g|m|m O g
In O
Out O
€ Function

It converts the time of day "In" to the number of seconds elapsed since 00:00:00. The result unit is seconds. Values less
than 1 second are truncated.

FBD ST
VAR
In :TOD;
Variable declaration Out . LINT:
END VAR
TodToSec
Program In —IN . Cut:=TodToSec(IN:=In ):
® In TIME_OF _DAY TOD#23:59:59
Result -
#® Out LINT 86399

I 5.13.18 SecToDt (Seconds to date and time conversion)

The instruction converts the number of seconds elapsed since 1970-01-01 00:00:00 to a date and time.

Instruction Name FB/FUN Graphical representation ST representation
Seconds to
SecToDt
SecToDt date and time FUN I sECTeB— | Qut:=SecToDt(In);
conversion
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€ Variables

Name Input/Output Description Valid range Unit | Initial value
In Seconds Input Seconds elapsed since 1970-01-01 0~18446744073 | Seconds 0
00:00:00.
Year,
month,
Out Date and time Output Date and time. Conforms to data type. |day, hour, —
minute,
second
BOOL Bit string Integer Real |Time, duration, date, string
—
JHHHBEBEBBHBBBHEEEEE
clmIe 88|57 |55 S| |F|&g|m|m | © g
In O
Out O
€ Function

It converts the number of seconds "In" elapsed since 1970-01-01 00:00:00 to a date and time.

An example with "In"=LINT#86400 is shown below.

LD

}7EN
LINT#86400 —{In

N [ln]

SecToDt

ENO—
— abc

5T

abc:=SecToDi{LINT#86400);

[ DT#1870-1-1-0:0:0.000000000 |

| LINT#86400

|s

[Ow ] =sh [ DT#1870-1-2-0:0:0.000000000 |

FBD | ST
VAR
In : LINT;
Variable declaration Out :DT:
END VAR
SecToDt
Program In — IN - Out:=SecToDt(IN:=In );
@ In LINT 86400
Result
$ Out DATE_AND_TIME DT=1970-1-2-0:0:0
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I 5.13.19 SecToDate (Seconds to date conversion)

The instruction converts the number of seconds elapsed since 1970-01-01 00:00:00 to a date.

Instruction Name FB/FUN Graphical representation ST representation
Seconds to date SEILLIE

SecToDate ] FUN 18 soraliate— Out:=SecToDate(In);
conversion

@ Variables
Name Input/Output Description Valid range Unit | Initial value

Seconds elapsed since 1970-01-01
In Seconds Input 0~18446744073 Seconds 0
00:00:00.
Year,
Out Date Output Date. Conforms to data type. | month, —
day
BOOL Bit string Integer Real |Time, duration, date, string
(@] [ n
w C C C [
8128 5|2|g|c|§|E|glz/2/5/8|3|2|8|8|g|2
e lme 8|85 7|55 S|4 | F|&g|m|m © g
In O
Out O
€ Function

It converts the number of seconds "In" elapsed since 1970-01-01 00:00:00 to a date. Values less than 1 day are truncated.

An example with "In"=LINT#86400 is shown below.

LD 3T

abc:=SecToDate(LINT#36400);

SecToDate
—{ I EN ENO—
LINT#36400 —In — abc
D# 197 0-1-1 g
2
¢ [ LINT#86400 | < S
S
[Out | =abe [D#1970-1-2 >
[¢)
3
FBD ST =
VAR i
In : LINT; c
. . (o]
Variable declaration out :DATE; g-_
END VAR >
- m
C
=)
9
SecToDate o SecToDate (IN:=I g'
ut:=SecToDate :=In );
Program In — IN L ) &
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® In LINT 86400
® Out DATE D#1970-1-2

Result

I 5.13.20 SecToTod (Seconds to time of day conversion)

The instruction converts the number of seconds elapsed since 00:00:00 to a time of day.

Instruction Name FB/FUN Graphical representation ST representation
Seconds to time oA
SecToTod ) FUN 1 SeeteTedi— | Out:=SecToTod(In);
of day conversion

€ Variables

Name Input/Output Description Valid range Unit | Initial value
In Seconds Input Seconds elapsed since 00:00:00.  |Conforms to data type. (*)] Seconds 0
Hour,
Out Time of day Output Time of day. Conforms to data type. | minute, —
second

* Negative numbers are excluded.

BOOL Bit string Integer Real |Time, duration, date, string
g | %)

W || = s|g|c|lS <SS |lo|l=lgolrc|l® 5 a9 4 =
S 13|5|5|c/2/2|8|5|5|3|282|8|8|2|5/8|9|¢2
clmIe|Zg|8|5|F 5|5 S| F|F & |m|m© g

In O

Out O

4 Function

It converts the number of seconds "In" elapsed since 00:00:00 to a time of day. If the value of "In" is 24 hours or more, the
remainder of "In" divided by 24 hours is converted to the time of day.

An example with "In"=LINT#86410 is shown below.

LD 5T

abc=SecToTod(LINT#86410);

SecToTod g

}794 ENO|— =
LINT#86410 —|in e o

S

S

TOD#D0:00:00 f.]ﬂ,’]ﬁjj ,:\.g'lﬁ RHRLL24 i by

[ Out | =ahe (o)

Fia) [ONTE5670 s | o
3

S

FBD | ST 5

a

VAR c

In : LINT; a

Variable declaration ; : o
out : TOD; S

END_VAR T

S

o

(=

SecToTod 8

Program In —IN | Out:=SecToTod (IN:=In ); o
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86410
TOD=0:0:10

LINT
TIME_OF _DAY

@ In
# Out

Result

¢ Key points

- An exception occurs and ENO becomes FALSE, "Out" remains unchanged under the following condition:

- When the value of "In" exceeds its valid range.

I 5.13.21 TimeToNanoSec (Time to nanoseconds conversion)

The instruction converts a time duration to nanoseconds.

Instruction Name FB/FUN Graphical representation ST representation
T‘me to TimeToNanoSec
TimeToNanoSec | nanoseconds FUN - T"""“"“""se‘“ Out:=TimeToNanoSec(In);
conversion
€ Variables
Name Input/Output Description Valid range Unit | Initial value
In Time Input Time. Conforms to data type. T#0s
Out Nanoseconds Output Nanoseconds. * ns —
*-2,147,483,648 ~ 2,147,483,647
BOOL Bit string Integer Real |Time, duration, date, string
O | = %)
w = C C [
212/8|5/5/g|s|E|E|g|=z|2|c|B|&|2|8%|8|g|2
rm@g@ﬁqzﬁ—iﬂﬂ—iu—?zmmo Z
In O
Out O
4 Function
It converts the time duration "In" to nanoseconds.
An example with "In"=T#20s is shown below.
FBD ST o
PROGRAM PLC_ERG 3
VAR S
Variable declaration In :TIME; g
Ot : LINT: il
END VAR S
o
=1
TimeToNanoSec Out[___ 20000000000 :=TimeTolNanoSec( =3
Program In — 10 fut IN:= Inf TE20= ) ; EETURN [z
o
&
[=A
H S
e, =il = >
c
Result @ In TIME T#205 3
~+
@ Out LINT 20000000000 o
=
wn
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I 5.13.22 TimeToSec (Time to seconds conversion)

The instruction converts a time duration to seconds.

Instruction Name FB/FUN Graphical representation ST representation
Time to seconds TIUERac
TimeToSec ) FUN 15 TimeTeSeck— | Oyt:=TimeToSec(In);
conversion

¢ Variables

Name Input/Output Description Valid range Unit | Initial value
In Time Input Time. Conforms to data type. T#0s
Out Seconds Output Seconds. 9223372036~9223372036 | Seconds —
BOOL Bit string Integer Real |Time, duration, date, string
g | %)
w C Cc C [
AR H B HE T I HEEEE
S|H 3|8 8|2/5/3|2|3|3|5|3|F|F & & S5 7 z
In O
Out O
€ Function
It converts the time duration "In" to seconds. Values less than 1 second are truncated.
FBD ST
VAR
4 4 In :TIME;
Variable declaration Out : LINT:
END VAR
TimeToSec
Program In —IN — Cut:=TimeToSec(IN:=In );
$ In TIME T=1d1himls
Result
# Out LINT 50061

¢ Key points

« The unit of "In" is nanoseconds, and the unit of "Out" is seconds.

I 5.13.23 NanoSecToTime (Nanoseconds to time conversion)

The instruction converts nanoseconds to a time duration.

Instruction Name FB/FUN Graphical representation ST representation
Nanoseconds to ManaiecTaTims
NanoSecToTime | ) FUN T fmststaimal— 1 Out:=NanoSecToTime(In);
time conversion
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€ Variables

Name Input/Output Description Valid range Unit | Initial value
In Seconds Input Seconds. * ns 0
Out Time Output Time. Conforms to data type. ns —

*-9223372036854775808 ~ 9223372036854775807

BOOL Bit string Integer Real |Time, duration, date, string
U | = %)

™ C C C _ — =
8 12|8(5|3|2|5|8|5|2|z/2|5|B|8|2|8|8 |9t
Flm B E Bl1S5 |9 |5|5]| S| 9|~ | &2 |m|m|9 %

In O

Out O

€ Function

It converts the number of nanoseconds "In" to a time duration.
When "In"=LINT#90061000000000, the example is shown below.
LD ST

abc:=ManoSecToTime(LIN T#20061000000000);

NanoSecToTime
I EN ENO |—
LINT#30061000000000 —{In —abc

i fE]

[In | [LINT#20061000000000( ns ——= [ Out | =ahe [T#1d1h1mis

I 5.13.24 SecToTime (Seconds to time conversion)

The instruction converts a number of seconds to a time duration.

Instruction Name FB/FUN Graphical representation ST representation
Seconds to time SNty e ToTi
SecToTime ] FUN — SecToTime Out:=SecToTime(In);
conversion
o
. 3
€ Variables 3
=]
S
Name Input/Output Description Valid range Unit | Initial value =
In Seconds Input Seconds. 0~4294967 S 0 6
Out Time Output Time. Conforms to data type. S — g
=]
BOOL Bit string Integer Real |Time, duration, date, string g
W g | =2 g slclc|l€Sl€lo|l=|o|lc|=|%|2]|9|a 4 g
S|3/9/3|8|2|2|8|2|2|z2|2|Z|0|®&|2|5|2|9|Z a
2| m |38 z g 25|53 |5|=2|7|5|9|~|&|m | m|© = g
5
In O M
c
Out O rjv
[nA
S
€ Function o

It converts the number of seconds "In" to a time duration.

An example with "In"=LINT#90061 is shown below.
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LD 5T

abc:=SecToTime(LIN T#80061);

SecToTime

}7 EN ENO—
LINT#20061 — — abc

In

i)
[In] [LINT#80061|s — [0Out] =abe |T#1d1him1s

FBD | ST
VAR
In : LINT;
Variable declaration out - TIME :
END VAR
SecToTime
Program In —IN - Out:=SecToTime (IN:=In )
® In LINT 90061
Result
& Out TIME T#1d1himis

¢ Key points

- The unit of "In" is seconds.
- An exception occurs and ENO becomes FALSE, "Out" remains unchanged under the following condition:

- When the value of "In" exceeds its valid range.

I 5.13.25 ChkLeapYear (Leap year check)

The instruction determines if a given year is a leap year.

Instruction Name FB/FUN Graphical representation ST representation

ChkLeapYear
ChkLeapYear | Leap year check FUN e ChilLeapYear/— | Oyt-=ChkLeapYear(In);

€ Variables

Name Input/Output Description Valid range Unit | Initial value

In Year Input Year (Gregorian calendar). 1970~2554 Year 1970

TRUE: Is a leap year.
Out Judgment result Output Conforms to data type. — —
FALSE: Is not a leap year.

(SUOI3UNS UOIIONIISU| UOIWQ) S|IINUOCIWQ «

BOOL Bit string Integer Real |Time, duration, date, string
Q [ [%)
W  m| 2|2 |s|Slcl S Clol=lolrclr2|5 2|94 =
8 3/2/3/8|2/2|2/5|2/3|2|Z|=2|§8|2|5|S|S|Z2
In O
Out O
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¢ Function

It determines if the year "In" (Gregorian calendar) is a leap year. If it is a leap year, the judgment result "Out" is TRUE. Other-
wise, it is FALSE.

An example with "In"=UINT#2012 is shown below.
LD ST

abc:=ChkLeapYear(UINT#Z012);

ChklLeapYear

li Eh ENO—
UINT#2012 —{In Out [— abc

FEMEEH 53]

[n ]| UINT#2012 |t ———— [Out] =abe

FBD | ST
VAR
In :UINT;
Variable declaration out - BOOL;
EHD_WR
ChkLeapYear
Program In —IN L Out:=ChkLeapYear (IN:=In ):
| $ In UINT 2012
Result ¢ out ey

¢ Key points

- When the value of "In" exceeds its valid range, no exception occurs, and the value of "Out" becomes an error value.

I 5.13.26 GetDaysOfMonth (Get days of month)

The instruction obtains the number of days in a specified month.

Instruction Name FB/FUN Graphical representation ST representation
Get days of GADITOma) Out:=GetDaysOfMonth(Year,
GetDaysOfMonth Y FUN . R — Y
month Month);
@ Variables
Name Input/Output Description Valid range Unit | Initial value
Year Year out Year (Gregorian calendar). 1970~2554 Year 1970
npu
Month Month P Month 1~12 Month 1
Out Number of days Output Number of days. 28~31 Day —
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BOOL Bit string Integer Real |Time, duration, date, string
U | = %)

W | g | = s Clc|lS| S |lwvw|l=|lo|lc |l ®m 5|39l =
S|13/18|5|5/2|5|2|c5|2/2/2|2|8|8|/2|/5/8|9|2
F Mg |3 = Z315|4 S| 9|~ |&2|m|m|9 %

Year O

Month O

Out

€ Function

It obtains the number of days for the month "Month" in the year "Year".

An example with "Year"=UINT#2012 and "Month"=USINT#2 is shown below.

LD 5T

abe:=GetDaysOfMonth(UINT#2012, USINT#2),

GetDaysOfMonth

ENOf—
|— abc

|l EN
UINT#2012 —Year
USINT#Z —Month

Vear | i

P4
[ Month | A [ Out | =ahe [USINTH#29(H
FBD | ST
VAR
Year :UINT;
Variable declaration Month :USINT;
Days :USINT:
END VAR
GetDays0OfMonth
Year —¥ear | Days:=GetDaysOfMonth (Year:=Year ,
Program Month — Month Month:=Month ):
@ Year UINT 2012
Result # Month USINT 2
$ Days USINT 29

¢ Key points

- When the value of "Year" exceeds its valid range, no exception occurs, and the value of "Out" becomes an error value.

- An exception occurs and ENO becomes FALSE, "Out” remains unchanged under the following condition:

- When the value of "Month" exceeds its valid range.

I 5.13.27 GetSystemDate_sDt (Get system time in _sDT format)

The instruction obtains the system local time.

Instruction Name FB/FUN Graphical representation ST representation
GetSystemDate_ | Get system local ECENTEmINTE - GetSystemDate_sDt(
FUN GetSystemDate_sDt}—
sDt time strstembete ™ stSystemDate=> );
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€ Variables

Name Input/Output Description Valid range Unit | Initial value
Year,
month,
stSystemDate | Date and time Output Date and time, in _sDT format. Conforms to data type. |day, hour, —
minute,
second
BOOL Bit string Integer Real |Time, duration, date, string
[
AHHHHEEBEBBHEHEBHEEEE
Flml B3 Bl5 |9 |5|5]| S| 49|~ |2 |m|m|9 GZ)
stSystemDate O

¢ Function
It reads the current moment. The current moment is the standard time for the configured time zone.

FBD ST

VAR
Variable declaration SystemDate :hcfaRtcLib. sDT;
END VAR

GetSystemDate sDt
Program _— GetSystemDate_sDt (stSystemDate=> SystemDate):;

stSystemDate — SystemDate

= #§ SystemDate hcfaAtdib. _sDT

$ Year UINT 2023

# Month USINT 11
Result i i =

# Hour USINT 15

# Minute USINT 28

$ Sec USINT 38

# Millis UINT 340

I 5.13.28 DaysToMonth (Days to month conversion)

The instruction calculates the month based on the number of days elapsed since January 1st.

Instruction Name FB/FUN Graphical representation ST representation
DaysTo Days to month DaysToMonth
) FUN = st Out:=DaysToMonth(Year,Days);
Month conversion

€ Variables

(SUOI3UNS UOIIONIISU| UOIWQ) S|IINUOCIWQ «

Name Input/Output Description Valid range Unit | Initial value
Year Year Year (Gregorian calendar). 1970~2554 Year 1970
Input 1~365 (1~366 if "Year" is a
Days Days Number of days since January 1st. Day 1
leap year).
Out Month Output Month. 1~12 Month —
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BOOL Bit string Integer Real |Time, duration, date, string
U | = %)

W | g | = s Clc|lS| S |lwvw|l=|lo|lc |l ®m 5|39l =
S|13/18|5|5/2|5|2|c5|2/2/2|2|8|8|/2|/5/8|9|2
F Mg |3 = Z315|4 S| 9|~ |&2|m|m|9 %

Year O

Days (@)

Out O

€ Function

It calculates the month based on the number of days "Days" elapsed since January 1st of the year "Year".
An example with "Year"=UINT#2012 and "Days'=UINT#32 is shown below.

LD 5T

abc:=DaysToMonth(UINT#2012, UINT#32),

DaysToMonth

}—EN ENO—
UINT#2012 —Year —abc

UINT#22 —|Days

[ Year | |UINT#2012( 45 )|
— . =she [USINT#Z
[ DaysJ[ UINT#32 | e X [ou ) =ahe [USINTRZ]

FBD \ ST
VAR
Year :UINT;
Variable declaration Days :UINT;
Out :USINT:
END VAR
DaysToMonth
Qut:=DaysToMonth (Year:=Year ,
Program Year —Year -

D :=D :
Days —{Days ays:=Days )

@ Year UINT 2012
Result # Days UINT 32
$ Out USINT 2

€ Key points

- When the value of "Year" exceeds its valid range, no exception occurs, and the value of "Out" becomes an error value.
+ An exception occurs and ENO becomes FALSE, "Out" remains unchanged under the following condition:

- When the value of "Days" exceeds its valid range.

(SUOI3UNS UOIIONIISU| UOIWQ) S|IINUOCIWQ «
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I 5.13.29 GetDayOfWeek (Get day of week)

The instruction obtains the day of the week for a specified date.

Instruction Name FB/FUN Graphical representation ST representation
GetDayOfWeek
GetDayOfWeek | Get day of week FUN T cepayofiteski— | Out:=GetDayOfWeek(In);
@ Variables
Name Input/Output Description Valid range Unit | Initial value
Year,
In Date Input Date. Conforms to data type. | month, *)
day
_MON,_TUE,
_WED, THU, Day of
Out Day of week Output Day of week. —
_FEI,_SAT, week
_SUN

* Initial value is not applicable if an input parameter is omitted. An exception occurs during linking.

BOOL Bit string Integer Real |Time, duration, date, string
Q [ [%)
w [ = C r
81218588 ¢c/2/ 522258838839 :
cm|Ie 88|55 515 | S| =S |F | & |m|m | S
In O O
Out Enumeration _eDAYOFWEEK. See the Function section for enumeration elements.
4 Function

It obtains the day of the week for the date "In".

"Out” is of the enumeration type _eDAYOFWEEK. The meanings of the enumeration elements are as follows.

Enumeration element Meaning
_MON Monday
_TUE Tuesday
_WED Wednesday
_THU Thursday
_FRI Friday
_SAT Saturday
_SUN Sunday

An example with "In"=D#2011-1-1 is shown below.

LD

}—EN
Det2011-1-1—In

GetDayOf Week

ENO

—abc

10

Chl]
[In] ——— [ (ut] =ahe I

5T

abc=GetDayOfWeek(D#20 11-1-1);
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FBD ST
VAR
Variable declarat In :DATE;
ariable declaration Out : eDAYOFWEEK;
END VAR
GetDayDfWeek
Program In —IN - Out:=GetDayOfWeek (IN:=In );
@ In DATE_AND_TIME DT#2011-1-1-0:0:0
Result
@ Out _EDAYOFWEEK _SAT

I 5.13.30 GetWeekOfYear (Get week of year)

The instruction calculates the week number of the year for a specified date.

Instruction Name FB/FUN Graphical representation ST representation

GetWeekOfYear
GetWeekOfYear | Get week of year FUN —1 GetWeskofear— | O t:=GetWeekOfYear(In);

¢ Variables

Name Input/Output Description Valid range Unit | Initial value
Year,
In Date Input Date. Conforms to data type. | month, *)
day
Out Week number Output Week number of the year. 1~54 va;/ec: —

* Initial value is not applicable if an input parameter is omitted. An exception occurs during linking.

BOOL Bit string Integer Real |Time, duration, date, string
g | %)
W | m | = e e T = I Y I I o T B - O S B I [ & T =
S %153 5 2 2|25z |3|z2|z|8 &2 5|2|9|2
= | m |8 Z = 5| = 2154 S|4 |~ &2 |m|m|© -
In O o
Out O
4 Function

It calculates the week number of the year for the date "In". A week is defined as Monday to Sunday. The week number in-
crements when Sunday changes to Monday. January 1st is always in week 1. For example, if January 1st is a Thursday, then
January 1st (Thursday) to January 4th (Sunday) is week 1; January 5th (Monday) to January 11th (Sunday) is week 2.

An example with "In"=D#2011-2-1 is shown below.

(SUOI3UNS UOIIONIISU| UOIWQ) S|IINUOCIWQ «
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LD ST

abc: =GetWeek OfYear(D#2011-2-1);

GetWeekOfYear

}7 EN ENO—
D220 11-2-1 —abc

—In

L

[In | |[D#2011-21 | —————= [ Out | =ahe 5 |USINT#E| g

FBD | ST
VAR
In :DATE:
Variable declaration Out :USINT:
END VAR
GetWeekOfYear
Program In —IN | Cut:=GetWeekOfYear (IN:=In );
# In DATE D#2011-2-1
Result
# Out USINT 4

I 5.13.31 DtToDateStruct (Date and time decomposition)

won non won non

The instruction decomposes a date and time into "year", "month", "day", "hour", "minute", and "second".

Instruction Name FB/FUN Graphical representation ST representation
Out:=DtToDateStruct(
Date and time " i
DtToDateStruct N FUN - BHlctscaty — ||
decomposition
DateStruct);
¢ Variables
Name Input/Output Description Valid range Unit | Initial value R
Year, o
3
month, 3
_ _ DT#1970-1- S
In Date and time Input Date and time. Conforms to data type. |day, hour, 120:0:0 C
-0:0: —
minute, e
second (o)
Out Return value Always TRUE. TRUE only. g
Date and time decomposed into S
Decomposed date Output o e \ - — =]
DateStruct i year", 'month’, "day", "hour”, — [z
and time . . \ S
minute", "second". S
[
o
BOOL Bit string Integer Real |Time, duration, date, string -3n
=} [ 0 c
w [ <= C r
8 |3|8|5/5|2/5|8|E|¢|5|2|5|8(8|2 8|8 ||z =
c|lmI S| B|&8|5|F| 5|5 S| F | & |m|mC & o
>
In @) 2
Out (@)
DateStruct Structure _sDT. See the Function section for details.
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¢ Function

won non won won

It decomposes the date and time "In" into "year", "month", "day", "hour”, "minute", and "second".

The decomposed date and time "DateStruct” is of the structure type _sDT. The specifications is as follows.

Variable Name Description Data type Valid range Unit Initial value

Date and time

decomposed into
Decomposed date

DateStruct and time "year", "month”, _sDt — — —
"day", "hour",
"minute”, "second".
Year Year Year UINT 1970~2554 Year
Month Month Month USINT 1~12 Month
Day Day Day USINT 1~31 Day
Hour Hour Hour USINT 0~23 Hour B
Min Minute Minute USINT 0~59 Minute
Sec Second Second USINT 0~59 Second

An example with "In"=DT#1970-1-1-12:12:12 is shown below.

FBD ST
VAR
) ) In :DATE AND TIME;
Variable declaration i :_EIDT? =
END VAR
DtToDateStruct
Program In —IN | Out:=DtToDateStruct (IN:=In );
# In DATE_AND_TIME  DT#1970-1-1-12:12:12
= @ Out _aDT
@ Year UINT 1970
& Month  USINT 1
Result
@ Day USINT 1
# Hour USINT 12
@ Minute USINT 12
@ Sec USINT 12

¢ Reference

To combine the decomposed "year", "month’, "day", "hour", "minute”, and "second" into a date and time, use the "Date-
StructToDt instruction”. An example for obtaining the current time is shown below.

®LD ®s5T

DitToDateStruct(_CurrentTime, abc);

DtToDateStruct

}— EN ENO p—
CurrentTime —

. In —

DateStruct|— abc

(SUOI3UNS UOIIONIISU| UOIWQ) S|IINUOCIWQ «

¢ Key points

+ The return value "Out" is not used when employing this instruction in an ST program.
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I 5.13.32 DateStructToDt (Date and time composition)

The instruction combines a date and time decomposed into "year”, "month", "day", "hour”, "minute", and "second".
Instruction Name FB/FUN Graphical representation ST representation
Date and time DateStructToDt
DateStructToDt - FUN ‘[‘“ petesnaTelt— | Qut:=DateStructToDt( In);
composition

@ Variables

Name Input/Output Description Valid range Unit | Initial value
Date and time decomposed into
Decomposed date . . e .
In i Input year', "month’, "day", "hour", — — —
and time
"minute”, "second".
Year,
month,
Decomposed date )
Out ) Output Decomposed date and time Conforms to data type. |day, hour, —
and time i
minute,
second
BOOL Bit string Integer Real |Time, duration, date, string
g | n
w [ Cc C _ [ =
212|855 2|s|8|E|g|z/2|5/8|8|2|8|8|q|3
e | |&|8|8|3(5|5|3 |5 |7|5|5|F|E|~|A|5|% 2
In Structure _sDT. See the Function section for details.
Out PPl Jo
4 Function
It combines the date and time "In", decomposed into "year", "month’, "day", "hour", "minute”, and "second".
"In" is of the structure type _sDT. The specification is as follows.
Variable Name Description Data type Valid range Unit Initial value

Date and time

decomposed into
Decomposed date

DateStruct "year", "month’", _sDt — — —
and time
"day”, "hour”
minute”, "second". o
Year Year Year UINT 1970~2554 Year §
o
Month Month Month USINT 1~12 Month a
Day Day Day USINT 1~31 Day 3_*
Hour Hour Hour USINT 0~23 Hour 6
Min Minute Minute USINT 0~59 Minute 3
o
Sec Second Second USINT 0~59 Second S
=3
a
FBD ST c
o
VAR (=
) ) In :_aDT; g
Variable declaration out :DATE_AND TIME; EI
END VAR >
= o
(=
S
DateStructToDt )
Program In —1N L OQut:=DateStructToDt (IN:=In ): =~
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= @ In _sOT
$ Year UINT 1970
@ Month  USINT 1
@ Day USINT 1
Result # Hour USINT 12
® Minute USINT 12
$ Sec USINT 12
# Out DATE_AND TIME DT#1970-1-1-12:12:12

€ Key points

- An exception occurs and ENO becomes FALSE, "Out" remains unchanged under the following conditions:
- When the value of any structure element of "In" exceeds its valid range.

-+ When the processing result exceeds the valid range of "Out".

I 5.13.33 TruncTime (Time truncation)

The instruction truncates values smaller than a specified unit in an LTIME-type variable.

Instruction Name FB/FUN Graphical representation ST representation

TruncTime
TruncTime Time truncation FUN :‘ccurm TruneTime[— | Oyt:=TruncTime(In, Accuracy);

€ Variables

Name Input/Output Description Valid range Unit | Initial value
In Source time Source time for truncation. Conforms to data type. ns T#0s
) ] Input The smallest time unit that is not
Accuracy Truncation unit (1,2,4,8) — 0
truncated.
Out Truncated time Output Truncated time. Conforms to data type. ns —
BOOL Bit string Integer Real |Time, duration, date, string
Q — n
@ C C C _ — =
8 12|8(5|3|2|5|8|5|2|z/2|5|B|8|2|8|8 |2t
clmIe 8|85 |5|5 S|4 || & |m | m|© 5
In @)
Accuracy O
Out (@)
4 Function

It truncates values in the source time "In" that are smaller than the truncation unit "Accuracy”. The truncated value is stored
in the truncated time "Out".

"Accuracy" is of BYTE type. The meanings of its values are as follows.

(SUOI3UNS UOIIONIISU| UOIWQ) S|IINUOCIWQ «

Accuracy Meaning
1 Second
2 Millisecond
4 Microsecond
8 Nanosecond
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FBD ST
VAR
TIME IN :LTIME;
Variable declaration TIME OUT :LTIME;
Accuracy :BYTE;
END_VAR
TruncTime )
TIME OUT:=TruncTime (In:=TIME_IN,
Program TIME IN—In — Accuracy:=Accuracy )
Accuracy —Accuracy
& TIME_IN LTIME LTIME#12d20h38m31s111ms111usilins
Result % TIME_OUT LTIME LTIME#12d20h38m31s
@ Accuracy BYTE i

I 5.13.34 TruncDt (Date and time truncation)

The instruction truncates values smaller than a specified unit in a DT-type variable.

Instruction Name FB/FUN Graphical representation ST representation
Date and time ln LI . 3 _
TruncDt truncation FUN aecuragy oul_ | Out=TruncDt(In, Accuracy);
@ Variables
Name Input/Output Description Valid range Unit | Initial value
Year,
month,
Source date and ) ) DT#1970-1-
In Source date and time for truncation.| Conforms to data type. |day, hour,
time ] 1-0:0:0
minute,
Input second
_MILLISEC,
) ) The smallest time unit that is not _SEC, R
Accuracy Truncation unit — _MILLISEC
truncated. _MINUTE, (©)
_HOUR g
Year, a
(=g
month, e
Truncated date and ) —
Out . Output Truncated date and time. Conforms to data type. |day, hour, — (o)
ime
minute, g
second S
=]
&
BOOL Bit string Integer Real |Time, duration, date, string e
meEECCCCm olr | ® | 5|29 o @ 2
S|3/9/8|g|2|2/2|5|2z|3|z|z|8B|&8|2/5/8|/9|/2 S
Flm|IS|8|8|5|F|5|5)| S ||| F|m | m |9 %;n
In O a
Accuracy Enumeration _eSUBSEC. See the Function section for enumeration elements. o
>
@
Out [ N O =X -
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¢ Function

It truncates values in the source time "In" that are smaller than the truncation unit "Accuracy”. The truncated value is stored

in the truncated time "Out".

An example with "In" = DT#2022-12-27-17:13:50 and "accuracy” = _MINUTE is shown below.

FBD ST
PROGRAM FLC _FRG
WAR
In DT>
Variable declaration acCuracy :HCFL OmronUitls. eSUBSEC:
Out :DT;
END VAR
TruncDt
- T Ou - our TR In:= In/SSENS
Program P = Accuracy:= accuracyl _WNUTE
Out=> Out] DT#2022-12-27-17:13:0 I
FAT E- i =]
@ In DATE_AND TIME  DT#2022-12-27-17:13:50
Result
# accuracy _ESUBSEC _MINUTE
@ Out DATE_AMD_TIME DT=2022-12-27-17:13:0

"Accuracy" is of the enumeration type _eSUBSEC. The meanings of the enumeration elements are as follows.

Enumeration element Meaning
_MILLISEC Millisecond
_SEC Second
_MINUTE Minute
_HOUR Hour

I 5.13.35 TruncTod (Time of day truncation)

The instruction truncates values smaller than a specified unit in a TOD-type variable.

Instruction Name FB/FUN Graphical representation ST representation
Time of day amcod
TruncTod FUN 1B TruneTodi— | Oyt:=TruncTod(In, Accuracy);
truncation T L
¢ Variables
Name Input/Output Description Valid range Unit | Initial value
Hour,
In Source time of day Source time of day for truncation. Conforms to data type. | minute, | TOD#0:0:0
second
Input _MILLISEC,
_ ) The smallest time unit that is not _SEC,
Accuracy Truncation unit — _MILLISEC
truncated. _MINUTE,
_HOUR
Hour,
Truncated time of
Out g Output Truncated time of day. Conforms to data type. | minute, —
a
Y second
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BOOL Bit string Integer Real |Time, duration, date, string
9 — (%]
C C [ -
g(2/8|15(5/8|5|8|E|¢lz/2/2/8/8/2/|8/|8|9|2
e|m|8|8|&2|3|5|5|3 |53 |7 |5 |3 |87 A5 |72
In (@)
Accuracy Enumeration _eSUBSEC. See the Function section for enumeration elements.
Out PPl fol |
4 Function

It truncates values in the source time of day "In" that are smaller than the truncation unit "‘Accuracy". The truncated value is

stored in the truncated time of day "Out".

An example with "In" = TOD#12:12:12 and "accuracy” = _MINUTE is shown below.

FBD ST
FROGRAM FLC FRG
VAR
) i In +TOD ;
Variable declaration ACCUracy +HCFA OmronlUitls. eSUBSEC:
out :TOD;
END VAR
TruncTeod(
: . 'l‘runr:TorlO o In:= In__T:mﬁ-z:-z:-z s
Program n[_ToD#12:12:12 }—1In ut [~ Out [__ToD#1z:-12-0 Accuracy:= accuracyl _MWUTE ],
accuracy _—-mm Accuracy Outes {}utn;
F=iAT -S| B
g In TIME_OF_DAY TOD#12:12:12
Result
# accuracy _ESUBSEC _MINUTE
# Out TIME_OF_DAY TOD#12:12:0

"Accuracy" is of the enumeration type _eSUBSEC. The meanings of the enumeration elements are as follows.

Enumeration element Meaning
_MILLISEC Millisecond
_SEC Second
_MINUTE Minute
_HOUR Hour

I 5.13.36 TimeToMilliSec (Time to milliseconds conversion)

The instruction converts a time duration to milliseconds.

Instruction Name FB/FUN Graphical representation ST representation
Time to TimeToMilliSec
TimeToMilliSec milliseconds FUN = TimeToMilliSec— | Oyt-=TimeToMilliSec(in:= );
conversion
€ Variables
Name Input/Output Description Valid range Unit  |Initial value
In Time Input Time. Conforms to data type. T#0s
Out Milliseconds Output Milliseconds. 9223372036~9223372036|Milliseconds —
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BOOL Bit string Integer Real |Time, duration, date, string
U | = %)
w C & C [
g(2/8|15(5/8|5|8|E|¢lz/2/2/8/8/2/|8/|8|9|2
o|m|g|8|8|3|3|5|3|5|7|5|5|F|E|F|A|5 |7 |¢
In O
Out @)
€ Function
FBD ST
VAR
Intime : TIME ;
Variable declaration out . LINT:
END VAR
TimeToMilliSec
Program —— i Out :=TimeToMilliSec(in:= Intime);
Intime —in —— Qut
@ Intime TIME T#5Sm36s
Result
’ $ Out LINT 336000
I 5.13.37 MilliSecToTime (Milliseconds to time conversion)
The instruction converts milliseconds to a time duration.
Instruction Name FB/FUN Graphical representation ST representation
Milliseconds to ! MMsecToTime =
MilliSecToTime | A FUN 1 MillisecTeTimer— | Oyt:= MilliSecToTime (in:=);
time conversion
€ Variables
Name Input/Output Description Valid range Unit  |Initial value .
In Milliseconds Input Milliseconds. 9223372036~9223372036|Milliseconds g
Out Time Output Time. Conforms to data type. T#0s §
S
BOOL Bit string Integer Real |Time, duration, date, string s
Q [} [%) =
w (e cC | c [ (@)
8125|358/ 2(s|E|E|g|z|2|5|8|8/2|%|8|g|2 %
2 |m| 8|z |&|53|5|F|5|7 |7 5|5 |F|F R MO 5 S
In e 5
[%2]
Out e} =
c
a
(=
€ Function S
T
c
FBD ST a
(=
VAR g
& L
Incime : LINT
Variable declaration o
Out : TIME;
END VAR
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MilliSecToTime
Program Intime —in —— Qut Cut :=MilliSecToTime (in:= Intime);
& Intime LINT 34567
Result
$ Out TIME T#345567ms

5.14 SD Memory card instructions

I 5.14.1 FileWriteVar (Variable to file write)

The instruction writes the value of a single variable in binary format to a specified file on the SD memory card.

Instruction Name FB/FUN Graphical representation ST representation
FileWriteVar instance(
Execute,
FileName,
. . FileWriteVar .
Variable to file —{Execute Donef— erte\/ar,
FileWriteVar . FB —FileName Busyl—
write JHneever et Done,
Busy,
Error,
ErroriD);
€ Variables
Name Input/Output Description Valid range Unit  |Initial value
Function block ) )
Execute i Function block trigger. Conforms to data type. — FALSE
trigger
FileName | Specified file name ot File name to write to. Maximum 66 bytes (65
npu
P half-width alphanumeric
WriteVar Specified variable Variable to be written. characters + terminating @)
NULL character).
Done Done Done. —
Busy Busy Busy. — FALSE °
Output Conforms to data type. o
Error Error Error. — 3
ErrorlD Error ID Error code. — 0 §
S
* Initial value is not applicable if an input parameter is omitted. An exception occurs during linking. =
BOOL Bit string Integer Real |Time, duration, date, string g
= C (%] =
w C & C _ [ = o
8 13|8/5|3|2|5|E|E|2|5|8|5|8|8|2|8|8|9|2 °
clmIe 88|55 |5 S|4 || & |m | m|Y 2 2
~
Execute O c
o
FileName O g‘.
O O O @) O @) O O O O O O O O O O O O O O >
WriteVar a
Also applicable to enumerated types, entire arrays, a single array element, entire structures, or a single structure element. S
o
Done @) g’-
Busy (@) a
Error O
ErrorlD O
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¢ Function

It writes the value of a single variable "WriteVar" in binary format to the file specified by "FileName" on the SD memory card.
Enumerated types, entire arrays, a single array element, entire structures, or a single structure element can also be specified for
"WriteVar". If a file with the same name as "FileName" does not exist on the SD card, a new file is created. If "FileName" includes
a directory path and that directory does not exist on the SD card, the directory is created.

Note: A directory is created only if the deepest specified directory in the path does not exist.

An example is shown below. Writes the entire array variable WriteVar[] to a file named Test/temp.bin’. WriteVar(] is set as a
BYTE-type array variable with 5 elements.

FBD | ST
FROGEAM FLC FRG
VAR
FileWriteVar :FileWriteVar;
Execute :BOOL;
FileName :5TRING :="Test/temp.bin';
Variable declaration WriteVar :ARRAY [0..4] OF BYTE;
Done :BOOL;
Busy :BOOL;
error :BOOL;
errorid :UDINT:
END VAR
FileWriteVar(
Elimnriievar ExecuteEE:= ExccuteEGNEL,
FileWriteVar FileName[ Testtemp. P |:= FileName[ Testitemp. »
Execute m—Execute Done = Done WriteVar:= WriteVar,
Program FileNeme FileName Busy M= Busy DonE—> Done DAL,
WriteVar —WriteVar ERROR = error
ErrorID—errorid 0
ErrortI 1> errorsd )

F=ETL =H E
+ @ FileWritevar FileWriteVar
= d WriteVar ARRAY [0..4] O...
& Writevar[0] BYTE 1
@ Writevar[1] BYTE g
@ WriteVar[2] BYTE 3
& Writevar[3] BYTE 7
Result & WriteVar[4] BYTE 22
@ errorid UDINT 0
@ Busy BOOL
# error BOOL FALSE
@ FileMame STRIMG Test/temp.bin’
@ Ewecute BOOL
@ Done BOOL TRLUE

€ Key points
- The instruction continues execution to completion even if "Execute" becomes FALSE or the execution time exceeds the
task period. Confirm normal completion by checking if the value of "Done" becomes TRUE.

- When "WriteVar" is an entire structure, padding areas may be inserted between members depending on the specific
structure.

- An exception occurs and "Error" is TRUE under the following conditions:

+ When the SD memory card is not in a usable state.
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- When the SD memory card is write-protected.

- When there is insufficient free space on the SD memory card.

-+ When the value of "FileName" is an invalid file name.

+ When the number of files or directories that can be created is exceeded.

- When a file with the same name as "FileName" already exists and is being accessed.

+ When a file with the same name as "FileName" already exists and the value of "OverWrite" is FALSE.
- When a file with the same name as "FileName" already exists and that file is read-only.

- When an exception occurs preventing access while the SD memory card is being accessed.

I 5.14.2 FileReadVar (File to variable read)

The instruction reads the value from a specified file on the SD memory card in binary format and writes it to a variable.

Instruction Name FB/FUN Graphical representation ST representation
FileReadVar instance(Execute,
FileName,
ileReadVar ReadVar,
i File to variable B ek Danel—
FileReadVar FB —IFileName s |Done,
read —ReadVar Er:;]o[;:
Busy,
Error,
ErrorlD);
€ Variables
Name Input/Output Description Valid range Unit  |Initial value
Function block ) ]
Execute i Function block trigger. Conforms to data type. — FALSE
trigger
FileName | Specified file name nout File name to read from. Maximum 66 bytes (65
npu
P half-width alphanumeric
ReadVar Specified variable Variable to read into. characters + terminating (*)
NULL character).
Done Done Done. —
Bus Bus Busy. — FALSE
Y Y Output y Conforms to data type. g
Error Error Error. — 3
ErrorlD Error ID Error code. — 0 a
(=g
* Initial value is not applicable if an input parameter is omitted. An exception occurs during linking. @
o
BOOL Bit string Integer Real |Time, duration, date, string 3‘
o
Q — (%]
W | m| = c c | c — x| 5|4 o = >
o | < |0 é g & % S|E | 2|z g S| DAz o|lg |2 5
O | Al 2| 3|%|Z2|5|Z2|Z2 | 5|93 |5 |5|2|lz2|lm|lAlo7F |z @&
— O o o — — — - — m ) Py
c
Execute @) s}
[
FileName @) S
O O O @) O O O O O O O O O O O O ©) O O O E'
ReadVar - - - - - S
Also applicable to enumerated types, entire arrays, a single array element, entire structures, or a single structure element. 8
Done O g
&
Busy O
Error O
ErrorlD @)
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€ Function

It reads the internal value of the file specified by "FileName" on the SD memory card in binary format. The read value is
assigned to the read target variable "ReadVar". Enumerated types, entire arrays, a single array element, entire structures, or a
single structure element can also be specified for "ReadVar",

An example is shown below. Reads the contents of a file named Test/temp.bin’. Writes the data into the array variable
ReadVarl]. ReadVar[] is set as a BYTE-type array variable with 5 elements.

FBD ST
PROGRAM PLC_PRG
WAR
FileReadVar :FileReadVar;
Execute *BOOL;
Filelams :STRING :="Tezt/temp.bin';
Variable declaration ReadVar ARRAY [0..2] OF BYTE;
Done :BOOL;
Busy :BOOL;
Error :BOOL;
errorid :UDINT;
END VAR
FileReadVar (
Execucc A= ExecuczEEIE,
FileReadVar FileName[ Testtemp. b = FileName[ Testtemp. b
. Erm—: Flle“f‘-ﬁﬂ"arn rene NEEEEE ReadVar:= ReadVar,
Hecute Xecute ione = Done TRUE UE IS one U
Program FileName FileName Busy M= Buay DoneRENER-> Done REIER,
BeadVar — ReadVar Error (= error o error )
Ezxonil - errorid [N ErrorIfl___ 0 k> errorid 0 ):
=& R =]
+ @ FileReadVar FileReadvar
@ Execute BOOL
@ FileMame STRING Testftemp.bin’
= @ ReadVar ARRAY [0..4] O...
@ ReadVar[0] BYTE 1
@ ReadVar[1] BYTE 5
Result
i ReadVar[Z] BYTE 3
@ ReadVar[3] BYTE 7
i ReadVar[4] BYTE 22
& Done BOOL
@@ Busy BOOL FALSE
@ error BOOL FALSE
@ errorid UDINT 0

¢ Key points

- The instruction continues execution to completion even if "Execute’ becomes FALSE or the execution time exceeds the
task period. Confirm normal completion by checking if the value of "Done" becomes TRUE.

- If the specified file size is larger than the size of "ReadVar", no exception occurs; only data corresponding to the size of
"ReadVar" is read.

- If the specified file size is smaller than the size of "ReadVar", no exception occurs; only data corresponding to the size of
the specified file is read. The remaining area of "ReadVar" retains its value from before the instruction execution.

- When "ReadVar" is an entire structure, padding areas may be inserted between members depending on the specific
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structure.

- An exception occurs and "Error” is TRUE under the following conditions:

+ When the SD memory card is not in a usable state.

+ When the value of "FileName" is an invalid file name.

- When the file specified in "FileName" does not exist.

- When the file specified in "FileName" is being accessed.

- When an exception occurs preventing access while the SD memory card is being accessed.

I 5.14.3 FileOpen (File open)

This instruction opens a specified file on the SD memory card.

Instruction Name FB/FUN Graphical representation ST representation
FileOpen_instance(Execute,
FileName,
FileOpen Mode,
—{Execute Donef— D
—Fi L |Done,
FileOpen File open FB _::LE::M Erur?r_
ErrorlDf— Busy,
FilelDi— | Error
ErrorID,
FilelD);
@ Variables
Name Input/Output Description Valid range Unit  |Initial value
Function block ] )
Execute i Function block trigger. Conforms to data type. — FALSE
trigger
Maximum 66 bytes (65
half-width alphanumeric
FileName | Specified file name File name to open. o
characters + terminating
Input
NULL character).
MWRITE
Enumeration HCFA_OmronUitls file. MREAD
Mode Open mode *
MODE. MRDWR
MAPPD
Done Done Done.
Busy Busy Busy. FALSE
Error Error Output Error. Conforms to data type. —
ErrorlD Error ID Error code. 0
FilelD File ID File handle. 0

* Initial value is not applicable if an input parameter is omitted. An exception occurs during linking.

BOOL Bit string Integer Real |Time, duration, date, string
—
82|52 2(g|s|8E|2lz|2/c|8|8|3 8|8 3
clmIe 818|555 4|4 || & |m | m|O =
Execute O
FileName ©
Mode Enumeration HCFA_OmronUitls.FILE.MODE. See the Function section for enumeration elements.
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Done O
Busy @)
Error (@)
ErrorlD ©)
FilelD O

€ Function

It opens the file specified by "FileName" on the SD memory card in the mode specified by "Mode". After opening the file, it
outputs the file ID "FilelD". Use "FilelD" when specifying the file for instructions like FileRead and FileWrite.

An example is shown below. Opens a file named "Test/temp.txt’ and outputs the file handle to "FilelD".

FBD ST
VAR
FileOpen :FileQpen;
openEx :BOOL;
FileName :STRING :="Test/temp.txt';
) ) Mode :HCFA OmronUitls.file.MODE;
Variable declaration —
openDone :BOOL;
openBusy :BOOL;
openError :BOOL;
openErrorID :UDINT;
FileID :DWOERD ;
FileOpen(
Execut=[EIE:= cp=nExEEIEL,
FileOpen FileName[ Testtemp. b |:= FileName[ Testiemp. F |
opentx Filefipen one apendans Mode[ MWRITE  |:= Mode[ MWRITE |,
Program FileNaze FileNane Busy - openBusy Done => openDon=REIEI,
Mode Hode Error [~ openError Busy] > openBusyg
Eifj:g :;ii:ﬁ;r Errorfl > openErrorENEA,
ErrorID[___ 0 F> openErrorID__© |,
FilelID| is7eseesss |> FileIrf ioreseesse | :
FET =3 =}
+ @ FileOpen FileOpen
# openx BOCL
@ FileName STRIMG Testftemp.bdt’
@ Mode MODE MWRITE
Result
@ openDone BOOL
& openBusy BOOL FALSE
@ openErrar BOOL FALSE
& openErrorlD LDINT 0
@ FilelD DWORD 1976566936

"Mode" is of the enumeration type _eFOPEN_MODE. The meanings of the enumeration elements are as follows.

Enumeration element Meaning
MWRITE Write access. The file will be overwritten or created. Read permission.
MREAD The file will be opened for reading only. Read/write access permission.
MRDWR The file will be overwritten or created.

The file will be opened in WRITE mode, but data written will be
MAPPD

appended to the end of the file.
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€ Key points

- The instruction continues execution to completion even if "Execute’ becomes FALSE or the execution time exceeds the
task period. Confirm normal completion by checking if the value of "Done" becomes TRUE.
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+ This instruction must be executed before the FileSeek, FileRead, FileWrite, FileGets, and FilePuts instructions.
- Always execute the FileClose instruction to close a file opened with this instruction after use.

- The value is stored in "FileID" when this instruction completes, i.e., when the value of "Done" changes from FALSE to
TRUE.

- If the SD memory card is removed while a file is open, the file remains open. However, reading/writing to the file will not
be possible after re-inserting the SD card. To read/write the file, reopen it.

- An exception occurs and "Error" is TRUE under the following conditions:

+ When the SD memory card is not in a usable state.

+ When the SD memory card is write-protected.

+ When "Mode" is AM_READ, AM_APPEND, or AM_READ_PLUS, and the file specified in "FileName" does not exist.
- When the value of "FileName" is an invalid file name.

+ When the number of files or directories that can be created is exceeded.

- When the file specified in "FileName" is being accessed.

- When the file specified in "FileName" is read-only.

+ When an exception occurs preventing access while the SD memory card is being accessed.

I 5.14.4 FileClose (File close)

This instruction closes a specified file on the SD memory card.

Instruction Name FB/FUN Graphical representation ST representation
FileClose_instance(Execute,
FileClose FiIeID,
—{Execute Donef— Done,
FileCose File open FB —FileID Busyf—
Errarf— |Busy,
ErrorIDf— Error,
ErroriD);
@ Variables
Name Input/Output Description Valid range Unit  |Initial value C.)
Function block 3
Execute ) Function block trigger. FALSE o
trigger Input a
FilelD File ID File handle. 0 =
 — (%)
Done Done Done. Conforms to data type. — 6
Bus Bus Busy. FALSE 3
Y Y Output Y o
Error Error Error. S
ErrorlD Error ID Error code. 0 a
=
c
BOOL Bit string Integer Real |Time, duration, date, string 8
w | g || 2|5|¢ c | c x| 540 a S
S|13/8/15|5/2|5|2|c/2/z|2|2|/8|8/2|5|8|2|2 o~
clmI S| B|&8|5|F |55 S| 49|~ | &2 |m|m|9 = 5
Execute (@) g-
FilelD o 3
Done O
Busy O
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Error O
ErroriD O

4 Function
It closes the file specified by "FilelD" on the SD memory card.

An example is shown below. Closes the file whose file ID is set to the value of the variable FilelD.

FBD ST
FROGRAM FLC_FRG
WAR
FileOpen :HCFL OmronUitls.FileOpen;
openEx :BOOL;
FileName : STRING:="Test/Temp.txt";
Mode :HCFA OmronlUitls.FILE.MODE;
openDone :BOOL;
openBusy :BOOL;
openError :BOOL;
Variable declaration openErrorlD :UDINT:
FileID :DWORD ;
FileClose +HCFA_OmronUitls.FileClose;
closeEx :BOOL;
closeDone :BOOL;
closeBusy :BOOL;
closeError :BOOL;
closeErrorID :UDINT;
END VAR
FileClose(
FileClose ExecuteEiEl:= clos=ExEGNE,
ctosets BRI ome i ccenone BEE £1le ISR~ r1lc IOENSENE,
Program FileID 3056605264 —{FilelD Busy = closeBusy = soelEEs et EEL
s Iy S ErzorBMEe> closcErrorEEA,
ErrorIl _©  |> closeErrorID 0 ) ;[EEfuEn]
@ FilelD DWORD 3056605264
+ @ FileClose HCFA_Omran...
@ closeBx BOOL TRUE
Result @ closeDone BOCL TRUE
@ closeBusy BOOL FALSE
@ closeError BOICIL FALSE
& closeBrroriD LDINT 0

€ Key points
- Do not execute this instruction multiple times consecutively for the same file, as it may cause abnormal PLC operation
or even a system crash.

- The instruction continues execution to completion even if "Execute" becomes FALSE or the execution time exceeds the
task period. Confirm normal completion by checking if the value of "Done" becomes TRUE.

- "FilelD" must be obtained beforehand by executing the FileOpen instruction.

- Always execute this instruction to close a file opened with the FileOpen instruction after use; otherwise, unexpected re-
sults may occur.
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- If the SD memory card is removed while a file is open, the file remains open. However, reading/writing to the file will not
be possible after re-inserting the SD card. To read/write the file, reopen it.
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- An exception occurs and "Error” is TRUE under the following conditions:
+ When the SD memory card is not in a usable state.

- When the file specified in "FilelD" is being accessed.

- When the file specified in "FileID" does not exist.

- When an exception occurs preventing access while the SD memory card is being accessed.

I 5.14.5 FileSeek (File seek)

This instruction sets the file position indicator for a specified file on the SD memory card.

Instruction Name FB/FUN Graphical representation ST representation
FileSeek(Execute,FilelD,
Offset,
FileSeek Origin,
—Execute Donefp—
FileSeek File seek FB —FilelD Busyi— |Done,
—Offset Errorf—
— ORigin ErrorlDf— BUSy
Error,
ErrorlD);

€ Variables

Name Input/Output Description Valid range Unit  |Initial value
Function block

Execute i Function block trigger. — FALSE

trigger

Input
File ID for which to set the file Conforms to data type.
FilelD File ID o —
position indicator. 0
Offset Offset Offset position from "Origin". BYTE
_SEEK_SET,

B o Reference position for the file
Origin Origin o _SEEK_CUR, — _SEEK_SET
position indicator.

_SEEK_END
Output
Done Done Done.
Busy Busy Busy. FALSE
Conforms to data type. —
Error Error Error.
ErrorlD Error ID Error code. 0 (@)
3
o
BOOL Bit string Integer Real |Time, duration, date, string ]
Q — [7,) C
w C [ C [ [
B2 5|2 Slg| S|s|c 2/ z|2/c/& 2|2 8|3d8|lg|= =
S | Alz2|812/z/3|22|3|353|3|3|2|8|&|7|0|7]|% ~
[ oSO |lg |5 | F 3| 4 — [@) o
Execute (@) .3‘
o
FilelD O S
=]
Offset O Q
o
ORigin Enumeration _eFSEEK_ORIGIN. See the Function section for enumeration elements. S
~
Done @) o
=]
Busy O g
Error O (:3
(=4
ErrorlD @) g
L
€ Function

It sets the file position indicator for the file specified by file ID "FileID" on the SD memory card. The file position indicator is
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the position within the file from which reading or writing starts when instructions like FileRead and FileWrite are executed. For
example, to read from the beginning of a file, set the file position indicator to the beginning of the file using the FileSeek in-
struction, then execute the FileRead instruction. The file position indicator is set to the position calculated by adding the offset

"Offset” to the reference position "Origin’".

"Origin” is of the enumeration type _eFSEEK_ORIGIN. The meanings of the enumeration elements are as follows.

Enumeration element

Meaning

_SEEK_SET Beginning of the file.
_SEEK_CUR Current position of the file position indicator.
_SEEK_END End of the file.

An example is shown below. Sets the file position indicator to a position 3 bytes from the beginning of the file.

FBD ST
PROGRAM FLC _FRG
WAR
FileID :DWORD ;
File3esk tHCFL OmronUitls.FileSeek;
seekEx :BOOL;
Variable declaration et :DINT;
origin +HCFA OmronUitls. eFSEEE _ORIGIHN;
seekDone :BOOL;
seekBusy :BOOL;
seekError :BOOL;
seekErrorID :UDINT;
FileSeek(
ExecuteIEEL:= se=kExEGNE,
e Filerol somsserer - Filenn{ s ],
seexex [ESEE— Exccute Done seekDone Offset] 3 J:= offset] 3 I
Prog ram FileID[ 3086605264 |—FileID Busy (= seekBusy ORigin[ SEEK SET |:= origin[ Seex ser |,
offSet[ 3 | —{0ffset Error (= seekError
origin [ SEER SET |—ORigin ErrorIDseekErrorID [0 |
. c'rD‘II) ; BETURN]
F=ET =3 =} -
i@ FilelD DWORD 3056605264
+ @ FileSeek HCFA_Omron...
@ seekEx BOOL
@ offset DINT 3
Result o
@ origin _FFSEEK_ORI... _SEEK_SET
@ seekDone BOOL
@ seskBusy BOOL FALSE
i seekError BOOL FALSE
@ seekErrorlD UDINT 0
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I 5.14.6 FileRead (File read)

This instruction reads data from a specified file on the SD memory card.

Instruction Name FB/FUN Graphical representation ST representation
FileRead(Execute, FilelD,
ReadBuf,
Size,
FileRead
—{Execute Done— |Done,
—{FileID Busy—
FileRead File read FB —{ReadBuf ERROR— | Busy,
—{SIZE ErrorID—
ReadSizef— | Error,
EOFf—
ErrorlD,
ReadSize,
EOF);
@ Variables
Name Input/Output Description Valid range Unit  |Initial value
Function block
Execute ) Function block trigger. Conforms to data type. — FALSE
trigger
File ID for which to set the file
FilelD File ID 0
Input position indicator.
Conforms to data type. —
Number of elements
Size Number of elements to read. 1
to read
ReadBuf Read buffer Destination for read data. Conforms to data type. — —
Actual number of
ReadSize Actual number of elements read.
elements read
Determines if the end of file is
Conforms to data type. — —
reached.
EOF End of file
TRUE: Reached.
Output
P FALSE: Not reached.
Done Done Done.
Busy Busy Busy.
Conforms to data type. — FALSE
Error Error Error.
ErrorlD Error ID Error code.
BOOL Bit string Integer Real |Time, duration, date, string
(=] [ n
w C C C [
828|552 |s|8|E(g|=z|2|5|8|8|3|8|8|g|2
clmIe 818|555 S| =S| & |m|m | S
Execute O
FilelD O
Size (@)
O cjojojo,o}jo}jojojoj,olo|lojojojJo]o|l0O0|0]O0O
ReadBuf
Arrays of enumerated types or arrays of structures can also be specified.
ReadSize O
EOF O
Done (@)
Busy (@)
Error O
ErrorlD ©)
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€ Function

It reads data starting from the current file position indicator of the file specified by file ID "FileID" on the SD memory card
and saves it to the read buffer ReadBufl]. The file position indicator can be set to any position beforehand using the FileSeek
instruction. The amount of data to be read is (size of ReadBuf[] data type) x "Size", i.e,, "Size" elements of ReadBuf[]. ReadBuf(]
can be an array of enumerated types or an array of structures. The actual number of elements read is stored in "ReadSize". Nor-
mally, the value of "Size" matches the value of "ReadSize". If the amount of data from the file position indicator to the end of file
is less than "Size", no exception occurs; data up to the end of file is saved to ReadBuf[]. In this case, the value of "ReadSize" is
less than the value of "Size". Furthermore, if reading reaches the end of file, the end-of-file flag "EOF" becomes TRUE. Other-
wise, "EOF" is FALSE.

An example is shown below. Reads a file named Test/temp.itxt' (the file is first opened in read access mode via the File-
Open instruction to obtain a file handle). ReadBuf] is set as a BYTE-type array variable with é elements, attempting to read 6
BYTEs of data. It reads the byte array previously written to the Test/temp.txt’ file using the FileWrite instruction. It also reads to
the end of the file, and EOF outputs TRUE.

FBD ST
FileRead :FileRead;
readEx +BOOL;
ReadBuf :ABRAY [0..35] OF BYTE;
Size :UINT:=0;
Variable declaration readDone *BOOL;
readBusy :BOOL;
readError :BOOL;
readErrorld :UDINT:
readSize :UINT;
ECF :BOOL;
FileRead(
ExecutzIEIE: = readExEGEIEN,
FileRead FileID| istesersos |:= FileID[ isvesersis |,
FileRead — ReadBuf:= ReadBuf [0][1 ],
riiers P [riacte reasmene TR SIZE[ & ;= Size[ 5],
Program ReadBuf[0] [1_}—{ReadBuf ERRUR-r=aderDr DoneEENE-> readDon:=EEIEN,
size[ € }—{SIZE ErrorID-readErrorId [0 | => readBusyNEE,
RE““;;;:;Z;GS”E L= ERROREIER=> readErrorIEA,
— ErrorIl{_ 0 > readErrorId] o |,
ReadSize[ 5 |koreadSize[ 5 |,
ECFEENE-> EOFEEDE :
+ @ FileRead FileRead
@ readbx BOOL
= @ ReadBuf ARRAY [0..5] Q... (o)
@ ReadBuf[0] BYTE i g
@ ReadBuf[1] BYTE 5 %
& ReadBuf[2] BYTE 3 >
& ReadBuf[3] BYTE 35 (@)
Result _3‘
@ ReadBuf[4] BYTE 44 g
@ FReadBuf[s] BYTE 0 g
ize UINT c
@ 5 g :
o
@ readDaone BOOL TRUE =4
| TRUE| 5
& readBusy BOOL FALSE '3|'|
@ readError BOICIL FALSE ‘-_:;
o
& readErrorld LDINT 0 g'
>
»

¢ Key points

- The instruction continues execution to completion even if "Execute" becomes FALSE or the execution time exceeds the
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task period. Confirm normal completion by checking if the value of "Done" becomes TRUE.
- If the value of "Size" exceeds the array bounds of WriteBuf[], a program exception occurs and "Error" becomes TRUE.
- "FilelD" must be obtained beforehand by executing the FileOpen instruction.

+ When WriteBuf[] is an array of structures, padding areas may be inserted between members depending on the specific
structure.

- An exception occurs and "Error” is TRUE under the following conditions:

+ When the SD memory card is not in a usable state.

- When the file specified in "FilelD" is being accessed.

- When the file specified in "FileID" does not exist.

- When an exception occurs preventing access while the SD memory card is being accessed.

- When the file specified in "FilelD" is not opened in a writable mode.

| 5.14.7 FileWrite (File write)

This instruction writes data to a specified file on the SD memory card.

Instruction Name FB/FUN Graphical representation ST representation
FileWrite(Execute, FilelD,
WriteBuf,

Size,

FileWrite
Execute Doneg|
FileID Busy
WriteBuf ERROR|
Size ErrorID|
WriteSize]

Done,
FileWrite File write FB

Busy,

Error,
ErrorlD,
WriteSize);

€ Variables

- Actual number of )
WriteSize ) Actual number of elements written. 0
elements written

* Initial value is not applicable if an input parameter is omitted. An exception occurs during linking.

Name Input/Output Description Valid range Unit  |Initial value
Function block
Execute . Input Function block trigger. Conforms to data type. — FALSE
rigger

FilelD File ID ID of the file to write to. 0 C.)
WriteBuf[ ] ) ) 3
Write buffer Data to be written. ™ 3
array Input Conforms to data type. — S
C
Number of elements =
Size ) Number of elements to write. 1 o
to write ~~
o
Done Done Done. 3
=
o

Bus Bus Busy.
4 4 y FALSE >
Error Error Error. 7
Output Conforms to data type. — b
ErrorlD Error ID Error code. c
=
o
S
T
c
>
a
[nA
o
>
&
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BOOL Bit string Integer Real |Time, duration, date, string

JHHHEBEBEEBBEBBEBHEBEEE
rm0€§_|—|_|_|—l S| 9|~ |&2|m|m|9 %
Execute | O
FilelD O
oj]o,o,o0o}j]o},oj]ojojojlojloj]ojojoj]ojLo|jo0o]0]0]O0

WriteBufl ] array
Arrays of enumerated types or arrays of structures can also be specified.

Size (@)
Done O
Busy O
Error (@)
ErrorlD @)
WriteSize (@)

€ Function

It writes data to the file specified by file ID "FileID" on the SD memory card, starting at the current file position indicator.
The file position indicator can be set to any position beforehand using the FileSeek instruction. The data to be written is the
content of the write buffer WriteBuf[]. The amount of data to be written is (size of WriteBuf[] data type) x "Size", i.e., "Size" ele-
ments of WriteBuff]. WriteBuf[] can be an array of enumerated types or an array of structures. The actual amount of data writ-
ten is output to "WriteSize".

An example is shown below. Writes the entire array variable WriteBuf[] to a file named 'Test/temptxt' (the file is first opened
in write access mode via the FileOpen instruction to obtain a file handle). WriteBuf[] is set as a BYTE-type array variable with 5

elements.
FBD | ST
PROGERAM FLC FRG
WAE.
FilelID :DWORD ;
FileWrite :HCFA OmronUitls.FileWrite;
writeEx :BOOL;
. s i e e . .
Variable declaration writeBufl tARRAY [0..4] OF BYTE;
writeDone :BOOL;
writeBusy :BOOL;
writeError :BOOL;
writeErrorID :BOOL; °
writeSize :OINT: g
=
o
FileWrite( a
ExecutcfEIE: = writ=ExEEUE, -
Filewrite FileIL[ is7ssess04 |:= FileID{ 1s7esessie |, o
writeEx iemite Done writeDone WriteBuf:= WriteBuf[0 ”Il' 6
p Filern FilerD Busy [ writeBusy Size[[ 5 |:= Size[ 5 |, 3
rogrem B - Il DoneBENEl-> writ=Done HENEN =
WriteSize [-writeSize Buay| > writeBusyNES, g
ERRCREIER=> writeErrorFIEd, —_
ErrorID 0 F>writeErrorID 0 |, a
WriteSize[ 5 k> writeSize[ 5 |; =g
c
o
[=A
o
-]
T
c
>
o
[=A
o
-]
»n
N
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+ @ FileWrite FileWrite
@ wiriteEx BOOL
- & WriteBuf ARRAY [0..4] O...
@ WriteBuf[0] BYTE 1
& WriteBuf[1] BYTE ]
@ WriteBuf[2] BYTE ]
Result @ WriteBuf[3] BYTE 35
& WriteBuf[4] BYTE H“
@ writeDone BOOL TRUE
@ writeBusy BOOL FALSE
& writeError BOOL FALSE
& writeErrariD UDIMT 0
@ writeSize UINT ]

€ Key points
- The instruction continues execution to completion even if "Execute’ becomes FALSE or the execution time exceeds the
task period. Confirm normal completion by checking if the value of "Done" becomes TRUE.

- If the value of "Size" exceeds the array bounds of WriteBuf[], a program exception occurs and "Error" becomes TRUE.
- "FilelD" must be obtained beforehand by executing the FileOpen instruction.

-« When WriteBuf[] is an array of structures, padding areas may be inserted between members depending on the specific
structure.

- An exception occurs and "Error" is TRUE under the following conditions:

+ When the SD memory card is not in a usable state.

- When the file specified in "FilelD" is being accessed.

- When the file specified in "FilelD" does not exist.

+ When an exception occurs preventing access while the SD memory card is being accessed.

- When the file specified in "FilelD" is not opened in a writable mode.

I 5.14.8 FilePuts (File write string) g)
3
This instruction writes a string to a specified file on the SD memory card. S
C
Instruction Name FB/FUN Graphical representation ST representation %
— FilePuts(Execute, FilelD, In, (33
—Execute Done— |Done, Busy, 3
FilePuts File write string FB —FilelD Busyf— 35
—{n Errorf— |Error, =
ErrorIDf—
— ErroriD); a
c
(2]
[
€ Variables S
c
Name Input/Output Description Valid range Unit  |Initial value 3
~
Function block ] ) o
Execute i Function block trigger. — FALSE >
trigger G
f .
FilelD File ID Input ID of the file to write to. Conforms to data type 0
In String to write String to be written.
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Done Done Done.
Busy Busy Busy.
Output Conforms to data type. — FALSE
Error Error Error.
ErrorlD Error ID Error code.

* Initial value is not applicable if an input parameter is omitted. An exception occurs during linking.

BOOL Bit string Integer Real |Time, duration, date, string
—

JHHHHBEBEBBHEEHBBEEEE
clmIe 818|555 S|4 || & |m | m|© S

Execute O

FilelD O

In O

Done O

Busy O

Error O

ErrorlD O

4 Function
It writes the string "In" to the position of the file position indicator in the file on the SD memory card specified by file ID "Fil-
elD". The file position indicator should be set to any position beforehand using the FileSeek instruction.

An example is shown below. Writes "putIn” to a file named 'Test/String.txt' (the file is first opened in write access mode via
the FileOpen instruction to obtain a file handle). An example with "putin” = ABCDEFG' is shown below.

FBD | ST
FilePuts :FilePuts;
putEx :BOOL
putln : STRING;
Variable declaration putDone :BOOL;
putBusy :BOOL;
putError :BOOL;
putErrorID :TUDINT;
FilePuts(
FilePurs ExecuteEEE:= putExEGIEL,
FilePuts FileID| 1876566504 |:= FileII| is7eseesd |,
p putEx Done putDone [IEERR In[ AECDEFE ;= putIn[ ABCDEFG |,
rogram FileID [ 1576566504 |—FileID Busy = pucBusy |G one => putDoncEGEDNE, .
’ el e R (e
? 3 Error@ > putError| . O
ErrorI0___© k> putErrorIlf 0 |i: _3‘
o
S
¥ @ FilePuts FilePuts S
@ putEx BOOL TRUE @
o
@ putln STRING ABCDEFG 3
=
@ putDone BOOL TRUE S
é# putBusy BOOL FALSE 7
—+
# putError BOOL FALSE §
Result (=4
@ putErroriD LDINT 0 o
=
T
- c
_| String.txt - iIC=F a
[=A
Fd O
MHE ®EE B0 EENV EEH) 2

ABCDEFG|
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€ Key points

- The instruction continues execution to completion even if "Execute" becomes FALSE or the execution time exceeds the
task period. Confirm normal completion by checking if the value of "Done" becomes TRUE.

- If the value of "Size" exceeds the array bounds of WriteBuf[], a program exception occurs and "Error" becomes TRUE.
- "FilelD" must be obtained beforehand by executing the FileOpen instruction.

- When WriteBuf[] is an array of structures, padding areas may be inserted between members depending on the specific
structure.

- An exception occurs and "Error” is TRUE under the following conditions:

+ When the SD memory card is not in a usable state.

- When the file specified in "FilelD" is being accessed.

- When the file specified in "FileID" does not exist.

- When an exception occurs preventing access while the SD memory card is being accessed.

- When the file specified in "FilelD" is not opened in a writable mode.

I 5.14.9 FileGets (File read string)

This instruction reads one line of text from a specified file on the SD memory card.

Instruction Name FB/FUN Graphical representation ST representation
FileGets_instance(Execute,
FilelD,
FileGets TrimLF,
—|Execute Donef— Don
—{FileD Busy}— | ~°"®
FileGets File read string FB —{TrimLf ERROR[— |Busy,
ErrorIDf—
outb— Error,
EQOFF— | ErrorID,
Out,
EOF);
€ Variables
Name Input/Output Description Valid range Unit  |Initial value o)
Function block §
Execute } Function block trigger. FALSE o
trigger a
FilelD File ID ID of the file to read from. 0 =
Inout Flag to trim line breaks from the read| Conforms to data type. — °
npu
) o P string. _3‘
TrimLF Trim line break flag FALSE o
TRUE: Trims. =)
FALSE: Does not trim. 2_
Out Read string Read string. §
Determines if the end of file is g
=]
reached. — T
EOF End of file c
TRUE: Reached. 3
FALSE: Not reached. Conforms to data type. - g’
Output >
Done Done Done. o,
Busy Busy Busy. FALSE
Error Error Error.
ErrorlD Error ID Error code. —
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* Initial value is not applicable if an input parameter is omitted. An exception occurs during linking.

BOOL Bit string Integer Real |Time, duration, date, string
JEHHHBEBEBEBBEBBEEBHBBEBE
c|mlg | 83|85 55| S| A || F|m | m |9 5

Execute O

FilelD O

TrimLF O

Out (@)

EOF O

Done O

Busy O

Error O

ErrorlD O

€ Function

It reads one line of text starting from the current file position indicator of the file specified by file ID "FilelD" on the SD
memory card. The file position indicator can be set to any position beforehand using the FileSeek instruction. Line breaks are
used to identify the separation between lines. The read string is written to the read string "Out". Line breaks are automatically
identified from three types: CR, LF, and CR+LF. When the trim line break flag "TrimLF" is TRUE, the line break is removed from
the string before writing to "Out". Furthermore, if reading reaches the end of file, the end-of-file flag "EOF" becomes TRUE.
Otherwise, "EOF" is FALSE.

An example is shown below. Reads a file named Test/String.txt' and outputs the data to "Out" (the file is first opened in
read access mode via the FileOpen instruction to obtain a file handle).

FBD | ST
FileGets tFileGets;
getEx :BOOL;
TrimLf :BOOL;
getDone :BOOL;
Variable declaration getBusy : BOOL;
getError :BOOL;
getErrorId :TUDINT;
ut t STRING;
Eof +BOOL;
FileGets(
iiec ExecuteiEIEN: = g=tExEGIE,
ileGets . - —— . T
Diseers FileTo] ToTEEeeE J:- Fileln e,
getEx Done getDone
FileID[ 1576566536 |—FileID Busy = getBusy
Prog ram Trinis [ENER—Trinle ERROR f= getError
ErrorIDgetErrerld [0 ]
Out [~ Out. ) => getErrorEA,
ECF p Eof ErrorI)f 0 F> getErrorId _© ],
Out[ ABCDEFGE > Out[ 'ABCDEFG |,
20y TRUE Soaloltd TRUE JE
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+ @ FileGets FileGets

# getEx BOOL

@ TrimLf BOOL FALSE

@ getDone BOOL TRUE
Result @ getBusy BOOL FALSE

# getError BOCL FALSE

& getFrrorld UDIMT o

@ Out STRING ‘MBCDEFG

# Eof BOOL

€ Key points

- The instruction continues execution to completion even if "Execute" becomes FALSE or the execution time exceeds the
task period. Confirm normal completion by checking if the value of "Done" becomes TRUE.

- If the length of a line exceeds 1985 bytes, the first 1985 bytes of the string (plus the terminating NULL character) are
stored in "Out".

- "FilelD" must be obtained beforehand by executing the FileOpen instruction.

- An exception occurs and "Error” is TRUE under the following conditions:

+ When the SD memory card is not in a usable state.

- When the file specified in "FilelD" is being accessed.

- When the file specified in "FileID" does not exist.

- When an exception occurs preventing access while the SD memory card is being accessed.

- When the file specified in "FilelD" is not opened in a writable mode.

| 5.14.10 FileCopy (File copy)

This instruction copies a specified file on the SD memory card.

Instruction Name FB/FUN Graphical representation ST representation

FileCopy(Execute, SrcFileName,
DstFileName, .
Flecopy OverWrite, o
. . —{Execute Donef— _3‘
FileCopy File copy FB e leniame pusy— Done, g

—{QverWrite ErrorlDf—
Busy, C
=
Error, n
ErroriD); )
3
o
€ Variables -
=]
b
Name Input/Output Description Valid range Unit  |Initial value c
o
Function block =
Execute i Function block trigger. Conforms to data type. — FALSE g
trigger -
SrcFile Name | Source file name Source file name. Maximum 66 bytes (65 %
o
half-width alphanumeric =
Destination file Input o g
In Destination file name. characters + terminating o
name - ~
NULL character).
TRUE: Overwrite allowed.
OverWrite Overwrite flag ) . Conforms to data type. FALSE
FALSE: Overwrite prohibited.
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Done Done
Bus Bus
Y Y Output
Error Error
ErrorlD Error ID

Done.

Busy.

Error.

Error code.

FALSE

* Initial value is not applicable if an input parameter is omitted. An exception occurs during linking.

BOOL Bit string Integer Real |Time, duration, date, string
-
82|52 /2(g|s|8E|2lz|2|c|8|8|3 8|8 3
clmIe 88|57 |55 S| F | &g |m|m O 2
Execute O
SrcFileName (@)
In
OverWrite @)
Done (@)
Busy (@)
Error (@)
ErrorlD O

¢ Function

It copies the file specified by the source file name "SrcFileName" on the SD memory card to the destination file name "Dst-
FileName". If a file with the same name as "DstFileName" already exists on the SD card, the following processing is performed

according to the value of the overwrite flag "OverWrite".

Value of "OverWrite"

Processing

TRUE (Overwrite allowed)

Overwrites the existing file.

FALSE (Overwrite prohibited)

An exception occurs if overwriting is not performed.

An example is shown below. Copies a file named 'Test/String txt' to a new file named 'Test/copy.txt'.

FBD ST

FROGEAM FLC FRG

WAE
FileCopy rFileCopy:
copvEX :BOOL
Src t STRING:="T==3t/5 1. tXt";
Dst :STRING:="Test/copy.txt';

Variable declaration overdrite -BOOL;

copyDone +BOOL;
copyBusy +BOOL;
copy¥Error :BOOL;
copyErrorld :UDINT;

END VAR

FileCopy(
ExecuteEIA:= copyExEREIEN,
?;EZW?’ SrcFileName[ Tesvswmn ¥ Ji= Sro[ Tevswn ¥,
copyEx IERE—txecute etopr Done oy DstFileName[ Testicopy. # |:= Dst[ Testicopy. * |,
Program Src [ "Tast/Serin )l —SrcFileName Busy = copyBusy IR ] : = overiric:EIER,
Dst DstFileName Error ~ copyError
overiirite [[EXIER—Overirite ErrorID —copyErrorIld [0 ]

Al copyErro;

,
ErrorID 0 P> copyErrorldl @ ):

291

L]
o
3
=
o
=)
[
.
o
~—~
o
3
=
o
S5
=3
[%]
(=g
=
[
(2]
=
o
>
n
[
>
(2]
=
o
>
(%
N



FEF i =]
+ @ FileCopy FileCopy

# copyBx BOOL TRUE

# 5o STRING Test/String.bat’

i Dst STRING Test/copy.bit’

Result

@@ overirite BOOL

@ copyDone BOOL TRUE

@ copyBusy BOOL FALSE

g copyErrar BOOL FALSE

& copyErrorld UDINT 0
@ Device x
EREE EFH B - |Ea X < RuntimeSE T | #13: | [ Test - |t
o = RY B EH RT =
ISR I‘- SRECYCLEBIN 151 copy.oxt TER 2022/12/28 17:13
He s = B
Bt I : :i 11 temp.on o 2022/12/28 1393
PLCRE I }Eﬁwn
ki Hew
e
iEHRIR | 1 onmyos

| 1 system volume Informati

SymbolRights I ‘wv
fEAmE I :;?JPHCE““E
s | |ingTa
" | | ezza
=8 5] strng.tet 754 20212028 1601

¢ Key points

- The instruction continues execution to completion even if "Execute” becomes FALSE or the execution time exceeds the
task period. Confirm normal completion by checking if the value of "Done" becomes TRUE.

- If the SD memory card is removed while a file is open, the file remains open. However, reading/writing to the file will not
be possible after re-inserting the SD card. To read/write the file, reopen it.

- An exception occurs and "Error" is TRUE under the following conditions:
+ When the SD memory card is not in a usable state.

+ When the SD memory card is write-protected.

- When there is insufficient free space on the SD memory card.

- When the file specified in "SrcFileName" does not exist.

- When the value of "SrcFileName" is an invalid file name.

- When the value of "DstFileName" is an invalid file name.

+ When the number of files or directories that can be created is exceeded.

+ When a file with the same name as "DstFileName" already exists and is being accessed.

- When a file with the same name as "DstFileName" already exists and the value of "OverWrite" is FALSE.
- When a file with the same name as "DstFileName" already exists and that file is read-only.

- When an exception occurs preventing access while the SD memory card is being accessed.
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| 5.14.11 FileRemove (File delete)

This instruction deletes a specified file on the SD memory card.

Instruction Name FB/FUN Graphical representation ST representation
FileRemove(Execute, FileName,
FileRemove Done,
—Execute Daonef—
FileRemove File delete FB —{FileName Busy[— Busy,
ErrorlDfF— Error
ErroriD);
€ Variables
Name Input/Output Description Valid range Unit  |Initial value
Function block ) )
Execute } Function block trigger. Conforms to data type. FALSE
trigger
Maximum 66 bytes (65
) o ) half-width alphanumeric
FileName | Specified file name Input File name to be deleted. o —
characters + terminating
NULL character).
Done Done Done.
Bus Bus Busy.
Y Y y Conforms to data type. FALSE
Error Error Error.
Output
ErrorlD Error ID Error code.
* Initial value is not applicable if an input parameter is omitted. An exception occurs during linking.
BOOL Bit string Integer Real |Time, duration, date, string
(@] [l n
W c c | c _ - 9
813185 5/2|5/2/E|g/z/2|5/8 8 3 8 8 3|2
clmIe 885|755 S B T I e - B B 3
Execute O
FileName O
Done (@)
Busy O
Error (@)
ErrorlD @)
4 Function

It deletes the file specified by the file name "FileName" on the SD memory card.

An example is shown below. A file named Test/String.txt' exists in the PLC. The FileRemove instruction is called to delete
this file.

RuntimeiZ{TH | B33: | [ Test - | <t
8 R Eo

i

=] string.txt =% 2022/12)23 18:53

|=] Mew txt 5= 2022/12(28 15:00

IE] copy.tt Feat 2022/12/28 17:18

| 1 temp.bin e 2022/12/28 13:49

(SUOI3UNS UOIIONIISU| UOIWQ) S|IINUOCIWQ «
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FBD ST

FROGRAM FLC FRG

VAR
FileRemowe :FileRemowve:
removeEx :BOOL;

] ) FileName STRING:="Test/String.txt’;
Variable declaration removeDone .BOOL:

removebBusy +BOOL;
removeError :BOOL;
removeErrorId :DINT;

END VAR

FileRemove {
Execute [l := removeExEGEIEL,

removeEx FileNams| TestSwin F |:= FileName| TestStin k|
Program FileHone IR —| Done[EE=> removeDone EENEL,
Busy| removeBusy@
Error@Eg=> removeErrorFER,
ErrorID__ 0 > removeErrorldl 0 |):
FET E-ie] =]
+ @ FileRemove FileR.emove
@ removebx BOICIL
@ FileMame STRING Test/String.bd’
Result
@ removeDone BOCL
@ removeBusy BOICIL FALSE
@ removeError BOIOL FALSE
# removeErrorld UDINT 0
The file named 'Test/String.txt' has been removed.
Runtime=fTH | 3543 | [ Test - | & &
=R R fEor
|
IE] copy.ixt sy 2022/12/28 17:18
=] temp.txt 52y 2022/12/23 15:00
|1 temp.bin o= 2022/12/28 13:49

¢ Key points
- The instruction continues execution to completion even if "Execute" becomes FALSE or the execution time exceeds the
task period. Confirm normal completion by checking if the value of "Done" becomes TRUE.

- If the SD memory card is removed while a file is open, the file remains open. However, reading/writing to the file will not
be possible after re-inserting the SD card. To read/write the file, reopen it.

- An exception occurs and "Error” is TRUE under the following conditions:
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+ When the SD memory card is not in a usable state.

-+ When the file specified in "FilelD" is being accessed.
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- When the file specified in "FileID" does not exist.
- When an exception occurs preventing access while the SD memory card is being accessed.

- When the file specified in "FilelD" is not opened in a writable mode.

I 5.14.12 FileRename (File rename)

This instruction changes the name of a specified file or directory on the SD memory card.

Instruction Name FB/FUN Graphical representation ST representation
FileRename( Execute,
FileName,
NewName,

FileRename
—Execute Dongp— OverWrite,
FileRename File rename FB T fileName. sy
—Oue.rWr\te ErrorlDf— Done,
Busy,
Error,
ErrorID);
€ Variables
Name Input/Output Description Valid range Unit  |Initial value
Function block
Execute i Function block trigger. Conforms to data type. — FALSE
trigger
FileName Original file name Original file name. Maximum 66 bytes (65
half-width alphanumeric
Input o
NewName New file name New file name. characters + terminating

NULL character).

TRUE: Overwrite allowed.
OverWrite Overwrite flag ) . Conforms to data type. FLASE
FALSE: Overwrite prohibited.

Done Done Done.
Busy Busy Busy.
Output Conforms to data type. — FALSE
Error Error Error.
ErrorlD Error ID Error code.
* Initial value is not applicable if an input parameter is omitted. An exception occurs during linking. O
3
BOOL Bit string Integer Real |Time, duration, date, string 3
(@) [ %) 3
o] C Cc [ —
JEHHBEBBEBABBBEEEBBEEEEE:
S A|l2|R®|=2|Z2|53|2|Z2|5|5F 5|5 |&2|2|m|m|Oo |z &
[ © | 8|6 | = ~ o iy
Execute @) (33
FileName (@) o
-]
NewName 5
b
OverWrite O o
Done ©) 8
o
Busy O S
T
Error O g
Q
ErrorID O <
o
-]
. &
4 Function

It changes the name of the file or directory specified by the original file name "FileName" on the SD memory card to the
new file name "NewName". If a file or directory with the same name as "NewName" already exists on the SD card, the following
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processing is performed according to the value of the overwrite flag "OverWrite".

Value of "OverWrite"

Processing

TRUE (Overwrite allowed)

Overwrites the existing file.

FALSE (Overwrite prohibited)

An

exception occurs if overwriting is not performed.

An example is shown below. A file named 'Test/temp.xt’ exists in a folder. The FileRename instruction is called to change

the file name to 'Test/New.xt'.

Runtime=fTH | §51F: [ Test - | L
=% F=F Ea
t .
=] copy.txt e 2022/12/28 17:13
temp. tt 5= 2022/12/28 15:00
| 1 temp.bin 0=23% 2022/12/28 13:49
FBD ST
[PROGRAM PLC_ERG
WAER
FileRename :FileRename;
renameEx +BOOL;
FileName :STRING:="Test/tem Xt";
Variable declarati NewNams :STRING:="Test/Hew.txt";
ariable declaration sveriirite - BOOL:
renameDone :BOOL;
renameBusy :BOOL;
renameError +BOOL;
renameErrorId +UDINT;
END VAR
FileRename (
Execute EEIEl:= renam=ExEGIEN,
FileName| Testtemp. # |:= FileNams[ Testiemp # |
iie:mnm HewlName[ TestNewt » |:= Newlame[ TestNewt » |,
Program s i b oo Tt M,
overirite [ENEH— Overirite ErrorID— renameErrorld
FRROREER=>renam=Error IER,
ErrorIIf @  F> renameErrorId 0  |);
F=ET -] =]
+ @ FileRename FileRename
@ renamebx BOOL
@ FileMame STRIMNG Testftemp.bd’
@ MNewhName STRING Test/MNew.bd’
Result
@ overWrite BOOL FALSE
@ renameDone BOOL TRUE
@ renameBusy BOOL
@ renameError BOOL FALSE
& renameErrorld UDINT 1

In the PLC, the file has been renamed to 'Newixt'.
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Runtimej={Th | §5iE: | [ Test -~ | i

= R=r LT
1

New. bt e 2022/12/28 15:00
2] copy. bt e 2022/12/28 17:18
| T temp.tin 03y 2022/12/28 13:49

¢ Key points
- The instruction continues execution to completion even if "Execute’ becomes FALSE or the execution time exceeds the
task period. Confirm normal completion by checking if the value of "Done" becomes TRUE.

- If the directories of "FileName" and "NewName" are different, the file is moved to the directory specified by "NewName".

- If the SD memory card is removed while a file is open, the file remains open. However, reading/writing to the file will not
be possible after re-inserting the SD card. To read/write the file, reopen it.

- An exception occurs and "Error" is TRUE under the following conditions:

+ When the SD memory card is not in a usable state.

+ When the SD memory card is write-protected.

+ When the file specified in "FileName" does not exist.

-+ When the value of "FileName" or "NewName" is an invalid file name.

- When the file specified in "FileName" is being accessed.

+ When the number of files or directories that can be created is exceeded.

+ When a file with the same name as "NewName" already exists and the value of "OverWrite" is FALSE.

+ When a file with the same name as "NewName" already exists, the value of "OverWrite" is TRUE, and that file is read-on-

+ When an exception occurs preventing access while the SD memory card is being accessed.

I 5.14.13 DirCreate (Directory create)

(©)
The instruction creates a directory with a specified name on the SD memory card. 3
=
o
Instruction Name FB/FUN Graphical representation ST representation é
DirCreate(Execute, DirName, 3—'.
DirCreat a
—{Execute e Donef— Done’ g
DirCreate Directory create FB —{DirName Busyf— | Busy, 5
Errorf— [e]
ErrorlDf— | Error, S
5
ErroriD); ]
=
c
: e
@ Variables 5
=]
T
Name Input/Output Description Valid range Unit  |Initial value =
Function block 8—
Execute ) Function block trigger. Conforms to data type. — FALSE o
trigger a
Maximum 66 bytes (65 =
Input
) ) half-width alphanumeric
DirName Directory name Name of the directory to be created. o —
characters + terminating
NULL character).
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Done Done Done.
Bus Bus Busy.
y Y Output Y
Error Error Error.
ErrorlD Error ID Error code.

Conforms to data type. —

FALSE

* Initial value is not applicable if an input parameter is omitted. An exception occurs during linking.

BOOL Bit string Integer Real |Time, duration, date, string
AHHEHEEEBEEEEHEBBEEE
i L I~ R = R B T e T =T = N S| A (- | &2 |m|m|9 -

Execute O

DirName O

Done O

Busy (@)

Error O

ErrorlD o

¢ Function

It creates a directory on the SD memory card with the name specified by the directory name "DirName”.

An example is shown below. The DirCreate instruction is called to create a new directory named 'NewDir' in the root direc-

tory of the PLC.

FBD ST
L PROGEAM PLC PRG
WAR
E] DirCreate :DirCreate;
H creEx :BOOL;
Variable declaration dirliame -STRING :="lewDir';

crelone :BOOL;
creBusy :BOOL;
creError :BOOL;
creErrorID +HCFA OmronUitls.FILE.ERRCR;

DirCreate

DirCreate

creEx EEE—Execute Done —EET—————

DirCreate(
ExecutciEIEl:= cr=ExEGIE,
Dirlawe] Wb := dirNane] Wedr ],
E '

Prog ram dirName DirName Busy = creBuay
Error e creError
{~ creError WO ERROR Error[@ES=
ErrorID E ID [ NDO ERROR | ErrorTo WEERT b

= -S| =]
+ @ DirCreate DirCreate

@ creBux BOOCIL TRUE

@ dirName STRIMG ‘WewDir'

Result

@ creDone BOOL

@ creBusy BOIOL

@@ creError BOOL FALSE

@ creErrarlD ERROR NO_ERROR

298

L]
o
3
=
o
=)
[
.
o
~—~
o
3
=
o
S5
=3
[%]
(=g
=
[
(2]
=
o
>
n
[
>
(2]
=
o
>
(%
N



Runtimej=fThY | B&1%: | [ / - | CJ ¥

. =t 2
MewDir

1y

FlashFiles
TestFile. txt

123

_one
Application. core
TextDirectory
cert

PlcLogic

wisu

rrr

String. txt =

CUUUVPRPRRE U

2022/12/28 16:01

-t

€ Key points

- The instruction continues execution to completion even if "Execute’ becomes FALSE or the execution time exceeds the
task period. Confirm normal completion by checking if the value of "Done" becomes TRUE.

- If the SD memory card is removed while a file is open, the file remains open. However, reading/writing to the file will not
be possible after re-inserting the SD card. To read/write the file, reopen it.

- An exception occurs and "Error” is TRUE under the following conditions:
+ When the SD memory card is not in a usable state.

+ When the SD memory card is write-protected.

- When there is insufficient free space on the SD memory card.

- When the number of directories that can be created is exceeded.

- When the directory specified in "DirName" already exists.

- When the value of "DirName" is an invalid directory name.

- When an exception occurs preventing access while the SD memory card is being accessed.

I 5.14.14 DirRemove (Directory remove)

This instruction deletes a specified directory on the SD memory card.

Instruction Name FB/FUN Graphical representation ST representation
DirRemove(Execute, DirName,
All,
DirRemove
—Execute Donef— |Done,
DirRemove  |Directory remove FB —|DirName Busy|—
—all Errerf— | Busy,
ErrorlDf—
Error,
ErroriD)
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€ Variables

Name Input/Output Description Valid range Unit  |Initial value
Function block Conforms to data type.
Execute . Function block trigger. — FALSE
rigger

Maximum 66 bytes (65
) ) } half-width alphanumeric
DirName Directory name Name of the directory to be deleted. o
characters + terminating

Input NULL character).

Specifies handling when files/ —
subdirectories exist in the directory.
o Conforms to data type.
ALL All flag TRUE: Deletes along with files/ FASLE
subdirectories.

FALSE: Does not delete.

Done Done Done.
Busy Busy Busy. Conforms to data type. FALSE
Output —
Error Error Error. \
ErrorlD Error ID Error code.

* Initial value is not applicable if an input parameter is omitted. An exception occurs during linking.

BOOL Bit string Integer Real |Time, duration, date, string
2 2| 2|z|5|6(c|S|S|2|lz|2/c|3|82|2 d|cls
2|m|8|g|8|5(5|5|5|5|F|5|S|F|F|m|m|S |72

Execute O

DirName O

All O

Done O

Busy (@)

Error O

ErrorlD O

€ Function

It deletes the directory specified by the directory name "DirName" on the SD memory card. If files or subdirectories exist
within the specified directory, the following processing is performed according to the value of the "All" flag.

Value of "All" Processing
TRUE Deletes the specified directory along with all files and subdirectories.
FALSE Does not delete the specified directory, causing an exception.
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An example is shown below. A folder named "12356.txt’ exists in the root directory of the PLC. The DirRemove instruction is
called to delete this folder.

RuntimeizfTh  B&3: [ / - | ¥ [
= = B
[_d FlashFiles
[ TestFile.txt
3 123
[ _onc
[ Application.core
[d TextDirectory
[ 12356.txt |
[ cert
[ Pld ogic
[ wisu
[ rer
I=] string.txt yicoa 2022/12/28 16:01
FBD ST

DirRemove :DirRemove;

remiEx :BOOL;

all :BOOL;

Variable declaration remlone +BOOL:

remBusy :BOOL;

remError :BOOL;

remErrorID :HCFA OmronUitls.FILE.ERROR;

DirRemove (
DirRemove Executc EE: = rerExERIE,
DirRemove
remEx [JEEEEI—Execute Done (—{JEE
Program dirName DirName Busy = remBusy
all [Ea—111 Error (= remError
ErrorID [~ remErrorID | NO ERROR Error .
ErrorID[ WOERRGR |> renErrorlD[ WOERROH ) :EEFUR

+ & DirRemaove DirRemove
@ rembEx BOOL TRUE
@ all BOCL
Result @ remDone BOOL
@ remBusy BOOL FALSE
& remError BOOL FALSE
@ remErroriD ERROR WNO_ERROR

(SUOI3UNS UOIIONIISU| UOIWQ) S|IINUOCIWQ «
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In the PLC, the folder '12356.txt' has been removed.

Runtimeiz{Th | B54%: | (4 / - | L

Fad R =
FlashFiles

1

Testfile.tet

123

_nc
Application.core
TextDirectory
cert

PlcLogic

visu

rrr

String. txt Fica 2022/12/28 16:01

DEyvrerevvvvl
=t

¢ Key points
- The instruction continues execution to completion even if "Execute’ becomes FALSE or the execution time exceeds the
task period. Confirm normal completion by checking if the value of "Done" becomes TRUE.

- If the SD memory card is removed while a file is open, the file remains open. However, reading/writing to the file will not
be possible after re-inserting the SD card. To read/write the file, reopen it.

- An exception occurs and "Error" is TRUE under the following conditions:

+ When the SD memory card is not in a usable state.

+ When the SD memory card is write-protected.

- When the value of "All" is TRUE and the directory specified in "DirName" is being accessed by another instruction.
+ When the value of "All" is FALSE and files or directories exist within the directory specified in "DirName".

+ When the directory specified in "DirName" is read-only.

- When the file specified in "DirName" does not exist.

- When an exception occurs preventing access while the SD memory card is being accessed.

5.15 Hexadecimal character conversion instructions

I 5.15.1 HexStringToNum_ (Hexadecimal string to integer)
FC_ByteToStrHex: Converts a hexadecimal numeric value represented by a Byte to a single hexadecimal character.
FC_StrHexToByte: Converts a single hexadecimal character to a decimal number, represented by a Byte.
HexStringToNum_DINT: Hexadecimal string to DINT integer.
HexStringToNum_INT: Hexadecimal string to INT integer.
HexStringToNum_LINT: Hexadecimal string to LINT integer.

HexStringToNum_SINT: Hexadecimal string to SINT integer.
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HexStringToNum_UDINT: Hexadecimal string to UDINT integer.
HexStringToNum_UINT: Hexadecimal string to UINT integer.

HexStringToNum_ULINT: Hexadecimal string to ULINT integer.
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HexStringToNum_USINT: Hexadecimal string to USINT integer.

Instruction Name FB/FUN Graphical representation ST representation
Hexadecimal JHexStringToNum DINT
—EN ENO|—
HexStringToNum_***|  string to FUN +tn L HexStringToNum_DINT(In:= , Out=>);
integer Out [~
@ Variables
Name Input/Output Description Valid range Unit  |Initial value
In Hexadecimal string Input — —
Conforms to data type.
Out Integer Output — —
BOOL Bit string Integer Real |Time, duration, date, string
(=] [ n
w C c = (-
8128 5|2|2|c §|Elglz/2/5/8|3|2|8 8|g| 2
clmIe 88|55 |5 S| |F|g|m|m | © g
In O
Out O|j]o|]O|]O|]O|O]|]O]|O

It converts the hexadecimal format string "In" to an integer. The instruction name varies depending on the specific data
type. The HexStringToNum_DINT instruction is used as an example below:

LD: ST:
: strin :STRING;
HexStringToNum DINT ditut :DINT:
TRUE —EN ENO———
strIn —In -
Qut [—dilut
HexStringToNum DINT (In:=strIn , Out=>dilut );

strin:= ‘ ‘ ‘ ‘ ‘ ‘ 1 ‘ 1 ‘ L ‘
diOut:=DINT#273
strin:= H ‘ ‘ ‘ ‘ - ‘ 1 ‘ ! ‘ ! ‘

diOut:=DINT#-273

Examples for the FC_ByteToStrHex and FC_StrHexToByte functions are as follows:

$ byln BYTE 12
@ strOut STRING 'c
# strln STRING a
$ byOut BYTE 10
stroutl____ € ] :=FC_ByteToStrHex (Inby:= byIn[32 |):
byCut[30 ] :=FC_StrHexToByte (pInStr:= ADR(strIn[____A  1):

¢ Key points
- If the conversion result exceeds the valid range of "Out’, no exception is displayed; the displayed value will be an invalid
number.

- If a non-hexadecimal character is entered, no exception is displayed; the displayed value will be an invalid number.
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5.16 Sequential I/0 instructions

| 5.16.1 TestABit (Bit test)

This instruction outputs the value of a specified bit in a bit field.

Instruction Name FB/FUN Graphical representation ST representation

TestABit
TestABit Bit test FUN I TestABIt— | Out :=TestABit(In:= ,usiPos:= );

—usiPos

€ Variables

Name Input/Output Description Valid range Unit  |Initial value
In Bit field Bit field. Conforms to data type. *
) ) - Input - N ] Number of bits, starting
usiPos Bit position Position of the specified bit. 0
from bit O.
Out Return value Return value of TestABit. Conforms to data type.
BOOL Bit string Integer Real |Time, duration, date, string
Q — (2}
W || = c c | c — x| 5|2 o =
S 1318/5/8|2/2/2/2/2|3/2|5|8(8|2(8(8|3|2
In O O O O
usiPos ©)
Out O
4 Function

It returns TRUE/FALSE for the value at the "Pos" position of the bit field "In" via TestABit.

Example: Input is a WORD-type data with value 16#C (2#1100), "usiPos" reads bit 3, and the return value is TRUE.

# TestRe BOOL

# win WORD 16#000C
@ usiPos USINT 16%03
TestRe RENE :=TestABit (In:= wIn[16#000C |, usiPos:= usiPos[16#03 ) ;

Example: Input is a WORD-type data with value 16#4 (2#0100), "usiPos" reads bit 3, and the return value is FALSE.

$ TestRe BOOL

@ win WORD 1620004
@ usiPos USINT 16%03
TestRe[NER :=TestABit (In:= wIn[16#0004 |, usiPos:= usiPos[16#03 ) ;

(SUOI3UNS UOIIONIISU| UOIWQ) S|IINUOCIWQ «
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I 5.16.2 SetABit/ResetABit (Set a bit / Reset a bit)

SetABit: Sets the specified bit in a bit field to TRUE.
ResetABit: Sets the specified bit in a bit field to FALSE.

Instruction Name FB/FUN Graphical representation ST representation
SetABit
SetABit Set a bit FUN :ﬂ'pus SeABIt— | Out := SetABit(In:=, usiPos:= );
ResetABit
ResetABit Reset a bit FUN :ﬂ;pus ResetABit— | Oyt ;= ResetABit(In:= , usiPos:=);

€ Variables

Name Input/Output Description Valid range Unit  |Initial value
In Bit field Bit field. Conforms to data type. *
) ) - Input - N ] Number of bits, starting
usiPos Bit position Position of the specified bit. 0
from bit O.
Out Return value Return value of SetABit/ResetABit. | Conforms to data type.
BOOL Bit string Integer Real |Time, duration, date, string
(=] [ n
W | m | = (= c | c — x| 540 =
S13/8/8|/5/2|5|2|E|2|z|2/2|/8|8|2|58|8|g|2
In O O O O
usiPos ©)
Out O
4 Function

Using the SetABit function, it sets bit 3 of win to TRUE. The result is shown in the figure below:

# TestRe B00L

® win WORD 8
@ usiPos USINT 3
TestReRENE :=SetABit (In:= wIn[ 8 |, usiPos:= usiPos[3 ]):

Using the ResetABIt function, it sets bit 3 of win to FALSE. The result is shown in the figure below:

# TestRe BOOL

# win WORD 0
@ usiPos USINT 3
TestReEGENE :=ResetABit (In:= wIn[ 0 |, usiPos:= usiPos[3 )):

¢ Key points

(SUOI3UNS UOIIONIISU| UOIWQ) S|IINUOCIWQ «

- The function return value is TRUE upon successful completion.
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6.1  CheckDevice (Function group)

It is used to check if the controller is a product of HCFA. The following functions are similar; choose between the function

block or function form based on preference.

| 6.1.1 Function block FB_CheckPAC (FB) @
Y
>
Name FB_CheckPAC (PAC detection) o
z
Supported modes CSP Csv CST '%
Graphical representation ST representation _5"
o
<
FB_CheckPAC
eResultb— FB_CheckPAC(
eResult=>);
I 6.1.2 Function form
Name Description
FC_CheckPAC (FUN) Standard function for checking HCFA controller.

Enhanced function for checking the HCFA controller. A fault mechanism is activated if the
FC_CheckPAC_S (FUN)

controller is not from HCFA.

| 6.1.3 eCheckResult (ENUM)

Status Type Value Description
NotCalled INT 0 Not called.
Checking INT 1 Checking.

Valid INT 2 Controller valid.

Invalid INT 3 Controller invalid.

307



I 6.1.4 Usage example

L]
wn
~+
[}
5
o
o
o
-
g
Q
=
<

BE > 3 x PLCPRG x (i) EZ1EE | [f) Device ] EthercAT Master_SoftMotion
=5 Untied: | 1 PROGRAM PLC_PRG
=[] Device (HCQ1-1300D) g ¢ R
: . 3 FB_CheckPAC :FB CheckPAC;
= 2l rc B 4
=€} Application 5 result :eCheckResult;
i) s & result_5  :eCheckResult;
PLC_PRG (FRE) 7| EED VAR
= @ HEmS 1 FB_CheckPAC(eResult=> };
: 2 1t:=FC_CheckPAC();
& EtherCAT Task . —CheckERC ()
3 result 5:=FC CheckPAC S();
=i @ MairTask 4 IS
: @ PLC_PRG =] 5 IF FB_CheckPAC.eResult = eCheckResult.Valid THEN
2 LocalDevice =] e *
% SoftMation General Axis Pool '
8 Your Program
= m EtherCAT_Master_SoftMotion (EtherCAT Master SoftMation 5 9
= m LocalEtherCATDevice (LocalEtherCATDevice) 10 END IF
ﬂi HCQX_0D16_D2 (0D16, 16 Digtal Output,DC24v) 11
i 12| s/ EEER
ﬂi HCQX_MD16_D2 (MD16,8 Digtal Input and & Digtal
1z IF result = eCheckResult.Valid THEN
14 *
15 Action
1€ Your Program
17 4y
18 END_IF
13
20 SRR ESE
B 21 IF result_5 = eCheckResult.Valid THEN
22 (*
23 Action
24 Your Program
25 4y
28 END_IF

The three methods achieve the same result; choose based on preference.

PLC_PRG X

EEIEE

Device

Device.Application.PLC_PRG

EtherCAT_Master_SoftMotion

=R ESic) =] #HEE il i
=  FB_CheckPAC FB_CheckPaC
"$ eResult ECHECKRESULT Valid ~HEER
@ result ECHECKRESLULT Valid
@ result_S ECHECKRESLLT Valid
1 FB_CheckPAC (eResult=> );
2 result]  veie  |:=FC CheckBAC({);
3 result S Waid _ |:=FC_CheckPAC_S{);
& SEEEEER
=} 5 IF FB_CheckPAC.eResult[  WVaie | = eCheckResult.Valid@ 2 | THEN
=] & (*
7 Action
2 Your Program
5 +)
1a END IF
11 -
1z A EAE
g 1= IF result[  Vsid | = eCheckResult.Valid@ 2z | THEN
14 (*
15 Action
1l Your Program
17 £y
18 END IF
15
20 SRS EEE
g =1 IF result S Vsie | = eCheckResult.Valid@ 2z | THEN
22 (*
23 Action
z4 Your Program
25 £y
26|+ END_TFRETURN]
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6.2 LockMachine (Function group)

It requires the HCFA encryption software to work with CODESYS to unlock the PLC machine.

I 6.2.1 Main function description

6.2.1.1 Interface introduction

Main interface

BT 3T IREEReE]

B
S48 ID: 14926346

PLC ID: [0 |

HHE (F) |30 |

wEE: | |

Settings interface

RS
g
28 -
LAAlE: LR REERAT |
'ﬂ‘ﬁllogo g l:fencr},"pti on/Encrvption/photos/company. jpg | ,ﬂﬂ'_lﬂ‘!’:

FFS: |25612554
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6.2.1.2 Software initialization settings

For first-time use, it is recommended to modify the software name and icon, and input the user number information. Using
HCFA as an example, click [Settings] in the opened settings interface. Input the company name, company logo image, and user
number. Click [Save] to complete the modifications. The main interface will then randomly generate a company ID.
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FIC ID: [0 |
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1
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T es - X
L7 [IRLEEEERAT i
#F8llogo: I|C:ﬂ.lsers,fuserf"]]es]{topfcompany.jpg | s I
Ffe: |2se12554 I - 3
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The main interface after modification is shown in the figure below:
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wED: | |

EREHER
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6.2.1.3 Obtaining the unlock code and unlocking the PLC

Enter the randomly generated PLC ID (obtained after CODESYS connects to the PLC) into the "PLC ID" text box on the main

interface, and set the unlock duration (in days).

For example, the PLC ID generated by the function block in CODESYS is 55604, and a 30-day unlock is required.
Click the [Generate Unlock Code] button. An unlock code will be generated in the "Unlock Code" field, e.g., 233492974.

Save the unlock code. Simply input the unlock code into the KEY input of the FB_LockMachine function block in CODESYS,
and trigger a rising edge on the bCheckKey input. The system will automatically verify the code. If correct, the PLC will be un-
locked for 30 days. After 30 days, the PLC automatically locks and requires unlocking again. See the figure below.

e ST RHEAETRAE] - x
571953
RiE
AE] ID: 14926346
o TRERARIDES

| &= X
;-iJ'i LY & f 1
R RETHIREY | @ =

PLC ID: [55604

uetial (K> ¢ [0

Iﬁ’;?;ﬁﬂ: 233492974 |

/

SEIEIRN) AT

TR | € 4ppepmpmien

LR
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I 6.2.2 CODESYS usage instructions

6.2.2.1 Function block introduction

FB_LockMachine

A function block used to determine if the PLC is locked and to unlock the PLC. A brief introduction follows.

&2
ST example: Y
2
FB_LockMachine( o
a
bCheckKey:=Execute, — Trigger signal g_
Key:= KEY, — KEY is used to input the unlock code generated by the software. 3
bKeyCorrect=>, — Unlock code correct signal.
bKeyWrong=>, — KEY is used to input the unlock code generated by the software.
MachineValid=> , — Machine valid status signal
bUnLocked=>, — Machine permanently unlocked signal.
PLCID=>PLCID, — Randomly generated ID after connecting to PLC; input to the unlock software

to generate the unlock code.

dRemainingDay=>lastDay); — Remaining usable days of the machine.

FB_getRTCDate
FB_getRTCDate(

Enable:=, — Trigger signal
dwDate=> | — Date
wYear=> | — Year
wMonth:=, — Month
wDay:=, — Day
wHour:=, — Hour
wMinute:=, — Minute
wSecond:=, — Second
bError=>); — Error signal

FB_setRTCDate

A function block used to set the PLC system time. A brief introduction follows.

ST example:

FB_setRTCDate(

Execute:=, — Trigger signal
wYear:=, — Year
wMonth:=, — Month
wDay:=, — Day
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wHour:=,
wMinute:=,
wSecond:=,

Done=>,):

— Hour
— Minute

— Second

— Time setting completion signal.

6.2.2.2 Adding the CODESYS project

Create a new CODESYS project file. Declare and call the three function blocks FB_LockMachine, FB_getRTCDate, and FB_
setRTCDate in a POU. For debugging convenience, some variables declared in the example program are provided for reference
below:

Declare function blocks

L]
wn
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POU X [ [] Device

1 PROGRAM BOU
2 VAR
3 fh :FB_LockMachine;
4 fb_setdate :FB_setRICDate;
5 fb get :FB_getRICDate;
£
7 UserID:UDINT:=9£366123; //&.~ID
g KEY:UDINT; // 45555
]
1a timeRTC:DATE; // & S5 57/8
11 laatDay:DWORD; // §5 s 47
12 locked:BOOL; // £ £1/5 5
13 PLCID:UDINT; //PLCID, SE2T4F e m R fT E25 — 20
14
15 daytime:DATE:=D#2022-5-26;7
1€ firstc:BOOL;
17 Execute:BOOL;

The example project declaration and call are shown in the figure below.

Call function blocks

POU X | [f] Device

1 PROGRAM FOT
WAR

(o8]

fh :FB LockMachine;
fb _setdate :FB _setRICDate;
fb get :FB_getRICDate;

LI I O

B E fh(

5
10
11
12
13
14
15

kCheckEey:=Execute ,
Key:= EEY,
bEeyCorrect=>
bEeyWrong=> ,
MachineValid=> ,
kUnLocked=> ,
PLCID=>PLCID ,

dRemainingDay=>lastDay) ;

fb_setdate(
wisar:i= ,
wMonth:=
wDay:= ,
wHour:= ,
wMinute:= ,
wiecond:= ,
Done=> , )7

3E
37
38
25
40
41

43
44
45
E1-

b get(
Enable:= ,
dwDate=> ,
wiear=» ,
wMonth=> ,
wDay=> ,
wHour=> ,
wMinute=>
wSecond=>
bError=> )

313



For first-time use, a function to set the expiration date and company ID must be added.
First-time use requires writing two data items, daytime and UserlID, into the function block.

In the example program, define two variables, UserlD(UDINT) and daytime(DATE), in a POU. Use these variables to pass the
required values to the function block's fb. vendorID and fb.dueTimeinputs. Refer to the figure below for the specific program
code.

POU X %)

1| PROGRAM POU %’_

= 2 VAR o
3 flr :FB_LockMachine; o
4 fr setdate :FB_setRICDate; g—
5 fI» get :FB_getRICDate; §
£ <
7 UserID:UDINT:=14928346; // & ~1ID
k=S dayvtime:DATE:=0D#2022-5-2¢;
= o
1

B 2| | IF first THEN //&F X THEFE. FAF
3 fbh.dueTime:=daytime;
4 fh.venderID:=Us=rID;
5 first:=FRALSE;
£ END TF

Click Login, download the program to the PLC, and run the program.

6.2.2.3 Detailed usage instructions

First-time use

First-time use requires an IF statement to write the "Company ID" (randomly generated on the unlock software's main in-
terface) and set the "First Expiration Time". For example: Expiration time: D#2022-5-26, Company ID: 14926346. In the example
program, triggering first after writing these two pieces of information completes the write operation.

ot =i
Ez
END IF =5
=
b ( sl
bCheckiey@IER: =Frecut=FIE] , .
Keyf 0 J:= KEY] 0 ]e it
bEeyCorrect=> , =P 5
bEeyWrong=> ,
MachineValid=> , _' HEANEFE..
kUnLocked=> , =
PLCID 56 F>PLCID SEE ], il EFEEEA.
dRemainingDay[ 18 F>lastDay[ 18 |i; EEREE S
STt b
fb_setdate ( = ETEFEE
wiear:= , & BET—=E8
wMonth:= , = - —
wDay:= , 4 —Pp E N Device Application 89FFEE
wHour:= , 385|'Device Application FrEE
wMinute:= , 2 Device Application 8IFFESE
wiecond:= | —
Done=> , ): EEs

—
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Reading PLC System time using FB_getRTCDate

In the FB_getRTCDate function block, trigger the Enable input to read the PLC's system time. In the example program, the
read system time is D#2025-1-21.

pou x [[f Deviee |

Device.Application.POU

=El B & HEE bk =
@ fb FB_LockMachine .
% @ fb_setdate FB_setRTCDate wn
= @ fb_get FB_getRTCDate S
4% Enable BOOL p— >
" dwDate DATE D#2025-1-21 o
T wYear UINT 2025 2
"# wMonth UINT 1 Q
"% whay UINT 21 :
@ wHour UINT 1 _c‘-
g wMinute UINT 51 Q
T wSecond UINT 4 "2
T bError BOOL
Modifying PLC system time using FB_setRTCDate
This example modifies the current system time to 2025-1-1.
POU x (5] F8 lockMachine | -
Device Application.POU
AR = 2 =l oy = ~ [E]
® @ FB_LockMachine W = |
= @ fb_setdate FB_setRTCDate =
*$ Exscute BOOL A a & 1
*§ wear UINT 2025 &
% wMonth UINT 1 1 ol
* wbay umT 1 1 2iE
% wHour UINT 0 »
*§ wMinute UINT 0
% wSecond UINT 0 5
"% Done BOOL '
"% Error BOOL i =
@ UserlD UDINT 14926346 4
% KEY UDINT 0 i
@ timeRTC DATE D=1970-1-1 5 2
# lastDay DWORD 14 L
# locked BOOL 3
@ PLCID UDINT 55604 ;
% daytime DATE D#2022-5-26 S\ 'Device.Application8IFFS{E .
- =5 = 3/ Device.Application FFES(E

After the modification, it can be seen that the FB_LockMachine function block's MachineValid signal is FALSE, and the re-
maining days are 0. The PLC is locked and unusable.

s =] & == i = b
= @ FB_LockMachine [
% bCheckKey BOOL
5 Key UDINT i TR
" bKeyCormrect 500 L Eachatl
" bKeyWrong BOOL AEEEE
" Machinevalid sooL BEEAES | TR A EHALET F..
"4 bUnLocked BOOL BE DA
@ PLCID UDINT 55604 PLCID
4% dRemainingDay DWORD I i ST I
= @ fb_setdate FB_setRTCDate
“ Execute BOOL
9 wiYear UINT 2025
*p wMonth UINT 1
4 wDay UINT 1
*§ wHour UINT o
“ wMinute UINT ]
*p wSecond UINT 0
"% Done BOOL .
- —
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Unlocking the PLC using FB_LockMachine

After connecting to the PLC and running the program, the function block automatically generates a PLC ID, as shown be-

low:
f {
bCheckieyEIER: =Exccute EH ,
Eeyl 0 |:= EEY] 0 l
bEeyCorrect=> ,
bEeyWrong=> ,

MachineValid=> ,
binLocked=>

r
PLCIDf ss604 |»PLCIO  ss60s ||,
dRemainingDay[ 0 F>lastDayl 0 )

Enter the PLC ID code into the unlock software to generate the unlock code:

(]
(%)
t
)]
>
Q.
[
=
[o
.
g
)]
=
<

As previously mentioned in section 8.2.1.3, a 30-day unlock code 233492974 was generated for the PLC machine with ID
55604. Input this code into the function block's KEY input, and trigger a rising edge on the bCheckKey input to complete the

activation.

ib( G
bCheckEeyEIER: =Execut TN SRAGT=
Key[ T8 J:= KE «— 5
bEeyCorrect=> , L =k
bEeyWrong=> ,
MachineValid=> ,
kUnLocked=>
FLCIDf 3804 E>PLCIO[ 5884 |,

dRemainingDay 0 F>lastDay 0 |i:

fh_setdate(

wisar:= ,

wMonth:= ,

whay:= ,

wHour:= , 3 > | E N Device.Application' 8IFFEE |
wMinute:= , 323|'Device.Application Frg(E

Four changes in the function block can be observed:

[1] The unlock code correct signal (bKeyCorrect) becomes TRUE. (If the code is wrong, bKeyCorrect remains FALSE, and
the unlock code wrong signal (bKeyWrong) becomes TRUE).

[2] The machine valid signal (MachineValid) becomes TRUE. The device is unlocked.
[3] The PLC ID updates. (A new random PLC ID is generated after each unlock).

[4] The remaining days update. (30 days were activated here, so the remaining time updates to 30 days).

= $fb £8_LockMachine
% bCheckKey BOCL
b Koy UDINT 233492974 el 1
"$ bKeyCorrect BOCL HWEEER |/
R bkeyWrong B00L TR {2
%$ Machinevalid BOOL HEBHES | TRU.FEHMELLET F
"$ bUnLocked BOOL BEERAM- 3
"§ PLCID UDINT 6549 e |
% dRemainingDay DWORD | ED FlFE | "—4

This completes one PLC unlock operation. When the PLC expires, simply repeat the process.
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I 6.2.3 Common issues

6.2.3.1 Accidental system time setting causing machine lock

Exercise caution when using the FB_setRTCDate function block to set the system time. Note that the input date must not
be set to an earlier time. For example, if the read system time is 2022-5-29, setting it to 2022-5-28 will lock the PLC, requiring

reactivation.

6.3

FC_MultiBitsSet (FUN)

It sets the state of multiple consecutive bits to TRUE or FALSE.

€ Variable

L]
[%2]
[~
()]
>
Q.
Q
=
o
L.
g
)]
=S
<

Name

FC_MultiBitsSet

Supported modes

CSp

Csv CST

Graphical representation

ST representation

—pData

FC_MultiBitsSet

—uiBitOffset
—{uiMumberOfBits
—bTruelrFalze

FC_MultiBitsSetf—

FC_MultiBitsSet(

pData:=,
uiBitOffset:=,
uiNumberOfBits:=,
bTrueOrFalse:=);

(1) Input variable

Input variable Name Data type Valid range Initial value Description
pData Start address POINTER TO BYTE Start address.
Bit offset, specifies from which bit to start
uiBitOffset Offset UINT 0 )
operation.
uiNumberOfBits Operand UINT 1 Number of bits to operate on.
Whether to write TRUE or FALSE to each
bTrueOrFalse Target value BOOL TRUE, FALSE FALSE bit
it.
(2) Output variable
Output variable Name Data type Valid range Description
FC_MultiBitsSet Done BOOL TRUE, FALSE | TRUE: Function block execution completed.

& Key points

- pData is a pointer type. When addressing an actual physical address, do not use a format like %QX10.3; use %QB10 in-
stead. This is because %QX10.3 ultimately points to the same address as %QX10.0, which can be misleading.

- The function block starts modifying in real-time upon execution. The value set on the bTrueOrFalse pin is the value writ-

ten to the specified number of bits starting at the set address.
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I 6.3.1 Usage example 1 (Modifying virtual addresses)

[1] Define a BYTE array and corresponding UINT, BOOL variables, then call the function.

i) EEEE PLC_PRG X | [{] Device

1 PROGRAM PLC ERG
B 2 VAR
3 bytel :ARRAY [0..l1] OF BYTE; °
4 offset :UINT; %
5 num :UINT; g_
£ targetValues :BOOL; ‘é’_
7 END VAR —
I = O
=] 1 FC_MultiBitsSet( §
2 pData:= ADR{bytsl), <
3 uiBitOffset:= offset,
4 uilumber0fBits:= num,

i

bTrueOrFalse:= targetValue);

[2] Example: Write TRUE to 2 bits starting from Bit7 of the start address.
i EEEs PLC_PRG X []] Device

Device Application.PLC_PRG

=EA =8 =1 H=E
= & bytel ARRAY [0..1] OF BYTE
& byte1[0] BYTE 0
% bytei[1] BYTE 0
@ offse UINT 0 7
@ num UINT 0 2
& targetvalue BOOL FALSE
<
-
B 1 FC_MultiBitsSet(
2 pData:= ADR(bytel),
3 uiBitOffset:= offset]  0=r> |,
4 uilumberOfBita:= nun 0= |,
5 GO ) ; [FETURN]

The result is shown below. For easier viewing, the data display mode is switched to binary. Bit7 and Bit8 have been set to
TRUE (the left side is the high-order bit in a BYTE).

D EEEs PLC_PRG X [ [} Device

Device.Application.PLC_PRG

=ET Bl =)
= & bytel ARRAY [0..1] OF BYTE
& byte1[0] BYTE 2#10000000
& bytel[1] BYTE 2#00000001
@ offset UINT 2#0000000000000111
@ num UINT 2#0000000000000010
@ targetValue BOOL
B 1 FC_MultiBitsSet(
2 phata:= ADR(bytel),
3 uiBitOffset:= offset] Z#0000DD0DDODIOII1 |,
4 uiNumberOfBita:= nun| 2#00000000000000I0 |,
5 bIrueOrFalse:= targetValucEGENEN ; EETURN]
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I 6.3.2 Usage example 2 (Modifying physical addresses)

[1] Define a BYTE array (QBO is the starting address for the local 10 outputs of the HCFA Q1 controller) and corresponding
UINT, BOOL variables, then call the function.

i) EsEs PLC PRG X (] Device [} Generalo |

1 PROGRAM FLC FRG
=] 2 VAR (;)
3 realbyte ATE0BO0 :BYTE; N
1 offset  :UINT; a3
5 num :UINT; =
€ targetValue :BOOL; 'Cl.
7 END VRR =3
o
= 1 FC_MultiBitsSet( <
2 phata:= ADR(realbvte),
3 uiBitOffset:= offset,
4 uiNumber0fBits:= num,

o

bIrus0rFalse:= targetValus);

[2] Example: Write TRUE to 2 bits starting from Bit7 of the start address.
i EEEsE PLC_PRG X [ [T} Device

Device.ApplicationPLC_PRG

= ESic) & EEE
= bytel ARRAY [0..1] OF BYTE
@ bytel[0] BYTE 0
@ bytet[t] BYTE 0
@ offset UINT 0 7
& num UINT a 2
& targetValue BOOL FALSE
<
-
8 1 FC MultiBitsSet(
2 pData:= ADR(bytel),
3 uiBitOffset:= offset[ o0<r= |,
4 uilumberOfBita:= nun o< |,
s bTrueOrFalse:= targetValue IENESEGNEN) ;FET0a]

The result is shown below. For easier viewing, the data display mode is switched to binary. Bit7 and Bit8 have been set to
TRUE (the left side is the high-order bit in a BYTE).

fi) EEEE [S) PC_PRG X [ Device |

Device Application.PLC_PRG

=E ESiel =1
= @ bytel ARRAY [0..1] OF BYTE
@ bytel[0] BYTE 2710000000
@ bytel[1] BYTE 2700000001
@ offset UINT 2#0000000000000111
& num LINT 2#0000000000000010
@ targetValue BOOL
=] 1 FC MultiBitsSet(
2 pData:= ADR(bkytel),
E] uiBitOffset:= offset] ZE0000000000DDIIIL |,
4 uilumber0fBits:= num 220000000000000010 ],
5 bIrueOrFalse:= targetValue ERENEL) ;EETURN]
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In General 10, the Q1 output terminals QX0.7 and QX1.0 are set to TRUE, meaning Bit7 and Bit8 are set to TRUE.

i EEmEs PLC_PRG [ Devie [ Generallo x

Generall0 IjORLET Find Filter SFAFE + gk Add FB for 10 channel...
s == mET  EE itk E-Sicl =aiE EEE Ba =R
= % input %IB0
H= + Byte0 %IB0 BTE 0
o Bytel %IB1 BTE 0
=" output QB0 .
=T Byte0 %QB0 BYTE Q
" it %QK0.0  BOOL g
" Bitl FROX0.1 BOCL o
" Bit2 %QX0.2 BOOL -
" Bit3 %QX0.3 BOOL Q.
" Bits X0, 4 BOOL L
"# Bit5 XD, 5 BOOL _D"
" Bit5 HOX0.6 BOOL 9’1
" Bit7 %007 BOOL <
=" Bytet %QB1 BYTE
" EitD %QX1.0 BOOL
"% Bit1 %QK 1.1 BOOL
"% Bit2 %QK1.2 BOOL
"% Bit3 %QK1.3 BOOL
"% Bit4 %QN1.4 BOOL
"% Bits %QN 1.5 BOOL
"% Bit6 %QK L6 BOOL
"% Bit7 %QNL.7 BOOL

6.4  RAND (Function group)

Random number generation functions, includes three specific functions. See each function's description for details.

Name Description
RAND (FUN) Generates a random number.
RAND_LIMIT (FUN) Generates a random number with upper and lower limits.
RAND_neg (FUN) Generates a signed random number.

I 6.4.1 Usage example
m E ik PLC_PRG X

FROGRAM FLC _FRG
= 2 WAR

Lo)

udbuml :UDINT;
udfum2 :UDINT;
dfum3 :DINT:
£ END VAR

o

1 ¢ B — - UDINT S8 3 0 e 8

5 udiuml: = RAND();

3  f FEEF—-10-10 72 /5 F7 SYUDINT 2 8 95 m8 51 8%
s udifum2:=REND _LIMIT(dMin:=0, @MAX:= 10);
5 S/ EEE—-DINTIEEEFIEIES

& difumi:= BAND neq();
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The functions continuously output random numbers of the corresponding type.

6.5

P PLC_PRG X | [{] Device
Device.Application.PLC_PRG
=& i =] HsEE
# udNum1 UDINT 2896402067
# udNum2 UDINT 7 @
[}
& dNum3 DINT -356137059 3
o
o
P— P — .
1 SR —UDINT SR SR AT S o
o
2| udNuml[ Z5S6a0z067_J:= RRND() ; 5
3| srEEE—0-108E A SUDINT B A T =
4|+ udium2[ 7 |:=RAND LIMIT(dMin:=0, dMAX:= 10);
5| o/ EEET—-PDINTEEZ SOSTiEST
€[+ difum3[ 356137058 |:= RAND_neg () ;[iETUEN]

RTCTime (Function group)

PLC RTC clock read and modify function group.

I 6.5.1 Read function block FB_GetRTCDate (FB)

€ Variable

FB_GetRTCDate (FB) (Get RTC time)

Name
Supported modes CSP Csv CST
Graphical representation ST representation
FB_GetRTCDate(
bEnable:=,
FB_GetRTCDate bEnableRTC:=,
—{bEnable ' dwDatep— dwDate=>
—bEnableRTC wYearp— '
" wMonth }— wyear=>,
wDay — wMonth=>,
" wHourp— wDay=>,
wMinute b—
it wHour=>,
wSecondp—
bErrork— wMinute=>,
wSecond=>,
bError=>);
(1) Input variable
Input variable Name Data type Valid range | Initial value Description
TRUE: Enables the function block.
bEnable Enable BOOL TRUE, FALSE FALSE
FALSE: Disables the function block.
) TRUE: Reads local time.
bEnableRTC Time zone select pin BOOL TRUE, FALSE TRUE
FALSE: Reads UTC time.
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(2) Output variable

Output variable Name Data type Valid range Initial value Description
dwDate Date DATE Date
wYear Year UINT 1970 Year
wMonth Month UINT 1 Month
wDay Day UINT 1 Day (;)
wHour Hour UINT Hour Y
wMinute Minute UINT Minute ?‘,—
wSecond Second UINT Second g
bErTor Error BOOL TRUE. FALSE TRUE: An exception occurred in the %
function block; execution stopped. 3

I 6.5.2 Set Function block FB_SetRTCDate (FB)

Name FB_SetRTCDate (FB) (Set RTC time)
Supported modes CSP Csv CST
Graphical representation ST representation
FB_SetRTCDate(
bExecute:=,
FB_SetRTCDate bEnableRTC:=,
—{bExecute Donep—
wYear:=,
—ibEnableRTC Errorp— ‘
—{wYear wMonth:=,
—wMonth wDay=
—wDay wHour:= |
—iwHour Mi =
—wMinute wMinute:=,
—wSecond wSecond:= ,
Done=> |
Error=>);
(1) Input variable
Input variable Name Data type Valid range | Initial value Description
TRUE: Enables the function block.
Execute Enable BOOL TRUE, FALSE FALSE
FALSE: Disables the function block.
TRUE: Sets local time.
bEnableRTC Time zone select pin BOOL TRUE, FALSE TRUE
FALSE: Sets UTC time.
wYear Year UINT 1970 Year
wMonth Month UINT 1 Month
wDay Day UINT 1 Day
wHour Hour UINT Hour
wMinute Minute UINT Minute
wSecond Second UINT Second
(2) Output variable
Output variable Name Data type Valid range Description
bDone Done BOOL TRUE, FALSE | TRUE: Function block execution completed.
TRUE: An exception occurred in the function block; execu-
bError Error BOOL TRUE, FALSE |
tion stopped.
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I 6.5.3 Usage example

[1] Declare and call the function blocks FB_GetRTCDate and FB_SetRTCDate.

VAR
FB_GetRICDate :FB_GetRICDate;
FB_SetRICDate :FB_SetRICDate;
END_VAR .
@
Connect to the PLC and the program. Enable the FB_SetRTCDate function block. After a successful write, read the current 2
UTC time in the PLC via FB GetRTCDate. 5
a
=i e =] EEE g.
= ¢ FB_GetRTCDate  FB_GetRTCDate o
4§ bEnable BOOL <
%9 bEnableRTC  BOOL
"$ dwDate DATE D#2024-3-17
F$ wyear UINT 2024
F$ wMonth UINT 3
Re" wDay UINT 17
"$ wHour UINT 21
"$ wMinute UINT 16
"$ wSecond UINT
"$ bError BOOL
=5 S E #=E
= @ FB_GetRTCDate  FB_GetRTCDate
4p bEnable BOOL
*$ bEnableRTC BOOL
F$ dwDate DATE
"$ viYear UINT 2024
*$ wMonth UINT 3
" wDay UINT 17
"$ wHour UINT 13
"$ wMinute UINT 17
*$ wSecond UINT 15

k]

<

bError BOOL
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Enable the FB_SetRTCDate function block. After a successful write, read the current RTC time in the PLC via FB_GetRTC-
Date.

AT =1 =1 EEE
= @ FB_SetRTCDate FB_SetRTCDate
*p bExecute BOOL JE |
*$ bEnableRTC BOOL TRUE
% wYear UINT 2024 .
4% wMonth UINT 3 w0
4 wDay UINT 17 N
4% wHour UINT 21 g_
4§ wMinute UINT 21 2
4$ wSecond UINT 0 Q.
"% Done BOOL L.
& o
@ Error BOOL S
= @ FB_GetRTCDate FB_GetRTCDate '*2
4 bEnable BOOL 3
4% bEnableRTC BOOL
*$ dwDate DATE D#2024-3-17
"#® wYear UINT 2024
"$ wMonth UINT 3
F$ wDay UINT 17
RE' wHour UINT 21
"$ wMinute UINT 21
"$ wSecond UINT
" bError BOOL
= @ FB_SetRTCDate FB_SetRTCDate
4y bExecute BOOL
*p bEnableRTC BOOL
% wYear UINT
“$ wMonth UINT
% wDay UINT
*$ wHour UINT
*% wMinute UINT
“$ wSecond UINT
"% Done BOOL
"# Error BOOL
= & FB_GetRTCDate FB_GetRTCDate
“% bEnable BOOL TRUE
*$ bEnableRTC BOOL TRUE
*$ dwDate DATE D#2024-3-17
"# wiYear UINT 2024
"# wMonth UINT 3
*$ wDay UINT 17
R[f wHour UINT
"$ wMinute UINT 21
*# wSecond UINT 0

"$ bError BOOL

Key points

- It is not recommended to place the FB_SetRTCDate and FB_GetRTCDate function blocks in motion control tasks like
EtherCatTask. Setting the time can cause blocking, leading to errors.
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6.6

Filter instructions (Function group)

I 6.6.1 ArithmeticAverageFilter (Arithmetic mean filter)

Name FB_ArithmeticAverageFilter (Arithmetic mean filter)
Supported modes CSP Csv CST .
Graphical representation ST representation %
FB_ArithmeticAveragefFilter( g_
bEnable:=, ‘é’_
FB_ArithmeticAverageFilter fSample:=, .
—bEnable bBusyp— uiSampleNum:=, g
—{fSample bValidj— uiSampleCycle:= <
—uiSampleNum bErrorf— pielyde=,
—uiSampleCyde eError p— bBusy=>,
fvaluep— bValid=> |
bError=>,
eError=>,
fValue=>);
(1) Input variable
Input variable Name Data type Valid range Initial value Description
TRUE: Function block executes;
bEnable Function block enable BOOL TRUE, FALSE FALSE
FALSE: Does not execute.
fSample Input sample value REAL 0 Input sample value.
uiSampleNum Input sample value UINT 1-1000 Input sample value.
uiSampleCycle Input sample cycle UINT 1-1000 0 Input sample cycle.
(2) Output variable
Output variable Name Data type Valid range Description
bBusy Instruction executing BOOL TRUE, FALSE | TRUE: Function block is running.
bValid Output valid BOOL TRUE, FALSE |TRUE: Instruction execution is valid.
bError Error BOOL TRUE, FALSE | TRUE: An exception occurred.
eErrorID Error ID WSTRING
Filtered output valid ) )
fValue | REAL Filtered output valid value.
value

¢ Key points
+ When the bEnable level is enabled, given the number of scan cycles uiSampleCycle, the sampling count uiSampleNum,
and the input sampling variable fValue. It continuously samples uiSampleNum times and performs an arithmetic mean calcula-

tion.

- Alarger uiSampleNum value results in higher signal smoothness but lower sensitivity.

+ A smaller uiSampleNum value results in lower signal smoothness but higher sensitivity.

- Selection of uiSampleNum value: For general flow, uiSampleNum=12; for pressure: uiSampleNum==4.

- The input parameter uiSampleCycle in the filter function block is the number of sampling cycles. uiSampleCycle=1
means sampling occurs every cycle; uiSampleCycle=3 means sampling occurs once every 3 cycles.

+ The sampled data is stored in an array. The user must handle the data themselves, extracting the data from the array

one by one.

325



I 6.6.2 DebouncefFilter (Debounce filter)

Name FB_DebounceFilter (Debounce filter)
Supported modes CSP Csv CST
Graphical representation ST representation
FB_DebouncefFilter(
bEnable:=, (;)
FB_DebounceFilter fSample:=, o
—bEnable bBusyp— uiUpLimit=, 5
—ifSample bvalidb— fReference:=, a
—uilUpLimit bErrorf— uiSampleCycle:=, g-'
—fReference ErrorlDp— bBusy=>, 9
—uiSampleCycle fyaulef— bValid=> . =<
bError=>,
ErrorlD=>,
fVaule=>);
(1) Input variable
Input variable Name Data type Valid range | Initial value Description
bEnable Function block enable BOOL TRUE, FALSE FALSE TRUE: Function block executes;
FALSE: Does not execute.
fSample Input sample value REAL Input value to be filtered.
o Set filter counter upper ] o
uiUpLimit it REAL 1-65535 Set the filter counter upper limit.
fReference Input reference value REAL Input reference value.
uiSampleCycle Input reference value UINT 1-1000 Input sample cycle.
(2) Output variable
Output variable Name Data type Valid range Description
bBusy Instruction executing BOOL TRUE, FALSE |TRUE: Function block is executing.
bValid Output valid BOOL TRUE, FALSE |TRUE: Instruction execution is valid.
bError Error BOOL TRUE, FALSE |TRUE: An exception occurred.
eErrorlD Error ID WSTRING
Filtered output valid ) )
fValue LREAL Filtered output valid value.

value

¢ Key points
- When the bEnable level is enabled, given the number of scan cycles uiSampleCycle, the sampling reference value fRef-
erence, and a filter upper limit uiUpLimit, input the sampling variable fSample. Compare each sample value with the current

valid value:

- If sample value = current valid value, then the current count value is cleared.

- If sample value <> current valid value, then the count value increments by 1, and it checks if the count overflows (count

> upper limit uiUpLimit).

- If the count overflows, the current sample value replaces the current filter value output, and the count is cleared.

- It provides good filtering for slowly changing measured parameters, but is less effective for rapidly changing parame-

ters.
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I 6.6.3 FirstOrderLagFilter (First-order Llg filter)

Name FB_FirstOrderLagFilter (First-order lag filter)
Supported modes CSP Csv CST
Graphical representation ST representation
FB_FirstOrderLagFilter(
bEnable:=, (;)
FB_FirstOrderLagFilter fSample:=, o
—bEnable hEl.lS'f L fCoefficient:=, %
—fSample bvalidb— fReference:=, a
—{fCoefficient bErrorf— uiSampleCycle:= , 5
—fReference ErrorIDp— bBusy=>, 9
—uiSampleCycle fvaulel— bValid=> . =<
bError=>,
ErrorlD=> ,
fVaule=>);
(1) Input variable
Input variable Name Data type Valid range | Initial value Description
bEnable Function block enable BOOL TRUE, FALSE FALSE TRUE: Function block executes;
FALSE: Does not execute.
fSample Input sample value REAL 0 Input value to be filtered.
Input first-order low-
fCoefficient pass filter coefficient REAL 0-1 Input first-order low-pass filter coefficient.
a=0~1
fReference Input valid value REAL 0 Input valid value.
uiSampleCycle Input sample cycle UINT 1-1000 0 Input sample cycle.
(2) Output variable
Output variable Name Data type Valid range Description
bBusy Instruction executing BOOL TRUE, FALSE | TRUE: Function block is executing.
bValid Output valid BOOL TRUE, FALSE |TRUE: Instruction execution is valid.
bError Error BOOL TRUE, FALSE |TRUE: An exception occurred.
eErroriD Error ID WSTRING
fValue Filteredv(;tljj:ut valid LREAL Filtered output valid value.

¢ Key points
- When the bEnable level is enabled, given the number of scan cycles uiSampleCycle, the sampling reference value fRef-
erence, the first-order low-pass filter coefficient fCoefficient (range 0~1), and the sampling variable fSample.

- Calculation formula: This filter result = fCoefficient * This sample value + (1 - fCoefficient) * Last filter result

- Suitable for applications with high-frequency fluctuation and periodic interference. However, it suffers from phase lag
and low sensitivity, and cannot eliminate interference signals with a frequency higher than half the sampling frequency.
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I 6.6.4 LimitingAverageFilter (Limiting average filter)

Name FB_LimitingAverageFilter (Limiting average filter)
Supported modes CSP Csv CST
Graphical representation ST representation
FB_LimitingAverageFilter(
bEnable:=, (;)
FB_LimitingAverageFilter fSample:=, §
—bEnable bEusi’r L fDeviation:=, %
—fSample bvalidp— fReference:=, Fol
—fDeviation bErrarf— uiSampleCycle:= , 5
—fReference ErrorIDp— uiSampleNum:=, )
—luiSampleCycle fVaule}— bBusy=> =
—uiSampleNum bValid=> |
bError=>,
ErrorlD=>,
fVaule=>);
(1) Input variable
Input variable Name Data type Valid range | Initial value Description
TRUE: Function block executes;
bEnable Function block enable BOOL TRUE, FALSE FALSE
FALSE: Does not execute.
fSample Input sample value REAL 0 Input value to be filtered.

Input maximum allowed ) o
Input maximum allowed deviation be-

fDeviation deviation between two REAL 0
tween two samples.
samples
fReference Input valid value REAL 0 Input valid value.
uiSampleCycle Input sample cycle UINT 1-1000 0 Input sample cycle.
uiSampleNum Input sample count UINT 1-1000 0 Input sample count.

(2) Output variable

Output variable Name Data type Valid range Description
bBusy Instruction executing BOOL TRUE, FALSE |TRUE: Function block is executing.
bValid Output valid BOOL TRUE, FALSE |TRUE: Instruction execution is valid.
bError Error BOOL TRUE, FALSE |TRUE: An exception occurred.

eErrorlD Error ID WSTRING
Filtered output valid ) )
fValue I LREAL Filtered output valid value.
value

€ Key points

- After the bEnable level is enabled, given the number of scan cycles uiSampleCycle, the sampling count uiSampleNum,
the sampling reference valid value fReference, and the maximum allowed deviation between two samples fDeviation, input the
sampling variable fSample.

- Each newly sampled data first undergoes limiting processing, then is fed into a queue for recursive average filtering.
This combines the limiting filter method and the recursive average filter method, eliminating sampling deviations caused by

sporadic interference.
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I 6.6.5 LimitingDebounceFilter (Limiting debounce filter)

Name FB_LimitingDebounceFilter (Limiting debounce filter)
Supported modes CSP Csv CST
Graphical representation ST representation
FB_LimitingDebounceFilter(
bEnable:=, (;)
FB_LimitingDebounceFilter fSample:=, o
—bEnable hEuS'{ L fDeviation:=, %
—ifSample bvalidp— uiUpLimit:=, a
—fDeviation bErrarf— fReference:=, 5
—luiUpLimit ErrorlDf— uiSampleCycle:= | )
—fReference fvaulef— bBusy=> =
—uiSampleCycle bvalid=> .
bError=>,
ErrorlD=>,
fVaule=>);
(1) Input variable
Input variable Name Data type Valid range | Initial value Description
bEnable Function block enable BOOL TRUE, FALSE FALSE TRUE: Function block executes;
FALSE: Does not execute.
fSample Input sample value REAL 0 Input value to be filtered.
Input maximum allowed ) o
fDeviation deviation between two REAL 0 Input maximum aflowed deviation be-
samples tween two samples.
Set filter counter upper
uiUpLimit it UINT Set the filter counter upper limit.
fReference Input reference value REAL 0 Input reference value.
uiSampleCycle Input sample cycle UINT 1-1000 0 Input sample cycle.
(2) Output variable
Output variable Name Data type Valid range Description
bBusy Instruction executing BOOL TRUE, FALSE |TRUE: Function block is executing.
bValid Output valid BOOL TRUE, FALSE |TRUE: Instruction execution is valid.
bError Error BOOL TRUE, FALSE |TRUE: An exception occurred.
eErrorID Error ID WSTRING
Filtered output valid ) )
fValue LREAL Filtered output valid value.
value
¢ Key points

- After the bEnable level is enabled, given the number of scan cycles uiSampleCycle, the filter counter upper limit ui-
UpLimit, the sampling reference value fReference, and the maximum allowed deviation between two samples fDeviation, input

the sampling variable fSample.

« If the difference between the current value and the last value is <= fDeviation, the current value is valid and used as the

sample value for debounce filtering.

- If the difference between the current value and the last value is > fDeviation, the current value is invalid. It is discarded,
and the last value replaces it as the sample value for debounce filtering.

- After undergoing limiting, the value is used as the debounce filter's sample value and compared with the current valid
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value.

- If the sample value = the current valid value, then the current count value is cleared.

- If the sample value <> the current valid value, the count increments by 1, and a check is made for overflow (count > up-
per limit uiUpLimit). If the count overflows, the current sample value replaces the current filtered output value, and the count is

cleared.
&
I 6.6.6 LimitingFilter (Limiting filter) §
3
Name FB_LimitingFilter (Limiting filter) -
Supported modes CSP Csv CST g
Graphical representation ST representation <
FB_LimitingFilter(
bEnable:=,
fSample:=,
FB_LimitingFilter fDeviation:=,
bEnable bBusy fReference:=,
= s
fReference gError bBusy=>,
uiSampleCyde falue bValid=>,
bError=>,
eError=>,
fValue=>);
(1) Input variable
Input variable Name Data type Valid range Initial value Description
bEnable Function block enable BOOL TRUE, FALSE FALSE TRUE: Function block executes.
fSample Input sample value REAL 0 Input value to be filtered.
Input maximum allowed, ] o
fDeviation deviation between two REAL 0 Input maximum aflowed deviation be-
samples tween two samples.
fReference Input reference value REAL 0 Input sampling reference value.
uiSampleCycle Input sample cycle UINT 1-1000 0 Input sample cycle.
(2) Output variable
Output variable Name Data type Valid range Description
bBusy Instruction executing BOOL TRUE, FALSE |TRUE: Function block is executing.
bValid Output valid BOOL TRUE, FALSE |TRUE: Instruction execution is valid.
bError Error BOOL TRUE, FALSE |TRUE: An exception occurred.
eErrorlD Error ID WSTRING
fValue Filtered output valid REAL Filtered output valid value.

value

€ Key points
- After the bEnable level is enabled, given the number of scan cycles uiSampleCycle, the sampling reference value fRefer-
ence, and the maximum allowed deviation between two samples fDeviation, input the sample value fSample. Each time a new

value is sampled, determine:

- If the difference between the current value and the last value is <= fDeviation, the current value is valid and output as

the filtered value.
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- If the difference between the current value and the last value is > fDeviation, the current value is invalid. It is discarded,

and the last value replaces it as the filtered output.

- It can overcome interference caused by sporadic events; less effective against periodic interference.

I 6.6.7 MedianAverageFilter (Median average filter)

Name FB_MedianAverageFilter (Median average filter) §
Supported modes CSP Csv CST %
Graphical representation ST representation i‘
FB_MedianAveragefFilter( g
bEnable:=, S
fSample:=,
FB_MedianAverageFilter uiSampleNum:=,
bEnable bBusyf— )
fSample bvalidb— uiSampleCycle:=,
uiSampleNum bErrorg— bBusy=>,
uiSampleCycle FE:I-E; : bValid=> .
bError=>,
eError=>,
fValue=>);
(1) Input variable
Input variable Name Data type Valid range | Initial value Description
bEnable Function block enable BOOL TRUE, FALSE FALSE TRUE: Function block executes,
fSample Input sample value REAL 0 Input value to be filtered.
uiSampleNum Input sample count UINT 3-3000 0 Input sample count.
uiSampleCycle Input sample cycle UINT 1-1000 0 Input sample cycle.
(2) Output variable
Output variable Name Data type Valid range Description
bBusy Instruction executing BOOL TRUE, FALSE |TRUE: Function block is executing.
bValid Output valid BOOL TRUE, FALSE |TRUE: Instruction execution is valid.
bError Error BOOL TRUE, FALSE |TRUE: An exception occurred.
eErrorlD Error ID WSTRING
fValue Filteredvztljj:ut valid REAL Filtered output valid value.

€ Key points
- After the bEnable level is enabled, given the number of scan cycles uiSampleCycle and the sample count uiSampleNum,
input the sampling variable fSample. Continuously sample uiSampleNum times, sort the data set, remove the maximum and
minimum values, then take the average. This is equivalent to combining the "median filter method" and the "arithmetic mean

filter method". uiSampleNum is typically chosen as 3~14.

+ It can overcome interference caused by sporadic events, and has some effect against periodic interference. Suitable for

high-frequency oscillating systems. However, the calculation speed is slow.

S6j



| 6.6.8 MedianfFilter (Median filter)

Name FB_MedianFilter (Median filter)
Supported modes CSP Csv CST
Graphical representation ST representation
FB_MedianfFilter(
bEnable:=, y
@
FB_MedianFilter fSample:=, 2
—bEnable bBusy}p— uiSampleNum:=, o
—fSample bvalidp— LiSampleCycle= 3
—uiSampleNum bErrorp— pietyce=, -
—uiSampleCycle eErrorp— bBusy=>, o
fValue}— bValid=> | §
<
bError=> |
eError=>,
fValue=>);
(1) Input variable
Input variable Name Data type Valid range | Initial value Description
bEnable Function block enable BOOL TRUE, FALSE FALSE TRUE: Function block executes.
fSample Input sample value REAL 0 Input value to be filtered.
uiSampleNum Input sample count UINT 1-1000 0 Input sample count.
uiSampleCycle Input sample cycle UINT 1-1000 0 Input sample cycle.
(2) Output variable
Output variable Name Data type Valid range Description
bBusy Instruction executing BOOL TRUE, FALSE |TRUE: Function block is executing.
bValid Output valid BOOL TRUE, FALSE |TRUE: Instruction execution is valid.
bError Error BOOL TRUE, FALSE |TRUE: An exception occurred.
eErrorID Error ID WSTRING
Filtered output valid
fValue | REAL Filtered output valid value.
value

€ Key points
- After the bEnable level is enabled, given the number of scan cycles uiSampleCycle and the sample count uiSampleNum,
input the sampling variable fValue. Continuously sample uiSampleNum times, arrange the uiSampleNum sample values in order,

and take the middle value as the current filter value.

+ It can overcome interference caused by sporadic events, but is not effective for rapidly changing parameters.
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I 6.6.9 RecursiveAverageFilter (Recursive average filter)

Name FB_RecursiveAverageFilter (Recursive average filter)
Supported modes CSP Csv CST
Graphical representation ST representation
FB_RecursiveAverageFilter(
bEnable:=, °
FB_RecursiveAverageFilter fSample:= | %
—|bEnable t uiSampleNum:=, 2
i ﬁ_-’amp le : uiSampleCycle:=, %’_
_u_tSampIeNum t bBusy=> —
—uiSampleCycle £ ’ 1)
f bValid=>, 3
bError=> |
eError=> |
fValue=>);
(1) Input variable
Input variable Name Data type Valid range | Initial value Description
bEnable Function block enable BOOL TRUE, FALSE FALSE TRUE: Function block executes.
fSample Input sample value REAL 0 Input value to be filtered.
uiSampleNum Input queue length UINT 1-3000 0 Input queue length.
uiSampleCycle Input sample cycle UINT 1-1000 0 Input sample cycle.
(2) Output variable
Output variable Name Data type Valid range Description
bBusy Instruction executing BOOL TRUE, FALSE |TRUE: Function block is executing.
bValid Output valid BOOL TRUE, FALSE |TRUE: Instruction execution is valid.
bError Error BOOL TRUE, FALSE |TRUE: An exception occurred.
eErrorID Error ID WSTRING
fValue Filteredvoatle:ut valid REAL Filtered output valid value.

€ Key points

- After the bEnable level is enabled, given the number of scan cycles uiSampleCycle and the queue length uiQueueCount,
input the sampling variable fSample. Treat a continuous sequence of uiQueueCount samples as a queue with a fixed length of
uiQueueCount. Each time a new data sample is obtained, it is placed at the tail of the queue, and the data at the head of the
queue is discarded (First-In-First-Out principle). Then, an arithmetic average is calculated on the N data in the queue to obtain

a new filter result.
+ Alarger uiQueueCount value results in higher signal smoothness but lower sensitivity.
+ A smaller uiQueueCount value results in lower signal smoothness but higher sensitivity.
- Typical selection for uiQueueCount: Flow: 12; Pressure: 4; Temperature: 4.

- It is effective for systems with high-frequency oscillation and periodic interference, but has low sensitivity and poor

ability to overcome sporadic interference.
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I 6.6.10 WeightRecursiveAverageFilter (Weighted recursive average filter)

Name FB_WeightRecursiveAverageFilter (Weighted recursive average filter)
Supported modes CSP Csv ‘ CST
Graphical representation ST representation
FB_WeightRecursiveAverageFilter(
Enable:=, y
(%)
fSample:=, Y
=]
FB_WeightRecursiveAverageFilter pWeighted:=, o
—Enable Busyp— uiQueueCount:=, S
—fSample Validr— uiSampleCycle:=, g-
—{pWeighted Emorf— 3
—uiQueueCount ErorIDp— Busy=>, 3
—uiSampleCydle fVaule— Valid=>,
Error=>,
ErrorlD=> ,
fVaule=>);
(1) Input variable
Input variable Name Data type Valid range | Initial value Description
bEnable Function block enable BOOL TRUE, FALSE FALSE TRUE: Function block executes.
fSample Input sample value REAL 0 Input value to be filtered.
Input weight ) . .
) o ) Input weight coefficients, stored in an
pfWeighted coefficients, stored in | POINTER TO REAL 0
array; cannot all be zero.
an array
uiQueueCount Input queue length UINT 1-3000 0 Input valid value.
uiSampleCycle Input sample cycle UINT 1-1000 Input sample cycle.
(2) Output variable
Output variable Name Data type Valid range Description
bBusy Instruction executing BOOL TRUE, FALSE | TRUE: Function block is executing.
bValid Output valid BOOL TRUE, FALSE |TRUE: Instruction execution is valid.
bError Error BOOL TRUE, FALSE |TRUE: An exception occurred.
eErrorlD Error ID WSTRING
Filtered output valid
fValue REAL Filtered output valid value.

value

¢ Key points
- After the bEnable level is enabled, given the number of scan cycles uiSampleCycle, the queue length uiQueueCount, in-
put the sampling variable fSample and the address pfWeighted of the corresponding weight coefficient array.

- Data from different times are given different weights. Typically, data closer to the current time receive larger weights.
Giving a larger weight coefficient to newer samples increases sensitivity but reduces signal smoothness.

- Itis suitable for objects with short sampling periods or objects with large lag time constants.

6.7

PID auto-tuning function block

Note: The detailed description of this function block is lengthy and has its own comprehensive manual. Please refer to the manual:
ATC Temperature Control PID User Manual.

<)
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